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NOTE TO THE READER

The IARC Handbooks of Cancer Prevention series was launched in 1995 to complement the IARC 
Monographs’ evaluations of carcinogenic hazards. The IARC Handbooks of Cancer Prevention evalu-
ate the published scientific evidence of cancer-preventive interventions. 

Inclusion of an intervention in the Handbooks does not imply that it is cancer-preventive, only 
that the published data have been examined. Equally, the fact that an intervention has not yet been 
evaluated in a Handbook does not mean that it may not prevent cancer. Similarly, identification of 
organ sites with sufficient evidence or limited evidence that the intervention has a cancer-preventive 
activity in humans should not be viewed as precluding the possibility that an intervention may pre-
vent cancer at other sites.

The evaluations of cancer-preventive interventions are made by international Working Groups 
of independent scientists and are qualitative in nature. No recommendation is given for regulation 
or legislation.

Anyone who is aware of published data that may alter the evaluation of cancer-preventive inter-
ventions is encouraged to make this information available to the IARC Handbooks programme, 
International Agency for Research on Cancer, 25 avenue Tony Garnier, CS 90627, 69366 Lyon  
CEDEX 07, France, or by email to ihb@iarc.who.int, in order that these data may be considered for 
re-evaluation by a future Working Group.

Although every effort is made to prepare the Handbooks as accurately as possible, mistakes may 
occur. Readers are requested to communicate any errors to the IARC Handbooks programme at ihb@
iarc.who.int. Corrigenda are published online on the relevant webpage for the volume concerned (IARC 
Publications: https://publications.iarc.who.int/).
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A. GENERAL PRINCIPLES AND 
PROCEDURES

1. Background

Prevention of cancer is the mission of the 
International Agency for Research on Cancer 
(IARC). Cancer prevention is needed even more 
today than when IARC was established, in 1965, 
because the global burden of cancer is high and 
continues to increase, as a result of population 
growth and ageing and increases in cancer-
causing exposures and behaviours, especially in 
low- and middle-income countries (Stewart & 
Kleihues, 2003; Boyle & Levin, 2008; Stewart & 
Wild, 2014).

Broadly defined, prevention is “actions aimed 
at eradicating, eliminating, or minimizing the 
impact of disease and disability, or if none of 
these is feasible, retarding the progress of disease 
and disability” (Porta, 2014). Cancer prevention 
encompasses primary, secondary, and tertiary 
prevention. Primary prevention consists of 
actions that can be taken to lower the risk of 

developing cancer. Secondary prevention entails 
methods that can find and ameliorate precan-
cerous conditions or find cancers in the early 
stages, when they can be treated more success-
fully. Tertiary prevention is the application of 
measures aimed at reducing the impact of long-
term disease and disability caused by cancer or 
its treatment.

The IARC Handbooks of Cancer Prevention 
provide critical reviews and evaluations of the 
scientific evidence on the preventive effects of 
primary or secondary cancer prevention meas-
ures. The evaluations of the IARC Handbooks are 
used by national and international health agen-
cies to develop evidence-based interventions or 
recommendations for reducing cancer risk.

The IARC Handbooks of Cancer Prevention 
series was launched in 1995 by Dr Paul Kleihues, 
then Director of IARC, in recognition of the need 
for a series of publications that would critically 
review and evaluate the evidence on a wide range 
of cancer-preventive interventions. The first 
volume of the IARC Handbooks (IARC, 1997) 
reviewed the evidence on cancer-preventive 

PREAMBLE – PRIMARY PREVENTION
The Preamble to the IARC Handbooks of Cancer Prevention describes the objectives and 
scope of the programme, general principles and procedures, and scientific review and 
evaluations. The IARC Handbooks embody the principles of scientific rigour, impartial eval-
uation, transparency, and consistency. The Preamble should be consulted when reading 
an IARC Handbook or a summary of an IARC Handbook’s evaluations. Separate Instructions 
for Authors describe the operational procedures for the preparation and publication of a 
volume of the IARC Handbooks.
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effects of non-steroidal anti-inflammatory 
drugs, specifically aspirin, sulindac, piroxicam, 
and indomethacin. Handbooks Volume 6 (IARC, 
2002a) was the first that evaluated behavioural 
interventions (weight control and physical 
activity), and Handbooks Volume 7 (IARC, 
2002b) was the first that evaluated cancer 
screening (breast cancer screening). Handbooks 
Volumes 11–14 (IARC, 2007, 2008, 2009, 2011) 
focused on tobacco control. After a 3-year hiatus, 
the IARC Handbooks series was relaunched in 
2014 with the preparation of Handbooks Volume 
15 (IARC, 2016), which re-evaluated breast 
cancer screening.

IARC’s process for developing Handbooks 
engages international, expert scientific Working 
Groups in a transparent synthesis of different 
streams of evidence, which is then translated 
into an overall evaluation according to criteria 
that IARC has developed and refined (see Part A,  
Section 6). Scientific advances are periodically 
incorporated into the evaluation methodology, 
which must be sufficiently robust to encompass 
a wide variety of interventions, ranging from 
broad societal measures to individual behaviour 
and to chemoprevention.

This Preamble, first prepared as the 
Handbooks Working Procedures in 1995 and 
later adapted to the topics of cancer screening 
and tobacco control, is primarily a statement of 
the general principles and procedures used in 
developing a Handbook, to promote transpar-
ency and consistency across Handbooks evalu-
ations. In addition, IARC provides Instructions 
for Authors to specify more detailed operating 
procedures.

2. Objectives, scope, and 
definitions

2.1 Objectives and scope

The scope of the IARC Handbooks of Cancer 
Prevention series is to contribute to reducing the 
incidence of or mortality from cancer worldwide. 
To this end, the IARC Handbooks programme 
prepares and publishes, in the form of volumes 
of Handbooks, critical scientific reviews and 
evaluations of the available evidence on the effi-
cacy, effectiveness, and harms of a wide range 
of cancer-preventive interventions. The primary 
target audiences for the Handbooks are national 
and international agencies with responsibility 
for, or advocating for, public health. The IARC 
Handbooks are an important part of the body 
of information on which public health decisions 
for cancer prevention may be based. However, 
public health options to prevent cancer vary 
from one setting to another and from country 
to country, and relate to many factors, including 
socioeconomic conditions and national prior-
ities. Therefore, no recommendations are given 
in the Handbooks with regard to regulations 
or legislation, which are the responsibility of 
individual governments or other international 
authorities. However, the IARC Handbooks may 
aid national and international authorities in 
devising programmes of health promotion and 
cancer prevention, understanding important 
benefits and harms, and considering cost–effec-
tiveness evaluations.

The IARC Handbooks programme also 
does not make formal research recommenda-
tions. However, because Handbooks synthesize 
and integrate streams of evidence on cancer 
prevention, critical gaps in knowledge that merit 
research may be identified.
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2.2 Definition of interventions for primary 
prevention

The current IARC Handbook addresses a 
specific intervention or class of interventions for 
primary prevention. Primary prevention “aims 
to reduce the incidence of disease by personal 
and communal efforts” (Porta, 2014). The term 
“intervention” in this Handbook refers to any 
action aimed at reducing the incidence of cancer 
in humans. Primary prevention interventions 
include increasing human exposure to known 
cancer-preventive agents, reducing human expo-
sure to known cancer hazards, providing means 
to reduce the effects of exposure to cancer hazards, 
or otherwise intervening on human pathological 
states that cause cancer. In broad terms, such 
interventions include, for example, regulating 
exposure to carcinogens, administering chem-
opreventive pharmaceuticals or other agents, 
vaccinating against cancer-causing infections, 
modifying the environment (e.g. planting trees 
or constructing shade structures in areas of high 
ambient levels of solar ultraviolet radiation), or 
promoting personal or societal action to increase 
the prevalence of healthy lifestyles or behaviours 
or decrease the prevalence of unhealthy lifestyles 
or behaviours.

Primary preventive interventions can be 
applied across a continuum of:

(i) the general population (often circum-
scribed by age and sex);
(ii) subgroups with particular predisposing 
host characteristics, such as genetic suscepti-
bility, precursor lesions, or particular diseases 
other than cancer, or with high exposure to 
environmental, occupational, or behavioural 
risk factors; and
(iii) people with a history of cancer who are at 
high risk of a further primary cancer.

Although the intent of the IARC Handbooks 
is to evaluate interventions, i.e. a dynamic 
comparison, there will be circumstances under 

which an evaluation of the association between 
exposure to an agent and cancer incidence, i.e. 
a static comparison, is appropriate. In prin-
ciple, the approaches to scientific review of the 
relevant studies in this section will not differ 
between those entailing dynamic interventions 
and those entailing static exposures. Therefore, 
in this Preamble the term “intervention” applies 
to studies of both types, unless specifically stated 
otherwise.

2.3 Definitions of efficacy, effectiveness, 
and harms

Efficacy and effectiveness are two funda-
mental concepts underlying the evaluation 
of preventive interventions (Cochrane, 1972). 
Efficacy was defined by Porta (2008) as “the 
extent to which a specific intervention, proce-
dure, regimen or service produces a beneficial 
result under ideal conditions … Ideally, the 
determination of efficacy is based on the results 
of a randomized controlled trial”. Effectiveness 
was defined by Porta (2008) as “a measure of the 
extent to which a specific intervention, proce-
dure, regimen or service, when deployed in the 
field in routine circumstances, does what it is 
intended to do for a specific population”.

The distinction between efficacy and effec-
tiveness of an intervention at the population level 
is an important one to make when evaluating 
preventive interventions. Efficacy is a necessary, 
but not sufficient, basis for recommending an 
intervention. Whereas efficacy of an interven-
tion can be inferred if effectiveness is estab-
lished, efficacy does not guarantee effectiveness 
because of the number of implementation steps, 
each with uncertainty, required to deliver an 
efficacious prevention intervention as an effec-
tive programme in a target population. Ideally, 
efficacy is established before a preventive inter-
vention is implemented in a whole community or 
population, so as to determine whether a case for 
population-wide implementation can be made 
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on the basis of the balance of the benefits and 
harms and the financial costs of the intervention. 
However, it has not been unusual for preventive 
interventions to be implemented in the absence 
of evidence of efficacy. Should that occur, eval-
uation of effectiveness may be the only way to 
determine whether the case for the intervention 
is strong enough to justify its continuation or 
implementation elsewhere.

In addition to being shown to be efficacious 
or effective, preventive interventions must satisfy 
other requirements if they are to be considered 
for implementation in practice, including an 
acceptable balance of benefits and harms. In the 
present context, harm is defined as any impair-
ment or increase in risk of impairment as a result 
of exposure to or participation in a preventive 
intervention. Harms include physical, psycho-
logical, social, and economic consequences of a 
preventive intervention. Adverse events in health 
care are a subset of harms. Evaluation of these 
potential harms is an important component of 
the summary of the evidence.

Other issues to be considered include the 
cost, cost–effectiveness, affordability, economic 
efficiency, health equity impact, feasibility, 
acceptability, relative value, and human rights 
impact of the intervention. Depending on the 
specific intervention, some of these issues may 
be of sufficiently high interest to be reviewed in 
the IARC Handbook.

3. Identification and selection of 
interventions and outcomes for 
review

3.1 Development of an analytical 
framework

As one of the first steps in the review and eval-
uation process of the IARC Handbooks, the IARC 
Secretariat, with the support of the Working 
Group, drafts an analytical framework. Such 

a framework depicts the relationships among 
the study population, intervention, compar-
ator, and intermediate outcomes or changes in 
health status as relevant. The analytical frame-
work includes both benefits and harms, and 
key contextual issues related to participation 
and implementation of the intervention and its 
impact on population health. The framework 
defines the intervention in its broadest context 
and specifies the aspects for which the Handbook 
will review and evaluate the evidence.

In this framework, IARC defines the interven-
tion and the outcome to be evaluated, according 
to one of two scenarios:

Scenario 1: evaluation of the effect of a speci-
fied intervention, that is, an action that results in 
a change in a potentially preventive exposure, in 
producing a specified change in cancer incidence.

Scenario 2: a two-step evaluative framework 
from which, for scientific reasons, the level of 
evidence that an intervention prevents cancer is 
established by way of an intermediate outcome.

• In Step 1, the effect of a specified intervention 
on an intermediate outcome, such as expo-
sure to a particular risk factor or preventive 
factor for cancer in humans, is evaluated 
(Jonas et al., 2018). Step 1 alone might be 
taken if it has been established in author-
itative sources (e.g. the IARC Monographs 
programme) that a change in the interme-
diate outcome (decreasing exposure to a risk 
factor or increasing exposure to a preventive 
factor) reduces the risk of cancer in humans.

• In Step 2, the effect of the change in the 
intermediate outcome (decrease in exposure 
to the risk factor or increase in exposure to 
the preventive factor) on cancer incidence 
in humans is evaluated. Evaluation of data 
streams to support Step 2 alone might be done 
in preparation for a subsequent evaluation of 
data to support Step 1 if it has not yet been 
established in authoritative sources that a 
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change in the intermediate outcome reduces 
the risk of cancer in humans.

The analytical framework determines 
whether evidence is reviewed for Step 1 only, 
Step 2 only, or both Steps 1 and 2. A Handbook 
might, for example, include both Steps 1 and 2 
when a systematic review and evaluation of Step 
2 is necessary (e.g. is not yet available from other 
authoritative sources) and the number of studies 
to be reviewed for Steps 1 and 2 is manageable. 
Taking Steps 1 and 2 together is equivalent to 
Scenario 1 with inclusion of one or more inter-
mediate outcomes in the evaluation scheme. The 
sections below provide additional details on the 
selection of the interventions and outcomes for 
review.

3.2 Selection of the interventions

For each new volume of the Handbooks, IARC 
selects one or more interventions for review by 
considering the availability of pertinent research 
studies, the need to evaluate an important devel-
opment in cancer prevention, or the need to 
re-evaluate a previously evaluated intervention. 
IARC will also consider current public health 
priorities in specific geographical regions, for 
example the concerns of countries or regions 
with a high risk of specific cancer types (see Part 
A, Section 6, Step 1). IARC will also pay atten-
tion to topics that extend beyond those covered 
by other agencies.

Interventions not previously evaluated in the 
IARC Handbooks series are selected for evalua-
tion, where the body of evidence is large enough 
to warrant evaluation, on the basis of one or both 
of the following criteria:

• The intervention is of putative preventive 
value, but its effects have not been established 
formally;

• The available evidence suggests that the 
intervention has the potential to signifi-
cantly reduce the incidence of cancer, or to 

have a significant impact on an interme-
diate outcome or outcomes known or highly 
suspected to be linked to cancer (see Section 
3.1; see also Part A, Section 6, Step 2).

In addition, an intervention previously evalu-
ated in a Handbook may be re-evaluated if impor-
tant new data become available about its effects or 
if its technology or implementation has changed 
enough for there to be substantial changes in 
its effects. Occasionally, a re-evaluation may be 
limited to one or several specific cancer sites or 
to specific aspects of the preventive interven-
tion (e.g. reduction in excess body fatness) to 
which the new evidence predominantly relates. 
For re-evaluations, the full body of evidence 
relevant to the intervention of interest is consid-
ered, either by de novo review of all evidence or 
by accepting as accurate the evidence review of 
the previously published Handbook and under-
taking a de novo review of evidence published 
since the previous review. Both approaches lead 
to an evaluation based on all relevant evidence 
(see Part A, Section 6, Steps 4 and 5). The choice 
of the approach is subject to the judgement of the 
Working Group.

3.3 Selection of the outcomes

In primary prevention of cancer, the outcome 
targeted by the preventive intervention or inter-
ventions is reduction in the incidence of cancer 
(Scenario 1; see Part A, Section 3.1).

As described above, an intermediate outcome 
may be chosen as the evaluation outcome for a 
Handbook when there is evidence that a change 
in the intermediate outcome (decreasing expo-
sure to the risk factor or increasing exposure to 
the preventive factor) can lead to a reduction in 
the incidence of one or more types of cancer. 
An example of such a target is an increase in the 
smoking cessation rate, which is a commonly 
used outcome for studies designed to deter-
mine the preventive effects of new methods of 
reducing the incidence of tobacco-caused cancer 
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by way of reducing the prevalence of tobacco 
smoking. Other examples of changes in inter-
mediate outcomes include a decrease in excess 
body fatness, a decrease in the levels of diesel 
engine emissions in urban environments, and 
an increase in the population coverage of human 
papillomavirus (HPV) vaccination.

Alternatively, a Handbook could, as a first 
step, evaluate the evidence that changing the 
intermediate outcome can lead to a reduction 
in the incidence of one or more types of cancer 
if such evidence is not already available from 
authoritative sources, followed by an evaluation 
of the effect of an intervention on the interme-
diate outcome (Scenario 2, Step 2 followed by 
Step 1; see Part A, Section 3.1). An example of 
such a scenario is evaluation of the evidence 
that reducing consumption of alcoholic bever-
ages reduces incidence of alcohol-related cancer 
or precancer, followed by evaluation of the 
efficacy or effectiveness of a specific interven-
tion in reducing the consumption of alcoholic 
beverages.

4. The Working Group and other 
meeting participants

Five categories of participants can be present 
at IARC Handbooks meetings (Table 1):

(i) Working Group members have ultimate 
responsibility for determining the final list 
of studies that contribute evidence to the 
evaluation, performing the scientific review 
of the evidence, and making the final, formal 
evaluation of the strength of evidence for the 
capacity of the screening interventions to 
reduce cancer incidence or cancer mortality. 
The Working Group is multidisciplinary and 
is organized into Subgroups of experts in the 
fields that the Handbook covers.

IARC selects the Working Group members  
on the basis of relevant expertise and an 
assessment of declared interests (see Part A,  
Section 5). Consideration is also given to diver-
sity in scientific approaches, in stated positions 
on the strength of the evidence supporting 
the intervention, and in demographic char-
acteristics. Working Group members gener-
ally have published research related to the 
interventions being reviewed or to the cancer 
types or intermediate outcomes that the 
interventions being reviewed are thought 
to prevent or affect; IARC uses literature  
searches to identify most experts. IARC also 
encourages public nominations through its 
Call for Experts. IARC’s reliance on Working 
Group members with expertise on the subject 
matter or relevant methodologies is supported 

Table 1 Roles of participants at IARC Handbooks meetings

Category of participant Role

Prepare text, 
tables, and 
analyses

Participate in 
discussions

Participate in 
evaluations

Eligible to serve as 
Meeting Chair or 
Subgroup Chair

Working Group members ✓ ✓ ✓ ✓
Invited Specialists ✓a ✓
Representatives of health agencies ✓b

Observers ✓b

IARC Secretariat ✓c ✓ ✓d

a Only for sections not directly relevant to the evaluation
b Only at times designated by the Meeting Chair and/or Subgroup Chair
c Only when needed or requested by the Meeting Chair and/or Subgroup Chair
d Only for supporting Working Group members and for clarifying or interpreting the Preamble
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by decades of experience documenting that 
there is value in specialized expertise and 
that the overwhelming majority of Working 
Group members are committed to the objec-
tive evaluation of scientific evidence and not 
to the narrow advancement of their own 
research results or a predetermined outcome 
(Wild & Cogliano, 2011). Working Group 
members are expected to serve the public 
health mission of IARC and to refrain from 
using inside information from the meeting or  
meeting drafts for financial gain until the full  
volume of the Handbooks is published (see 
also Part A, Section 7).

IARC selects, from among the Working  
Group members, individuals to serve as 
Meeting Chair and Subgroup Chairs. 
Subgroup Chairs have preferably served in 
previous Handbooks meetings as Working 
Group members or in similar review processes.  
At the opening of the meeting, the Working 
Group is asked to endorse the Meeting Chair 
selected by IARC or to propose an alterna-
tive. The Meeting Chair and Subgroup Chairs 
take a leading role at all stages of the review 
process (see Part A, Section 7) to promote 
open scientific discussions that involve all 
Working Group members in accordance 
with committee procedures and to ensure 
adherence to the processes described in this 
Preamble.
(ii) Invited Specialists are experts with critical  
knowledge and experience on the interven-
tions being reviewed, the cancer types that 
the interventions being reviewed are thought 
to prevent, or relevant methodologies, but 
who have a declared conflict of interest that 
warrants exclusion from developing or influ-
encing the evaluations. The Invited Specialists 
do not draft any section of the Handbook that 
pertains to the description or interpretation 
of the data on which the evaluation is based, 
or participate in the evaluations. Invited 

Specialists are invited in limited numbers, 
when necessary, to assist the Working Group 
by contributing their unique knowledge and 
experience to the discussions.
(iii) Representatives of national and interna-
tional health agencies may attend because 
their agencies are interested in the subject 
of the Handbook. The Representatives of 
national and international health agencies 
do not draft any section of the Handbook or 
participate in the evaluations. Representatives 
can participate in discussions at times desig-
nated by the Meeting Chair or a Subgroup 
Chair. Relevant World Health Organization 
(WHO) staff members attend as members of 
the IARC Secretariat (see below).
(iv) Observers with relevant scientific creden-
tials are admitted in limited numbers. 
Attention is given to the balance of Observers 
from entities with differing perspectives on 
the interventions under review. Observers 
are invited only to observe the meeting, do 
not draft any section of the Handbook or 
participate in the evaluations, must agree to 
respect the Guidelines for Observers at IARC 
Handbooks meetings (IARC, 2018), and must 
not attempt to influence the outcomes of the 
meeting. Observers may speak at Working 
Group or Subgroup sessions at the discretion 
of the Chair.
(v) The IARC Secretariat consists of scien-
tists who are designated by IARC or WHO 
and who have relevant expertise. The IARC 
Secretariat coordinates and facilitates all 
aspects of the review and evaluation process 
and ensures adherence to the processes 
described in this Preamble throughout the 
development of the scientific reviews and 
evaluations (see Part A, Sections 5 and 6). 
The IARC Secretariat announces and orga-
nizes the meeting, identifies and invites the 
Working Group members, and assesses the 
declared interests of all meeting participants 
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in accordance with WHO requirements (see 
Part A, Section 5). The IARC Secretariat 
supports the activities of the Working Group 
(see Part A, Section 7) by performing system-
atic literature searches, performing title 
and abstract screening, organizing confer-
ence calls to coordinate the development of 
drafts and to discuss cross-cutting issues, 
and reviewing drafts before and during the 
meeting. Members of the IARC Secretariat 
serve as meeting rapporteurs, assist the 
Meeting Chair and Subgroup Chairs in facil-
itating all discussions, and may draft text or 
tables or assist a Subgroup in the conduct of 
additional analyses when designated by the 
Meeting Chair or a Subgroup Chair. After 
the meeting, the IARC Secretariat reviews 
the drafts for factual accuracy of research 
results cited. The participation of the IARC 
Secretariat in the evaluations is restricted to 
clarifying or interpreting the Preamble.

All meeting participants are listed, with their 
principal affiliations, in the front matter of the 
published volume of the Handbooks. Pertinent 
interests, if any, are listed in a footnote to the 
participant’s name. Working Group members 
and Invited Specialists serve as individual scien-
tists and not as representatives of any organiza-
tion, government, or industry (Cogliano et al., 
2004).

The roles of the participants are summarized 
in Table 1.

5. Development of a volume of the 
IARC Handbooks

Each volume of the Handbooks is developed 
by an ad hoc, specifically convened Working 
Group of international experts. Approximately 1 
year before the meeting of a Working Group, a 
preliminary list of interventions to be reviewed 
(see Part A, Section 3), together with a Call for 

Data and a Call for Experts, is announced on 
the Handbooks programme website (https://
handbooks.iarc.who.int/).

The IARC Secretariat selects potential 
Working Group members based on the criteria 
described in Part A, Section 4. Before a meeting 
invitation is extended, each potential partici-
pant, including the IARC Secretariat, completes 
the WHO Declaration of Interests form to report 
financial interests, employment and consulting 
(including remuneration for serving as an 
expert witness), individual and institutional 
research support, and non-financial interests, 
such as public statements and positions related 
to the subject of the meeting. IARC assesses the 
declared interests to determine whether there is 
a conflict that warrants any limitation on partic-
ipation (see Table 1).

Approximately 2 months before a meeting, 
IARC publishes on the Handbooks programme 
website the names and principal affiliations of 
all participants and discloses any pertinent and 
significant conflicts of interest, for transparency 
and to provide an opportunity for undeclared 
conflicts of interest to be brought to IARC’s 
attention. It is not acceptable for Observers or 
third parties to contact other participants before 
a meeting or to lobby them at any time. Meeting 
participants are asked to report all such contacts 
to IARC (Cogliano et al., 2005).

The Working Group meets at IARC to discuss 
and finalize the scientific review and to develop 
summaries and evaluations. At the opening of 
the meeting, all meeting participants update 
their Declarations of Interests forms, which are 
then reviewed for conflicts of interest by IARC. 
Declared interests related to the subject of the 
meeting are disclosed to the meeting partici-
pants during the meeting and in the published 
volume of the Handbooks (Cogliano et al., 2004).

The objectives of the meeting are twofold: 
peer review of the drafts and consensus on the 
evaluations. During the first part of the meeting, 
Working Group members work in Subgroups to 

https://handbooks.iarc.fr
https://handbooks.iarc.fr
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review the pre-meeting drafts, develop a joint 
Subgroup draft, and draft Subgroup summaries. 
During the last part of the meeting, the Working 
Group meets in plenary sessions to review the 
Subgroup drafts and summaries and to develop 
the consensus evaluations. As a result, the entire 
volume is the joint product of the Working Group 
and there are no individually authored sections. 
After the meeting, the master copy is verified by 
the IARC Secretariat (see Part A, Section 4(v)),  
edited, and prepared for publication. The aim 
is to publish the volume of the Handbooks 
within approximately 12 months of the Working 
Group meeting. The IARC Secretariat prepares 
a summary of the outcome for publication 
in a scientific journal or on the Handbooks 
programme website soon after the meeting.

The time frame and milestones for public 
engagement during the development of a volume 
of the IARC Handbooks are summarized in  
Table 2.

6. Overview of the scientific review 
and evaluation process

Principles of systematic review are applied 
to the identification, screening, synthesis, and 
evaluation of the evidence (as described in Part 
B, Sections 2–6 and detailed in the Instructions 
for Authors). For each volume of the Handbooks, 
the information on the conduct of the literature 
searches, including search terms and the inclu-
sion and exclusion criteria that were used for 
each relevant stream of evidence, is recorded.

The Working Group considers all relevant 
studies, including pertinent reports and reviews 
on: use of the intervention targeted directly to 
cancer or to a relevant intermediate outcome or 
outcomes; all experimental and observational 
studies in humans (including systematic reviews 
and meta-analyses) of the putative effect of the 
intervention or interventions on cancer inci-
dence or a relevant intermediate outcome, and 
any related harms; all relevant experimental 
studies in animals; and all relevant mechanistic 
studies.

Table 2 Public engagement during the development of a volume of the IARC Handbooks

Approximate time frame Milestones

~1 year before a Handbooks meeting IARC posts on the Handbooks programme website: 
Preliminary List of Interventions to be reviewed 
Call for Data and Call for Experts open 
Requests for Observer Status open 
WHO Declarations of Interests form

~8 months before a Handbooks meeting Call for Experts closes
~4 months before a Handbooks meeting Requests for Observer Status close
~2 months before a Handbooks meeting IARC publishes the names, principal affiliations, and declared conflicts of 

interest of all meeting participants, and a statement discouraging contact 
of Working Group members by outside parties

~1 month before a Handbooks meeting Call for Data closes
Handbooks meeting
~2–4 months after a Handbooks meeting IARC publishes a summary of evaluations and key supporting evidence 

as a scientific article in a high-impact journal or on the Handbooks 
programme website

~9–12 months after a Handbooks meeting IARC Secretariat publishes the verified and edited master copy of the 
plenary drafts as a Handbooks volume
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In general, only studies that have been 
published or accepted for publication in the 
openly available scientific literature are reviewed. 
Materials that are publicly available and whose 
content is final may be reviewed if there is suffi-
cient information to enable peer evaluation of the 
quality of the methods and results of the studies 
(see Step 1, below). Such material may include 
reports from government agencies, disserta-
tions for higher degrees, and other apparently 
reputable scientific sources. Systematic Internet 
searches for potentially relevant “grey literature” 
are not usually done. The reliance on published 
and publicly available studies promotes trans-
parency and protects against citation of infor-
mation that, although purportedly final, may 
change before it is published.

The steps of the review process are as follows:
Step 1. Identification of the review question: 

After the intervention (or interventions) and 
outcome (or outcomes) to be reviewed have been 
specified, the IARC Secretariat, in consulta-
tion with the Working Group, drafts the review 
question (or questions) in PICO form (popula-
tion, intervention/exposure, comparator, and 
outcome) as required to determine the inclusion 
and exclusion criteria for the studies. An analyt-
ical framework is developed to assist in identi-
fying and formulating the review questions, and 
encompasses the inclusion of studies in humans, 
studies in experimental animals, and mecha-
nistic studies when relevant, with the aim of 
making as large a contribution as possible to the 
global prevention of cancer.

Step 2. Comprehensive and transparent iden-
tification of the relevant information: The IARC 
Secretariat specifies search terms for the key 
PICO components of each question and identifies 
relevant studies through initial comprehensive 
literature searches in authoritative biomedical 
databases (e.g. PubMed). The literature searches 
are designed in consultation with a librarian and 
other technical experts. The scope and speci-
fications of the searches may be modified, and 

the searches rerun, depending on the amount, 
relevance, and perceived completeness of the 
articles they identify. The IARC Secretariat may 
also identify relevant studies from reference lists 
of past Handbooks, retrieved articles, or author-
itative reviews, and through the Call for Data 
(see Table 2). The Working Group provides input 
and advice to the IARC Secretariat to refine the 
search strategies, and identifies additional arti-
cles through other searches and personal expert 
knowledge.

For certain types of interventions (e.g. admin-
istration of regulated pharmaceuticals), IARC 
also gives relevant regulatory authorities, and 
parties regulated by such authorities, an oppor-
tunity to make pertinent unpublished studies 
publicly available by the date specified in the 
Call for Data. Consideration of such studies by 
the Working Group is dependent on the public 
availability of sufficient information to enable an 
independent peer evaluation of: (i) completeness 
of reporting of pertinent data; (ii) study quality; 
and (iii) study results.

Step 3. Screening, selection, and organiza-
tion of the studies: The IARC Secretariat screens 
the retrieved articles by reviewing the title and 
abstract against the inclusion and exclusion 
criteria agreed upon by the Working Group 
and technical experts in the review process. 
Potentially relevant studies are then made avail-
able to Working Group members for full-text 
screening and inclusion in or exclusion from the 
evidence base using agreed criteria specific to 
this task.

Step 4. Extraction of information from included 
studies, including characteristics relevant to study 
quality: Working Group members, working indi-
vidually as members of defined Subgroups before 
the Handbooks meeting, review and succinctly 
describe pertinent characteristics and results of 
included studies as detailed in Part B, Sections 
2–4. Study design and results are tabulated 
systematically in a standard format. This step 
may be iterative with Step 5.
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Step 5. Assessment of study quality: Also 
before the Handbooks meeting, Working Group 
members evaluate the quality and informative-
ness of each study they included based on the 
considerations (e.g. design, conduct, analysis, 
and reporting of results) described in Part B, 
Sections 2–4. Evaluation of study quality can be 
done either narratively or by use of a risk of bias 
assessment tool when a relevant one is available 
and can add value to the process. Interpretations 
of the results, and the strengths and limitations 
of each study, are clearly outlined in square 
brackets as part of the description of that study 
(see Part B).

Step 6. Peer review: Several months before 
the meeting, the pre-meeting drafts produced 
from Steps 4 and 5 are peer-reviewed by other 
members of the Working Group (usually within 
the same Subgroup). The IARC Secretariat also 
reviews the drafts for completeness, consistency 
between drafts, and adherence to the Handbooks 
Instructions for Authors. The peer-review 
comments are sent to the Working Group 
members, who produce a revised pre-meeting 
draft. The revised drafts are reviewed and revised 
in Subgroup sessions during the Handbooks 
meeting.

Step 7. Synthesis of results and quality of the 
studies: The results and quality of the included 
studies are synthesized by the Working Group 
to provide a summary of the evidence and its 
quality for each outcome. This synthesis can 
be narrative or quantitative (for details, see 
the Instructions for Authors), and the quality 
synthesis may include use of an overall quality 
of evidence assessment tool, such as GRADE 
(Siemieniuk & Guyatt, 2019).

Meta-analyses of large bodies of evidence 
may be performed by the Working Group and/
or by the IARC Secretariat before the meeting 
if such meta-analyses would assist in evidence 
synthesis and evaluation. For more information 
on the conduct and use of such meta-analyses, 
see Part B, Section 2.1d.

Step 8. Interpretation of study results and 
evaluation of strength of evidence: The whole 
Working Group reviews the study descriptions 
and the summaries of the body of evidence for 
each outcome or end-point, discusses the overall 
strengths and limitations of the evidence in 
each stream of data, and evaluates the strength 
of evidence for a preventive effect on cancer or 
an intermediate outcome in each stream using 
transparent methods, which may include the use 
of established specific tools. The preventive effect 
is described in terms given in Part B, Sections 
6a–c for each stream of evidence. The Working 
Group then integrates the strength-of-evidence 
conclusions from all streams of evidence (see Part 
B, Section 6d) and develops the rationale for its 
overall consensus evaluation of the cancer-pre-
ventive effect of the intervention (see Part B, 
Sections 6d–e).

7. Responsibilities of the Working 
Group

The Working Group is responsible for the 
final list of studies included in the evaluation 
and the review and evaluation of the evidence 
for a Handbook, as described above. The IARC 
Secretariat supports these activities (see Part A, 
Section 4). To ensure that the process is rigorous, 
independent, and free from individual conflicts 
of interest, Working Group members must accept 
the following responsibilities:

(i) Before the meeting, Working Group 
members:

• help in developing the analytical frame - 
work;

• ascertain that all appropriate studies have 
been identified and selected;

• assess the methods and quality of each 
included study;

• prepare pre-meeting drafts that present 
an accurate quantitative and/or textual 
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synthesis of the body of evidence, with key 
elements of study design and results and 
notable strengths and limitations;

• participate in conference calls organized 
by the IARC Secretariat to coordinate the 
development of pre-meeting drafts and to 
discuss cross-cutting issues; and

• review and provide comments on 
pre-meeting drafts prepared by other 
members of their Subgroup or of the 
Working Group.

(ii) At the meeting, Working Group members 
work in Subgroups to:

• critically review, discuss, and revise the 
pre-meeting drafts and adopt the revised 
versions as consensus Subgroup drafts; 
and

• develop and propose an evaluation of the 
strength of the evidence summarized in 
the consensus Subgroup drafts (see Part B, 
Section  5), using the IARC Handbooks 
criteria (see Part B, Section 6a–c).

(iii) At the meeting, Working Group members 
work in plenary sessions to:

• present their Subgroup drafts for scientific 
review by and discussion with the other 
Working Group members, and subsequent 
revisions, as needed;

• participate in review and discussion of 
other Subgroup drafts and in their adop-
tion as a consensus Working Group draft;

• participate in review and discussion of the 
summaries and evaluations of the strength 
of the evidence developed in Subgroups 
(see Part B, Sections 6a–c), and contribute 
to their revision, as needed, and their 
adoption by consensus of the full Working 
Group; and

• contribute to the discussion of and adop-
tion by consensus of an overall evaluation 

proposed by the Meeting Chair using the 
guidance provided in Part B, Section 6d.

The Working Group strives to achieve 
consensus evaluations. Consensus reflects broad 
agreement among the Working Group members, 
but not necessarily unanimity. If unanimity has 
not been reached when the interpretations of the 
evidence by all Working Group members have 
been expressed and debated, the judgement of 
the majority of the Working Group members 
is taken as the consensus. When consensus 
is reached in this way, the Meeting Chair may 
poll Working Group members to determine and 
record the diversity of scientific opinion on the 
overall evaluation.

Only the final product of the plenary sessions 
represents the views and expert opinions of the 
Working Group. The Handbook is the joint 
product of the Working Group and represents 
an extensive and thorough peer review of the 
body of evidence (review of individual studies, 
synthesis, and evaluation) by a multidisciplinary 
group of experts. Initial pre-meeting drafts and 
subsequent revisions are temporarily archived 
but are not released, because they would give 
an incomplete and possibly misleading impres-
sion of the consensus developed by the Working 
Group over its complete deliberation.

B. SCIENTIFIC REVIEW AND 
EVALUATION

This part of the Preamble discusses the types 
of evidence that are considered and summarized 
in each section of a Handbook, followed by the 
scientific criteria that guide the evaluations. In 
addition, a section of General Remarks at the 
front of the volume discusses the reasons the 
interventions were scheduled for evaluation and 
any key issues encountered during the meeting.
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1. Intervention and outcome 
characterization

An intervention for primary cancer preven-
tion has been defined in this Preamble to be any 
action aimed at reducing the incidence of cancer 
in humans (Part A, Section 2). Given this defi-
nition, the efficacy or effectiveness of an inter-
vention would be most directly approached by 
research that examines whether the delivery of 
the intervention results in a measurable change 
in a cancer-related exposure that leads to a 
reduction in the incidence of cancer. However, 
such research is often lacking, and therefore the 
possibility of cancer-preventive effects has often 
been inferred from static associations of cancer 
incidence with prevalence of exposure to cancer-
causing agents or cancer-preventive agents. For 
example, all measures that are now taken to 
minimize environmental exposure to asbestos 
(e.g. regulation of removal of asbestos from 
buildings or demolition of buildings known to 
contain asbestos) are based on the very strong 
evidence that people who have had identifiable 
exposure to asbestos have a higher incidence of 
cancer than people who have not had such expo-
sure. Similarly, the evaluation of Handbooks 
Volume 16 that there “is sufficient evidence in 
humans for a cancer-preventive effect of absence 
of excess body fatness” is almost exclusively based 
on the substantial body of evidence that cancer 
incidence is lower in people without excess body 
fatness than it is in people with excess body 
fatness; this is a static comparison, not a dynamic 
comparison as the term “intervention” implies.

1.1 Intervention characterization

This section provides informative back-
ground on the intervention and the factors that 
mediate it. It also summarizes the prevalence 
and level of the intervention across geographical 
areas and across the life-course. Methods used 
to assess exposure to the intervention in key 

experimental and observational epidemiological 
studies are described and evaluated. This section 
also reports on validated biomarkers of internal 
exposure, metabolites, or other intermediate 
outcomes that are routinely used for exposure 
assessment. Concepts of absorption, distribu-
tion, metabolism, and excretion, where relevant, 
are considered in the section on mechanistic 
evidence (see Part B, Section 4b).

(a) Identification of the intervention

The intervention being evaluated is unam-
biguously identified. The information provided 
will vary widely depending on the type of inter-
vention but should be sufficient to enable the 
implementation of an intervention in practice 
with reasonable confidence that its outcomes 
in populations would be similar to those of the 
intervention from which the bulk of the evidence 
evaluated in the Handbook originated.

Many interventions are multifaceted and 
comprise complex sets of actions. Interventions 
determined by personal behaviour or circum-
stances may result from, be influenced by, or be 
correlated with a diverse range of behavioural 
and environmental factors, such as smoking, 
alcohol consumption, diet, sleep and physical 
activity patterns, remoteness of residence, and 
socioeconomic circumstances. The description 
of such interventions should include their vari-
ability across human populations and environ-
ments, and their known relationships with other 
health-determining factors.

(b) Global occurrence and use

Geographical patterns and time trends in 
occurrence are summarized. A concise overview 
of quantitative information about sources, prev-
alence, and levels of individual and population 
interventions, whether purposive or incidental, 
is provided. Representative data from formal 
environmental or behavioural monitoring or 
surveillance data, research studies, government 
reports and websites, online databases, and other 
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citable, publicly available sources are tabulated. 
Data from low- and middle-income countries are 
sought and included to the extent that is feasible; 
information gaps for key regions are noted.

If available, data are reported by region and 
by other relevant characteristics, such as sex, 
age, socioeconomic status, and other variables 
considered relevant by the Working Group.

(c) Regulations and guidelines

Regulations or guidelines that have been 
established for the intervention (e.g. permissible 
levels of fortification in food, national dietary 
guidelines) are described and may be tabulated 
if they are informative for the interpretation of 
current or historical levels of the intervention. 
Information on applicable populations, the basis 
for regulation, and the timing of regulation may 
be noted.

(d) Intervention assessment in key 
epidemiological studies

Epidemiological studies reviewed in the 
context of the IARC Handbooks programme 
evaluate cancer prevention interventions (or 
effects on intermediate outcomes) by comparing 
outcomes across groups differently exposed to 
changes in a putative cancer-preventing inter-
vention. Therefore, the type and the quality of 
intervention assessment methods used are key 
considerations when interpreting study findings. 
This section summarizes and critically reviews 
the intervention assessment methods used in 
both experimental and observational epidemi-
ological studies that contribute data relevant to 
the Handbooks evaluation.

All interventions have two principal dimen-
sions: (i) dose (sometimes defined as concentra-
tion or intensity), and (ii) time considerations, 
including duration (time from first to last 
exposure), pattern or frequency (whether 
continuous or intermittent), and windows of 
susceptibility. This section considers how each 
of the key epidemiological studies characterizes 

these dimensions. Interpretation of information 
for chemical, biological, or physical interventions 
may also be informed by consideration of mech-
anistic evidence on absorption, distribution, 
metabolism, and excretion (e.g. as described in 
Part B, Section 4b).

In experimental epidemiological studies, the 
investigators determine, usually by way of rand-
omization, who will and who will not be assigned 
to the intervention; however, in practice the 
assignment is not always adhered to. Therefore, 
a critical assessment of such studies requires 
careful evaluation using appropriate guidelines 
or assessment frameworks (e.g. fidelity to inter-
vention implementation and extent of non-ad-
herence to intervention).

Intervention intensity and timing in obser-
vational epidemiological studies can be char-
acterized by using environmental monitoring 
data, records from workplaces or other sources, 
and subject or proxy reports collected by way of 
questionnaires or interviews. Both objective and 
subjective data sources are used, individually 
or in combination, to assign levels or values of 
an intervention metric to members of the study 
population.

Key epidemiological studies with inter-
ventions on cancer or intermediate outcomes 
are identified, and the intervention assessment 
approach and its strengths and limitations are 
summarized in text and tables. The Working 
Group identifies concerns about intervention 
assessment methods and their impacts on the 
overall quality of each study reviewed. The 
Working Group notes the studies where the 
information provided to characterize the inter-
vention properly, the adherence to the intended 
intervention in each arm of experimental studies, 
or the assessment of the intervention in observa-
tional studies is inadequate. The Working Group 
further discusses the likely direction of bias due 
to non-adherence or to error in intervention 
assessment in studies where adequate informa-
tion is available.



21

Preamble – Primary Prevention

1.2 Outcome characterization

(a) Evaluation of cancer outcomes

The cancers are defined and described in 
terms of their International Classification of 
Diseases for Oncology (ICD-O) (IARC, 2019) 
or International Classification of Diseases (ICD) 
categories, with other relevant morphological or 
molecular characteristics where relevant.

Benign neoplasms, pre-neoplastic lesions, 
malignant precursors, and other end-points 
closely related to cancer may also be reviewed 
when they relate to the intervention reviewed 
and are known to predict the primary cancer 
outcome. These studies can strengthen evidence 
from studies of cancer itself. For example, the 
results of controlled trials of sun protection meas-
ures in preventing development of cutaneous 
melanocytic naevi (which are strong risk factors 
for development of later cutaneous melanoma) in 
children provide support for the efficacy of sun 
protection measures in preventing cutaneous 
melanoma in adults (Thun et al., 2018).

(b) Evaluation of intermediate outcomes

Potentially relevant intermediate outcomes 
vary widely across human biology, pathology, 
and behaviour. (Intermediate outcomes that are 
biomarkers of early biological effects, which are 
not topics evaluated in IARC Handbooks, are 
described in Part B, Section 4.) All intermediate 
outcomes are described as precisely as possible, 
using an applicable international standard clas-
sification (e.g. ICD classification). When, as with 
some behavioural or physiological risk factors, 
they can be defined or measured in a range of 
ways, the definitions that are acceptable for the 
evaluation are clearly defined and acceptable 
standards for measurement stated.

When an intermediate outcome is the 
outcome being evaluated, the evidence base 
establishing that the intermediate outcome has 
an established causal or preventive association 
with cancer incidence is briefly summarized.

In what follows, the term “cancer incidence” 
refers to the outcome of a Handbooks evalua-
tion, that is, to the incidence of cancer or of an 
intermediate outcome, as defined in the analyt-
ical framework.

2. Studies of cancer prevention in 
humans

This section includes all pertinent exper-
imental and observational studies in humans 
that include cancer or a specified intermediate 
outcome (if it is the topic of the Handbook) as 
a study outcome. As noted above, only observa-
tional studies in which changes in the exposure 
(i.e. intervention) in relation to the outcome 
have been analysed will be considered, unless 
specifically stated otherwise. Among many 
others, these studies also encompass studies with 
biomarkers as intervention metrics (Alexandrov 
et al., 2016). As mentioned above, studies that 
assess biomarkers of early biological effects are 
reviewed in Part B, Section 4.

This section includes specification and 
assessment of beneficial effects, as well as poten-
tial harms.

2.1 Assessment of beneficial effects

(a) Types of studies considered

Several types of epidemiological study 
designs contribute to the evaluation of cancer 
prevention in humans (Table 3). These studies 
include experimental studies and different 
types of observational studies (i.e. cohort, case–
control, and ecological). In addition to these 
types of studies, innovations in epidemiology 
enable other designs that may be considered in 
Handbooks evaluations.
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(b) Identification of eligible studies in humans

Relevant studies in humans are identified 
using principles of systematic review as described 
in Part A and further detailed in the Instructions 
for Authors provided to each Working Group. 
Eligible studies include all studies in humans of 
the association of a putative cancer-preventive 
intervention with the occurrence of cancer, or 
a specified intermediate outcome if it is a topic 
of the Handbook. Multiple publications on the 

same study population are identified so that the 
number of independent studies is accurately 
represented. Multiple publications may result, 
for example, from successive follow-ups of a 
single trial population or cohort, from analyses 
focused on different aspects of an interven-
tion–outcome association, or from inclusion of 
overlapping populations. In these situations, the 
most recent or most informative report is usually 
reviewed first, with recourse to the other reports 
if important information (e.g. methodological 

Table 3 Types of epidemiological studies that contribute to the evaluation of cancer prevention

Experimental studies
• High level of investigator control over assignment to the intervention and non-intervention 
   group
• Ideally random assignment, either of individuals or of groups, to the intervention and non- 
   intervention group
• Provides evidence for the efficacy or effectiveness of a preventive intervention 
• Includes a range of quasi-experimental designs in which there is lack of random assignment to 
   the intervention and non-intervention; quasi-experimental studies are often at high risk of bias

Observational (non-experimental) studies
Cohort • In a prospective cohort study, information on the intervention and non-intervention is collected 

   from individuals who are then followed up over time to assess subsequent outcomes. Further 
   intervention information may be collected at intervals during follow-up.
• In a retrospective cohort study, information on intervention and subsequent outcomes in a 
   defined group of individuals, which was usually recorded for purposes other than research, is 
   accessed after the outcomes have occurred.
• Nested within these studies, case–control and case–cohort studies provide efficiency and an 
   opportunity to collect additional intervention information.

Case–control • In a case–control study, individuals newly diagnosed with the outcome in a defined population 
   and a sample of “control” individuals without the outcome from the same source population and 
   time period are enrolled, and their intervention histories are compared.
• Intervention information collected from cases and controls must refer to time before disease 
   onset to reasonably infer a temporal association.

Mendelian randomization • Mendelian randomization studies are cohort or case–control studies in which an intervention is 
   inferred using appropriate genomic surrogate(s) (Yarmolinsky et al., 2018).
• These studies are considered to be less prone to bias than other observational studies because the 
   genomic variants from which intervention is inferred are randomly allocated at conception.

Ecological • The association between an intervention and an outcome is examined not in individual people 
   but in units of population defined geographically and/or temporally. Uncontrolled confounding 
   is a major issue for ecological studies.
• Results from ecological studies can support a hypothesis about an intervention–outcome 
   association or, when taken together with results of case–control and cohort studies, support 
   judgements on causal associations.
• Results may be persuasive when population-wide implementation of an intervention leads to 
   changes in cancer incidence or mortality: (a) in several populations, and there is no similar trend   
   in similar populations not, or much less, subject to the intervention (e.g. Hakama, 1983); or  
   (b) in a single population, by use of time series analysis when longitudinal data on both the 
   intervention and the outcome are available (e.g. Bernal et al., 2017).
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detail) is not included in the most recent or most 
informative report.

(c) Study quality and informativeness

Epidemiological studies are susceptible to 
several different sources of error. Study quality is 
assessed as part of the structured expert review 
process undertaken by the Working Group. A 
key aspect of quality assessment is consideration 
of the possible roles of chance and bias in the 
interpretation of epidemiological studies.

Chance, also called “random variation”, can 
produce misleading study results. This varia-
bility in study results is strongly influenced by 
the sample size: smaller studies are more likely 
than larger studies to have effect estimates that 
are imprecise and, therefore, are more likely 
to be misleading. Confidence intervals around 
a study’s point estimate of effect are routinely 
used to indicate the range of values of the esti-
mate that could be produced by chance. Both 
experimental and observational epidemiological 
studies are prone to effects of chance, and experi-
mental studies are arguably more prone, because 
of their smaller sample sizes, associated with the 
greater cost of conducting such studies.

Bias is the effect of factors in study design, 
conduct, or reporting that lead an association to 
erroneously appear stronger than, weaker than, 
or opposite in direction to the association that 
really exists between an intervention and an 
outcome. Biases that require consideration are 
varied and can be broadly categorized as selec-
tion bias, information bias, and confounding 
bias (Rothman et al., 2008). Selection bias in an 
epidemiological study can occur when the inclu-
sion of participants from the eligible population 
or their follow-up in the study is influenced by 
their intervention status or their outcome (usually 
disease occurrence). Under these conditions, the 
measure of association found or not found in the 
study may not accurately reflect the association 
or lack thereof that might otherwise have been 
found in the eligible population (Hernán et al., 

2004). Information bias results from inaccuracy 
in intervention or outcome measurement. Both 
can cause an association between hypothesized 
cause and effect to appear stronger or weaker 
than it really is. Confounding arises when a third 
factor is associated with both the intervention and 
the outcome and, because of this, influences the 
apparent association between them (Rothman 
et al., 2008). An association between the inter-
vention and another factor that is associated with 
an increase or a decrease in the incidence of or 
mortality from the disease can lead to a spurious 
association or the absence of a real association of 
the intervention with the outcome. When either 
of these occurs, confounding is present.

In principle, experimental studies are less 
prone to each of these sources of bias, because 
selection for intervention or non-intervention is 
determined by the investigator (usually by random 
allocation) and not by the study participants or 
their characteristics. However, bias may still arise 
as a result of lack of concealment, non-random 
allocation, lack of blinding, post-randomization 
exclusions, non-acceptance of or non-adher-
ence by the study participants to the interven-
tion condition of the study arm to which they 
are randomized, or study loss to follow-up. One 
potential shortcoming of randomized studies is 
their potentially limited external validity (rele-
vance) and consequently limited generalizability 
to non-studied populations.

In assessing the quality of the studies, the 
Working Group considers the following aspects:

• Study description: Clarity in describing the 
study design, implementation, and conduct, 
and the completeness of reporting of all 
other key information about the study and 
its results.

• Study population: Whether the study popu-
lation was appropriate for evaluating the 
association between the intervention and the 
outcome. Whether the study was designed 
and conducted in a manner that would 
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minimize selection bias and other forms of 
bias. The designated outcomes in the study 
population must have been identified in a 
way that was independent of the intervention 
of interest, and the intervention must have 
been assessed in a way that was not related to 
outcome status. In these respects, complete-
ness of recruitment into the study from the 
population of interest (which is less of an 
issue for experimental efficacy studies than 
for effectiveness studies and observational 
studies) and completeness of follow-up for 
the outcome (see below) are very important.

• Outcome measurement: The appropriate-
ness of the outcome measure (incidence of 
cancer, mortality from cancer, or an interme-
diate outcome, as defined in Part B, Section 
1.2) for the intervention and the cancer type 
under consideration, the outcome ascertain-
ment methodology, and the extent to which 
outcome misclassification may have led to bias 
in the measure or measures of association.

• Intervention measurement: This includes: 
(i) the adequacy (including the validity and 
the reliability) of the methods used to assess 
the intervention in observational studies, and 
adherence to the intervention condition in 
experimental studies, and (ii) the likelihood 
(and direction) of bias in the measure or 
measures of association because of interven-
tion measurement error or misclassification 
in observational studies and non-adherence 
to the intervention condition in experimental 
studies (see Part B, Section 1.1. Of particular 
relevance is an assessment of the error asso-
ciated with the measurement of change over 
time in several study designs, including 
prospective longitudinal studies (e.g. change 
in body weight estimated from contemporary 
recall of past body weight and self-reported 
or measured current body weight at recruit-
ment into a cohort study).

• Assessment of potential confounding: The 
extent to which the authors took into account 
in the study design and analysis potentially 
confounding variables (including co-ex-
posures, as described in Part B, Section 1d) 
that could influence the occurrence of the 
outcome and may be related to the interven-
tion of interest. Important sources of poten-
tial confounding by such variables should, 
where possible, have been addressed in the 
study design, such as by randomization, 
matching, or restriction, or in the analysis 
by statistical adjustment. In some instances, 
where direct information on confounders is 
unavailable, use of indirect methods to eval-
uate the potential impact of confounding 
on intervention–outcome associations is 
appropriate (e.g. Axelson & Steenland, 1988; 
Richardson et al., 2014).

• Other potential sources of bias: Each 
epidemiological study is unique in its study 
population, its design, its data collection, 
and, consequently, its potential biases. For 
example, repeated assessments of exposure to 
the intervention over time can be influenced 
by the occurrence of the outcome and thus 
bias the result and sometimes lead to “reverse 
causation”. All possible sources of bias are 
considered for their possible impact on the 
results, including the possibility of reporting 
bias (selective reporting of some results).

• Statistical methodology: The studies are 
evaluated for the adequacy of the statistical 
analysis methods used and their ability to 
obtain unbiased estimates of intervention–
outcome associations, confidence intervals, 
and test statistics for the significance of 
measures of association. Appropriateness 
of methods used to address confounding, 
including adjusting for matching when 
necessary and avoiding treatment of prob-
able mediating variables as confounders, is 
considered. For example, the use of directed 
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acyclic graphs can inform about whether 
confounding and selection biases have been 
specified correctly (Hernán et al., 2004). 
Detailed analyses of cancer risks in relation 
to summary measures of intervention, such 
as cumulative exposure to the intervention, or 
temporal variables, such as age at first inter-
vention or time since first intervention, are 
reviewed and summarized when available. 
For the sake of economy and simplicity, this 

Preamble refers to the list of possible sources 
of error with the phrase “chance, bias, and 
confounding”, but it should be recognized that 
this phrase encompasses a comprehensive set 
of concerns pertaining to study quality. These 
elements of study quality do not constitute and 
should not be used as a formal checklist of indi-
cators of study quality. Rather, the assessment 
by the Working Group is reported in a narrative 
way, in the form of comments in square brackets. 
The judgement of the experts is critical in deter-
mining how much weight to assign to different 
issues when considering how all these potential 
sources of error should be integrated and how 
to rate the potential for error related to each. 
However, it is important that the process under-
taken, including the weight given to various 
studies, be replicable and be described in a way 
that is transparent to readers.
• Study informativeness: The informativeness 

of a study is its ability to show a true preventive 
effect, if one exists, between the intervention 
and the outcome in a relevant population, 
and not to show an effect if one does not exist. 
Key determinants of informativeness include 
having a study population of sufficient size to 
obtain precise estimates of effect, sufficient 
elapsed time from intervention to measure-
ment of outcome for an effect, if present, to 
be observable, presence of at least moderate 
heterogeneity of exposure to the intervention 
(intensity, frequency, and/or duration) in the 

study population, and biologically relevant 
definitions of the intervention.

(d) Meta-analyses and pooled analyses

Independent epidemiological studies of the 
same intervention with a comparatively weak 
effect or small sample size may produce incon-
clusive results that are difficult to summarize. 
Combined analyses of data from multiple studies 
may increase the precision of estimates. There 
are two types of combined analysis: (i) meta-
analysis, which involves combining summary 
statistics, such as relative risks from individual 
studies; and (ii) pooled analysis, which involves 
a pooled analysis of the raw data from the indi-
vidual studies (Greenland & O’Rourke, 2008). 
There are also “umbrella reviews”, systematic 
reviews of multiple meta-analyses, which may 
be evaluated by the Working Group.

The strengths of combined analyses are 
increased precision due to increased sample size 
and, in the case of pooled studies, the opportu-
nity to better control for potential confounders 
and to explore interactions and modifying effects 
that may help to explain heterogeneity between 
studies. A disadvantage of combined analyses is 
the possible lack of comparability of results from 
various studies, because of differences in specifi-
cation of the intervention or the outcome, popu-
lation characteristics, subject recruitment, data 
collection procedures, methods of measurement, 
and effects of unmeasured covariates, which may 
differ among studies. These differences in study 
methods and quality can influence the results of 
both pooled analyses and meta-analyses.

Meta-analyses considered by the Working 
Group may include high-quality published 
meta-analyses, updates of such meta-anal-
yses, and new meta-analyses. When published 
meta-analyses are considered by the Working 
Group, they should comply with basic quality 
standards for meta-analyses and their under-
lying systematic reviews (e.g. AMSTAR, 2017): 
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their risk of bias is carefully evaluated, including 
the completeness of the studies included, the 
methods used to identify and the criteria used 
to select eligible studies, and the accuracy of the 
data extracted from the individual studies.

Subject to the judgement of the IARC 
Secretariat and in consultation with the 
Working Group, the updating of meta-analyses 
or the conduct of ad hoc meta-analyses may be 
performed by the Working Group and/or by 
the IARC Secretariat during preparation for a 
Handbooks meeting, when there are sufficient 
studies of an intervention–outcome association 
to aid the Working Group’s assessment of the 
association. When results from both experi-
mental and observational studies are available, 
any combined analyses should be conducted 
separately for experimental and observational 
studies, with consideration given to separate 
combined analyses of cohort and case–control 
studies, because of their different propensities to 
bias. The results of such ad hoc meta-analyses, 
which are specified in the text of the Handbook 
by presentation in square brackets, may come 
from the addition of the results of more recent 
studies to those of published meta-analyses or 
from de novo meta-analyses. Additional details 
on the conduct of such ad hoc meta-analyses are 
provided in the Instructions for Authors.

Irrespective of the source of the informa-
tion for the meta-analyses and pooled analyses, 
the criteria for information quality applied are 
the same as those applied to individual studies. 
The sources of heterogeneity among the studies 
contributing to them are carefully considered 
and the possibility of publication bias evaluated.

(e) Considerations in assessing the body of 
epidemiological evidence

The ability of the body of epidemiological 
evidence to inform the Working Group about 
the cancer-preventive effect of an intervention is 
related to both the quantity and the quality of 
the evidence. There is no formulaic answer to the 

question of how many cancer prevention studies 
in humans are needed from which to draw infer-
ences about preventive effect, although more 
than a single study in a single population will 
almost always be needed.

After the quality of individual epidemio-
logical studies of cancer or of an intermediate 
outcome has been assessed and the informa-
tiveness of the various studies on the associ-
ation between the intervention and cancer or 
an intermediate outcome has been evaluated, 
the body of evidence is assessed and a consensus 
scientific judgement is made about the strength 
of the evidence that the intervention under 
review prevents cancer in humans. In making its 
judgement, the Working Group considers several 
aspects of the body of evidence (e.g. Hill, 1965; 
Rothman et al., 2008; Vandenbroucke et al., 
2016).

A strong association (e.g. a large relative 
risk or a relative risk that is well below 1.0) is 
more likely to be causal than a weak associ-
ation, because it is harder for confounding 
or other biases to create a false strong associ-
ation. However, it is recognized that estimates 
of effect of small magnitude do not imply lack 
of causality and may have a substantial impact 
on public health if the outcome is common or if 
the intervention is highly feasible. Estimates of 
effects of small magnitude can also contribute 
useful information if the magnitude of the effect 
correlates with the level of intervention in popu-
lations that are differently exposed.

Associations that are consistently observed 
in several studies of the same design, in studies 
that use different epidemiological approaches, 
or under different circumstances of intervention 
are more likely to indicate preventive efficacy or 
effectiveness than are isolated observations from 
single studies. If there are inconsistent results 
among investigations, possible reasons for such 
inconsistencies are sought – such as differences in 
time since initiation of the intervention (latency), 
intervention levels (e.g. dosage), or assessment 
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methods – and their implications for the overall 
findings are assessed.

Results of studies that are judged to be of high 
quality and highly informative are given more 
weight than those of studies that are judged to be 
methodologically less sound or less informative.

Temporality of the association is also an 
essential consideration, that is, the intervention 
must precede the outcome. The likelihood of 
reverse causation (i.e. the outcome prompts the 
intervention) is greater in observational studies 
of interventions, which often entail self-reported 
behaviour change, than in studies of static 
exposures.

An observation that cancer incidence 
decreases with increasing exposure to a putative 
preventive intervention is considered to be an 
indication of a preventive effect, although the 
absence of a graded response is not necessarily 
evidence against a causal relationship, and there 
are several reasons why the shape of the inter-
vention–outcome association may be non-mono-
tonic (e.g. Stayner et al., 2003).

Confidence in a causal interpretation of the 
evidence from studies in humans is enhanced if 
it is coherent with physiological and biological 
knowledge, including information about target 
organ exposure to the intervention, characteris-
tics of tumour subtypes, and evidence of biolog-
ical mechanisms by which the intervention 
could exert a cancer-preventive effect (see Part 
B, Section 4b).

The Working Group considers whether or 
not there are subpopulations with increased 
susceptibility to the cancer-preventive effects 
of the intervention. For example, studies that 
identify inter-individual differences in cancer 
susceptibility to the intervention on the basis 
of sociodemographic characteristics (e.g. age, 
sex, race, ethnicity), other behavioural factors 
(e.g. smoking or alcohol consumption), genetic 
polymorphisms, or age at first intervention (e.g. 
childhood interventions) may contribute to the 
identification of cancer-preventive interventions 

in humans. Such studies may be particularly 
informative if genetic polymorphisms are found 
to be modifiers of the intervention–outcome 
relationship, because evaluation of polymor-
phisms may increase the ability to detect an 
effect in susceptible subpopulations. Identifying 
susceptible subpopulations can also improve the 
specificity of targeting interventions.

2.2 Harms of the intervention

Potential harms to individuals that are 
linked to the intervention under review are also 
reviewed. Evidence of harm may come from 
any type of epidemiological study and may also 
be reported separately from evidence on the 
potential beneficial effects of the intervention. 
Although the IARC Handbooks do not formally 
evaluate the harms associated with an interven-
tion in the way that is done for the benefits, the 
review of the evidence of harms aims to be as 
complete, rigorous, and informative as it is for 
the evidence of beneficial effects.

There are three broad categories of possible 
harms associated with interventions: (i) biological 
harm (e.g. toxicity of a chemopreventive agent), 
(ii) physical harm (e.g. injury associated with 
increased physical activity), and (iii) psychoso-
cial harm (e.g. community-based interventions 
and social marketing campaigns specifically 
targeting obesity; Walls et al., 2011). Evidence of 
occurrence of biological, physical, and psycho-
social harm (including emerging harms identi-
fied using qualitative methods in intervention 
studies) is reviewed and described, and the 
potential impacts of the harm are discussed.

Known financial harms or opportunity costs 
(Walls et al., 2011), which can apply at the indi-
vidual level (e.g. higher cost of healthy foods, 
impacts of increases in tobacco taxes on smokers 
of lower socioeconomic status, membership of 
a weight-loss plan) or the community level (e.g. 
community-based interventions and campaigns), 
may be noted.
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2.3 Balance of benefits and harms

Ideally, the benefits and harms of primary 
prevention interventions are expressed in similar 
terms, such as quality-adjusted life years (QALYs) 
gained (benefits) or lost (harms) per 1000 individ-
uals of the target population. After identification 
of all published estimates of the balance of bene-
fits and harms based on the same combination 
or combinations of intervention and outcome, 
the Working Group selects those based on the 
highest-quality evaluative studies of the inter-
vention, critically assesses each, and summa-
rizes the results, in narrative or tabular format 
as appropriate. The results do not contribute to 
the overall evaluation of each intervention, but 
they may be highlighted in the rationale after the 
evaluation and can be used to aid decisions about 
implementation of and participation in the rele-
vant primary preventive interventions.

2.4 Cost–effectiveness

For a primary preventive intervention that  
can deliver a beneficial outcome, cost–effective-
ness is usually expressed as the estimated financial 
cost of implementing the intervention per unit of 
benefit it delivers, which is most often measured 
in terms of QALYs gained. The ratio of costs to 
benefits (i.e. level of cost–effectiveness) needed 
to implement a health service programme varies 
from country to country, depending principally 
on the wealth of the country and on who pays (e.g. 
the government or individual citizens). Although 
most primary preventive interventions come at 
a net cost to health services, some can deliver a 
gain in QALYs and a reduction in health service 
cost (Vos et al., 2010). Although assessments of 
cost–effectiveness that account for all costs (e.g. 
that are not restricted to health service costs) are 
less frequently done, it is important to note that 
their perspective may differ markedly from one 
based on health service costs only.

Taking a similar approach to that taken for 
the balance of benefits and harms described 
above, the Working Group identifies published 
reports of well-conducted cost–effectiveness 
analyses based on the highest-quality evaluative 
studies of the primary preventive intervention, 
critically assesses each, and summarizes the 
results, in narrative or tabular format as appro-
priate. The results do not contribute to the overall 
evaluation of each intervention, but they may be 
highlighted in the rationale after the evaluation 
and can be used by governments and health 
services to aid decisions about implementation 
of the intervention for which there is sufficient 
evidence of a preventive effect. In addition, it is 
important to note that when the intervention is 
targeted towards a risk factor for cancer that is 
also a risk factor for other chronic diseases, any 
estimate of cost–effectiveness that is based solely 
on cancer is of limited use for policy purposes.

3. Studies of cancer prevention in 
experimental animals

(a) Types of study considered

Animal models are an important component 
of research on cancer prevention. Models are 
available that enable the evaluation of the effects 
of interventions on the development or progres-
sion of cancer in most major organ sites. Animal 
models for cancer include: (i)  carcinogen-in-
duced (e.g. chemical, physical, or infectious/
biological); (ii) genetically engineered; (iii) trans-
plantable systems (e.g. xenograft, organoid); and 
(iv)  spontaneously developing tumours. Most 
cancer-preventive interventions investigated can 
be categorized at the biological level as those 
that: (i)  prevent molecules from reaching or 
reacting with critical target sites; (ii) reduce the 
sensitivity of target tissues to carcinogens; or  
(iii)  interrupt the evolution of the neoplastic 
process. There is increasing interest in the use 
of combinations of interventions as a means 
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of increasing efficacy and minimizing toxicity; 
animal models are useful in evaluating such 
combinations. The development of optimal strat-
egies for intervention in humans can be facili-
tated by the use of animal models that mimic 
the neoplastic process in humans. The ques-
tions posed below (modified from Lewis et al., 
2017) may assist in determining the relevance 
of individual studies in experimental animals 
to the evaluation of cancer-preventive effects in 
humans:

• Are the timing, route, level, and frequency 
of exposure comparable with those in 
humans, after accounting for relevant species 
differences?

• Is the cancer that is induced (i.e. by a biolog-
ical, physical, or chemical agent, or genetic 
manipulation) relevant to the cancer in 
humans?

• Is the time at which the outcome is assessed 
relevant and justified?

• Does the study explore only mechanisms or 
pathways of cancer development?

• Is the outcome measure cancer incidence or 
progression rather than surrogate measures 
of tumour activity, such as tumour size or 
number of tumours?

• Do the outcome measures mimic those being 
evaluated in humans? More specifically, does 
the tumour mimic the human disease in 
terms of the organs or tissues affected, and at 
the histopathological or genetic level? Does 
the progression of the disease mimic the 
cancer in humans?

Relevant studies of cancer in experimental 
animals are identified using principles of 
systematic review as described in Part A and 
further detailed in the Instructions for Authors 
provided to each Working Group. Consideration 
is given to all available long-term (i.e. lifetime or 
near-lifetime) studies of cancer in experimental 
animals with the intervention under review and, 

when appropriate, related interventions (see Part 
A, Section 7). After a thorough evaluation of the 
pertinent study features (see Part B, Section 3b), 
studies judged to be irrelevant or inadequate 
according to the criteria determined in consul-
tation with the Working Group may be excluded. 
Guidelines for conducting and reporting studies 
in experimental animals have been published 
(e.g. OECD, 2018; Percie du Sert et al., 2018).

(b) Study evaluation

Important considerations for assessing study 
quality include: (i) whether the intervention under 
review was clearly characterized; (ii)  whether 
the intervention exposure or dose was charac-
terized and monitored adequately; (iii) whether 
the control animals, exposure doses, duration of 
dosing, timing and frequency of dosing, dura-
tion of observation, and route of exposure to 
the intervention were appropriate; (iv)  whether 
appropriate experimental animal species and 
strains were evaluated, including appropriate sex 
and age; (v) whether there were adequate numbers 
of animals per group; (vi) whether animals were 
allocated randomly to groups; (vii)  whether all 
experimental conditions, with the exception of 
the tested intervention, were identical between 
the groups; (viii)  whether the histopathology 
review was adequate; and (ix) whether the data 
were analysed correctly and reported according 
to well-accepted standards (e.g. Percie du Sert et 
al., 2018).

Specific factors to be considered in inter-
preting the results of cancer prevention experi-
ments include: (i) the timing of the intervention 
over the course of the animals’ lifespan; (ii) the 
timing and duration of administration of the 
intervention in relation to any carcinogen admin-
istration; (iii) dose–response effects; (iv) the site 
specificity of the anticipated cancer-preventive 
outcome; (v) the spectrum and relevance of the 
preventive outcome, from pre-neoplastic lesions 
to invasive cancers; (vi) the incidence, latency, and 
magnitude of the outcome, and the multiplicity 
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of the relevant neoplasms and/or other lesions; 
and (vii) the number and structural diversity of 
experimental or environmental exposures, and 
carcinogenic mechanisms underpinning the 
animals’ baseline risk of the cancer to which the 
intervention was targeted. In addition, because 
administration of an intervention may result 
in prevention of tumours at one site but unin-
tended consequences at other sites, it is impor-
tant that multiple organs are examined in animal 
experiments.

Because certain factors, including diet, food 
or water consumption, infection, and stress, may 
modulate cancer risk, consideration should be 
given to the potential for interaction between 
these factors and the intervention being studied.

(c) Statistical considerations

The statistical methods used should be clearly 
stated and should be the generally accepted tech-
niques refined for this purpose (Peto et al., 1980; 
Gart et al., 1986; Portier & Bailer, 1989; Bieler & 
Williams, 1993). An appropriate unit of analysis 
should be used (e.g. cage or individual animal 
in feed studies). The statistical methods should 
reflect the outcomes of the study (e.g. tumour 
incidence or multiplicity, or overall survival of the 
animals). For outcomes other than survival, the 
potential influence of different overall survival 
time between exposed and unexposed animals 
should be considered.

4. Mechanistic evidence and other 
relevant biological data

For a rational implementation of cancer-pre-
ventive measures, it is important not only to 
assess preventive end-points but also to under-
stand the mechanisms by which the intervention 
exerts its cancer-preventive action. Mechanistic 
studies derived from human research and 
complemented by experimental models support 
cancer prevention research in humans by 

providing critical insight into the biological 
processes that can mediate the relationship 
between an intervention and a cancer outcome. 
Studies of mechanisms provide evidence for 
biological plausibility, inform causality, and can 
identify biomarkers relevant to the carcinogenic 
process. The study of mechanistic biomarkers 
can provide insights into human heterogeneity 
in response to carcinogens according to age, sex, 
genetic background, and other variables that are 
important to the application of cancer-preventive 
interventions in human populations. This array 
of possible contributions by mechanistic studies 
means that outcomes and end-points will vary 
widely depending on the types of intervention 
and the specific types of cancer examined in each 
Handbook.

Mechanistic studies and data are identified, 
screened, and evaluated for quality and human 
relevance using principles of systematic review, 
as described in Part A and further elaborated in 
the Instructions for Authors provided to each 
Working Group, and as detailed below.

(a) Types of studies considered

This section focuses primarily on studies in 
humans, including intervention trials and longi-
tudinal studies with cancer-relevant biomarkers 
that may serve as exposure or intermediate 
end-points. Data from relevant experimental 
models may also be incorporated, especially 
when data from studies in humans are limited 
or are not practical to obtain.

(b) Evidence of cancer prevention

Possible mechanisms of action of interven-
tions aiming at cancer prevention may include, 
but are not limited to: (i) altering the absorption, 
distribution, metabolism, and excretion of a 
known cancer-promoting or cancer-preventive 
agent; (ii)  reducing endogenous DNA damage 
(e.g. by decreasing the oxidative stress and 
DNA–protein cross-links) or activating DNA 
repair or modulating epigenetic mechanisms; 
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(iii) altering host physiology, such as the endo-
crine environment (e.g. by modulation of exog-
enous ligands, including hormones) or the 
microbiome; (iv) affecting cell biology to reduce a 
cell’s susceptibility to transformation, initiation, 
and progression of tumorigenesis (e.g. by regu-
lating cell differentiation, proliferation, migra-
tion, invasion, and cell death through apoptosis 
and senescence); and (v) modifying the tumour 
microenvironment, including the inflammatory 
and immune responses. Inter-individual varia-
tions in these responses or outcomes associated 
with host factors such as age, sex, race/ethnicity, 
and genetic heterogeneity (e.g. metabolic poly-
morphisms) are also considered.

In the case of potentially chemopreven-
tive agents, studies of absorption, distribution, 
metabolism, and excretion in humans and other 
mammalian species are summarized. The meta-
bolic fate of the intervention agent is described, 
noting the metabolites that have been identified 
and their reactivity. A metabolic schema may 
indicate the relevant metabolic pathways and 
products, and whether supporting evidence is 
derived from studies in humans, in experimental 
animal systems, or in in vitro models. When 
available, physiologically based pharmacokinetic 
models and their parameter values are included.

(c) Harms of the preventive intervention

Any intervention that has putative beneficial 
effects must be assessed for potential harms. 
Toxic and other potentially harmful effects of a 
cancer-preventive intervention that are observed 
in studies in humans or studies in experimental 
animals and that might predict harmful effects in 
humans are reviewed, and the relevant evidence 
about them is summarized.

(d) Study quality and evidence synthesis

The Working Group summarizes the studies, 
with an emphasis on characterizing consistencies 
or differences in results within and across studies 
of varying experimental designs and model 

systems. Based on considerations of the quality 
of the studies (e.g. design, methods and reporting 
of results, as described in Part B, Section 3b) and 
relevance to humans, the Working Group may 
give greater weight to some included studies.

Evaluation of the results of studies in 
humans includes consideration of study quality, 
as discussed in Part B, Section 2. For obser-
vational and other studies of mechanisms of 
cancer prevention in humans, the quality of the 
study design, the intervention exposure assess-
ment, and the accuracy (validity and precision) 
of the biomarker measurement are considered, 
as are other important factors, including those 
described for the evaluation of studies of cancer 
prevention in humans (Vermeulen et al., 2018). 
Specific guidelines to assess the quality of molec-
ular biomarker and genetic studies are given in 
STROBE-ME (Gallo et al., 2011) and STREGA 
(Little et al., 2009), respectively.

In addition to studies in humans, mechanistic 
insights may be complemented by studies in 
experimental systems, including animal models 
(Le Magnen et al., 2016) and in vitro studies. 
Important considerations for in vitro studies 
include the ability of the system to recapitulate 
the carcinogenic process that occurs in humans 
and to model the exposure of the intervention as 
would be experienced in vivo (Lewis et al., 2017; 
Gordon et al., 2018).

The synthesis is focused on the evidence that 
is most informative for the overall evaluation. 
Evidence from several streams of mechanistic 
data, especially those from studies in humans, 
can strengthen mechanistic conclusions.

5. Summary of data reported

(a) Intervention characterization

The nature of the intervention and its char-
acteristics, common use, and implementation 
in different settings, including geographical 
patterns and time trends, are summarized as 
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appropriate depending on the intervention 
under review. Intervention assessment methods 
used in key epidemiological studies reviewed by 
the Working Group, their strengths, and their 
limitations are also summarized.

(b) Cancer prevention in humans

Results of epidemiological studies perti-
nent to an evaluation of the cancer-preventive 
effects of the interventions and their harms in 
humans are summarized. The overall strengths 
and limitations of the epidemiological evidence 
are highlighted to indicate how the evaluation 
was reached. The target organ(s) or tissue(s) 
in which a decrease in cancer occurrence was 
observed are identified. Intervention–outcome 
associations and other quantitative data may be 
summarized when available. When the available 
epidemiological studies pertain to a mixed inter-
vention (e.g. fruits and vegetables), the Working 
Group may seek to identify the specific agent or 
group of agents most likely to be responsible for 
any cancer-preventive effect. The evaluation is 
focused as narrowly as is appropriate or as the 
available data permit. Summaries of the evidence 
on the balance of benefits and harms and on 
cost–effectiveness are also provided.

(c) Cancer prevention in experimental animals

Results pertinent to an evaluation of a 
cancer-preventive effect in animals are summa-
rized to indicate how the evaluation was reached. 
For each animal species and study design, it is 
stated whether or not changes in overall survival 
or tumour incidence, latency, severity, or multi-
plicity were observed, and the tumour sites 
are indicated. Dose–response patterns are also 
summarized. Possible harms of the intervention 
are noted.

(d) Mechanistic and other relevant data

Results pertinent to mechanisms of cancer 
prevention are summarized. The summary 
encompasses the informative studies on 
cancer-preventive mechanisms with adequate 
evidence for evaluation, and on any other aspects 
of sufficient importance to affect the overall eval-
uation. High-quality studies in humans, when 
available, are prioritized. In addition, supporting 
findings from experimental animal models or in 
vitro systems are summarized, especially when 
data from studies in humans are limited.

6. Evaluation and rationale

Evaluation of the evidence is guided by 
an analytical framework that depicts the rela-
tionships among the population, intervention, 
comparator, and outcomes (including both bene-
fits and harms), and key contextual issues related 
to adherence to and implementation of the inter-
vention and its impact on population health. The 
analytical framework may articulate both direct 
pathways (the intervention has a direct effect on 
cancer outcomes) and indirect pathways (the 
intervention has an effect on an intermediate 
outcome that has an established causal or preven-
tive association with cancer incidence).

Consensus evaluations of the strength of the 
evidence of cancer-preventive effects of the inter-
vention in humans, in experimental animals, 
and in mechanistic studies are made using trans-
parent criteria and defined descriptive terms 
(see below). The Working Group then develops 
a consensus overall evaluation of the strength of 
the evidence that the intervention under review 
prevents cancer and assigns the intervention to 
one of four categories (see below).

When the Working Group has reviewed 
multiple, closely related interventions (e.g. 
different forms of an intervention on the same 
presumed cause of cancer), they may be grouped 
together for the purpose of a unified evaluation 
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of the strength of the evidence that they prevent 
cancer.

The framework for these evaluations, 
described below, may not encompass all factors 
relevant to a particular evaluation of preventive 
effect. After considering all relevant scientific 
findings, the Working Group may, exception-
ally, assign the intervention to a different cate-
gory from the one that a strict application of the 
framework would indicate, while providing a 
clear rationale for the overall evaluation reached.

When there are substantial differences of 
scientific interpretation among the Working 
Group members, the overall evaluation will be 
based on the consensus of the Working Group. 
A summary of the alternative interpretations 
may be provided, together with their scientific 
rationale and an indication of the degree of 
support for each.

The evaluation categories refer to the strength 
of the evidence that an intervention can prevent 
cancer in humans. Consideration may be given 
to how strongly or weakly the intervention can 
prevent cancer. In addition, actual and potential 
harms of the proposed intervention are addressed 
qualitatively and quantitatively, as the evidence 
base permits.

In what follows, the term “cancer prevention” 
refers to the outcome of a Handbooks evalua-
tion, that is, to a cancer outcome or an inter-
mediate outcome, as defined in the analytical 
framework. Thus, the wording of these evalua-
tions is the same when an intermediate outcome, 
not cancer itself, is the outcome studied. As noted 
above, evaluation of an intermediate outcome is 
performed only when the intermediate outcome 
has an established causal or preventive associa-
tion with cancer incidence.

(a) Cancer prevention in humans

Cancer-preventive effects in humans are eval-
uated on the basis of the principles outlined in 
Part B, Section 2. The evidence relevant to cancer 

prevention in humans is classified into one of the 
following categories:

Sufficient evidence of cancer prevention 
in humans: A causal preventive association 
between the intervention and cancer in humans 
has been established. That is, a cancer-preventive 
association has been observed consistently in the 
body of evidence (including several high-quality 
studies) and chance, bias, and confounding as 
causes of this association were ruled out with 
reasonable confidence.

Limited evidence of cancer prevention 
in humans: A causal preventive association 
between the intervention and cancer in humans 
is plausible. That is, a cancer-preventive associa-
tion has been observed in the body of evidence, 
but chance, bias, or confounding as causes of this 
association could not be ruled out with reason-
able confidence.

Inadequate evidence of cancer prevention 
in humans: The current body of evidence does 
not enable a conclusion to be drawn about the 
presence or absence of a preventive association 
between the intervention and cancer in humans. 
Common situations that lead to a determina-
tion of inadequate evidence of cancer preven-
tion in humans include: (a) no data are available 
in humans; (b)  there are studies available in 
humans, but of poor quality or informativeness; 
and (c)  there are studies available in humans 
of sufficient quality, but their results are incon-
sistent or otherwise do not enable a conclusion 
to be drawn.

Evidence suggesting lack of cancer preven-
tion in humans: There are several high-quality 
studies covering, through direct or indirect path-
ways, the full range of levels of the intervention 
that humans are known to encounter that are 
mutually consistent in not showing a preventive 
association between the intervention and the 
studied cancers at any observed level of inter-
vention. The results from these studies alone or 
in combination had narrow confidence intervals 
with their upper bounds above or close to the 
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null value (e.g. a relative risk of 1.0). Similarly, 
bias and confounding as possible causes of this 
null result were ruled out with reasonable confi-
dence, and the studies were considered infor-
mative. A conclusion of evidence suggesting lack 
of cancer prevention in humans is limited to the 
cancer sites, populations, life stages, conditions 
and levels of intervention, and length of observa-
tion covered by the pertinent studies. The target 
organ(s) or tissue(s) where evidence suggesting 
of lack of cancer prevention was observed in 
humans are identified.

(b) Cancer prevention in experimental animals

Cancer-preventive effects in experimental 
animals are evaluated on the basis of the princi-
ples outlined in Part B, Section 3. The evidence 
relevant to cancer prevention in experimental 
animals is classified into one of the following 
categories:

Sufficient evidence of cancer prevention in 
experimental animals: A preventive association 
has been established between the intervention 
and increased cancer-related survival, decreased 
incidence, increased latency, and/or decreased 
multiplicity of malignant neoplasms or of an 
appropriate combination of benign and malig-
nant neoplasms in several independent, high-
quality studies and model systems.

Limited evidence of cancer prevention 
in experimental animals: The data suggest a 
preventive association between the intervention 
and cancer in experimental animals. That is, 
an association has been observed but the data 
are limited for making a definitive evaluation 
because: (a) the evidence of a cancer-preventive 
association is based on only a few high-quality 
studies; (b) the intervention decreases incidence, 
increases latency, and/or decreases multiplicity 
only of benign neoplasms; or (c) there are unre-
solved questions about the adequacy of the 
design, conduct, or interpretation of the available 
studies.

Inadequate evidence of cancer prevention 
in experimental animals: The studies cannot be 
interpreted as showing the presence or absence 
of a preventive association between the interven-
tion and cancer in experimental animals because 
of major qualitative or quantitative limitations 
of the data available, or no data are available on 
cancer in experimental animals.

Evidence suggesting lack of cancer preven-
tion in experimental animals: Evidence from 
high-quality studies in several experimental 
models shows that, within the limits of the 
tests used (e.g. tumour site, age at intervention, 
conditions and levels of intervention tested), the 
intervention has no preventive association with 
cancer in experimental animals.

(c) Mechanistic evidence

Mechanistic studies are evaluated on the 
basis of the principles outlined in Part B, Section 
4. The mechanistic evidence is classified into one 
of the following categories:

Strong mechanistic evidence: There are a 
substantial number of high-quality studies in 
humans that consistently link the intervention to 
a mechanistic pathway by which it could prevent 
cancer.

Limited mechanistic evidence: The evidence 
from mechanistic data in humans is suggestive 
of a cancer-preventive effect of the intervention, 
but (a) there are a limited number of high-quality 
studies, or (b) the studies cover a narrow range of 
experiments or relevant end-points, or (c) there 
are some inconsistencies in studies of similar 
design, or (d)  there is unexplained incoherence 
across studies of different end-points, or (e) the 
available data are limited to studies in experi-
mental model systems.

Inadequate mechanistic evidence: The 
evidence from mechanistic data in both humans 
and experimental model systems is lacking, or 
the data are inconsistent in linking the inter-
vention to any mechanistic pathway by which it 
could prevent cancer.
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(d) Overall evaluation

Finally, the body of evidence is considered as 
a whole. Overall evaluation of the intervention is 
a matter of scientific judgement that reflects the 
strength of the evidence derived from the studies 
reviewed. The levels of evidence from studies in 
humans, mechanistic data, and studies in experi-
mental animals are weighed into the overall eval-
uation, and statements are made about cancer 
prevention in humans with the wording of one 
of the standard categories as described below.

One of the two overall evaluation scenarios 
(see Part A, Section 3.1) will apply, depending on 
the nature of the evidence that has been reviewed 
(Table 4; see also Part A). If, for logistic reasons, 
evidence for Step 1 and Step 2 of Scenario 2 has 
been reviewed at two separate Handbooks meet-
ings, no overall evaluation will be made for Step 
2 alone.

None of these evaluations quantify the frac-
tion of the burden of a particular cancer that a 
specific intervention would prevent; thus, some 
interventions may prevent a small fraction of the 
cancer, some may prevent a larger fraction, and 
these fractions may vary across populations, for 
example as a function of the prevalence of the 
relevant risk factors.

Overall evaluation categories

(i) The intervention is established to prevent 
cancer in humans (Group A)

This category is used for interventions for 
which there is sufficient evidence of cancer preven-
tion in humans, either directly (Scenario 1) or in 
two steps (Scenario 2): from the intervention to 
the intermediate outcome (Step 1) and from the 
intermediate outcome to cancer (Step 2).

The organ sites on which the evidence in 
humans is based are stated here. A statement is 
also made of what the Working Group considers 
to be the magnitudes of the benefits and the 
harms of the intervention, in as nearly compa-
rable terms as possible, for people adhering to the 

intervention as commonly implemented in prac-
tice, and whether or not the benefits outweigh 
the harms.

(ii) The intervention probably prevents 
cancer in humans (Group B1)

In Scenario 1, this category is used for inter-
ventions for which there is limited evidence of 
cancer prevention in humans and either strong 
mechanistic evidence in humans or sufficient 
evidence in experimental animals with all the 
criteria for the relevance to humans being met 
(see Part B, Section 3a).

In Scenario 2, this category is used for inter-
ventions for which there is sufficient evidence in 
humans that the intervention has a cancer-pre-
ventive effect on the intermediate outcome 
(Step 1), limited evidence that the interme-
diate outcome has a cancer-preventive effect in 
humans (Step 2), and either sufficient evidence in 
experimental animals with all the criteria for the 
relevance to humans being met or strong mecha-
nistic evidence in humans (see Part B, Section 3a). 
Alternatively, this category is used when there is 
limited evidence in humans that the intervention 
has a cancer-preventive effect in the intermediate 
outcome (Step 1) and sufficient evidence that the 
intermediate outcome has a cancer-preventive 
effect in humans (Step 2).

(iii) The intervention possibly prevents 
cancer in humans (Group B2)

In Scenario 1, this category is used for inter-
ventions for which there is limited evidence of 
cancer prevention in humans, less than strong 
evidence from mechanistic data, and less than 
sufficient evidence of cancer prevention in exper-
imental animals.

In Scenario 2, this category is used when 
(i) there is sufficient evidence in humans that the 
intervention has a cancer-preventive effect on 
the intermediate outcome (Step 1), and limited 
evidence in humans and less than sufficient 
evidence in experimental animals or less than 
strong evidence from mechanistic data that the 
intermediate outcome has a cancer-preventive 
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Table 4 Summary of the strength of the evidence in each evidence stream contributing to the 
overall evaluation

Scenario 1: Direct evidence that the intervention prevents cancer
Strength of the evidence that 
the intervention prevents 
cancer in humans

Strength of the evidence 
from mechanistic studies 
that the intervention 
prevents cancer

Strength of the evidence that the 
intervention prevents cancer in 
experimental animals

Overall evaluation

Sufficient – – Group A
Limited Strong – Group B1
Limited – Sufficient Group B1
Limited Less than strong Less than sufficient Group B2

Inadequate – – Group C
Evidence suggesting lack of 

cancer prevention
– Evidence suggesting lack of cancer 

prevention
Group D

Scenario 2: Evidence that the intervention prevents cancer by way of an intermediate outcome  
(risk factor or preventive factor)

Step 1 Step 2a Overall evaluationa

Strength of the evidence that 
the intervention decreases 
exposure to the risk factor 
or increases exposure to the 
preventive factor in humans

Strength of the evidence 
that decreasing exposure to 
the risk factor or increasing 
exposure to the preventive 
factor prevents cancer in 
humans

Strength of the evidence that 
decreasing exposure to the risk 
factor or increasing exposure to 
the preventive factor prevents 
cancer in experimental animals or 
mechanistic studiesb

Sufficient Sufficientc – Group A
Sufficient Limited Sufficient Group B1
Sufficient Limited Less than sufficient Group B2
Limited Sufficient – Group B1
Limited Limited – Group B2

Inadequate – – Group C
– Evidence suggesting lack of 

cancer prevention
Evidence suggesting lack of cancer 

prevention
Group D

Evidence suggesting lack of 
cancer prevention

– – Group D

a This overall evaluation applies only when evidence from both Step 1 and Step 2 is available. When a Handbook evaluates only Step 2, no overall 
evaluation is made.
b Evidence in experimental animals and mechanistic data is considered to be sufficient when there is strong evidence from mechanistic data 
(mechanistic studies in humans) or sufficient evidence in experimental animals.
c The evidence in this category may be considered to be sufficient when it is based on observational studies of change in cancer incidence 
associated with self-reported or observed (by way of time-separated repeated measures) change in the level of a risk factor or preventive factor 
(e.g. smoking cessation; increase in consumption of fruits and vegetables), OR, exceptionally, studies of variation in cancer incidence with the 
level of a risk factor or preventive factor measured at one time point.
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effect; OR (ii) there is limited evidence in humans 
that the intervention has a cancer-preventive 
effect on the intermediate outcome (Step 1), and 
limited evidence in humans that the intermediate 
outcome has a cancer-preventive effect, and any 
evidence category in experimental animals and 
mechanistic data.

When the evidence is classified in Group 
B1 or Group B2, the evaluation is followed by a 
description of harms, actual and potential.

(iv) The intervention is not classifiable as 
to its capacity to prevent cancer in humans 
(Group C)

In both Scenario 1 and Scenario 2, this cate-
gory is used for interventions for which there is 
inadequate evidence in humans, irrespective of 
the level of evidence from mechanistic data and 
studies in experimental animals. Interventions 
that do not fall into any other category are also 
placed in this category.

(v) The intervention probably does not 
prevent cancer in humans (Group D)

In Scenario 1, this category is used for inter-
ventions for which there is evidence suggesting 
lack of cancer prevention both in humans and in 
experimental animals. In Scenario 2, this cate-
gory is used when there is evidence suggesting 
lack of cancer prevention both in humans and 
in experimental animals for the intermediate 
outcome to cancer, irrespective of the level of 
evidence for the intervention to the intermediate 
outcome; or there is evidence suggesting lack of 
cancer prevention for the intervention to the 
intermediate outcome, irrespective of the level of 
evidence for the intermediate outcome to cancer.

(e) Rationale

The reasoning that the Working Group used 
to reach its evaluation is summarized so that the 
basis for the evaluation offered is transparent. It 
includes concise statements of the principal line 
or lines of argument that emerged in the delib-
erations of the Working Group, the conclusions 
of the Working Group on the strength of the 

evidence for each stream, an indication of the 
body of evidence that was pivotal to these conclu-
sions, and an explanation of the reasoning of the 
Working Group in making evaluations.

In the rationale, the Working Group may 
draw attention to the fact that actions on the 
evaluations should be taken in the light of 
country- or setting-specific circumstances that 
influence the public health priority, feasibility, 
and acceptability of programmes based on the 
interventions evaluated.
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In 1987, the IARC Monographs programme 
first classified alcoholic beverages as carcino-
genic to humans (Group 1), on the basis of suffi-
cient evidence of causality for cancers of the oral 
cavity, pharynx, larynx, oesophagus, and liver 
in humans (IARC, 1988). Subsequent reviews 
and evaluations of the evidence for IARC Mono-
graphs Volumes 96 and 100E (IARC, 2010, 2012) 
and for the World Cancer Research Fund/Amer-
ican Institute for Cancer Research Continuous 
Update Project (WCRF, 2023) reaffirmed that al-
cohol consumption causes the above-mentioned 
five types of cancer – specifying that the evidence 
was sufficient for squamous cell carcinoma of the 
oesophagus and hepatocellular carcinoma of the 
liver – and extended the list to include cancers of 
the colorectum and of the female breast.

The causal effects of alcoholic beverage con-
sumption on cancer risk do not differ by bever-
age type (IARC 2010, 2012; WCRF, 2023). Also, 
for cancers of the oral cavity, pharynx, larynx, 
oesophagus, and breast, risk increases for any 
amount of consumption (WCRF, 2023).

The World Health Organization (WHO) re-
ports that alcohol consumption contributes to 
more than 200 diseases, injuries, and other health 
conditions, and estimates that about 3  million 
deaths annually (5.3% of all deaths worldwide) 
are attributable to harmful use of alcohol (WHO, 
2022). Regarding cancer, it was estimated that in 

2020, 4.1% of all new cancer cases globally were 
attributable to alcohol consumption (Rumgay 
et al., 2021).

Rationale for IARC Handbooks 
Volumes 20A and 20B on 
alcohol control

Promoting reduction or cessation of alcoholic 
beverage consumption could have a substantial 
impact on reducing alcohol-related morbidity 
and mortality. In 2010, the Sixty-third World 
Health Assembly endorsed the Global Strategy to 
Reduce the Harmful Use of Alcohol (Resolution 
WHA63.13) (WHO, 2010). This strategy includes 
10 recommended target areas for population-level 
policies and individual-level interventions.

Alcohol control policies or other interven-
tions to reduce alcohol-related cancer risk have 
not been evaluated before by the IARC Handbooks 
programme. Following a request by and in 
collaboration with the WHO Regional Office 
for Europe, the IARC Handbooks programme 
undertook to prepare two volumes on alcohol 
control to address this knowledge gap. The 
analytical framework for the review and evalu-
ation of the evidence that alcohol control poli-
cies reduce cancer incidence or mortality follows 
Scenario 2, as described in the Preamble to the 
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IARC Handbooks for Primary Prevention (IARC, 
2019). Scenario  2 involves a two-step process. 
In Step  1, the effect of a specified intervention 
on an intermediate outcome (e.g. exposure to 
a risk factor) is evaluated. In Step  2, the effect 
of the change in the intermediate outcome (e.g. 
decrease in exposure to the risk factor) on cancer 
incidence in humans is evaluated (Fig. 1A). The 
Preamble further stipulates that if Step 2 has not 
yet been established from authoritative sources, 
then Step 2 should be conducted first.

Accordingly, IARC Handbooks Volume 20A 
provides the review and evaluation of the 
epidemiological and mechanistic evidence that 
reduction or cessation of alcoholic beverage 
consumption reduces the risk of each of the seven 
alcohol-related cancer types (Step  2) (Fig.  1B). 
IARC Handbooks Volume 20B will provide the 
review and evaluation of the available evidence 
that selected population-level alcohol control 
policies lead to a reduction or cessation of alco-
holic beverage consumption.

Considerations on IARC Handbooks 
Volume 20A

The primary goal of IARC Handbooks Vol- 
ume  20A is to provide a critical appraisal of 
the human epidemiological and mechanistic 
evidence on reduction or cessation of alcoholic 
beverage consumption in relation to the risk of 
the seven alcohol-related cancer types.

In reviewing the literature, the Working 
Group noted that the terms used to characterize 
drinking status (e.g. lifetime abstinence, recent 
abstinence, current drinking), the amount of 
consumption (e.g. light, moderate, heavy), and the 
amount of pure alcohol (i.e. ethanol) in a single 
alcoholic drink have been defined differently 
among different studies, in different settings, 
and between men and women, and have changed 
over time. In a recent WHO report, drinking 

status was categorized as abstinence over the life-
time, abstinence in the previous 12 months (i.e. 
former drinking), and current consumption. The 
amount of alcohol consumed was categorized as 
moderate (≤ 2 drinks per day), risky (3–6 drinks 
per day), and heavy (> 6 drinks per day), where a 
single drink contains 10 g of pure alcohol (WHO, 
2020). However, because of the variability among 
studies reviewed, these terms are specifically 
defined in each section and, when appropriate, 
for each study.

Similarly, when reviewing the epidemio-
logical evidence, the Working Group identi-
fied numerous methodological concerns. These 
concerns were carefully considered and are 
described and discussed in detail in Section 2.1. 
Section 3 provides, for the first time, a review and 
evaluation of the available evidence on biological 
mechanisms of cessation of alcoholic beverage 
consumption. This evidence comes largely from 
studies conducted among individuals with 
alcohol use disorders who are in treatment and 
have become abstinent. Although the biological 
effects of alcohol cessation in this group may differ 
from the effects of cessation among individuals 
who drink lower amounts, these studies inform 
our understanding of the effects of alcohol cessa-
tion on alcohol-related carcinogenesis.

The Working Group did not quantify the 
extent of risk reduction due to reduction or cessa-
tion of alcoholic beverage consumption, overall 
or for any strata of amount of alcohol originally 
consumed. Nor did the Working Group quantify 
the time course of cessation necessary to observe 
a reduction in cancer risk.
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Alcoholic beverage consumption 
guidelines for cancer 
prevention

Current alcohol consumption guidelines and 
recommendations from public health agencies 
have relied on evidence from studies that assessed 
alcohol consumption in relation to disease risk. 
Some guidelines and recommendations are 
specific for cancer prevention. For example, the 
European Code Against Cancer states “If you 
drink alcohol of any type, limit your intake. Not 

drinking alcohol is better for cancer prevention” 
(Schüz et al., 2015), the World Cancer Research 
Fund guideline for the United Kingdom states 
“To reduce your cancer risk as much as possible, 
we recommend not drinking alcohol at all. If you 
do choose to drink alcohol, follow national guide-
lines. In the UK, the guideline is to drink no more 
than 14 units a week, spread over at least three 
days for both men and women” (WCRF, 2024), 
and the American Cancer Society’s guideline for 
diet and physical activity for cancer prevention 
states “It is best not to drink alcohol. People who 
choose to drink alcohol should limit their intake 

Fig. 1 (A) The IARC Handbooks analytical framework for review of the evidence for primary 
prevention; (B) IARC Handbooks Volumes 20A and 20B.
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to not more than 2 drinks per day for men and 
1 drink per day for women” (Rock et al., 2020). To 
reduce all alcohol-related harm, the WHO posi-
tion, issued in 2023, is that no amount of alcohol 
consumption is safe, even low intakes (Anderson 
et al., 2023; WHO, 2023).

Public awareness that consumption 
of alcoholic beverages causes 
cancer

Public awareness that alcohol consump-
tion is an established cause of cancer is limited, 
although the extent of such awareness varies 
globally. In some countries, less than 50% of the 
population report alcohol consumption as a risk 
factor for cancer (Scheideler and Klein, 2018). In 
one survey of people in the USA, only one third 
reported believing that alcohol was a risk factor 
for cancer (Kiviniemi et al., 2021).

Overall, IARC Handbooks Volume 20A is an 
important contribution to the understanding of 
the impact of reduction and cessation of alcohol 
consumption on reducing cancer risk. It extends 
the existing evidence base for alcohol consump-
tion guidelines for cancer prevention by estab-
lishing that reduction or cessation of alcohol 
consumption plays a role in cancer prevention. In 
addition, it has the potential to influence public 
health organizations’ communication strate-
gies focused on increasing awareness of the link 
between alcohol consumption and cancer risk 
by highlighting the benefits of alcohol reduction 
and cessation in reversing alcohol-related cancer 
risk.
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LIST OF ABBREVIATIONS

51Cr-EDTA 51Cr-labelled ethylenediaminetetraacetic acid
ACTH adrenocorticotropic hormone
ADH alcohol dehydrogenase
ALD alcohol-related liver disease
ALDH aldehyde dehydrogenase
APC alcohol per capita consumption
ARH alcohol-related hepatitis
AUD alcohol use disorder
BMI body mass index
CAP controlled attenuation parameter
CCL2 C–C motif chemokine ligand 2
CI confidence interval
CLD chronic liver disease
CRP C-reactive protein
CYP2E1 cytochrome P450 2E1
DSM Diagnostic and Statistical Manual of Mental Disorders
ER estrogen receptor
FDR false discovery rate
GPx glutathione peroxidase
HBV hepatitis B virus
HCC hepatocellular carcinoma
HCV hepatitis C virus
HED heavy episodic drinking
HLI healthy lifestyle index
HOMA homeostatic model assessment
HR hazard ratio
hsCRP high-sensitivity C-reactive protein
IARC International Agency for Research on Cancer
ICD International Classification of Diseases
I-FABP intestinal fatty acid binding protein
IFN-γ interferon γ
IgG immunoglobulin G
IL-17 interleukin 17
INHANCE International Head and Neck Cancer Epidemiology
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IP-10 interferon γ-induced protein 10
IRR incidence rate ratio
JACC Japan Collaborative Cohort Study for Evaluation of Cancer Risk
KM Michaelis constant
KORA Cooperative Health Research in the Augsburg Region
LBP lipopolysaccharide binding protein
LHD less heavy drinking
LPS lipopolysaccharide
MAIT mucosal-associated invariant T
MCCS Melbourne Collaborative Cohort Study
mRNA messenger RNA
NADH nicotinamide adenine dinucleotide, reduced form
NK natural killer
OR odds ratio
PAF population attributable fraction
PCR polymerase chain reaction
PR progesterone receptor
PTH parathyroid hormone
rDNA ribosomal DNA
RR relative risk
SCC squamous cell carcinoma
sCD14 soluble CD14
SD standard deviation
SHBG sex hormone-binding globulin
TNF-α tumour necrosis factor α
TRH thyrotropin-releasing hormone
TSH thyroid-stimulating hormone
VHD very heavy drinking
WHO World Health Organization



GLOSSARY

Alcohol use disorder A medical condition characterized by an impaired ability to stop or control alcohol use 
despite adverse social, occupational, or health consequences. It encompasses the conditions 
that some people refer to as alcohol abuse, alcohol dependence, alcohol addiction, and the 
colloquial term alcoholism. According to World Health Organization (WHO) nomenclature, 
alcohol use disorders include two diagnostic categories of the 11th revision of the International 
Classification of Diseases (ICD-11): alcohol dependence and harmful pattern of alcohol use.

Cirrhosis A consequence of chronic liver inflammation that is followed by diffuse hepatic fibrosis, in 
which the normal hepatic architecture is replaced by regenerative hepatic nodules, which 
eventually leads to liver failure.

Dysbiosis A microbial imbalance on or inside the body, commonly observed within the digestive tract, 
where it has been associated with illness.

Endotoxaemia The presence of endotoxins in the blood; endotoxins are toxic substances bound to the cell wall 
of certain bacteria.

Genomic polymorphism The presence of two or more genomic variant forms of a specific DNA sequence that occur 
among different individuals or populations. The most common type of polymorphism involves 
variation at a single nucleotide (also called a single-nucleotide polymorphism, or SNP). Other 
genomic polymorphisms can involve longer stretches of DNA.

Heavy episodic drinking Consuming 60 grams or more of pure alcohol on at least one occasion in the past 30 days. A 
consumption of 60 grams of pure alcohol corresponds approximately to 6 standard alcoholic 
drinks in many countries. Definitions by other organizations may differ in the level of 
consumption or the amount of pure alcohol per drink, and may be sex-specific.

Heterozygote A diploid individual with different alleles at one or more genetic loci.
Homozygote A diploid individual with identical alleles at one or more genetic loci.
Low- and middle-income 
countries

Countries with a gross national income (GNI) per capita of up to US$ 13 845 in 2022.

Michaelis constant (KM) The concentration of the substrate at which the reaction velocity is 50% of the maximum 
velocity (Vmax).

Microbiome The microbiome contains the microbiota (community of microorganisms) and their 
theatre of activity (structural elements, metabolites/signal molecules, and the surrounding 
environmental conditions).

Population attributable 
fraction

The proportion of an outcome that would be avoided in a population over a given period of 
time by decreasing the population’s exposure to a risk factor to a theoretical-minimum-risk 
level.

Population preventable 
fraction

The proportion of an outcome that would be avoided in a population over a given period of 
time by decreasing the population’s exposure to a risk factor to an attainable level.
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Pyroptosis An inflammatory form of cell death that not only protects multicellular organisms from 
invasion by pathogenic bacteria and microbial infections but can also lead to sepsis and lethal 
septic shock if overactivated.

Recorded alcohol Alcoholic beverages consumed according to the official statistics at the country level based on 
production, import, export, and sales or taxation data and intended for consumption.

Secosteroid hormone A molecule that is very similar structurally to steroids but in which one of the four carbon 
rings is broken and the B-ring carbon atoms are not joined. An example is vitamin D.

Sociodemographic index A summary measure of overall development based on educational attainment, fertility, and 
income per capita within a location.

Surrogate alcohol Non-beverage alcohol that is not officially intended for human consumption.
Total adult alcohol per 
capita consumption (APC)

The total amount of alcohol consumed per person (individuals aged ≥ 15 years) over a calendar 
year, in litres of pure alcohol. The estimate is the sum of the 3-year average of the per capita 
(≥ 15 years) recorded alcohol consumption and of the per capita (≥ 15 years) unrecorded 
alcohol consumption for a calendar year, adjusted for tourist consumption.

Tourist consumption Tourist consumption takes into account consumption by tourists visiting the country 
and consumption by inhabitants visiting other countries. Positive figures denote alcohol 
consumption of outbound tourists being greater than alcohol consumption by inbound 
tourists, and negative numbers the opposite. Tourist consumption is based on United Nations 
tourist statistics.

Unrecorded alcohol Alcohol products that are not taxed and are outside the official system of government control, 
such as home or informally produced (legal or illegal) alcohol, smuggled alcohol, surrogate 
alcohol, or alcohol products obtained through cross-border shopping (i.e. recorded in a 
different jurisdiction).

WHO African Region Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cabo Verde, Cameroon, Central 
African Republic, Chad, Comoros, Congo, Côte d’Ivoire, Democratic Republic of the 
Congo, Equatorial Guinea, Eritrea, Eswatini, Ethiopia, Gabon, The Gambia, Ghana, Guinea, 
Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, 
Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, 
Sierra Leone, South Africa, South Sudan, Togo, Uganda, United Republic of Tanzania, Zambia, 
Zimbabwe.

WHO Eastern 
Mediterranean Region

Afghanistan, Bahrain, Djibouti, Egypt, Iran (Islamic Republic of), Iraq, Jordan, Kuwait, 
Lebanon, Libya, Morocco, Oman, Pakistan, Qatar, Saudi Arabia, Somalia, Sudan, Syrian Arab 
Republic, Tunisia, United Arab Emirates, West Bank and Gaza Strip, Yemen.

WHO European Region Albania, Andorra, Armenia, Austria, Azerbaijan, Belarus, Belgium, Bosnia and Herzegovina, 
Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Georgia, Germany, 
Greece, Hungary, Iceland, Ireland, Israel, Italy, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, 
Luxembourg, Malta, Monaco, Montenegro, The Netherlands, North Macedonia, Norway, 
Poland, Portugal, Republic of Moldova, Romania, Russian Federation, San Marino, Serbia, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, Tajikistan, Türkiye, Turkmenistan, Ukraine, 
United Kingdom, Uzbekistan.

WHO Region of the 
Americas

Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia (Plurinational State of), 
Brazil, Canada, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, 
El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, 
Panama, Paraguay, Peru, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, 
Suriname, Trinidad and Tobago, Uruguay, USA, Venezuela (Bolivarian Republic of).

WHO South-East Asia 
Region

Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Indonesia, Maldives, 
Myanmar, Nepal, Sri Lanka, Thailand, Timor-Leste.

WHO Western Pacific 
Region

Australia, Brunei Darussalam, Cambodia, China, Cook Islands, Fiji, Hong Kong Special 
Administrative Region, Japan, Kiribati, Lao People’s Democratic Republic, Macao Special 
Administrative Region, Malaysia, Marshall Islands, Micronesia (Federated States of), 
Mongolia, Nauru, New Zealand, Niue, Palau, Papua New Guinea, Philippines, Republic of 
Korea, Samoa, Singapore, Solomon Islands, Taiwan (China), Tonga, Tuvalu, Vanuatu, Viet 
Nam.
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1.1 Definitions and types of 
products

1.1.1 Types of products containing alcohol  
for human consumption

There are two main categories of products 
containing alcohol: (i) alcoholic beverages, which 
are liquids containing ethanol (or ethyl alcohol: 
C2H5OH) that are intended for consumption 
(WHO, 2018), and (ii) surrogate alcohol, which 
is non-beverage alcohol that is not officially 
intended for human consumption (WHO, 2021). 
Alcohol products for consumption can also be 
categorized as either (i) recorded alcohol, which 
refers to alcoholic beverages consumed according 
to the official statistics at the country level based 
on production, import, export, and sales or 
taxation data and intended for consumption, or 
(ii) unrecorded alcohol, which refers to alcohol 
products that are not taxed and are outside the 
official system of government control, such as 
home or informally produced (legal or illegal) 
alcohol, smuggled alcohol, surrogate alcohol, or 
alcohol products obtained through cross-border 
shopping (i.e. recorded in a different jurisdiction) 
(UNSTAT, 2020). In 2019, about 21% of global 
alcohol consumption was unrecorded (WHO, 
2024).

Alcoholic beverages are typically produced 
through yeast fermentation of carbohydrate-rich 

staple foods such as cereals, grapes, fruits, vege-
tables, or potatoes, with or without subsequent 
distillation (Peterson, 2013). The main categories 
of alcoholic beverages are beer, wine, and spirits 
(WHO, 2010). Because ethanol is the main type 
of alcohol found in alcoholic beverages, the 
term “alcohol” is usually used as a synonym for 
ethanol and, by extension, for alcoholic bever-
ages (European Commission, 2022). Most coun-
tries that have a legal definition for “alcoholic 
beverages” set ethanol content thresholds, which 
range from 0.8% volume in the World Health 
Organization (WHO) Region of the Americas 
to 1.3% volume in the WHO European Region 
(WHO, 2010, 2014, 2018). The ethanol content 
varies by the major type of beverage and also by 
country, because of local customs or regulations. 
Beer generally contains 4–5% volume of alcohol, 
but the content can range from < 2% to > 10% 
volume (alcohol content is lower in alcoholic 
beverages produced at home or locally, such as 
sorghum beer); wine is about 12% volume, with 
a range of 8–15% volume, and spirits range from 
15–20% volume for liqueurs and aperitifs to 
>  40% volume for vodka and whiskey (IARC, 
2010). Chinese strong spirits may contain ≥ 50% 
volume (Zheng and Han, 2016). Alcopops, hard 
seltzer, or other types of flavoured alcoholic 
drinks or pre-mixed packaged beverages typi-
cally contain 4–7% volume of alcohol (IARC, 
2010). In recent decades, beverages with a 

1. ALCOHOLIC BEVERAGES
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reduced or lower volume of alcohol and non-al-
coholic variants of alcoholic beverages have been 
developed (Anderson et al., 2021; Okaru and 
Lachenmeier, 2022). Table 1.1 provides an over-
view of the ethanol content of various alcoholic 
beverages.

Alcohol-containing commodities sold on 
regional and international markets include beer 
made from barley, wine made from grapes, and 
several types of distilled spirits. However, in 
many low- and middle-income countries, home-
made, artisanal, or locally produced alcoholic 
beverages, such as sorghum beer, palm wine, and 
sugarcane spirits, are the main types of alcoholic 
beverages available (WHO, 2004; IARC, 2010).

1.1.2 Toxicants in alcohol products

The IARC Monographs programme has 
classified alcoholic beverages (Volumes 44, 
96, and 100E), ethanol in alcoholic beverages 
(Volumes 96 and 100E), and acetaldehyde asso-
ciated with consumption of alcoholic bever-
ages (Volume 100E) as carcinogenic to humans 
(Group 1) (IARC, 1988, 2010, 2012a).

In addition to ethanol and acetaldehyde, alco-
holic beverages may contain several toxicants 
that are derived from the raw materials used or 
that may arise during the production process 
(IARC, 2010; Fuller et al., 2011b). Some of these 
agents are carcinogenic (IARC, 2010) (Table 1.2).

Occasionally, toxic compounds that are not 
approved for use in commercial production are 
deliberately added to alcohol products, most 
often in unrecorded alcohol. Of these toxic 
compounds, methanol is the one associated 
with the greatest burden of morbidity, including 
blindness, and mortality (Fuller et al., 2011b). 
Methanol poisonings of individuals and groups 
of people associated with consumption of unre-
corded alcohol have been regularly reported 
worldwide in recent decades (Lachenmeier et al., 
2021).

1.1.3 Nutritional aspects of alcohol 
consumption

The primary components of most alcoholic 
beverages are alcohol and water; some sweet 
liqueurs may contain more sugar than ethanol 
(IARC, 2010).

Alcoholic beverages may also contain 
other macronutrients, such as carbohydrates, 
nitrogen (proteins and amino acids), and lipids 
(fats). Carbohydrates are present in significant 
amounts in fermented alcoholic beverages such 
as wine and beer, whereas nitrogen and lipids 
are present in relatively small amounts. All 
three macronutrients are typically absent from 
distilled spirits (Peterson, 2013). Alcohol provides 
7 kcal/g [29 kJ/g] of energy, which is more than 
for carbohydrates or proteins and almost as 
much as for pure fat (EFSA Panel on Dietetic 
Products, Nutrition and Allergies (NDA), 2013; 
European Commission, 2022; WHO, 2022a). 
Alcoholic beverages can contribute significantly 
to total energy intake, and their calories have no 
nutritional value (Fuller et al., 2011a, b; WHO, 
2022a). Alcohol consumption without a concom-
itant reduction in energy intake from carbohy-
drates, fats, and proteins can lead to an excess 
in energy intake (Fuller et al., 2011b). Evidence 
suggests that energy intake from alcohol is more 
likely to contribute to weight gain in people who 
have a high fat intake and a low level of phys-
ical activity, who are overweight, and who have a 
family history of obesity (WHO, 2022a).

1.2 Surveillance, prevalence, 
trends, and determinants of 
consumption

1.2.1 Monitoring of consumption at the 
population level

Alcohol consumption is monitored in many 
countries, and globally by WHO (Poznyak et al., 
2013). The monitoring systems can be broadly 
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Table 1.1 Variety and strength of selected commercially and non-commercially produced 
alcoholic beverages worldwide

Product name Country or region Ethanol content (% volume)a

1. Fermented alcoholic beverages
(a) Commercially produced
Beer USA 2.9–8.5

Germany 3.2–7.8
Bangladesh 4–8

Table wine USA 6.0–20.0
Toddy Bangladesh 5–10
(b) Local/homebrewed/unrecorded
Tella (brewed from various grains) Ethiopia 3.8–6.5
Tej (honey wine) Ethiopia 8.9–13.2
Fruit wine Poland 9.5–12.2
Unrecorded wine and fortified wine Europe 9.6–23.5
2. Distilled alcoholic beverages
(a) Commercially produced
Bourbon USA 32.3–50.7
Brandy USA 28.0–40.0
Cognac USA 38.7–40.7
Fruit spirits Germany 31.2–49.1
Vodka Ukraine 39.3–39.9
(b) Local/homemade/unrecorded
Areki (distilled grain fermentation) Ethiopia 34.0–39.9
Bai jiu China 40.8–72.1
Samohon Ukraine 32.5–52.2
Unrecorded spirits Poland 18.8–85.3
Chang’aa Kenya 42.8–85.8
Ogogoro Nigeria 32.2–42.6
Unrecorded spirits Europe 20.8–88.8
Ekchuani (rice spirits) Bangladesh 30–40
3. Other types
Alcopops International 5–8
Low alcohol International 0.5–1.2b

No alcohol or alcohol-free International < 0.5b

a Decimals as reported in the original article.
b Conventions for ethanol or alcohol content (% volume) in no and low (NoLo) alcohol products vary widely among countries (range for low 
alcohol, 0.05–2.8; range for no alcohol, ≤ 0.05–≤ 2.8) (Okaru and Lachenmeier, 2022).
Compiled by the Working Group (Lachenmeier and Musshoff, 2004; Ejim et al., 2007; Lachenmeier et al., 2009, 2010, 2011; Guelinckx et al., 2011; 
DiLoreto et al., 2012; Yohannes et al., 2013; Dewan and Chowdhury, 2015; Okaru et al., 2017; Newman et al., 2018; Okaru and Lachenmeier, 
2022).
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Table 1.2 IARC evaluations of agents that may be present in alcoholic beverages

Agent Occurrence in alcoholic beveragesa IARC evaluation (Group)b

Acetaldehyde associated with 
consumption of alcoholic beveragesc

All types 1

Acetaldehyde All types 2B
Acrolein All types 2A
Acrylamide Beer 2A
Aflatoxins Beer and unrecorded fermented products 1
Alcoholic beverages – 1
Aniline Historical use: wine adulterant 2A
Arsenic All types 1
Benzene Contaminated beer 1
Cadmium All types 1
Crotonaldehyde Beer and spirits 2B
Ethanol in alcoholic beverages (1.5–80% volume) 1
Ethyl carbamate (urethane) All types, with major occurrence in stone-fruit spirits 2A
Formaldehyde All types 1
Furan Beer 2B
Furfuryl alcohol Wine and beer 2B
Glyphosate Beer 2A
Lead compounds, inorganic All types 2A
3-Monochloro-1,2-propanediol Beer 2B
4-Methylimidazole Some coloured products 2B
β-Myrcene Beer and some flavoured products 2B
N-Nitrosodimethylamine Beer 2A
Ochratoxin A Wine and beer 2B
Pentachlorophenol Oak-barrel aged beverages 1
Pulegone Some flavoured products 2B
Safrole Some spirits 2B
2,4,6-Trichlorophenol Oak-barrel aged beverages 2B
IARC, International Agency for Research on Cancer.
a The concentrations of most compounds vary, depending on the origin of a beverage, differing production technologies, and the level of 
contamination, which typically is trace level. Most jurisdictions provide guidelines or regulations to mitigate contamination of beverages 
containing alcohol.
b Agents classified by the IARC Monographs programme. Group 1, carcinogenic to humans; Group 2A, probably carcinogenic to humans; 
Group 2B, possibly carcinogenic to humans; Group 3, not classifiable as to its carcinogenicity to humans. https://monographs.iarc.who.int/
agents-classified-by-the-iarc/
c Refers to the acetaldehyde that forms in the body after ingestion of alcohol.
Compiled by the Working Group (Lachenmeier et al., 2012; Pflaum et al., 2016; Okaru and Lachenmeier, 2021; IARC, 1976, 1978, 1980, 1982a, 
1982b, 1985, 1987a, 1987b, 1988, 1991, 1993a, 1993b, 1995a, 1995b, 1999, 2002, 2006a, 2006b, 2010, 2012a, 2012b, 2012c, 2013, 2015, 2017, 2018, 
2019a, 2019b, 2021a, 2021b, 2022).

https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
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divided into two categories: monitoring based 
on routine government statistics, such as taxa-
tion, production, and imports and exports in a 
country (Rehm et al., 2007), and monitoring by 
national surveys (Nugawela et al., 2016).

Recorded alcohol consumption data for 
almost every country are based on routine statis-
tics (Rehm et al., 2007; Poznyak et al., 2013). 
Unrecorded alcohol consumption data are based 
on surveys (such as the WHO STEPS survey) 
(WHO, 2005), derived from expert judgements 
(Rehm and Poznyak, 2015), or estimated statis-
tically on the basis of economic data, levels 
of poverty and malnutrition, prohibition 
of alcohol, and region (Probst et al., 2019). 
Tourist consumption data are based on United 
Nations tourist statistics and take into account 
consumption by tourists visiting the country 
and consumption by inhabitants visiting other 
countries (UNSTAT, 2020). Total adult alcohol 
per capita consumption (APC) is defined as the 
total (sum of recorded and unrecorded alcohol) 
amount of alcohol consumed per person (individ-
uals aged ≥ 15 years) over a calendar year, in litres 
of pure alcohol, adjusted for tourist consump-
tion (UNSTAT, 2020). APC is the indicator of 
United Nations Sustainable Development Goal 
3.5: Strengthen the prevention and treatment of 
substance abuse, including narcotic drug abuse 
and harmful use of alcohol, for 2030 (UNSTAT, 
2017).

Although APC is considered the best indi-
cator of alcohol consumption at the country level 
(Gmel and Rehm, 2004), it is only indicative of 
the overall level of consumption. To differentiate 
the level of alcohol consumption among different 
groups, data from surveys about variables such 
as sex, age, or sociodemographic status are 
needed. Because surveys tend to underestimate 
total APC, often by > 50% (Midanik, 1982; Rehm 
et al., 2010), they cannot be used to measure 
overall alcohol consumption.

Surveys enable estimation of the preva-
lence of abstinence (both lifetime abstention 

and current abstention among individuals who 
formerly consumed alcohol) and, through trian-
gulation with APC, estimation of specific indi-
cators such as APC per drinker or by sex, which 
serve as additional indicators globally (WHO, 
2018). Triangulation of APC and surveys is also 
essential for estimating the alcohol-attributable 
burden of disease for comparative risk assess-
ments (Rehm et al., 2010), which are important 
when setting priorities for disease prevention 
and alcohol control policies.

The third indicator of alcohol consumption 
available globally is for heavy episodic drinking 
(HED), which is also referred to as binge 
drinking.

1.2.2 Prevalence of and trends in alcohol 
consumption by WHO region

The countries included in each WHO region 
are listed in the Glossary.

(a) Prevalence and level of alcohol 
consumption in 2019

Alcohol is the most widely used psychoactive 
substance in the world (GBD 2019 Risk Factors 
Collaborators, 2020). Information about the 
indicators of alcohol consumption is provided for 
2019 (Table 1.3; Fig. 1.1, 1.2, 1.3), because changes 
in alcohol consumption behaviours during the 
COVID-19 pandemic are not fully understood 
(Schmidt et al., 2021; Kilian et al., 2022; Sohi 
et al., 2022). 

In 2019, 57% of adults abstained from alcohol 
consumption (WHO, 2024); 47% of adults had 
abstained throughout their lives, and 10% 
formerly consumed alcohol but were absti-
nent in the previous 12  months (WHO, 2024) 
(Table  1.3). However, the prevalence of alcohol 
abstention and consumption differs considerably 
by country and region. 

In 2019, the highest APC overall was reported 
in the WHO European Region, followed by the 
WHO Region of the Americas and the WHO 
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Table 1.3 Characteristics of alcohol consumption behaviours in WHO regions in 2019

Alcohol consumption 
indicatora

WHO African 
Region

WHO Region of the 
Americas

WHO Eastern 
Mediterranean 

Region

WHO European 
Region

WHO South-East 
Asia Region

WHO 
Western 

Pacific Region

World

Overall
APC (3-year moving 
average, L of pure 
alcohol)

4.52 7.51 0.31 9.20 3.84 6.06 5.45

Lifetime abstention (%) 61.3 18.2 92.4 26.3 64.0 34.0 46.6
Former alcohol 
consumption (%)

9.5 21.8 3.5 11.3 8.4 5.6 9.6

Current alcohol 
consumption (%)

29.2 60.0 4.1 62.4 27.6 60.4 43.8

HED (%) 15.2 26.0 0.8 26.1 10.4 19.1 16.7
APC per drinker (L) 15.50 12.53 7.44 14.74 14.01 9.85 12.35
Current alcohol 
consumption among 
individuals aged 
15–19 years (%)

13.4 42.1 1.1 44.3 11.4 35.9 21.8

HED among individuals 
aged 15–19 years (%)

8.5 21.5 0.2 21.5 5.4 14.7 10.6

Women
Lifetime abstention (%) 69.8 23.9 95.1 32.6 73.5 44.9 54.5
Former alcohol 
consumption (%)

9.2 24.2 2.7 12.5 7.8 6.2 10.1

Current alcohol 
consumption (%)

21.0 51.9 2.2 54.9 18.7 49.0 35.4

HED (%) 8.7 15.8 0.3 16.1 5.1 10.8 9.7
APC per drinker (L) 7.67 6.31 3.02 7.27 6.71 4.89 6.10
Current alcohol 
consumption among 
individuals aged 
15–19 years (%)

12.2 40.0 1.0 42.3 10.2 33.3 20.3

HED among individuals 
aged 15–19 years (%)

7.4 18.4 0.2 18.0 4.5 12.5 9.0
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Alcohol consumption 
indicatora

WHO African 
Region

WHO Region of the 
Americas

WHO Eastern 
Mediterranean 

Region

WHO European 
Region

WHO South-East 
Asia Region

WHO 
Western 

Pacific Region

World

Men
Lifetime abstention (%) 52.6 12.3 89.8 19.5 54.7 23.2 38.7
Former alcohol 
consumption (%)

9.8 19.2 4.3 9.9 9.0 5.0 9.1

Current alcohol 
consumption (%)

37.6 68.5 5.9 70.7 36.3 71.8 52.2

HED (%) 22.2 35.9 1.4 36.1 15.7 26.6 23.5
APC per drinker (L) 19.98 17.45 8.96 21.05 17.66 13.24 16.63
Current alcohol 
consumption among 
individuals aged 
15–19 years (%)

14.6 44.2 1.2 46.1 12.4 38.2 23.3

HED among individuals 
aged 15–19 years (%)

9.5 24.0 0.3 24.2 6.2 16.3 11.8

APC, alcohol per capita consumption; HED, heavy episodic drinking (≥ 60 g of ethanol [pure alcohol] at least once per month); WHO, World Health Organization.
a All proportions are based on the general population aged ≥ 15 years, except for current alcohol consumption among individuals aged 15–19 years and HED among individuals aged 
15–19 years.
b 0 denotes proportions < 0.5%.
Modelled by the Working Group based on survey data collected for WHO (2022b). For modelling details, see Manthey et al. (2019); data are partially reported in WHO (2024).

Table 1.3   (continued)
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Fig. 1.1 Prevalence of current alcohol consumption (previous 12 months) in 2019

Figure modelled by the Working Group based on survey data collected for WHO (2022b); for modelling details, see Manthey et al. (2019).

Fig. 1.2 Prevalence of heavy episodic drinking in 2019

Figure modelled by the Working Group based on survey data collected for WHO (2022b); for modelling details, see Manthey et al. (2019).
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Western Pacific Region (Table  1.3). The APCs 
in other regions were below the global average, 
and the WHO Eastern Mediterranean Region 
had the lowest APC. The level of consumption 
is also correlated with the prevalence of current 
alcohol consumption (any alcohol consumed in 
the previous 12  months; WHO, 2018) and has 
the same rank order as the APC. At the country 
level, the prevalence of alcohol consumption was 
highest in high-income countries in Europe and 
Australasia, where more than three quarters of 
adults consumed alcohol, and lowest in a belt of 
Muslim-majority countries that stretches from 
northern Africa across the Near and Middle East 
to Indonesia (Fig. 1.1).

Another indicator considers the amount of 
alcohol consumed by individuals who drink, 
i.e. adult APC per drinker (Fig.  1.3). The APC 
per drinker in 2019 was relatively stable, with 
some regional differences, i.e. highest in the 
WHO African Region and lowest in the WHO 
Eastern Mediterranean Region and the WHO 

Western Pacific Region (Table  1.3). Notably, 
some countries with low or relatively low APC 
have high adult APC per drinker, whereas coun-
tries with the highest overall APC also show a 
high prevalence of alcohol consumption. In some 
Muslim-majority countries, the prevalence of 
alcohol consumption is underestimated because 
of social norms; thus, the APC per drinker is 
overestimated.

HED does not have the same rank order as 
APC (Table  1.3), because it is an independent, 
but correlated, dimension that cannot be derived 
from the level of alcohol consumption alone 
(Rehm and Gmel, 2000; Rehm et al., 2004). Thus, 
with the same overall level of alcohol consump-
tion, an individual could consume 10 g of alcohol 
(one standard drink in many countries) daily on 
weekdays or consume 70 g on the weekend and 
abstain on all weekdays. Whereas regional aver-
ages give an overview of HED, the prevalence of 
HED in 2019 shown in Fig.  1.2 reveals impor-
tant between-country differences within regions. 

Fig. 1.3 Adult alcohol per capita consumption among individuals who drink in 2019, in litres of 
pure ethanol

Figure modelled by the Working Group based on alcohol per capita consumption (APC) data and survey data collected for WHO (2022b); for 
modelling details, see Manthey et al. (2019).
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Also, the prevalence of HED is only a rough 
indicator of HED because the average number of 
heavy drinking occasions may vary considerably, 
depending on the culture in a particular country 
(Gmel et al., 2003).

According to all alcohol indicators, men have 
more detrimental patterns of alcohol consump-
tion than women do. Compared with women, 
men have a higher prevalence of consumption, 
have a higher APC (Manthey et al., 2019), and 
are more likely to engage in HED (Table 1.3; for 
details, see Section 1.2.3).

(b) Trends in alcohol consumption

Fig. 1.4 provides an overview of trends in the 
levels of alcohol consumption as measured in 
adult APC over the past two decades. Globally, 
the level of alcohol consumption was relatively 
stable, with an increase starting in 2000 and a 
decrease after 2016.

The WHO European Region reported reduced 
adult APC over the past two decades, which was 
driven mainly by decreased alcohol consump-
tion in the eastern part of the region (Rehm et al., 
2019) attributable largely to the implementation 
of strong alcohol control policies, particularly 
increased taxation (Berdzuli et al., 2020). The 
APC in the WHO Region of the Americas was 
stable overall (see also Monteiro et al., 2021).

The WHO Western Pacific Region had the 
greatest variability in alcohol consumption levels 
in recent decades, which was driven mainly by 
the largest country in the region, China. The 
increases until 2016 can be attributed largely to 
economic growth (Rehm et al., 2021). The sharp 
decrease after 2016 has often been attributed 
to “anti-corruption” regulations introduced in 
2012, which prohibited alcohol consumption 
at military functions and serving alcohol as 
part of invitations for business events or public 

Fig. 1.4 Trends in adult alcohol per capita consumption since 2000

AFR, WHO African Region; AMR, WHO Region of the Americas; APC, alcohol per capita consumption; EMR, WHO Eastern Mediterranean 
Region; EUR, WHO European Region; SEAR, WHO South-East Asia Region; WHO, World Health Organization; WPR, WHO Western Pacific 
Region.
Data source: WHO (2024).
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administration meetings and events, as well as to 
the implementation of other alcohol control poli-
cies (Shu and Cai, 2017; Guo and Huang, 2015; 
Hu et al., 2022).

In the WHO African Region, there was a 
relatively stable level of consumption (Morojele 
et al., 2021). In the WHO South-East Asia Region, 
in which India is the largest country, until the 
COVID-19 pandemic began, alcohol consump-
tion had increased steadily due to economic 
growth (Rehm et al., 2021), coupled with a frac-
tured response to control policies (Gururaj et al., 
2021).

Finally, in Muslim-majority countries, where 
alcohol is often prohibited, a very low level of 
alcohol consumption in general has persisted 
over the past two decades, despite some loosening 
of alcohol control policies (Al-Ansari et al., 2016).

The trends in the prevalence of current 
alcohol consumption globally are much less 
pronounced than the trends in APC. Overall, 
the prevalence of current alcohol consumption 
has fluctuated between 43% and 45% over the 
past two decades, with a COVID-19-associated 
decrease of 1% in 2020 (WHO, 2024). Similarly, 
the prevalence of current alcohol consumption 
in different WHO regions has remained rela-
tively stable. Again, there may be some subre-
gional variations that are not fully reflected in 
the trends from the WHO regions. The most 
remarkable trend in recent years was the increase 
in alcohol consumption in countries in the WHO 
South-East Asia Region (Manthey et al., 2019; 
Sornpaisarn et al., 2020).

1.2.3 Determinants of consumption

(a) Sex and gender

Globally, 52% of males and 35% of females 
currently consume alcohol (WHO, 2024). 
Among individuals who consume alcohol, males 
also generally consume greater quantities than 
females do (reported daily mean of 36 g of pure 
ethyl alcohol for males vs 13 g for females) (WHO, 

2024). Less of a difference has been observed 
between males and females in the prevalence and 
quantity of alcohol consumption in geographical 
areas with a high sociodemographic index (i.e. 
comparatively advantaged) than in areas with 
a lower sociodemographic index (GBD 2016 
Alcohol Collaborators, 2018) and in the preva-
lence of HED in higher-income countries than 
in low- and middle-income countries (Grittner 
et al., 2020). Alcohol use disorders are more 
common among males than among females 
(Glantz et al., 2020).

Although sex-related differences in the prev-
alence of alcohol consumption persist, a meta-re-
gression of 50 studies (primarily in North 
America and Europe) shows convergence over 
time, with a male-to-female ratio of 2.2 for indi-
viduals born in 1891–1910 compared with 1.1 for 
those born in 1991–2000, driven primarily by an 
increase in alcohol consumption among women 
(Slade et al., 2016). However, a review of published 
data for the prevalence of alcohol consumption 
in the USA (collected at various time points 
between 1975 and 2017, with all included studies 
reporting on data up to at least 2008) showed 
differences in alcohol consumption patterns by 
age group. Compared with previous generations, 
middle-aged and older females consumed more 
alcohol, whereas males consumed about the 
same amount of alcohol. In general, adolescents 
and younger adults have been found to consume 
less alcohol than previous generations, and 
consumption is decreasing more among males 
than among females (Keyes et al., 2019).

The sex-related differences in the preva-
lence and patterns of alcohol consumption are 
also related to gender influences (i.e. socially 
constructed roles and norms) (Hughes et al., 
2016), which contribute to the generally narrower 
gap between males and females in some coun-
tries and cultures than in others (Sudhinaraset 
et al., 2016). Furthermore, when considering 
sex-related differences in alcohol consumption, 
it is important to acknowledge that evidence is 
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lacking about the prevalence of alcohol consump-
tion and cessation in intersex and transgender 
subpopulations (Gilbert et al., 2018).

(b) Age and life-course

Globally, consumption of alcohol often 
begins in adolescence or in the early 20s, and 
there is a clear increase in the prevalence of 
current alcohol consumption and HED between 
individuals aged 15–19  years and individuals 
aged 20–24 years in all regions of the world and 
among both males and females. The prevalence 
of current consumption then remains relatively 
stable from the late 20s to the 50s and decreases 
at older ages (WHO, 2024) (Table 1.4).

The age at which alcohol consumption peaks 
varies by location. A synthesis of nine cohort 
studies in the United Kingdom (using data 
collected in 1979–2013, with the age at data 
collection ranging from 15 years to > 90 years) 
showed a steep increase in the quantity of alcohol 
consumption in adolescence, with a peak in the 
mid-20s, followed by a decrease and plateau in 
middle age and a further decrease in the 60s 
and 70s (Britton et al., 2015). In contrast, in the 
USA, a slightly earlier peak in various alcohol 
consumption-related outcomes (in the early 20s) 
has been observed, with a subsequent decrease 
for the remainder of the lifespan (Lee and Sher, 
2018).

Although most individuals reduce their 
alcohol consumption as they age relative to 
their own earlier consumption, it is important 
to contextualize this observation in relation to 
general population trends, which point toward 
overall increased levels of consumption among 
older people compared with earlier cohorts, 
particularly in higher-income countries (Han 
et al., 2017; Bye and Moan, 2020), and a slower 
rate of decrease in alcohol consumption among 
recent cohorts of older people compared with 
earlier cohorts (Moore et al., 2005).

(c) Race, ethnicity, and cultural and religious 
factors

Globally, the prevalence, pattern, and nature 
of alcohol consumption are highly variable 
between, and sometimes within, cultural groups, 
and therefore cannot easily be summarized. 
In considering alcohol consumption by race, 
ethnicity, culture, and religion, it is important 
to acknowledge that these concepts overlap and 
are socially constructed, multidimensional, and 
subject to change, particularly in the context of 
migration and globalization (Savic et al., 2016; 
Hunt et al., 2018; Aresi and Bloomfield, 2021). 
In general, there is also more evidence about 
ethnicity-related alcohol consumption patterns 
in high-income countries that have well-es-
tablished data collection systems, such as the 
USA, the United Kingdom, and European coun-
tries, than from other geographical areas. Also, 
some genetic polymorphisms in some racial 
and ethnic groups are known to affect alcohol 
metabolism, making such individuals less 
likely to consume alcohol, or likely to consume 
less (see Section 3.1.1). The concomitant role of 
environmental factors in influencing consump-
tion has also been studied (Wall et al., 2016). 
Furthermore, in some countries, colonization 
and ensuing intergenerational trauma have had a 
profound effect on patterns of alcohol consump-
tion among some Indigenous groups, which is 
not representative of traditional culture (King 
et al., 2009). Despite these caveats, examining 
alcohol consumption by race, ethnicity, culture, 
and religion can offer some insights into poten-
tial disparities, as illustrated by the deliberately 
diverse examples presented here.

A 2014 survey in Yunnan Province in China 
examined the alcohol consumption of people 
aged 12–35  years from Han (Chinese ethnic 
majority), Lisu, and Yi backgrounds using a 
variety of measures (He et al., 2016). Compared 
with people in the other two groups, the indi-
viduals with a Lisu background consumed 
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Table 1.4 Prevalence of current alcohol consumption and heavy episodic drinking by age group, sex, and WHO region

Alcohol 
consumption 
indicator by 
region

Age group (years)

Males Females Overall

15–
19

20–
24

25–
34

35–
49

50–
64

≥ 65 15–
19

20–
24

25–
34

35–
49

50–
64

≥ 65 15–
19

20–
24

25–
34

35–
49

50–
64

≥ 65

Prevalence of current alcohol consumption (%)
World 23.3 47.2 56.3 58.5 58.5 52.3 20.3 34.7 37.5 40.5 38.5 30.4 21.8 41.1 47.1 49.6 48.4 40.1
WHO African 
Region

14.6 38.4 46.8 46.0 40.0 28.0 12.2 24.7 25.0 24.6 19.1 10.4 13.4 31.5 35.8 35.2 29.0 18.2

WHO Region of 
the Americas

44.2 71.1 76.0 74.6 70.9 58.0 40.0 58.1 57.3 57.8 52.2 38.5 42.1 64.7 66.7 66.2 61.3 47.2

WHO Eastern 
Mediterranean 
Region

1.2 5.0 7.7 7.7 6.0 3.7 1.0 2.5 2.7 2.7 2.0 1.0 1.1 3.7 5.3 5.3 4.0 2.2

WHO European 
Region

46.1 67.0 72.8 75.0 74.4 68.8 42.3 57.0 57.9 61.1 57.6 46.1 44.3 62.2 65.4 68.0 65.6 55.4

WHO South-East 
Asia Region

12.4 34.8 43.5 43.3 38.6 28.2 10.2 21.6 22.2 22.2 17.9 10.2 11.4 28.4 33.1 33.0 28.3 18.5

WHO Western 
Pacific Region

38.2 70.3 78.0 78.4 74.7 64.4 33.3 54.7 55.8 56.6 48.8 33.7 35.9 62.9 67.3 67.8 61.7 47.5

Prevalence of HED (%)
World 11.8 24.2 27.8 27.5 24.0 12.6 9.0 13.1 10.8 9.9 7.1 3.5 10.4 18.8 19.5 18.8 15.4 7.6
WHO African 
Region

9.5 24.2 28.6 26.9 21.4 9.8 7.4 13.0 11.1 9.7 6.4 2.4 8.5 18.6 19.8 18.2 13.5 5.7

WHO Region of 
the Americas

24.0 40.6 43.4 41.0 35.0 16.5 18.4 23.4 18.6 16.1 11.2 4.8 21.2 32.1 31.1 28.4 22.7 10.0

WHO Eastern 
Mediterranean 
Region

0.3 1.4 2.1 1.9 1.3 0.4 0.2 0.5 0.4 0.3 0.2 0.0 0.2 0.9 1.3 1.2 0.7 0.2

WHO European 
Region

24.2 38.2 40.8 40.6 35.9 18.8 18.0 22.3 17.8 16.4 11.3 5.0 21.2 30.5 29.5 28.4 23.1 10.7

WHO South-East 
Asia Region

6.2 17.1 20.7 19.5 15.3 6.3 4.5 8.0 6.6 5.6 3.5 1.2 5.4 12.8 13.8 12.7 9.4 3.5

WHO Western 
Pacific Region

16.3 29.9 32.2 31.1 25.1 12.9 12.5 16.2 12.2 10.8 7.3 3.8 14.5 23.4 22.6 21.2 16.1 7.9
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Alcohol 
consumption 
indicator by 
region

Age group (years)

Males Females Overall

15–
19

20–
24

25–
34

35–
49

50–
64

≥ 65 15–
19

20–
24

25–
34

35–
49

50–
64

≥ 65 15–
19

20–
24

25–
34

35–
49

50–
64

≥ 65

Prevalence of HED among individuals who currently consume alcohol (%)
World 50.6 51.3 49.4 47.0 41.0 24.1 44.2 37.6 28.8 24.5 18.5 11.6 47.7 45.7 41.4 37.9 31.9 18.8
WHO African 
Region

64.9 63.2 61.2 58.5 53.6 35.1 60.6 52.8 44.3 39.4 33.4 22.9 62.9 59.1 55.3 51.8 46.6 31.2

WHO Region of 
the Americas

54.2 57.2 57.2 54.9 49.3 28.5 46.0 40.2 32.4 27.8 21.4 12.5 50.4 49.7 46.6 43.0 37.0 21.3

WHO Eastern 
Mediterranean 
Region

23.9 27.5 26.6 24.8 20.9 10.0 20.1 18.7 14.4 12.2 8.7 4.2 22.2 24.7 23.7 21.8 18.0 8.7

WHO European 
Region

52.4 57.0 56.1 54.1 48.3 27.4 42.5 39.1 30.8 26.8 19.7 10.8 47.8 49.0 45.1 41.8 35.2 19.3

WHO South-East 
Asia Region

49.7 49.2 47.6 45.0 39.7 22.3 44.4 37.3 29.6 25.3 19.8 11.6 47.4 44.9 41.8 38.5 33.4 19.1

WHO Western 
Pacific Region

42.7 42.5 41.3 39.7 33.6 20.0 37.6 29.7 21.9 19.2 14.9 11.4 40.5 37.2 33.6 31.3 26.1 16.6

HED, heavy episodic drinking (≥ 60 g of ethanol [pure alcohol] at least once per month); WHO, World Health Organization.
Calculated by the Working Group.

Table 1.4   (continued)
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significantly more alcohol (daily and annually), 
and proportionately more of them reporting 
binge drinking. In contrast, a significantly larger 
proportion of the participants with a Han back-
ground reported experiencing intoxication.

The potential impact of globalization on 
patterns of alcohol consumption in China was 
evident from a survey of university students 
from northern, central, and southwestern China. 
The students who had a “Western cultural orien-
tation” (as assessed with the Chinese Cultural 
Orientation Questionnaire) were >  3  times as 
likely to have consumed alcohol within the 
previous 30 days as those who did not have such 
a cultural orientation (Wang et al., 2016).

Another study examined alcohol consump-
tion patterns among Ghanaians who lived 
in rural and urban areas of Ghana and in 
three European cities (London, Berlin, and 
Amsterdam). The prevalence of consumption 
was generally highest among Ghanaians living 
in Europe (except for males living in London, of 
whom fewer consumed alcohol compared with 
their counterparts in rural Ghana). The number 
of years since migration was positively associ-
ated with the prevalence of alcohol consumption 
(Addo et al., 2018).

A meta-analysis of 41 studies of alcohol 
consumption patterns among Australian 
Aboriginal and Torres Strait Islander (Indige-
nous) people found that 59% of almost 60  000 
individuals currently consumed alcohol 
(Conigrave et al., 2020). About one third of the 
individuals consumed four or more standard 
drinks on a single occasion (i.e. were at single-oc-
casion risk), and about one fifth averaged more 
than two drinks per day (i.e. were at lifetime risk). 
However, there was substantial variation within 
and between samples, and factors such as geog-
raphy, local alcohol policy context, study design, 
and diversity among Indigenous communities 
must be considered.

(d) Smoking

Smoking tobacco and consuming alcohol 
are recognized as overlapping behaviours, with 
a higher likelihood of concomitancy (Shiffman 
and Balabanis, 1996; Room, 2004; Anand and 
Roy, 2016; Francisco et al., 2019). The extent to 
which the two behaviours overlap varies between 
populations (Noble et al., 2015; Meader et al., 2016; 
Wu et al., 2023). A recent review and meta-anal-
ysis estimated that smoking is associated with an 
almost 3-fold risk of HED, although the magni-
tude of this effect varies by sex and nationality 
(Molaeipour et al., 2023), and a study in Brazil 
found that individuals who smoked were more 
likely to consume alcohol than those who did not 
smoke (Francisco et al., 2019). Smoking tobacco 
and consuming alcohol concurrently increases 
the risk of developing cancer in a multiplicative 
manner (Ho et al., 2021).

(e) Socioeconomic status

In general, people with higher socioeconomic 
status consume alcohol more often and in larger 
quantities compared with individuals with lower 
socioeconomic status, although individuals from 
disadvantaged groups are at a greater risk of alco-
hol-related harm per litre of alcohol consumed 
(Collins, 2016; Probst et al., 2021; Xu et al., 2022; 
Room and Rehm, 2023).

However, there are some exceptions to the 
generally linear association between alcohol 
consumption and socioeconomic status. A 2018 
review of 23 studies in 10 countries in South-East 
Asia and Africa found that alcohol consumption 
was more prevalent among individuals with 
low income and no formal education in South-
East Asia, especially men (Allen et al., 2018). 
In upper-middle-income countries, HED was 
found to be more likely among people with low 
socioeconomic status, whereas the opposite was 
observed in low-income countries (Xu et al., 
2022).
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Unrecorded alcohol accounts for a larger 
proportion of the total alcohol consumed in 
low- and lower-middle-income countries than 
in higher-income countries (Probst et al., 2018; 
Probst et al., 2019). Furthermore, evidence indi-
cates that in some countries, consumption of 
counterfeit and surrogate alcohol is associated 
with socioeconomic measures such as lower per 
capita income and unemployment (Neufeld et al., 
2016; Kotelnikova, 2017).

(f) Social role transition

Among young adults, the transition to full-
time work has been associated with HED and 
negative outcomes from alcohol consumption 
(Lee et al., 2018).

Separation and divorce have been associated 
with increased alcohol consumption, especially 
among men (Kretsch and Harden, 2014; Salvatore 
et al., 2020).

The transition to retirement has been associ-
ated with an increase in alcohol consumption (or 
no change or a decrease among a minority of indi-
viduals), and the differences in these outcomes 
have been attributed to context and personal 
characteristics (e.g. job satisfaction and stress 
before retirement, social roles and networks, 
involuntary retirement, gender, and previous 
alcohol consumption), rather than to retirement 
itself (Kuerbis and Sacco, 2012; Halonen et al., 
2017; Holdsworth et al., 2017; Holton et al., 2019). 
Britton and Bell (2015) found that changes in 
roles and social connections among older indi-
viduals can be a risk factor for alcohol consump-
tion, with self-reported increases in alcohol 
consumption among people older than 60 years 
being attributed to participating in more social 
events and having fewer responsibilities.

1.2.4 Determinants of reduction or cessation

In this section, a distinction is made between 
a factor experienced by an individual that 
contributes to a reduction or cessation of alcohol 

consumption and any interventions that may 
have contributed to it. For example, the afforda-
bility of alcohol, which may influence an individ-
ual’s decision about whether to consume alcohol, 
is discussed here. However, alcohol pricing poli-
cies, which may as a precursor have influenced 
affordability, are not discussed.

(a) Age

Multiple reports have shown a decrease 
in alcohol consumption since the early 2000s 
among adolescents and young adults (Ng Fat 
et al., 2018; Pape et al., 2018; De Looze et al., 2019; 
Holmes et al., 2022). A recent analysis of survey 
data published between 1995 and 2017 explored 
the relative timing and magnitude of this trend 
among adolescents in 39 of 80 high-income 
countries (Vashishtha et al., 2021). A decrease 
in the prevalence of alcohol consumption in the 
previous month was first observed in the late 
1990s in North America, followed by decreases 
in northern Europe, western Europe, and 
Australasia, with the largest decrease noted in 
northern Europe and the British Isles. Similarly, 
between 2000 and 2016, the reported preva-
lence of HED decreased among young people in 
many regions, with the largest decrease noted 
in the WHO European Region (10.5% among 
individuals aged 15–19 years and 12.1% among 
individuals aged 20–24  years) and a smaller 
decrease in the WHO Region of the Americas, 
the WHO African Region, and the WHO Eastern 
Mediterranean Region (WHO, 2018). It remains 
to be seen whether the reported decreases in 
alcohol consumption among young people will 
continue as these cohorts age and/or will persist 
into future generations.

The tendency for alcohol consumption to 
decrease at older ages has been widely observed. 
An international study of alcohol consump-
tion in later life combined longitudinal survey 
data collected in 1998–2016 for adults aged 
> 50 years in 21 countries. Overall, there was a 
decreasing trajectory in alcohol consumption 
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with age, although those who were younger 
(aged 50–64  years) consumed more alcohol 
but less frequently than those who were older 
(aged ≥ 65 years) (Calvo et al., 2020). Biological 
changes that affect alcohol metabolism that 
occur as people age may partly explain this 
phenomenon and include decreased ability to 
metabolize alcohol because of reduced enzy-
matic activity, increased liver size, changes in 
body water volume, and increased susceptibility 
to the unpleasant effects of alcohol consumption 
(Meier and Seitz, 2008). The potential for inter-
actions with medication and an increased risk 
of falls may also contribute to reduced alcohol 
consumption by some people at older ages 
(65–103 years) (Pringle et al., 2006).

(b) Health

Health-related reasons for reducing alcohol 
consumption generally fall into two broad 
categories: preserving or improving health, 
and being ill (sick quitters) (Shaper et al., 1988; 
Dawson et al., 2013). Numerous studies that have 
elicited self-reports from individuals about their 
reasons for reducing alcohol consumption or 
abstaining have identified physical health-re-
lated and mental health-related factors as 
predominant contributors, among both the 
general population and people who engage in 
HED: a systematic review of studies on cessa-
tion (Rosansky and Rosenberg, 2020), studies 
on reduction and possibly cessation (Britton and 
Bell, 2015; Beard et al., 2017), and studies on both 
cessation and reduction (Pennay et al., 2019). The 
specific health reasons measured vary across 
studies but commonly include the following: 
as a health precaution, for weight loss, concern 
about kilojoules/effects on body weight, psycho-
logical health, medical advice, or current health 
problems. For example, 40% of participants in 
the Whitehall II Cohort Study, who were aged 
60–85 years when they completed the 2012–2013 
follow-up questionnaire, reported reducing their 
alcohol consumption in the previous decade. Of 

these individuals, 41.6% indicated that they did 
so as a health precaution, 21.0% reduced their 
alcohol consumption due to illness or because 
of a medication they were taking, and 2.0% gave 
past problems with alcohol consumption as the 
reason (Britton and Bell, 2015).

Several cohort studies have tracked measures 
of alcohol consumption and health over time, and 
evidence suggests that moving from consump-
tion to abstinence (Wannamethee and Shaper, 
1988; Dawson et al., 2013; Park et al., 2017), or to 
abstinence or consumption only on special occa-
sions (Ng Fat et al., 2015), may be associated with 
various measures of poor health.

Emerging health conditions may also lead 
to abstinence. For example, Sarich et al. (2019) 
found that the emergence of three cardiovascular 
disease-related conditions (heart disease, stroke, 
and blood clot) predicted abstinence, whereas 
Park et al. (2017) found no relationship between 
the emergence of cardiovascular disease and 
abstinence.

(c) Smoking

A survey of households in the USA found that 
among adults who consume alcohol regularly, 
the likelihood of ceasing alcohol consumption 
was higher if they did not smoke than if they did 
smoke, and that smoking cessation was associ-
ated with a greater likelihood of ceasing alcohol 
consumption (Dawson et al., 2013). This contrasts 
with a prospective cohort study conducted in 
the United Kingdom, the USA, Australia, and 
Canada, which found that people who ceased 
smoking for ≥  6  months were not more likely 
to change their alcohol consumption compared 
with people who continued to smoke (Kahler 
et al., 2010).

Studies have also shown that tobacco control 
policies have some effect on alcohol consump-
tion. At the population level, Krauss et al. (2014) 
found that smoke-free air policies and higher 
tobacco taxes were associated with decreases in 
APC. At the individual level, Kasza et al. (2012) 
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found that smoke-free bars were associated with 
minor decreases in the amount of alcohol typi-
cally consumed in hazardous alcohol consump-
tion (i.e. consumption of > 14 drinks per week by 
men and > 7 drinks per week by women).

In a review of studies of people being 
treated for alcohol use disorders, not smoking 
or reducing smoking was significantly associ-
ated with reduced alcohol consumption and/or 
a higher likelihood of maintaining abstinence 
from alcohol consumption in about half of the 
included studies. However, participating in a 
smoking cessation intervention while being 
treated for alcohol use disorders did not improve 
alcohol consumption outcomes in most studies 
(van Amsterdam and van den Brink, 2022). 
Furthermore, one study found that whereas 
smoking increased the overall likelihood of 
relapse to alcohol consumption, the number 
of cigarettes smoked may have an independent 
effect on outcomes (i.e. the higher the number 
of cigarettes smoked per day, the lower the 
likelihood of relapse to alcohol consumption) 
(Hufnagel et al., 2017).

A review of natural and intervention studies 
found that alcohol consumption was associated 
with a lapse or relapse to smoking and a 
shorter duration of smoking cessation in most 
of the included studies (van Amsterdam and 
van den Brink, 2023). Smoking cessation inter-
vention studies have found that a reduction in 
smoking is associated with reduced alcohol 
consumption overall and reduced HED, and that 
the greater the reduction in smoking, the greater 
the reduction in alcohol consumption (Philibert 
et al., 2021; Yonek et al., 2021).

(d) Social role transition

A large body of cross-sectional and longitu-
dinal evidence links social roles and transitions 
between roles (e.g. establishing a romantic part-
nership or marriage, parenthood, and retire-
ment) with reductions in alcohol consumption.

Multiple studies have found that, among both 
men and women, the transition to marriage or 
cohabitation is predictive of reduced alcohol 
consumption (e.g. Hajema and Knibbe, 1998; 
Kretsch and Harden, 2014; Staff et al., 2014; 
Evans-Polce et al., 2020; Leggat et al., 2020; 
Salvatore et al., 2020).

Pregnancy and the transition to motherhood 
have been identified as protective against alcohol 
consumption for most women (Pryor et al., 2017; 
Borschmann et al., 2019; Voutilainen et al., 2022). 
However, the strength of the protective effect of 
motherhood may vary based on an individual’s 
sociodemographic characteristics. For example, 
older mothers are more likely to consume alcohol, 
and women with more children are less likely to 
consume alcohol (Vicario et al., 2023), but these 
effects may diminish over time (Borschmann 
et al., 2019; Leggat et al., 2021). The impact of preg-
nancy on alcohol consumption by a male partner 
has been associated with both reduced (Högberg 
et al., 2016) and unchanged (Borschmann et al., 
2019) alcohol consumption relative to the period 
before the pregnancy. Similarly, the gap in HED 
between parents and non-parents was lower for 
men than for women, particularly among indi-
viduals in their mid-20s to mid-30s (Evans-Polce 
et al., 2020).

The transition to retirement has been asso-
ciated with a decrease in alcohol consumption 
among a minority of individuals, and an increase 
or no change in alcohol consumption in other 
people (see Section  1.2.3). These findings have 
been attributed to context and personal char-
acteristics (e.g. job satisfaction and stress before 
retirement, social roles and networks, involun-
tary retirement, gender, and previous alcohol 
consumption), rather than to retirement itself 
(Kuerbis and Sacco, 2012; Halonen et al., 2017; 
Holdsworth et al., 2017; Holton et al., 2019). 
Britton and Bell (2015) found that changes in 
roles and social connections among older indi-
viduals can also be protective against alcohol 
consumption by older individuals, with self- 
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reported reductions in alcohol consumption 
attributed to participation in fewer social events.

(e) Social networks

The understanding of how alcohol consump-
tion patterns shift within a population has long 
been informed by Skog’s theory of collectivity 
of “drinking cultures”, which postulates that as 
the population average of alcohol consumption 
increases or decreases, so does the distribution of 
alcohol consumption across the population (Skog, 
1985). The proposed mechanism of this effect 
is the “direct and indirect influences between 
drinkers in a social network” (Skog, 1985), which 
may shape alcohol consumption across an entire 
population. This notion of collectivity has been 
influential in public health responses to reduce 
alcohol consumption and harms, and empirical 
evidence has tended to support the theory (Raninen 
and Livingston, 2020). However, more recently, 
studies have identified patterns of reduction in 
alcohol consumption within populations that are 
less pronounced in some groups than in others 
(i.e. “soft collectivity”) or that indicate polariza-
tion between groups, suggesting that there may 
be barriers to social transmission of behaviour 
across some groups (e.g. by age) (Oldham et al., 
2020; Raninen and Livingston, 2020; Mojica-
Perez et al., 2022). Even if collectivity does not 
hold true across an entire population, there is 
evidence that interactions within an individu-
al’s immediate social network, including their 
social media contacts, may influence when 
they begin consuming alcohol and whether 
they maintain, increase, or reduce their alcohol 
consumption (Studer et al., 2014; Reid et al., 2015; 
Knox et al., 2019; Pennay et al., 2019; Morris 
et al., 2020; Lau-Barraco et al., 2022). This 
inf luence may occur through shared behav-
iour or informal social control (Skog, 1985). 
For example, in a sample of people with “high-
risk” alcohol consumption – defined as scoring 
≥ 8 on the Alcohol Use Disorders Identification 
Test (AUDIT) or ≥  5 on questions 1–3 of the 

AUDIT – who were currently trying to reduce 
their consumption, 6% indicated that something 
that their family, friends, or children had said 
contributed to their decision (Beard et al., 2017).

(f) Religion

Although religions differ in their beliefs and 
values regarding alcohol consumption, religiosity 
generally has been shown to be a protective factor 
against initiation of alcohol consumption and a 
high level of alcohol consumption, and it is asso-
ciated with abstinence (Porche et al., 2015; Lin 
et al., 2020). For example, in a two-wave study in 
the USA, individuals who reported former alcohol 
consumption in both waves were more likely to 
have attended religious services at least twice a 
week and to regard their religious beliefs as “very 
important” than those who started consuming 
alcohol again between the study waves; this 
suggests that both public and intrinsic aspects of 
religiosity may support continued alcohol cessa-
tion (Lin et al., 2020). However, a cross-sectional 
study among young people in Australia found 
that, compared with individuals who did not 
identify as being part of a religious group, those 
who did were less likely to decrease their alcohol 
consumption or cease alcohol consumption 
(Raggatt et al., 2019). Periods of religious signif-
icance or fasting, such as Islamic Ramadan, 
Buddhist Lent, and Orthodox Christian Lent, 
have also been linked to temporary periods of 
reduced alcohol consumption or abstinence in 
the countries where they are observed (Çelen, 
2015; Jirarattanasopha et al., 2019; Necula and 
Mann, 2020).

(g) Affordability and availability

Alcohol affordability is a function of both 
income and price and has been associated with 
population levels of alcohol consumption, such 
that consumption is higher when alcohol is more 
affordable and lower when it is less affordable 
(Rabinovich et al., 2009; Wall and Casswell, 
2013). There is strong evidence from several 
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countries that budgetary constraints associated 
with periods of economic downturn (i.e. poten-
tially lower affordability) are connected to less 
spending on alcohol, and hence lower consump-
tion (i.e. a pro-cyclical effect) (de Goeij et al., 
2015). This effect is exemplified through the 
relationship between alcohol sales (which corre-
late with total population alcohol consumption) 
and gross domestic product in Sweden from 
1861 to 2000, between alcohol consumption and 
regional gross domestic product in Finland from 
1982 to 2001, and between alcohol consumption 
and unemployment rates in the USA from 1987 
to 1999 (Ruhm and Black, 2002; Johansson et al., 
2006; Krüger and Svensson, 2010). Unfavourable 
economic conditions have been associated with 
a shift from heavier to lighter consumption of 
alcohol, rather than to increased abstention 
(Ruhm and Black, 2002; Johansson et al., 2006). 
However, the pro-cyclical effect linked to afforda-
bility described previously may not hold true for 
all individuals, because there is also evidence 
that some people, particularly men, respond 
to the stress of reduced income from unem-
ployment, or the threat of this, by consuming 
more alcohol than they previously did (Dee, 
2001; de Goeij et al., 2015). That is, there may be 
a counter-cyclical effect of economic downturn, 
even when the overall population effect may be 
pro-cyclical.

Survey-based studies provide further evidence 
that affordability (indirectly measured through 
reasons such as “to save money” and because 
alcohol is “too expensive”) is a contributing 
factor in the decision to reduce alcohol consump-
tion or abstain for a minority of people, for 
example 9.9% of older people who had already 
reduced their alcohol consumption (Britton and 
Bell, 2015) and 7.6% of individuals who were 
trying to cut down their “high-risk” consump-
tion (defined previously) (Beard et al., 2017). 
However, affordability does not appear to be the 
most salient factor in this decision. In a review 
of studies of reasons for abstinence among 

individuals who had abstained all their lives, 
were currently abstinent, and had a history of 
“problematic drinking” but no longer consumed 
alcohol, “financial reasons” were rarely among 
the top three reasons for abstinence (Rosansky 
and Rosenberg, 2020).

During the COVID-19 pandemic, there was 
an overall reduction in alcohol consumption, 
and probably a lower 12-month prevalence of 
consumption due to the lower availability of 
alcohol, partly because of limitations on gath-
erings, especially in low- and middle-income 
countries. Globally, APC decreased by about 8% 
during the first year of the pandemic (WHO, 
2024).

1.3 Population attributable fraction

1.3.1 Definitions and general considerations

Population attributable fraction (PAF) in 
the context of alcohol consumption and cancer 
includes abstinence as the theoretical-mini-
mum-risk exposure (Shield et al., 2020; Rumgay 
et al., 2021a). However, the proportion of alco-
hol-attributable cancer cases that could be 
prevented is likely to be smaller than PAFs 
because public health interventions are unlikely 
to completely eliminate alcohol consumption in 
the entire population. Several studies have esti-
mated that the population preventable fraction 
represents the level that can be attained by inter-
ventions, although the attainable level may vary 
across studies (Mons et al., 2018; Young et al., 
2018; Grevers et al., 2019). Because contemporary 
estimates for population preventable fraction are 
lacking worldwide, this section highlights global 
and regional PAF estimates for 2020, as reported 
by IARC (Rumgay et al., 2021b).

The calculation of PAF for cancers gener-
ally requires information about the prevalence 
of exposure levels, relative risks for the associ-
ation between the exposure and the cancer of 
interest, and cancer counts or rates. Researchers 
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frequently use risk-factor exposure data from 
representative surveys, which often are adjusted 
for underestimation by self-report (see below), 
cancer data from cancer registries or vital statis-
tics databases, and relative risks from a single 
study or pooled analyses or meta-analyses (pref-
erably of prospective cohort studies). Most studies 
take into consideration lag time between expo-
sure and cancer occurrence (usually 10  years) 
(Rehm et al., 2010; Shield et al., 2020; Rumgay 
et al., 2021a).

There are several considerations when inter-
preting PAF estimates for alcohol consumption 
and cancer (Greenland, 2015). First, because data 
about alcohol consumption and cancer may not 
be available for some countries or populations, 
researchers may impute this information by 
modelling subnational, regional, or other avail-
able data (Shield et al., 2020; GBD 2019 Can- 
cer Risk Factors Collaborators, 2022). Second, 
some studies may not include former alcohol 
consumption when estimating PAFs, which may 
result in underestimation of PAFs (Wilson et al., 
2018; Chen et al., 2019; Goding Sauer et al., 2021), 
largely because of the sparsity of reliable data 
about former alcohol consumption or associated 
relative risks. Some other studies may impute 
data on former alcohol consumption by using 
modelling of other available data about such 
consumption (Shield et al., 2020). Third, because 
alcohol consumption is generally highly under-
reported in surveys, researchers may adjust data 
about consumption based on production, sales, 
or taxation statistics using different methods 
(Islami et al., 2018; Esser et al., 2022). However, 
these statistics generally are not stratified by 
age, sex, or other demographic characteristics, 
whereas the extent of underreporting may differ 
across population groups. Fourth, studies have 
generally used the same cancer-specific relative 
risks for all evaluated populations; therefore, 
variations in PAFs across populations reflect 
differences in alcohol consumption and distribu-
tion of cases by cancer site. However, the burden 

of a cancer associated with alcohol in a popula-
tion may be substantially high due to other risk 
factors, which may result in overestimation of 
the number of alcohol-attributable cases for that 
cancer site and, consequently, overestimation of 
the total number and proportion of alcohol-at-
tributable cases (all cancers combined) in that 
population. Fifth, previous studies generally 
have not taken into account possible interactions 
between alcohol consumption and genetic or 
potentially modifiable risk factors (e.g. cigarette 
smoking, viral hepatitis), which may result in 
misestimation of PAFs. Finally, PAF estimates 
may vary across studies because of differences in 
the list of cancer sites included in the analyses.

1.3.2 Cancer cases attributable to alcohol 
consumption

Whereas the APC reported in the previous 
section was reported by WHO region, this 
section describes regional patterns using the 
United Nations geographical regions (UNSTAT, 
2024).

(a) All cancers combined

(i) Global patterns
In 2020, an estimated 741 300 new cancer  

cases, or 4.1% of all new cancer cases globally, 
were attributable to current alcohol consumption 
(Rumgay et al., 2021b) (Table 1.5). About three 
quarters of those cancers occurred among males 
(568 700 cases among males, and 127 600 cases 
among females), resulting in a larger propor-
tion of alcohol-attributable new cancer cases 
among males (6.1%) than among females (2.0%). 
Although consuming > 60 g of alcohol per day 
contributed the most alcohol-attributable new 
cancer cases (346 400 cases; 46.7%), followed by 
consuming 20–60 g of alcohol per day (291 800 
cases; 39.4%), consuming a moderate amount 
of alcohol (<  20  g per day) also contributed a 
considerable number of cases (103 100 cases; 
13.9%) (Rumgay et al., 2021a).
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Table 1.5 Number and proportion of new cancer cases in 2020 attributable to alcohol consumption by cancer site, sex, and 
region, all ages combined

Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

All sites excluding non-melanoma skin cancer (C00–C97 excluding C44)
Global 4.1 (3.1–5.3) 741 300 (558 500–951 200) 6.1 (4.6–7.9) 568 700 (422 500–731 100) 2.0 (1.6–2.5) 172 600 (135 900–220 100)
Africa
Eastern Africa 2.6 (1.8–3.4) 8300 (5800–11 100) 4.9 (3.4–6.4) 6000 (4200–7900) 1.1 (0.8–1.6) 2300 (1700–3100)
Middle Africa 2.5 (1.7–3.5) 2600 (1700–3700) 4.3 (2.8–5.8) 1900 (1200–2600) 1.2 (0.8–1.7) 740 (510–1000)
Northern Africa 0.3 (0.1–3.3) 990 (420–9800) 0.6 (0.2–6.5) 820 (350–9500) 0.1 (0.0–0.2) 180 (80–370)
Southern Africa 3.9 (2.7–5.0) 4200 (2900–5400) 5.7 (4.2–7.0) 2800 (2100–3500) 2.3 (1.4–3.3) 1400 (830–1900)
Western Africa 2.9 (1.8–4.2) 7000 (4300–10 100) 4.5 (2.6–6.5) 4400 (2500–6300) 1.8 (1.3–2.6) 2700 (1900–3700)
Asia
Eastern Asia 5.7 (3.6–7.9) 332 100 (208 800–460 200) 8.6 (5.4–11.8) 275 900 (172 600–378 400) 2.1 (1.4–3.1) 56 300 (36 200–81 900)
South-central Asia 3.5 (2.0–6.9) 68 100 (37 900–133 800) 6.2 (3.5–12.0) 59 200 (33 200–114 800) 0.9 (0.5–1.9) 8900 (4800–19 000)
South-eastern Asia 2.6 (1.6–3.7) 27 700 (17 500–39 700) 4.4 (2.7–6.4) 23 000 (14 100–33 400) 0.8 (0.6–1.1) 4700 (3300–6400)
Western Asia 0.7 (0.5–1.2) 3000 (2000–5200) 1.0 (0.7–1.7) 2300 (1500–3900) 0.4 (0.2–0.6) 750 (480–1300)
Europe
Central and eastern 
Europe

5.6 (4.6–6.6) 71 400 (57 800–84 200) 7.8 (6.5–9.0) 49 900 (41 100–57 300) 3.4 (2.6–4.3) 21 500 (16 700–26 900)

Northern Europe 3.9 (3.0–4.8) 24 800 (19 200–30 300) 4.7 (3.8–5.5) 15 600 (12 600–18 300) 3.0 (2.2–4.0) 9200 (6600–12 100)
Southern Europe 3.6 (2.8–4.4) 32 400 (25 200–39 400) 4.8 (3.8–5.7) 23 100 (18 300–27 400) 2.3 (1.7–3.0) 9300 (6900–12 000)
Western Europe 4.2 (3.3–5.1) 52 800 (41 300–63 500) 5.1 (4.1–6.0) 34 400 (27 500–40 300) 3.2 (2.4–4.1) 18 400 (13 800–23 200)
Americas
Latin America and 
the Caribbean

2.8 (2.1–3.5) 39 300 (29 600–49 400) 3.9 (3.0–4.7) 26 800 (20 600–32 300) 1.8 (1.3–2.4) 12 600 (9100–17 100)

North America 3.0 (2.1–4.0) 59 600 (40 600–77 800) 3.8 (2.7–4.8) 38 500 (27 000–48 400) 2.2 (1.4–3.0) 21 200 (13 500–29 400)
Oceania
Australia and New 
Zealand

4.1 (3.0–5.1) 6800 (5000–8600) 4.8 (3.7–5.8) 4200 (3200–5100) 3.3 (2.2–4.4) 2600 (1700–3500)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

1.2 (0.2–2.2) 190 (40–370) 2.1 (0.4–4.1) 160 (30–310) 0.4 (0.1–0.7) 30 (10–60)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Lip and oral cavity (C00–C06)
Global 20.2 (12.1–32.3) 74 900 (44 600–119 600) 25.9 (15.6–40.9) 66 700 (40 000–105 300) 7.3 (4.1–12.7) 8200 (4600–14 300)
Africa
Eastern Africa 13.5 (7.2–21.1) 630 (340–980) 20.1 (10.8–30.9) 540 (290–830) 4.5 (2.4–7.7) 90 (50–150)
Middle Africa 19.7 (11.1–29.2) 280 (160–420) 27.4 (15.5–40.0) 240 (140–350) 7.5 (4.0–12.1) 40 (20–70)
Northern Africa 2.3 (1.0–15.8) 70 (30–510) 4.0 (1.7–28.5) 70 (30–490) 0.4 (0.1–1.2) 6 (< 5–20)
Southern Africa 27.3 (14.4–40.9) 580 (310–870) 37.3 (20.1–53.8) 490 (260–700) 11.5 (5.4–20.4) 100 (40–170)
Western Africa 18.4 (10.8–27.8) 520 (310–790) 27.3 (16.4–40.2) 430 (260–630) 7.5 (3.9–12.7) 100 (50–160)
Asia
Eastern Asia 22.4 (11.7–33.9) 9700 (5100–14 800) 31.1 (16.2–46.3) 8300 (4400–12 400) 8.4 (4.5–14.0) 1400 (750–2300)
South-central Asia 14.5 (6.3–30.2) 25 300 (11 100–52 700) 18.2 (8.1–36.4) 23 800 (10 500–47 500) 3.3 (1.3–11.9) 1400 (550–5200)
South-eastern Asia 12.7 (6.9–19.8) 2300 (1300–3600) 18.0 (9.8–27.9) 2000 (1100–3100) 4.2 (2.4–6.9) 300 (170–490)
Western Asia 7.2 (3.7–15.4) 320 (160–670) 10.7 (5.5–23.0) 290 (150–620) 1.6 (0.7–2.9) 30 (10–50)
Europe
Central and eastern 
Europe

38.6 (22.5–53.6) 10 100 (5900–14 000) 45.3 (26.5–62.0) 9000 (5300–12 300) 17.0 (9.4–26.6) 1100 (580–1700)

Northern Europe 31.4 (18.3–45.4) 2800 (1700–4100) 41.7 (24.7–58.8) 2300 (1400–3300) 14.8 (8.0–23.8) 510 (280–820)
Southern Europe 27.3 (15.6–39.4) 3400 (1900–4900) 36.7 (21.1–52.1) 2900 (1700–4100) 10.6 (5.9–16.9) 470 (260–750)
Western Europe 32.2 (18.9–45.6) 5700 (3400–8100) 42.2 (24.8–58.9) 4700 (2800–6500) 15.3 (8.9–23.5) 1000 (590–1600)
Americas
Latin America and 
the Caribbean

24.3 (13.5–35.7) 4300 (2400–6400) 32.9 (18.3–47.5) 3800 (2100–5600) 8.1 (4.4–13.3) 500 (270–820)

North America 28.0 (15.3–41.4) 7700 (4200–11 400) 36.0 (19.8–52.8) 6700 (3700–9800) 11.3 (6.0–17.8) 1000 (540–1600)
Oceania
Australia and New 
Zealand

33.2 (19.1–47.6) 1000 (590–1500) 41.9 (24.4–58.9) 870 (510–1200) 15.6 (8.4–24.9) 160 (90–260)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

6.3 (0.6–14.3) 80 (8–190) 9.1 (0.9–21.0) 70 (7–170) 1.7 (0.2–3.7) 8 (< 5–20)

Table 1.5   (continued)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Pharynx (C09–C10, C12–C13)
Global 22.0 (9.0–37.8) 39 400 (16 100–67 800) 25.3 (10.4–43.4) 37 000 (15 200–63 400) 7.4 (2.8–13.4) 2500 (940–4400)
Africa
Eastern Africa 16.1 (5.9–27.5) 250 (90–430) 19.1 (7.0–32.4) 230 (90–400) 5.5 (2.0–10.5) 20 (7–40)
Middle Africa 23.6 (9.32–38.0) 180 (70–300) 26.5 (10.4–42.4) 170 (70–280) 7.5 (2.8–13.7) 9 (< 5–20)
Northern Africa 1.9 (0.6–16.5) 20 (6–170) 3.1 (1.0–28.2) 20 (6–170) 0.4 (0.1–1.1) < 5 (< 5–5)
Southern Africa 27.0 (10.3–45.0) 200 (80–330) 32.2 (12.4–52.8) 180 (70–300) 10.2 (3.3–20.0) 20 (6–30)
Western Africa 15.9 (6.2–27.1) 140 (50–230) 22.7 (9.1–37.5) 110 (40–180) 7.3 (2.4–13.7) 30 (9–50)
Asia
Eastern Asia 24.5 (9.3–39.9) 4900 (1900–8000) 27.1 (10.2–44.0) 4700 (1800–7700) 7.5 (3.0–12.9) 200 (80–340)
South-central Asia 12.3 (4.1–33.1) 8100 (2700–21 900) 14.5 (4.9–39.0) 7700 (2600–20 800) 2.9 (0.7–8.6) 370 (90–1100)
South-eastern Asia 15.2 (5.7–26.7) 1500 (560–2600) 17.9 (6.7–31.4) 1400 (530–2500) 3.4 (1.3–6.3) 60 (20–120)
Western Asia 8.5 (3.2–17.0) 90 (30–170) 12.4 (4.7–24.7) 80 (30–160) 1.4 (0.4–3.0) < 5 (< 5–10)
Europe
Central and eastern 
Europe

37.1 (15.5–56.0) 7500 (3100–11 300) 40.3 (16.9–60.2) 7100 (3000–10 600) 15.9 (6.0–27.2) 420 (160–710)

Northern Europe 31.3 (12.9–48.4) 1800 (740–2800) 36.9 (15.3–56.2) 1600 (660–2400) 13.6 (5.5–23.9) 190 (80–330)
Southern Europe 29.1 (11.7–45.2) 1900 (750–2900) 32.8 (13.3–50.6) 1800 (710–2700) 9.6 (3.6–16.8) 100 (40–170)
Western Europe 31.6 (13.2–48.9) 5000 (2100–7800) 37.5 (15.8–57.1) 4500 (1900–6800) 14.1 (5.3–24.3) 560 (210–970)
Americas
Latin America and 
the Caribbean

24.7 (9.6–40.1) 2800 (1100–4500) 28.4 (11.1–45.9) 2600 (1000–4300) 7.4 (2.9–13.3) 150 (60–270)

North America 28.2 (11.1–45.5) 4600 (1800–7500) 32.1 (12.7–51.4) 4300 (1700–6900) 10.4 (3.9–18.5) 310 (120–550)
Oceania
Australia and New 
Zealand

33.7 (14.1–52.4) 430 (180–660) 37.4 (15.7–57.8) 400 (170–610) 14.4 (5.7–25.0) 30 (10–50)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

6.8 (0.5–16.6) 10 (< 5–30) 7.5 (0.6–18.1) 10 (< 5–20) 1.6 (0.3–3.8) < 5 (< 5–< 5)

Table 1.5   (continued)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Larynx (C32)
Global 15.0 (8.6–23.6) 27 600 (15 700–43 300) 16.6 (9.5–26.1) 26 400 (15 100–41 600) 4.7 (2.5–7.0) 1200 (620–1700)
Africa
Eastern Africa 11.6 (6.2–17.9) 260 (140–410) 13.4 (7.2–20.7) 250 (130–380) 3.5 (1.9–5.4) 10 (8–20)
Middle Africa 13.7 (7.4–20.2) 90 (50–130) 15.6 (8.4–23.0) 80 (50–120) 3.6 (1.9–5.6) < 5 (< 5–6)
Northern Africa 1.9 (0.9–26.4) 90 (40–1200) 2.1 (1.0–29.2) 90 (40–1200) 0.2 (< 0.1–0.5) < 5 (< 5–< 5)
Southern Africa 19.0 (10.1–28.9) 180 (100–280) 21.7 (11.7–32.8) 170 (90–260) 6.5 (3.0–10.7) 10 (5–20)
Western Africa 14.8 (8.3–22.5) 230 (130–350) 17.2 (9.6–26.0) 220 (120–330) 4.8 (2.5–7.8) 10 (7–20)
Asia
Eastern Asia 17.3 (8.8–26.7) 6200 (3200–9600) 18.8 (9.6–28.9) 6100 (3100–9300) 4.7 (2.3–7.5) 180 (90–290)
South-central Asia 8.5 (3.5–22.0) 4200 (1700–10 800) 9.6 (3.9–25.1) 4100 (1700–10 600) 1.7 (0.6–3.2) 110 (40–220)
South-eastern Asia 9.1 (4.9–14.2) 1000 (560–1600) 9.9 (5.4–15.4) 1000 (550–1600) 2.5 (1.3–3.9) 30 (20–50)
Western Asia 5.5 (2.7–11.2) 380 (190–780) 6.0 (3.0–12.3) 380 (190–770) 1.0 (0.5–1.7) 6 (< 5–10)
Europe
Central and eastern 
Europe

26.6 (15.4–38.0) 4800 (2800–6900) 28.2 (16.4–40.1) 4700 (2700–6700) 10.3 (5.5–15.1) 160 (90–230)

Northern Europe 22.8 (12.9–32.5) 870 (490–1200) 25.7 (14.6–36.5) 810 (460–1100) 9.1 (4.8–13.9) 60 (30–90)
Southern Europe 20.1 (11.6–29.4) 1900 (1100–2700) 22.0 (12.7–32.0) 1800 (1000–2600) 6.7 (3.5–9.9) 70 (40–110)
Western Europe 22.8 (13.0–32.8) 2000 (1100–2800) 25.9 (14.9–37.1) 1800 (1000–2600) 9.4 (5.0–14.0) 150 (80–220)
Americas
Latin America and 
the Caribbean

16.4 (8.8–24.4) 2600 (1400–3900) 18.6 (10.0–27.5) 2500 (1300–3700) 5.1 (2.7–8.0) 130 (70–210)

North America 18.7 (9.9–27.6) 2500 (1300–3700) 21.7 (11.5–31.9) 2300 (1200–3400) 7.0 (3.5–11.0) 190 (100–300)
Oceania
Australia and New 
Zealand

23.7 (13.5–34.4) 160 (90–230) 25.7 (14.7–37.1) 150 (90–220) 9.3 (4.8–14.6) 7 (< 5–10)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

4.4 (0.9–8.4) 7 (< 5–10) 5.3 (1.1–10.2) 7 (< 5–10) 1.1 (0.4–2.1) < 5 (< 5–< 5)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Oesophagus (C15)
Global 31.6 (18.4–45.7) 189 700 (110 900–274 600) 39.2 (22.7–55.6) 163 100 (94 200–231 000) 14.3 (9.0–23.5) 26 600 (16 700–43 700)
Africa
Eastern Africa 25.2 (13.2–37.3) 4100 (2100–6000) 37.3 (19.1–53.8) 3200 (1600–4600) 11.6 (6.6–18.8) 880 (500–1400)
Middle Africa 26.9 (14.7–39.2) 580 (310–840) 35.7 (19.4–51.4) 480 (260–690) 12.1 (6.9–18.5) 100 (50–150)
Northern Africa 2.7 (1.1–11.2) 90 (40–360) 4.2 (1.8–18.9) 70 (30–330) 0.9 (0.3–2.3) 10 (< 5–30)
Southern Africa 35.5 (17.4–53.7) 1300 (630–1900) 47.4 (23.1–67.8) 1000 (490–1400) 18.8 (9.3–33.9) 280 (140–510)
Western Africa 22.2 (12.2–33.4) 530 (290–800) 31.2 (16.9–45.7) 410 (220–600) 11.3 (6.5–18.5) 120 (70–200)
Asia
Eastern Asia 37.7 (21.2–53.1) 133 800 (75 200–188 700) 46.4 (26.0–64.0) 115 500 (64 700–159 400) 17.2 (9.9–27.6) 18 300 (10 500–29 300)
South-central Asia 17.8 (9.4–40.2) 18 700 (9800–42 200) 24.5 (12.9–52.3) 16 000 (8400–34 100) 6.7 (3.5–20.4) 2700 (1400–8100)
South-eastern Asia 29.7 (16.5–43.2) 4300 (2400–6200) 34.7 (19.2–50.4) 4000 (2200–5800) 9.2 (5.7–13.9) 260 (160–400)
Western Asia 7.5 (3.7–22.6) 320 (160–970) 11.3 (5.6–25.1) 260 (130–580) 3.0 (1.5–19.8) 60 (30–390)
Europe
Central and eastern 
Europe

48.5 (28.0–63.9) 7500 (4300–9900) 53.5 (30.8–69.1) 6700 (3900–8700) 27.2 (15.7–41.4) 790 (460–1200)

Northern Europe 15.8 (9.5–21.4) 2000 (1200–2800) 15.6 (9.3–20.3) 1400 (840–1800) 16.4 (10.2–23.9) 640 (400–930)
Southern Europe 34.0 (20.4–45.7) 2100 (1300–2900) 38.7 (23.1–51.5) 1900 (1100–2500) 17.5 (11.0–25.4) 250 (160–360)
Western Europe 28.9 (17.4–38.1) 5300 (3200–7000) 31.4 (18.8–40.9) 4400 (2600–5700) 20.7 (13.0–29.4) 900 (560–1300)
Americas
Latin America and 
the Caribbean

30.6 (17.5–43.0) 5800 (3300–8200) 35.7 (20.2–49.9) 5100 (2900–7200) 14.6 (8.9–21.6) 670 (410–990)

North America 14.2 (8.3–19.5) 3000 (1700–4100) 14.4 (8.3–19.5) 2400 (1300–3200) 13.3 (8.2–19.5) 600 (370–880)
Oceania
Australia and New 
Zealand

18.9 (11.3–25.6) 360 (220–490) 18.3 (10.8–23.9) 250 (150–330) 20.5 (12.7–30.2) 110 (70–160)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

5.0 (1.0–9.4) 10 (< 5–20) 6.0 (1.3–11.3) 10 (< 5–20) 2.9 (0.6–5.6) < 5 (< 5–5)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Colorectum (C18–C20)
Global 8.4 (6.3–10.6) 156 700 (116 800–196 500) 13.0 (9.7–16.2) 134 300 (100 500–167 200) 2.7 (2.0–3.5) 22 400 (16 300–29 400)
Africa
Eastern Africa 4.9 (3.2–6.5) 790 (520–1100) 8.2 (5.3–10.7) 650 (430–860) 1.7 (1.1–2.4) 140 (90–200)
Middle Africa 5.6 (3.9–7.6) 270 (190–370) 9.2 (6.4–12.3) 240 (160–310) 1.6 (1.0–2.3) 40 (20–50)
Northern Africa 0.7 (0.3–1.2) 140 (50–250) 1.3 (0.5–2.2) 130 (50–220) 0.1 (< 0.1–0.3) 10 (< 5–30)
Southern Africa 9.6 (6.4–12.7) 690 (460–910) 15.1 (10.6–19.4) 560 (390–720) 3.8 (2.0–5.4) 130 (70–190)
Western Africa 8.0 (5.9–10.2) 950 (690–1200) 12.1 (9.1–15.3) 790 (590–990) 3.0 (2.0–4.1) 160 (110–220)
Asia
Eastern Asia 7.9 (4.8–10.9) 57 600 (35 000–80 200) 12.3 (7.7–16.7) 51 400 (32 000–69 900) 2.0 (0.9–3.3) 6200 (2900–10 300)
South-central Asia 4.1 (1.6–5.9) 3900 (1600–5700) 6.2 (2.5–8.8) 3500 (1400–5000) 0.9 (0.3–1.6) 360 (130–640)
South-eastern Asia 4.0 (2.8–5.5) 4200 (2900–5700) 6.3 (4.4–8.4) 3700 (2600–5000) 1.1 (0.7–1.7) 500 (300–770)
Western Asia 2.1 (1.1–2.9) 860 (470–1200) 3.3 (1.8–4.4) 760 (420–1000) 0.6 (0.3–0.9) 100 (50–160)
Europe
Central and eastern 
Europe

13.0 (9.8–16.2) 22 200 (16 700–27 700) 19.8 (15.1–24.3) 17 500 (13 300–21 500) 5.8 (4.1–7.5) 4800 (3400–6200)

Northern Europe 11.5 (8.4–14.7) 9100 (6700–11 700) 17.4 (13.1–21.9) 7600 (5700–9600) 4.2 (2.8–5.9) 1500 (980–2100)
Southern Europe 9.7 (7.1–12.4) 11 800 (8600–15 100) 14.7 (10.8–18.6) 10 300 (7600–13 000) 2.9 (2.0–4.0) 1500 (1000–2000)
Western Europe 11.7 (8.8–14.7) 15 900 (12 000–20 000) 17.7 (13.5–21.8) 13 300 (10 200–16 500) 4.3 (2.9–5.8) 2600 (1800–3500)
Americas
Latin America and 
the Caribbean

7.6 (5.5–9.9) 9900 (7100–12 700) 12.7 (9.3–16.1) 8300 (6100–10 500) 2.5 (1.6–3.5) 1600 (1000–2200)

North America 9.4 (6.2–12.7) 16 100 (10 500–21 800) 14.8 (10.1–19.5) 13 700 (9300–18 000) 3.1 (1.6–4.9) 2500 (1300–3900)
Oceania
Australia and New 
Zealand

11.7 (8.2–15.5) 2200 (1600–2900) 17.9 (12.9–22.9) 1800 (1300–2300) 4.5 (2.7–6.8) 400 (230–590)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

2.1 (0.5–3.9) 20 (< 5–30) 3.3 (0.9–6.1) 20 (< 5–30) 0.3 (< 0.1–0.7) < 5 (< 5–5)
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Table 1.5   (continued)

Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Liver (C22)
Global 17.3 (4.9–31.6) 154 700 (43 700–281 500) 22.7 (6.4–40.9) 141 300 (39 600–255 000) 5.0 (1.5–9.8) 13 400 (4100–26 400)
Africa
Eastern Africa 11.4 (2.9–21.7) 1400 (360–2700) 16.5 (4.2–31.1) 1200 (300–2200) 4.0 (1.1–8.4) 200 (60–430)
Middle Africa 12.5 (3.3–23.5) 760 (200–1400) 16.4 (4.2–30.6) 690 (180–1300) 3.8 (1.2–7.4) 70 (20–140)
Northern Africa 1.5 (0.1–25.8) 460 (40–8200) 2.1 (0.2–39.7) 440 (30–8100) 0.2 (< 0.1–0.9) 30 (< 5–100)
Southern Africa 19.3 (5.0–35.4) 500 (130–920) 27.0 (6.9–47.9) 440 (110–780) 6.4 (1.7–14.7) 60 (20–140)
Western Africa 15.5 (4.2–28.6) 2700 (730–5000) 20.7 (5.5–37.7) 2400 (640–4400) 5.3 (1.5–11.1) 320 (90–670)
Asia
Eastern Asia 20.4 (5.6–37.1) 97 400 (26 800–177 600) 25.8 (7.0–46.6) 89 700 (24 500–162 300) 5.9 (1.7–11.7) 7700 (2200–15 300)
South-central Asia 7.8 (1.7–20.6) 4300 (940–11 300) 11.1 (2.4–27.8) 4000 (870–10 100) 1.5 (0.4–6.5) 290 (80–1200)
South-eastern Asia 11.6 (3.1–21.6) 11 500 (3100–21 400) 15.0 (4.0–27.9) 10 800 (2900–19 900) 2.7 (0.8–5.4) 750 (230–1500)
Western Asia 4.7 (1.1–13.5) 530 (130–1500) 7.0 (1.7–20.5) 490 (120–1400) 1.0 (0.3–2.2) 40 (10–90)
Europe
Central and eastern 
Europe

24.2 (7.0–40.2) 6000 (1700–10 000) 32.6 (9.5–52.4) 5000 (1400–8000) 10.8 (3.2–21.1) 1000 (300–2000)

Northern Europe 17.5 (5.0–29.6) 2100 (600–3500) 25.3 (7.1–42.0) 1900 (530–3100) 4.5 (1.4–8.9) 200 (60–400)
Southern Europe 19.7 (5.3–33.8) 4900 (1300–8400) 26.2 (6.9–44.5) 4400 (1200–7500) 5.7 (1.9–10.7) 450 (150–840)
Western Europe 23.8 (6.9–39.7) 6200 (1800–10 400) 30.6 (8.9–50.5) 5700 (1600–9400) 7.1 (2.3–13.3) 540 (170–1000)
Americas
Latin America and 
the Caribbean

12.8 (3.5–22.9) 5000 (1400–9000) 20.2 (5.5–36.0) 4300 (1200–7700) 3.9 (1.1–7.4) 710 (200–1300)

North America 21.5 (6.0–37.6) 10 000 (2800–17 500) 28.1 (7.8–48.6) 9100 (2500–15 800) 6.5 (2.0–12.2) 920 (280–1700)
Oceania
Australia and New 
Zealand

23.8 (6.6–40.1) 800 (220–1300) 30.2 (8.3–50.0) 730 (200–1200) 6.9 (2.3–13.6) 60 (20–120)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

4.3 (0.7–9.7) 40 (8–100) 6.5 (1.1–14.6) 40 (7–90) 0.8 (0.1–1.8) < 5 (< 5–7)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

Breast, female (C50)
Global – – – – 4.4 (3.0–5.8) 98 300 (68 200–130 500)
Africa
Eastern Africa – – – – 2.1 (1.3–3.0) 940 (570–1400)
Middle Africa – – – – 2.7 (1.5–4.1) 480 (270–730)
Northern Africa – – – – 0.2 (< 0.1–0.4) 120 (50–230)
Southern Africa – – – – 4.6 (2.5–6.9) 750 (420–1100)
Western Africa – – – – 3.9 (2.4–5.7) 1900 (1200–2800)
Asia
Eastern Asia – – – – 4.1 (2.5–6.0) 22 300 (13 200–32 600)
South-central Asia – – – – 1.5 (0.7–2.5) 3700 (1700–6500)
South-eastern Asia – – – – 1.8 (1.1–2.5) 2800 (1800–4000)
Western Asia – – – – 0.8 (0.5–1.3) 520 (310–760)
Europe
Central and eastern 
Europe

– – – – 8.3 (5.7–11.2) 13 200 (9000–17 800)

Northern Europe – – – – 7.3 (4.8–10.0) 6100 (4000–8300)
Southern Europe – – – – 5.4 (3.6–7.2) 6500 (4400–8700)
Western Europe – – – – 7.5 (5.1–9.9) 12 700 (8600–16 800)

Americas
Latin America and 
the Caribbean

– – – – 4.2 (2.8–6.0) 8800 (5900–12 600)

North America – – – – 5.6 (3.5–8.0) 15 700 (9800–22 400)
Oceania  
Australia and New 
Zealand

– – – – 7.7 (5.1–10.9) 1800 (1200–2500)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

– – – – 0.7 (0.3–1.3) 20 (7–30)
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Cancer site (ICD-10 
codes) by region

Overall Males Females

PAF (95% CI) Alcohol-attributable  
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

PAF (95% CI) Alcohol-attributable 
cases (95% CI)a,b

All 7 cancer types associated with alcohol consumption combined
Global 11.7 (8.8–15) 741 300 (558 500–951 200) 21.6 (16–27.7) 568 700 (422 500–731 100) 4.7 (3.7–5.9) 172 600 (135 900–220 100)
Africa
Eastern Africa 8.4 (5.9–11.2) 8300 (5800–11 100) 20.5 (14.1–26.9) 6000 (4200–7900) 3.3 (2.4–4.5) 2300 (1700–3100)
Middle Africa 7.8 (5.2–10.8) 2600 (1700–3700) 18.7 (12.1–25.6) 1900 (1200–2600) 3.1 (2.1–4.4) 740 (510–1000)
Northern Africa 0.8 (0.3–8.1) 990 (420–9800) 2.1 (0.9–24.5) 820 (350–9500) 0.2 (0.1–0.5) 180 (80–370)
Southern Africa 12.4 (8.6–16) 4200 (2900–5400) 28.1 (20.6–34.6) 2800 (2100–3500) 5.7 (3.5–8.1) 1400 (830–1900)
Western Africa 8.1 (5.0–11.6) 7000 (4300–10 100) 19.2 (11.0–27.9) 4400 (2500–6300) 4.2 (2.9–5.8) 2700 (1900–3700)
Asia
Eastern Asia 15 (9.5–20.9) 332 100 (208 800–460 200) 25.3 (15.8–34.7) 275 900 (172 600–378 400) 5.0 (3.2–7.3) 56 300 (36 200–81 900)
South-central Asia 8.5 (4.7–16.7) 68 100 (37 900–133 800) 15.4 (8.6–29.8) 59 200 (33 200–114 800) 2.1 (1.2–4.6) 8900 (4800–19 000)
South-eastern Asia 6.6 (4.2–9.5) 27 700 (17 500–39 700) 13.4 (8.2–19.4) 23 000 (14 100–33 400) 1.9 (1.4–2.6) 4700 (3300–6400)
Western Asia 2.3 (1.5–4.0) 3000 (2000–5200) 5.4 (3.6–9.3) 2300 (1500–3900) 0.9 (0.6–1.4) 750 (480–1300)
Europe
Central and eastern 
Europe

16.4 (13.3–19.4) 71 400 (57 800–84 200) 29.3 (24.2–33.7) 49 900 (41 100–57 300) 8.1 (6.3–10.2) 21 500 (16 700–26 900)

Northern Europe 12.1 (9.3–14.8) 24 800 (19 200–30 300) 21.4 (17.2–25) 15 600 (12 600–18 300) 6.9 (5.0–9.1) 9200 (6600–12 100)
Southern Europe 10.8 (8.4–13.1) 32 400 (25 200–39 400) 20.4 (16.2–24.2) 23 100 (18 300–27 400) 5.0 (3.7–6.4) 9300 (6900–12 000)
Western Europe 13.5 (10.6–16.2) 52 800 (41 300–63 500) 24.9 (20.0–29.2) 34 400 (27 500–40 300) 7.3 (5.4–9.1) 18 400 (13 800–23 200)
Americas
Latin America and 
the Caribbean

8.9 (6.7–11.2) 39 300 (29 600–49 400) 19.7 (15.2–23.8) 26 800 (20 600–32 300) 4.1 (3.0–5.6) 12 600 (9100–17 100)

North America 10.3 (7.0–13.5) 59 600 (40 600–77 800) 20.9 (14.7–26.4) 38 500 (27 000–48 400) 5.4 (3.4–7.5) 21 200 (13 500–29 400)
Oceania
Australia and New 
Zealand

12.9 (9.5–16.4) 6800 (5000–8600) 23.8 (18.2–28.7) 4200 (3200–5100) 7.4 (5.0–10.0) 2600 (1700–3500)

Melanesia, 
Micronesia 
(Federated States 
of), and Polynesia

3.1 (0.6–5.9) 190 (40–370) 6.7 (1.2–12.9) 160 (30–310) 0.9 (0.3–1.6) 30 (10–60)

CI, confidence interval; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th revision; PAF, population attributable fraction.
a Numbers > 10 are rounded to the nearest 10 or 100, depending on the value.
b Number of cases suppressed if < 5.
Data are from the Global Cancer Observatory (Rumgay et al., 2021b). For methodology, see Rumgay et al. (2021a).
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When former alcohol consumption was 
included, the PAF and the number of alcohol- 
attributable new cancer cases globally in 2020 
increased to 5.2% and 925 900 cases overall (7.7% 
and 713 200 cases among males, and 2.4% and 
212  700 cases among females) (Rumgay et al., 
2021a).

(ii) Regional and national patterns
The largest regional PAFs and numbers of 

alcohol-attributable new cancer cases in 2020 
were in eastern Asia (5.7%; 332  100 cases) and 
central and eastern Europe (5.6%; 71 400 cases). 
The smallest regional PAFs in 2020 were in 
northern Africa (0.3%) and western Asia (0.7%) 
(Rumgay et al., 2021b) (Table 1.5; Fig. 1.5).

The largest regional PAFs among males were 
in eastern Asia (8.6%), European subregions 
(ranging from 4.7% in northern Europe to 7.8% 
in central and eastern Europe), south-central Asia 
(6.2%), southern Africa (5.7%), eastern Africa 
(4.9%), and Australia and New Zealand (4.8%), 
although the PAFs were not substantially smaller 
in four other regions (western Africa, middle 
Africa, Latin America and the Caribbean, and 
north America), where they ranged from 3.8% to 
4.5% (Table 1.5). The smallest PAFs among males 
in 2020 were in the three remaining regions: 
northern Africa (0.6%), western Asia (1.0%), and 
Melanesia, the Federated States of Micronesia, 
and Polynesia (2.1%). Most of the countries 
with the largest PAFs among males were in 
eastern and south-eastern Asia and central and 
eastern Europe, but several countries in sub- 
Saharan Africa also had large PAFs among males 
(Fig. 1.5A).

In every region, PAFs of all new cancer 
cases in 2020 were smaller among females than 
among males (Table  1.5). The largest regional 
PAFs among females were in Europe (ranging 
from 2.3% in southern Europe to 3.4% in central 
and eastern Europe), Australia and New Zealand 
(3.3%), southern Africa (2.3%), and north 
America (2.2%). Most of the countries with the 

largest PAFs among females were in central and 
eastern Europe (Fig. 1.5B).

(b) Specific cancer sites

For all cancer sites associated with alcohol 
consumption, PAFs among both sexes in 2020 
were largest in central and eastern Europe and 
smallest in northern Africa (Table  1.5). The 
regional variations in PAFs for each cancer 
site were generally similar to variations for all 
cancers combined (described previously), except 
for oesophageal cancer and colorectal cancer (see 
below). The largest regional PAFs among both 
males and females were generally in Europe, 
Australia and New Zealand, and southern Africa. 
In addition, the largest regional PAFs were in east 
and south-central Asia and eastern Africa among 
males, and in north America among females.

(i) Lip and oral cavity cancer
Globally, the proportion of new lip and oral 

cavity cancer cases in 2020 attributable to alcohol 
consumption was 20.2% (Table 1.5). The PAF was 
substantially larger among males (25.9%; 66 700 
cases) than among females (7.3%; 8200 cases). The 
largest PAFs were in central and eastern Europe 
among both males (45.3%) and females (17.0%), 
and the smallest PAFs were in northern Africa 
among both males (4.0%) and females (0.4%).

(ii) Pharyngeal cancer
Globally, the proportion of new pharyngeal 

cancer cases in 2020 attributable to alcohol 
consumption was 22.0% (Table 1.5). The PAF was 
substantially larger among males (25.3%; 37 000 
cases) than among females (7.4%; 2500 cases). The 
largest PAFs were in central and eastern Europe 
among both males (40.3%) and females (15.9%), 
and the smallest PAFs were in northern Africa 
among both males (3.1%) and females (0.4%).

(iii) Laryngeal cancer
Globally, the proportion of new laryngeal 

cancer cases in 2020 attributable to alcohol 
consumption was 15.0% (Table  1.5). The PAF 
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Fig. 1.5 Proportion of new cancer cases in 2020 attributable to alcohol consumption by country, 
in males (A) and females (B)

From Rumgay et al. (2021b).
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and the number of alcohol-attributable laryngeal 
cancer cases were larger among males (16.6%; 
26 400 cases) than among females (4.7%; 1200 
cases). The largest PAFs were in central and 
eastern Europe among both males (28.2%) and 
females (10.3%), and the smallest PAFs were in 
northern Africa among both males (2.1%) and 
females (0.2%).

(iv) Oesophageal cancer
Squamous cell carcinoma is the only subtype 

of oesophageal cancer that has an established 
association with alcohol consumption (IARC, 
2012a), but previous studies have often reported 
the corresponding PAFs as the proportion of 
all oesophageal cancers. Globally, the largest 
PAF by cancer site in 2020 was for oesophageal 
cancer (31.6%), which contributed the most cases 
(189 700 cases) to the global burden of alcohol- 
attributable cancer cases (Table 1.5). The PAF was 
substantially larger among males (39.2%; 163 100 
cases) than among females (14.3%; 26 600 cases).

Among males, regional patterns of PAFs 
for oesophageal cancer differed from patterns 
for all cancers combined (described previ-
ously). Notably, several additional subregions 
were among the regions with the largest PAFs 
for oesophageal cancer, including central and 
eastern Europe (53.5%), southern Africa (47.4%), 
eastern Asia (46.4%), southern Europe (38.7%), 
eastern Africa (37.3%), Latin America and the 
Caribbean (35.7%), middle Africa (35.7%), 
and south-eastern Asia (34.7%). In contrast, 
Australia and New Zealand (18.3%), northern 
Europe (15.6%), and north America (14.4%) – 
regions with relatively large PAFs for all cancers 
combined – were among the regions with rela-
tively small PAFs for oesophageal cancer among 
males. This discrepancy may be due, in part, 
to the higher incidence rates for oesophageal 
adenocarcinoma (which has not been linked 
to alcohol consumption) in those three regions 
compared with the rest of the world, especially 
among males (Arnold et al., 2015; Li et al., 2022). 

The smallest PAF for oesophageal cancer among 
males was in northern Africa (4.2%). The PAFs 
for oesophageal cancer among females ranged 
from 0.9% in northern Africa to 27.2% in central 
and eastern Europe. The regions with the largest 
PAFs for oesophageal cancer among females 
were those with the largest PAFs for all cancers 
combined (PAFs ≥ 13.3%), as well as eastern Asia 
(17.2%) and Latin America and the Caribbean 
(14.6%).

(v) Colorectal cancer
Globally, the proportions of new colon cancer 

cases (8.1%) and rectal cancer cases (9.0%) in 
2020 attributable to alcohol consumption were 
comparable (Rumgay et al., 2021a). Globally, the 
proportion of new cases of colon and rectal cancer 
combined (colorectal cancer) in 2020 attributable 
to alcohol consumption was 8.4% (Table  1.5). 
The PAF was substantially larger among males 
(13.0%; 134  300 cases) than among females 
(2.7%; 22  400 cases). Unlike regional patterns 
for all cancers combined, no Asian or African 
subregions were among the regions with the 
largest PAFs for colorectal cancer among males, 
which included regions in Europe (ranging from 
14.7% in southern Europe to 19.8% in central 
and eastern Europe), Australia and New Zealand 
(17.9%), and north America (14.8%). The PAF was 
≤ 12.7% in all other regions and was smallest in 
northern Africa (1.3%). The PAFs for colorectal 
cancer among females ranged from 0.1% in 
northern Africa to 5.8% in central and eastern 
Europe. The regions with the largest PAFs for 
colorectal cancer among females were those with 
the largest PAFs for all cancers combined (PAFs 
≥ 2.9%), as well as western Africa (3.0%).

(vi) Liver cancer
Hepatocellular carcinoma is the only subtype 

of liver cancer that has an established associa-
tion with alcohol consumption (IARC, 2012a), 
but previous studies have often reported the 
corresponding PAFs as the proportion of all 
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liver cancers. Globally, the proportion of new 
liver cancer cases in 2020 attributable to alcohol 
consumption was 17.3% (Table 1.5). The PAF and 
the number of alcohol-attributable liver cancer 
cases were larger among males (22.7%; 141 300 
cases) than among females (5.0%; 13 400 cases). 
The largest PAFs were in central and eastern 
Europe among both males (32.6%) and females 
(10.8%), and the smallest PAFs were in northern 
Africa among both males (2.1%) and females 
(0.2%).

(vii) Female breast cancer
In 2020, breast cancer was the most 

commonly diagnosed cancer among females 
worldwide and in most countries (154 of 185) 
(Sung et al., 2021). It also contributed the most 
alcohol-attributable cancer cases among females 
globally (98 300 cases) and in each region 
(Table 1.5). Globally, the proportion of new cases 
of female breast cancer in 2020 attributable to 
alcohol consumption was 4.4%. Similar to PAFs 
for all cancers combined, the largest PAFs for 
female breast cancer were in Europe (ranging 
from 5.4% in southern Europe to 8.3% in central 
and eastern Europe), Australia and New Zealand 
(7.7%), north America (5.6%), and southern 
Africa (4.6%). The smallest PAF for female breast 
cancer was in northern Africa (0.2%).

(viii) All seven cancer types associated with 
alcohol consumption combined

Globally, the 741 300 new cancer cases in 
2020 that were attributable to alcohol consump-
tion accounted for 11.7% of all cases of the seven 
cancer sites associated with alcohol consump-
tion (lip and oral cavity, pharynx, larynx,  
oesophagus, colorectum, liver, and female breast) 
combined; this proportion was 21.6% among 
males and 4.7% among females (Table  1.5). 
Oesophageal cancer contributed the most alco-
hol-attributable cases globally in 2020 (189 700 
cases, accounting for 25.6% of all cancer cases 
attributable to alcohol consumption), followed 

by colorectal cancer (156 7600 cases; 21.1%), liver 
cancer (154 700 cases; 20.9%), female breast 
cancer (98 300 cases; 13.3%), lip and oral 
cavity cancer (74 900 cases; 10.1%), pharyngeal 
cancer (39 400 cases; 5.3%), and laryngeal cancer 
(27 600 cases; 3.7%). The proportion of all seven 
alcohol-related cancers combined that were attri-
butable to alcohol consumption was largest in 
central and eastern Europe among both males 
(29.3%) and females (8.1%) and smallest in 
northern Africa among both males (2.1%) and 
females (0.2%).

References

Addo J, Cook S, Galbete C, Agyemang C, Klipstein-
Grobusch K, Nicolaou M, et al. (2018). Differences 
in alcohol consumption and drinking patterns in 
Ghanaians in Europe and Africa: the RODAM study. 
PLoS One. 13(11):e0206286. doi:10.1371/journal.
pone.0206286 PMID:30388130

Al-Ansari B, Thow AM, Day CA, Conigrave KM (2016). 
Extent of alcohol prohibition in civil policy in Muslim 
majority countries: the impact of globalization. 
Addiction. 111(10):1703–13. doi:10.1111/add.13159 
PMID:26508526

Allen LN, Townsend N, Williams J, Mikkelsen B, Roberts 
N, Wickramasinghe K (2018). Socioeconomic status 
and alcohol use in low- and lower-middle income 
countries: a systematic review. Alcohol. 70:23–31. 
doi:10.1016/j.alcohol.2017.12.002 PMID:29723827

Anand A, Roy N (2016). Prevalence and determinants of 
co-use of alcohol and tobacco among men in working 
age group (18–59 years) in India. Epidemiol Biostat 
Public Health. 13(1):e11642. doi:10.2427/11642

Anderson P, Kokole D, Llopis EJ (2021). Production, 
consumption, and potential public health impact of 
low- and no-alcohol products: results of a scoping 
review. Nutrients. 13(9):3153. doi:10.3390/nu13093153 
PMID:34579030

Aresi G, Bloomfield K (2021). Cultural differences in 
alcohol consumption: the state of the art and new 
perspectives on drinking culture research. In: Cooke 
R, Conroy D, Davies EL, Hagger MS, de Visser 
RO, editors. The Palgrave handbook of psycholog-
ical perspectives on alcohol consumption. Cham, 
Switzerland: Palgrave Macmillan; pp. 159–84. 
doi:10.1007/978-3-030-66941-6_7

Arnold M, Soerjomataram I, Ferlay J, Forman D (2015). 
Global incidence of oesophageal cancer by histological 

http://dx.doi.org/10.1371/journal.pone.0206286
http://dx.doi.org/10.1371/journal.pone.0206286
http://www.ncbi.nlm.nih.gov/pubmed/30388130
http://dx.doi.org/10.1111/add.13159
http://www.ncbi.nlm.nih.gov/pubmed/26508526
http://dx.doi.org/10.1016/j.alcohol.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29723827
https://doi.org/10.2427/11642
http://dx.doi.org/10.3390/nu13093153
http://www.ncbi.nlm.nih.gov/pubmed/34579030
http://dx.doi.org/10.1007/978-3-030-66941-6_7


85

Reduction or cessation of alcoholic beverage consumption

subtype in 2012. Gut. 64(3):381–7. doi:10.1136/gutjnl-
2014-308124 PMID:25320104

Beard E, Brown J, Kaner E, West R, Michie S (2017). 
Predictors of and reasons for attempts to reduce alcohol 
intake: a population survey of adults in England. PLoS 
One. 12(3):e0173458. doi:10.1371/journal.pone.0173458 
PMID:28278218

Berdzuli N, Ferreira-Borges C, Gual A, Rehm J (2020). 
Alcohol control policy in Europe: overview and 
exemplary countries. Int J Environ Res Public 
Health. 17(21):8162. doi:10.3390/ijerph17218162 
PMID:33158307

Borschmann R, Becker D, Spry E, Youssef GJ, Olsson 
CA, Hutchinson DM, et al.; Cannabis Cohorts 
Research Consortium (2019). Alcohol and parent-
hood: an integrative analysis of the effects of transi-
tion to parenthood in three Australasian cohorts.  
Drug Alcohol Depend. 197:326–34. doi:10.1016/j.
drugalcdep.2019.02.004 PMID:30878883

Britton A, Bell S (2015). Reasons why people change their 
alcohol consumption in later life: findings from the 
Whitehall II Cohort Study. PLoS One. 10(3):e0119421. 
doi:10.1371/journal.pone.0119421 PMID:25756213

Britton A, Ben-Shlomo Y, Benzeval M, Kuh D, Bell S 
(2015). Life course trajectories of alcohol consumption 
in the United Kingdom using longitudinal data from 
nine cohort studies. BMC Med. 13(1):47. doi:10.1186/
s12916-015-0273-z PMID:25858476

Bye EK, Moan IS (2020). Trends in older adults’ alcohol use 
in Norway 1985–2019. Nordisk Alkohol Nark. 37(5):444–
58. doi:10.1177/1455072520954325 PMID:35310776

Calvo E, Medina JT, Ornstein KA, Staudinger UM, Fried 
LP, Keyes KM (2020). Cross-country and historical 
variation in alcohol consumption among older men 
and women: leveraging recently harmonized survey 
data in 21 countries. Drug Alcohol Depend. 215:108219. 
doi:10.1016/j.drugalcdep.2020.108219 PMID:32795884

Çelen A (2015). Influence of holy month Ramadan 
on alcohol consumption in Turkey. J Relig Health. 
54(6):2122–33. doi :10.1007/s10943- 014-9875- 6 
PMID:24810139

Chen W, Xia C, Zheng R, Zhou M, Lin C, Zeng H, et 
al. (2019). Disparities by province, age, and sex in 
site-specific cancer burden attributable to 23 poten-
tially modifiable risk factors in China: a comparative 
risk assessment. Lancet Glob Health. 7(2):e257–69. 
doi:10.1016/S2214-109X(18)30488-1 PMID:30683243

Collins SE (2016). Associations between socioeconomic 
factors and alcohol outcomes. Alcohol Res. 38(1):83–94. 
PMID:27159815

Conigrave JH, Lee KSK, Zheng C, Wilson S, Perry J, 
Chikritzhs T, et al. (2020). Drinking risk varies within 
and between Australian Aboriginal and Torres Strait 
Islander samples: a meta-analysis to identify sources of 
heterogeneity. Addiction. 115(10):1817–30. doi:10.1111/
add.15015 PMID:32057135

Dawson DA, Goldstein RB, Grant BF (2013). Prospective 
correlates of drinking cessation: variation across the 
life-course. Addiction. 108(4):712–22. doi:10.1111/
add.12079 PMID:23216848

de Goeij MC, Suhrcke M, Toffolutti V, van de Mheen D, 
Schoenmakers TM, Kunst AE (2015). How economic 
crises affect alcohol consumption and alcohol-related 
health problems: a realist systematic review. Soc Sci 
Med. 131:131–46. doi:10.1016/j.socscimed.2015.02.025 
PMID:25771482

De Looze M, van Dorsselaer S, Stevens GWJM, Boniel-
Nissim M, Vieno A, Van den Eijnden RJJM (2019). 
The decline in adolescent substance use across 
Europe and North America in the early twenty-first 
century: a result of the digital revolution? Int J Public 
Health. 64(2):229–40. doi:10.1007/s00038-018-1182-7 
PMID:30560293

Dee TS (2001). Alcohol abuse and economic conditions: 
evidence from repeated cross-sections of individu-
al-level data. Health Econ. 10(3):257–70. doi:10.1002/
hec.588 PMID:11288191

Dewan G, Chowdhury FR (2015). Alcohol use and alcohol 
use disorders in Bangladesh. Asia Pac J Med Toxicol. 
4(2):83–90. doi:10.22038/apjmt.2015.5091

DiLoreto JT, Siegel M, Hinchey D, Valerio H, Kinzel 
K, Lee S, et al. (2012). Assessment of the average 
price and ethanol content of alcoholic beverages by 
brand–United States, 2011. Alcohol Clin Exp Res. 
36(7):1288–97. doi:10.1111/j.1530-0277.2011.01721.x 
PMID:22316218

EFSA Panel on Dietetic Products, Nutrition and Allergies 
(NDA) (2013). Scientific opinion on dietary reference 
values for energy. EFSA J. 11(1):3005. doi:10.2903/j.
efsa.2013.3005

Ejim OS, Brands B, Rehm J, Lachenmeier DW (2007). 
Composition of surrogate alcohol from South-Eastern 
Nigeria. Afr J Drug Alcohol Stud. 6(2):65–74. doi: 
10.5281/zenodo.3463104

Esser MB, Sherk A, Subbaraman MS, Martinez P, 
Karriker-Jaffe KJ, Sacks JJ, et al. (2022). Improving 
estimates of alcohol-attributable deaths in the United 
States: impact of adjusting for the underreporting of 
alcohol consumption. J Stud Alcohol Drugs. 83(1):134–
44. doi:10.15288/jsad.2022.83.134 PMID:35040769

European Commission (2022) Alcoholic beverages. 
Available from: https://knowledge4policy.ec.europa.
e u / h e a l t h - p r o m o t i o n - k n o w l e d g e - g a t e w a y/
alcoholic-beverages_en.

Evans-Polce RJ, Jang BJ, Maggs JL, Patrick ME (2020). 
Gender and age differences in the associations between 
family social roles and excessive alcohol use. Soc Sci 
Med. 244:112664. doi:10.1016/j.socscimed.2019.112664 
PMID:31726267

Francisco PMSB, Assumpção D, Borim FSA, Senicato 
C, Malta DC (2019). Prevalence and co-occur-
rence of modifiable risk factors in adults and older 

http://dx.doi.org/10.1136/gutjnl-2014-308124
http://dx.doi.org/10.1136/gutjnl-2014-308124
http://www.ncbi.nlm.nih.gov/pubmed/25320104
http://dx.doi.org/10.1371/journal.pone.0173458
http://www.ncbi.nlm.nih.gov/pubmed/28278218
http://dx.doi.org/10.3390/ijerph17218162
http://www.ncbi.nlm.nih.gov/pubmed/33158307
http://dx.doi.org/10.1016/j.drugalcdep.2019.02.004
http://dx.doi.org/10.1016/j.drugalcdep.2019.02.004
http://www.ncbi.nlm.nih.gov/pubmed/30878883
http://dx.doi.org/10.1371/journal.pone.0119421
http://www.ncbi.nlm.nih.gov/pubmed/25756213
http://dx.doi.org/10.1186/s12916-015-0273-z
http://dx.doi.org/10.1186/s12916-015-0273-z
http://www.ncbi.nlm.nih.gov/pubmed/25858476
http://dx.doi.org/10.1177/1455072520954325
http://www.ncbi.nlm.nih.gov/pubmed/35310776
http://dx.doi.org/10.1016/j.drugalcdep.2020.108219
http://www.ncbi.nlm.nih.gov/pubmed/32795884
http://dx.doi.org/10.1007/s10943-014-9875-6
http://www.ncbi.nlm.nih.gov/pubmed/24810139
http://dx.doi.org/10.1016/S2214-109X(18)30488-1
http://www.ncbi.nlm.nih.gov/pubmed/30683243
http://www.ncbi.nlm.nih.gov/pubmed/27159815
http://dx.doi.org/10.1111/add.15015
http://dx.doi.org/10.1111/add.15015
http://www.ncbi.nlm.nih.gov/pubmed/32057135
http://dx.doi.org/10.1111/add.12079
http://dx.doi.org/10.1111/add.12079
http://www.ncbi.nlm.nih.gov/pubmed/23216848
http://dx.doi.org/10.1016/j.socscimed.2015.02.025
http://www.ncbi.nlm.nih.gov/pubmed/25771482
http://dx.doi.org/10.1007/s00038-018-1182-7
http://www.ncbi.nlm.nih.gov/pubmed/30560293
http://dx.doi.org/10.1002/hec.588
http://dx.doi.org/10.1002/hec.588
http://www.ncbi.nlm.nih.gov/pubmed/11288191
https://doi.org/10.22038/apjmt.2015.5091
http://dx.doi.org/10.1111/j.1530-0277.2011.01721.x
http://www.ncbi.nlm.nih.gov/pubmed/22316218
http://dx.doi.org/10.2903/j.efsa.2013.3005
http://dx.doi.org/10.2903/j.efsa.2013.3005
https://doi.org/10.5281/zenodo.3463104
http://dx.doi.org/10.15288/jsad.2022.83.134
http://www.ncbi.nlm.nih.gov/pubmed/35040769
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/alcoholic-beverages_en
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/alcoholic-beverages_en
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/alcoholic-beverages_en
http://dx.doi.org/10.1016/j.socscimed.2019.112664
http://www.ncbi.nlm.nih.gov/pubmed/31726267


86

IARC HANDBOOKS OF CANCER PREVENTION – 20A

people. Rev Saude Publica. 53:86. doi:10.11606/s1518-
8787.2019053001142 PMID:31644769

Fuller NJ, Lee SH, Buglass AJ (2011a). Macronutrient 
content of alcoholic beverages. In: Buglass AJ, editor. 
Handbook of alcoholic beverages: technical, analytical 
and nutritional aspects. Chichester, UK: John Wiley 
and Sons; pp. 961–74.

Fuller NJ, Lee SH, Buglass AJ (2011b). Nutritional and 
health aspects. General introduction. In: Buglass AJ, 
editor. Handbook of alcoholic beverages: technical, 
analytical and nutritional aspects. Chichester, UK: 
John Wiley and Sons; pp. 935–48.

GBD 2016 Alcohol Collaborators (2018). Alcohol use and 
burden for 195 countries and territories, 1990–2016: a 
systematic analysis for the Global Burden of Disease 
Study 2016. Lancet. 392(10152):1015–35. doi:10.1016/
S0140-6736(18)31310-2 PMID:30146330

GBD 2019 Cancer Risk Factors Collaborators (2022). The 
global burden of cancer attributable to risk factors, 
2010–19: a systematic analysis for the Global Burden 
of Disease Study 2019. Lancet. 400(10352):563–91. 
doi:10.1016/S0140-6736(22)01438-6 PMID:35988567

GBD 2019 Risk Factors Collaborators (2020). Global 
burden of 87 risk factors in 204 countries and territories, 
1990–2019: a systematic analysis for the Global Burden 
of Disease Study 2019. Lancet. 396(10258):1223–49. 
doi:10.1016/S0140-6736(20)30752-2 PMID:33069327

Gilbert PA, Pass LE, Keuroghlian AS, Greenfield TK, 
Reisner SL (2018). Alcohol research with trans-
gender populations: a systematic review and 
recommendations to strengthen future studies. 
Drug Alcohol Depend. 186:138–46. doi:10.1016/j.
drugalcdep.2018.01.016 PMID:29571076

Glantz MD, Bharat C, Degenhardt L, Sampson NA, 
Scott KM, Lim CCW, et al.; WHO World Mental 
Health Survey Collaborators (2020). The epidemio-
logy of alcohol use disorders cross-nationally: find-
ings from the World Mental Health Surveys. Addict 
Behav. 102:106128. doi:10.1016/j.addbeh.2019.106128 
PMID:31865172

Gmel G, Rehm J (2004). Measuring alcohol consump-
tion. Contemp Drug Probl. 31(3):467–540. 
doi:10.1177/009145090403100304

Gmel G, Rehm J, Kuntsche E (2003). Binge drinking in 
Europe: definitions, epidemiology, and consequences. 
Sucht. 49(2):105–16. doi:10.1024/suc.2003.49.2.105

Goding Sauer A, Fedewa SA, Bandi P, Minihan AK, 
Stoklosa M, Drope J, et al. (2021). Proportion of cancer 
cases and deaths attributable to alcohol consumption by 
US state, 2013-2016. Cancer Epidemiol. 71(Pt A):101893. 
doi:10.1016/j.canep.2021.101893 PMID:33477084

Greenland S (2015). Concepts and pitfalls in measuring 
and interpreting attributable fractions, prevented 
fractions, and causation probabilities. Ann Epidemiol. 
25(3):155–61. doi:10.1016/j.annepidem.2014.11.005 
PMID:25498918

Grevers X, Ruan Y, Poirier AE, Walter SD, Villeneuve 
PJ, Friedenreich CM, et al.; ComPARe Study Team 
(2019). Estimates of the current and future burden of 
cancer attributable to alcohol consumption in Canada. 
Prev Med. 122:40–8. doi:10.1016/j.ypmed.2019.03.020 
PMID:31078172

Grittner U, Wilsnack S, Kuntsche S, Greenfield TK, 
Wilsnack R, Kristjanson A, et al. (2020). A multilevel 
analysis of regional and gender differences in the 
drinking behavior of 23 countries. Subst Use Misuse. 
55(5):772–86. doi:10.1080/10826084.2019.1702700 
PMID:31876222

Guelinckx I, Devlieger R, Vansant G (2011). Alcohol 
during pregnancy and lactation: recommendations 
versus real intake. Arch Public Health. 68(4):134. 
doi:10.1186/0778-7367-68-4-134

Guo X, Huang YG (2015). The development of alcohol pol- 
icy in contemporary China. J Food Drug Anal. 23(1): 
19–29. doi:10.1016/j.jfda.2014.05.002 PMID:28911442

Gururaj G, Gautham MS, Arvind BA (2021). Alcohol 
consumption in India: a rising burden and a fractured 
response. Drug Alcohol Rev. 40(3):368–84. doi:10.1111/
dar.13179 PMID:33000887

Hajema KJ, Knibbe RA (1998). Changes in social 
roles as predictors of changes in drinking behav-
iour. Addiction. 93(11):1717–27. doi:10.1046/j.1360-
0443.1998.931117179.x PMID:9926534

Halonen JI, Stenholm S, Pulakka A, Kawachi I, Aalto V, 
Pentti J, et al. (2017). Trajectories of risky drinking 
around the time of statutory retirement: a longitu-
dinal latent class analysis. Addiction. 112(7):1163–70. 
doi:10.1111/add.13811 PMID:28257157

Han BH, Moore AA, Sherman S, Keyes KM, Palamar JJ 
(2017). Demographic trends of binge alcohol use and 
alcohol use disorders among older adults in the United 
States, 2005-2014. Drug Alcohol Depend. 170:198–207. 
doi:10.1016/j.drugalcdep.2016.11.003 PMID:27979428

He J, Assanangkornchai S, Cai L, McNeil E (2016). 
Disparities in drinking patterns and risks among 
ethnic majority and minority groups in China: the 
roles of acculturation, religion, family and friends. 
Drug Alcohol Depend. 159:198–206. doi:10.1016/j.
drugalcdep.2015.12.028 PMID:26790824

Ho RKS, Fok PWY, Chan HCH (2021). Pattern and deter-
minants of alcohol and tobacco co-use and its relation-
ship with smoking cessation in Hong Kong. Tob Prev 
Cessat. 7:21. doi:10.18332/tpc/132288 PMID:33778215

Högberg H, Skagerström J, Spak F, Nilsen P, Larsson 
M (2016). Alcohol consumption among partners of 
pregnant women in Sweden: a cross sectional study. 
BMC Public Health. 16(1):694. doi:10.1186/s12889-016-
3338-9 PMID:27484750

Holdsworth C, Frisher M, Mendonça M, DE Oliveiria C, 
Pikhart H, Shelton N (2017). Lifecourse transitions, 
gender and drinking in later life. Ageing Soc. 37(3):462–
94. doi:10.1017/S0144686X15001178 PMID:28539686

http://dx.doi.org/10.11606/s1518-8787.2019053001142
http://dx.doi.org/10.11606/s1518-8787.2019053001142
http://www.ncbi.nlm.nih.gov/pubmed/31644769
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.1016/S0140-6736(18)31310-2
http://www.ncbi.nlm.nih.gov/pubmed/30146330
http://dx.doi.org/10.1016/S0140-6736(22)01438-6
http://www.ncbi.nlm.nih.gov/pubmed/35988567
http://dx.doi.org/10.1016/S0140-6736(20)30752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
http://dx.doi.org/10.1016/j.drugalcdep.2018.01.016
http://dx.doi.org/10.1016/j.drugalcdep.2018.01.016
http://www.ncbi.nlm.nih.gov/pubmed/29571076
http://dx.doi.org/10.1016/j.addbeh.2019.106128
http://www.ncbi.nlm.nih.gov/pubmed/31865172
http://dx.doi.org/10.1177/009145090403100304
http://dx.doi.org/10.1024/suc.2003.49.2.105
http://dx.doi.org/10.1016/j.canep.2021.101893
http://www.ncbi.nlm.nih.gov/pubmed/33477084
http://dx.doi.org/10.1016/j.annepidem.2014.11.005
http://www.ncbi.nlm.nih.gov/pubmed/25498918
http://dx.doi.org/10.1016/j.ypmed.2019.03.020
http://www.ncbi.nlm.nih.gov/pubmed/31078172
http://dx.doi.org/10.1080/10826084.2019.1702700
http://www.ncbi.nlm.nih.gov/pubmed/31876222
http://dx.doi.org/10.1186/0778-7367-68-4-134
http://dx.doi.org/10.1016/j.jfda.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28911442
http://dx.doi.org/10.1111/dar.13179
http://dx.doi.org/10.1111/dar.13179
http://www.ncbi.nlm.nih.gov/pubmed/33000887
http://dx.doi.org/10.1046/j.1360-0443.1998.931117179.x
http://dx.doi.org/10.1046/j.1360-0443.1998.931117179.x
http://www.ncbi.nlm.nih.gov/pubmed/9926534
http://dx.doi.org/10.1111/add.13811
http://www.ncbi.nlm.nih.gov/pubmed/28257157
http://dx.doi.org/10.1016/j.drugalcdep.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27979428
http://dx.doi.org/10.1016/j.drugalcdep.2015.12.028
http://dx.doi.org/10.1016/j.drugalcdep.2015.12.028
http://www.ncbi.nlm.nih.gov/pubmed/26790824
http://dx.doi.org/10.18332/tpc/132288
http://www.ncbi.nlm.nih.gov/pubmed/33778215
http://dx.doi.org/10.1186/s12889-016-3338-9
http://dx.doi.org/10.1186/s12889-016-3338-9
http://www.ncbi.nlm.nih.gov/pubmed/27484750
http://dx.doi.org/10.1017/S0144686X15001178
http://www.ncbi.nlm.nih.gov/pubmed/28539686


87

Reduction or cessation of alcoholic beverage consumption

Holmes J, Fairbrother H, Livingston M, Meier PS, Oldham 
M, Pennay A, et al. (2022). Youth drinking in decline: 
what are the implications for public health, public 
policy and public debate? Int J Drug Policy. 102:103606. 
doi:10.1016/j.drugpo.2022.103606 PMID:35131690

Holton A, Boland F, Gallagher P, Fahey T, Kenny 
R, Cousins G (2019). Life course transitions and 
changes in alcohol consumption among older Irish 
adults: results from the Irish Longitudinal Study 
on Ageing (TILDA). J Aging Health. 31(9):1568–88. 
doi:10.1177/0898264318783080 PMID:29947553

Hu A, Jiang H, Dowling R, Guo L, Zhao X, Hao W, et 
al. (2022). The transition of alcohol control in China 
1990–2019: impacts and recommendations. Int J Drug 
Policy. 105:103698. doi:10.1016/j.drugpo.2022.103698 
PMID:35483250

Hufnagel A, Frick U, Ridinger M, Wodarz N (2017). 
Recovery from alcohol dependence: do smoking indi-
cators predict abstinence? Am J Addict. 26(4):366–73. 
doi:10.1111/ajad.12535 PMID:28376287

Hughes TL, Wilsnack SC, Kantor LW (2016). The influ-
ence of gender and sexual orientation on alcohol use 
and alcohol-related problems: toward a global perspec-
tive. Alcohol Res. 38(1):121–32. PMID:27159819

Hunt G, Kolind T, Antin T (2018). Conceptualizing 
ethnicity in alcohol and drug research: epidemiology 
meets social theory. J Ethn Subst Abuse. 17(2):187–98. 
doi:10.1080/15332640.2017.1316223 PMID:28511029

IARC (1976). Some naturally occurring substances. IARC 
Monogr Eval Carcinog Risk Chem Man. 10:1–353. 
Available from: https://publications.iarc.who.int/28 
PMID:992652

IARC (1978). Some N-nitroso compounds. IARC 
Monogr Eval Carcinog Risk Chem Man. 17:1–365. 
Available from: https://publications.iarc.who.int/35 
PMID:150392

IARC (1980). Some metals and metallic compounds. IARC 
Monogr Eval Carcinog Risk Chem Hum. 23:1–438. 
Available from: https://publications.iarc.who.int/41  
PMID:6933135

IARC (1982a). Some aromatic amines, anthraquinones 
and nitroso compounds, and inorganic fluorides used 
in drinking-water and dental preparations. IARC 
Monogr Eval Carcinog Risk Chem Hum. 27:1–341. 
Available from: https://publications.iarc.who.int/45  
PMID:6955259

IARC (1982b). Some industrial chemicals and dyestuffs. 
IARC Monogr Eval Carcinog Risk Chem Hum. 29:1–416. 
Available from: https://publications.iarc.who.int/47 
PMID:6957379

IARC (1985). Allyl compounds, aldehydes, epoxides and 
peroxides. IARC Monogr Eval Carcinog Risk Chem 
Hum. 36:1–369. Available from: https://publications.
iarc.who.int/54 PMID:3864739

IARC (1987a). Overall evaluations of carcinogenicity: an 
updating of IARC Monographs volumes 1 to 42. IARC 

Monogr Eval Carcinog Risks Hum Suppl. 7:1–440. 
Available from: https://publications.iarc.who.int/139  
PMID:3482203

IARC (1987b). Silica and some silicates. IARC Monogr Eval 
Carcinog Risk Chem Hum. 42:1–289. Available from: 
https://publications.iarc.who.int/60 PMID:2824337

IARC (1988). Alcohol drinking. IARC Monogr Eval 
Carcinog Risks Hum. 44:1–416. Available from: https://
publications.iarc.who.int/62 PMID:3236394

IARC (1991). Occupational exposures in insecticide 
application, and some pesticides. IARC Monogr Eval 
Carcinog Risks Hum. 53:5–612. Available from: https://
publications.iarc.who.int/71 PMID:1688189

IARC (1993a). Some naturally occurring substances: food 
items and constituents, heterocyclic aromatic amines 
and mycotoxins. IARC Monogr Eval Carcinog Risks 
Hum. 56:1–599. Available from: https://publications.
iarc.who.int/74

IARC (1993b). Beryllium, cadmium, mercury, and 
exposures in the glass manufacturing industry. 
IARC Monogr Eval Carcinog Risks Hum. 58:1–444. 
Available from: https://publications.iarc.who.int/76 
PMID:8022054

IARC (1995a). Dry cleaning, some chlorinated solvents 
and other industrial chemicals. IARC Monogr Eval 
Carcinog Risks Hum. 63:1–551. Available from: https://
publications.iarc.who.int/81 PMID:9139128

IARC (1995b). Wood dust and formaldehyde. IARC 
Monogr Eval Carcinog Risks Hum. 62:1–405. Available 
from: https://publications.iarc.who.int/80

IARC (1999). Re-evaluation of some organic chemicals, 
hydrazine and hydrogen peroxide (Part 1, Part 2, Part 
3). IARC Monogr Eval Carcinog Risks Hum. 71:1–1586. 
Available from: https://publications.iarc.who.int/89 
PMID:10507919

IARC (2002). Some traditional herbal medicines, some 
mycotoxins, naphthalene and styrene. IARC Monogr 
Eval Carcinog Risks Hum. 82:1–556. Available from: 
https://publications.iarc.who.int/100 PMID:12687954

IARC (2006a). Formaldehyde, 2-butoxyethanol and 
1-tert-butoxypropan-2-ol. IARC Monogr Eval 
Carcinog Risks Hum. 88:1–478. Available from: https://
publications.iarc.who.int/106 PMID:17366697

IARC (2006b). Inorganic and organic lead compounds. 
IARC Monogr Eval Carcinog Risks Hum. 87:1–471. 
Available from: https://publications.iarc.who.int/105 
PMID:17191367

IARC (2010). Alcohol consumption and ethyl carbamate. 
IARC Monogr Eval Carcinog Risks Hum. 96:3–1383. 
Available from: https://publications.iarc.who.int/114 
PMID:21735939

IARC (2012a). Personal habits and indoor combustions. 
IARC Monogr Eval Carcinog Risks Hum. 100E:1–538. 
Available from: https://publications.iarc.who.int/122 
PMID:23193840

http://dx.doi.org/10.1016/j.drugpo.2022.103606
http://www.ncbi.nlm.nih.gov/pubmed/35131690
http://dx.doi.org/10.1177/0898264318783080
http://www.ncbi.nlm.nih.gov/pubmed/29947553
https://doi.org/10.1016/j.drugpo.2022.103698
https://pubmed.ncbi.nlm.nih.gov/35483250
http://dx.doi.org/10.1111/ajad.12535
http://www.ncbi.nlm.nih.gov/pubmed/28376287
http://www.ncbi.nlm.nih.gov/pubmed/27159819
http://dx.doi.org/10.1080/15332640.2017.1316223
http://www.ncbi.nlm.nih.gov/pubmed/28511029
https://publications.iarc.who.int/28
http://www.ncbi.nlm.nih.gov/pubmed/992652
http://www.ncbi.nlm.nih.gov/pubmed/150392
http://www.ncbi.nlm.nih.gov/pubmed/6933135
https://publications.iarc.who.int/45
http://www.ncbi.nlm.nih.gov/pubmed/6955259
https://publications.iarc.who.int/47
http://www.ncbi.nlm.nih.gov/pubmed/6957379
https://publications.iarc.who.int/54
https://publications.iarc.who.int/54
http://www.ncbi.nlm.nih.gov/pubmed/3864739
https://publications.iarc.who.int/139
http://www.ncbi.nlm.nih.gov/pubmed/3482203
http://silicates
https://publications.iarc.who.int/60
http://www.ncbi.nlm.nih.gov/pubmed/2824337
https://publications.iarc.who.int/62
https://publications.iarc.who.int/62
http://www.ncbi.nlm.nih.gov/pubmed/3236394
https://publications.iarc.who.int/71
https://publications.iarc.who.int/71
http://www.ncbi.nlm.nih.gov/pubmed/1688189
https://publications.iarc.who.int/74
https://publications.iarc.who.int/74
https://publications.iarc.who.int/76
http://www.ncbi.nlm.nih.gov/pubmed/8022054
https://publications.iarc.who.int/81
https://publications.iarc.who.int/81
http://www.ncbi.nlm.nih.gov/pubmed/9139128
https://publications.iarc.who.int/80
https://publications.iarc.who.int/89
http://www.ncbi.nlm.nih.gov/pubmed/10507919
https://publications.iarc.who.int/100
http://www.ncbi.nlm.nih.gov/pubmed/12687954
https://publications.iarc.who.int/106
https://publications.iarc.who.int/106
http://www.ncbi.nlm.nih.gov/pubmed/17366697
https://publications.iarc.who.int/105
http://www.ncbi.nlm.nih.gov/pubmed/17191367
https://publications.iarc.who.int/114
http://www.ncbi.nlm.nih.gov/pubmed/21735939
https://publications.iarc.who.int/122
http://www.ncbi.nlm.nih.gov/pubmed/23193840


88

IARC HANDBOOKS OF CANCER PREVENTION – 20A

IARC (2012b). Chemical agents and related occupations. 
IARC Monogr Eval Carcinog Risks Hum. 100F:1–599. 
Available from: https://publications.iarc.who.int/123 
PMID:23189753

IARC (2012c). Arsenic, metals, fibres, and dusts. IARC 
Monogr Eval Carcinog Risks Hum. 100C:1–501. 
Available from: https://publications.iarc.who.int/120 
PMID:23189751

IARC (2013). Some chemicals present in industrial 
and consumer products, food and drinking-water. 
IARC Monogr Eval Carcinog Risks Hum. 101:9–549. 
Available from: https://publications.iarc.who.int/125 
PMID:24772663

IARC (2015). Some drugs and herbal products. IARC 
Monogr Eval Carcinog Risks Hum. 108:7–419. 
Available from: https://publications.iarc.who.int/132 
PMID:29905444

IARC (2017). Some organophosphate insecticides and 
herbicides. IARC Monogr Eval Carcinog Risks Hum. 
112:1–452. Available from: https://publications.iarc.
who.int/549 PMID:31829533

IARC (2018). Benzene. IARC Monogr Eval Carcinog Risks 
Hum. 120:1–301. Available from: https://publications.
iarc.who.int/576 PMID:31769947

IARC (2019a). Some chemicals that cause tumours 
of the urinary tract in rodents. IARC Monogr Eval 
Carcinog Risks Hum. 119:1–273. Available from: https://
publications.iarc.who.int/575 PMID:31550098

IARC (2019b). Pentachlorophenol and some related 
compounds. IARC Monogr Eval Carcinog Risks Hum. 
117:1–325. Available from: https://publications.iarc.
who.int/574 PMID:31283132

IARC (2021a). Acrolein, crotonaldehyde, and arecoline. 
IARC Monogr Identif Carcinog Hazard Hum. 128:1–
335. Available from: https://publications.iarc.who.
int/602 PMID:36924508

IARC (2021b). Some aromatic amines and related 
compounds. IARC Monogr Identif Carcinog Hazard 
Hum. 127:1–267. Available from: https://publications.
iarc.who.int/599 PMID:35044736

IARC (2022). List of classifications. Agents classified 
by the IARC Monographs, Volumes 1–132. Last 
updated 7 September 2022 [online database]. Lyon, 
France: International Agency for Research on Cancer. 
Available from: https://monographs.iarc.who.int/
list-of-classifications.

Islami F, Goding Sauer A, Miller KD, Siegel RL, Fedewa 
SA, Jacobs EJ, et al. (2018). Proportion and number 
of cancer cases and deaths attributable to poten-
tially modifiable risk factors in the United States. CA 
Cancer J Clin. 68(1):31–54. doi:10.3322/caac.21440 
PMID:29160902

Jirarattanasopha V, Witvorapong N, Hanvoravongchai 
P (2019). Impact of Buddhist Lent Dry Campaign on 
alcohol consumption behaviour: a community level 

study. Health Soc Care Community. 27(4):863–70. 
doi:10.1111/hsc.12702 PMID:30592341

Johansson E, Böckerman P, Prättälä R, Uutela A (2006). 
Alcohol-related mortality, drinking behavior, and 
business cycles: are slumps really dry seasons? Eur J 
Health Econ. 7(3):215–20. doi:10.1007/s10198-006-
0358-x PMID:16763804

Kahler CW, Borland R, Hyland A, McKee SA, O’Connor 
RJ, Fong GT, et al. (2010). Quitting smoking and 
change in alcohol consumption in the International 
Tobacco Control (ITC) Four Country Survey. 
Drug Alcohol Depend. 110(1–2):101–7. doi:10.1016/j.
drugalcdep.2010.02.008 PMID:20227840

Kasza KA, McKee SA, Rivard C, Hyland AJ (2012). Smoke-
free bar policies and smokers’ alcohol consumption: 
findings from the International Tobacco Control Four 
Country Survey. Drug Alcohol Depend. 126(1–2):240–5. 
doi:10.1016/j.drugalcdep.2012.05.022 PMID:22704125

Keyes KM, Jager J, Mal-Sarkar T, Patrick ME, Rutherford 
C, Hasin D (2019). Is there a recent epidemic of women’s 
drinking? A critical review of national studies. Alcohol 
Clin Exp Res. 43(7):1344–59. doi:10.1111/acer.14082 
PMID:31074877

Kilian C, O’Donnell A, Potapova N, López-Pelayo H, 
Schulte B, Miquel L, et al. (2022). Changes in alcohol 
use during the COVID-19 pandemic in Europe: a meta-
analysis of observational studies. Drug Alcohol Rev. 
41(4):918–31. doi:10.1111/dar.13446 PMID:35187739

King M, Smith A, Gracey M (2009). Indigenous health 
part 2: the underlying causes of the health gap. Lancet. 
374(9683):76–85. doi:10.1016/S0140-6736(09)60827-8 
PMID:19577696

Knox J, Schneider J, Greene E, Nicholson J, Hasin D, 
Sandfort T (2019). Using social network analysis 
to examine alcohol use among adults: a systematic 
review. PLoS One. 14(8):e0221360. doi:10.1371/journal.
pone.0221360 PMID:31437257

Kotelnikova Z (2017). Explaining counterfeit alcohol 
purchases in Russia. Alcohol Clin Exp Res. 41(4):810–9. 
doi:10.1111/acer.13340 PMID:28222488

Krauss MJ, Cavazos-Rehg PA, Plunk AD, Bierut LJ, 
Grucza RA (2014). Effects of state cigarette excise taxes 
and smoke-free air policies on state per capita alcohol 
consumption in the United States, 1980 to 2009. 
Alcohol Clin Exp Res. 38(10):2630–8. doi:10.1111/
acer.12533 PMID:25257814

Kretsch N, Harden KP (2014). Marriage, divorce, and 
alcohol use in young adulthood: a longitudinal 
sibling-comparison study. Emerg Adulthood. 2(2):138–
49. doi:10.1177/2167696813513260

Krüger NA, Svensson M (2010). Good times are drinking 
times: empirical evidence on business cycles and 
alcohol sales in Sweden 1861–2000. Appl Econ Lett. 
17(6):543–6. doi:10.1080/13504850802167215

Kuerbis A, Sacco P (2012). The impact of retirement on 
the drinking patterns of older adults: a review. Addict 

https://publications.iarc.who.int/123
https://pubmed.ncbi.nlm.nih.gov/23189753/
https://publications.iarc.who.int/12
http://0
https://pubmed.ncbi.nlm.nih.gov/23189751/
https://publications.iarc.who.int/125
http://www.ncbi.nlm.nih.gov/pubmed/24772663
https://publications.iarc.who.int/132
http://www.ncbi.nlm.nih.gov/pubmed/29905444
https://publications.iarc.who.int/549
https://publications.iarc.who.int/549
https://pubmed.ncbi.nlm.nih.gov/31829533/
https://pubmed.ncbi.nlm.nih.gov/31769947/
https://publications.iarc.who.int/575
https://publications.iarc.who.int/575
https://pubmed.ncbi.nlm.nih.gov/31550098/
https://publications.iarc.who.int/574
https://publications.iarc.who.int/574
https://pubmed.ncbi.nlm.nih.gov/31283132
https://publications.iarc.who.int/602
https://publications.iarc.who.int/602
https://publications.iarc.who.int/599
https://publications.iarc.who.int/599
https://monographs.iarc.who.int/list-of-classifications
https://monographs.iarc.who.int/list-of-classifications
http://dx.doi.org/10.3322/caac.21440
http://www.ncbi.nlm.nih.gov/pubmed/29160902
http://dx.doi.org/10.1111/hsc.12702
http://www.ncbi.nlm.nih.gov/pubmed/30592341
http://dx.doi.org/10.1007/s10198-006-0358-x
http://dx.doi.org/10.1007/s10198-006-0358-x
http://www.ncbi.nlm.nih.gov/pubmed/16763804
http://dx.doi.org/10.1016/j.drugalcdep.2010.02.008
http://dx.doi.org/10.1016/j.drugalcdep.2010.02.008
http://www.ncbi.nlm.nih.gov/pubmed/20227840
http://dx.doi.org/10.1016/j.drugalcdep.2012.05.022
http://www.ncbi.nlm.nih.gov/pubmed/22704125
http://dx.doi.org/10.1111/acer.14082
http://www.ncbi.nlm.nih.gov/pubmed/31074877
http://dx.doi.org/10.1111/dar.13446
http://www.ncbi.nlm.nih.gov/pubmed/35187739
http://dx.doi.org/10.1016/S0140-6736(09)60827-8
http://www.ncbi.nlm.nih.gov/pubmed/19577696
http://dx.doi.org/10.1371/journal.pone.0221360
http://dx.doi.org/10.1371/journal.pone.0221360
http://www.ncbi.nlm.nih.gov/pubmed/31437257
http://dx.doi.org/10.1111/acer.13340
http://www.ncbi.nlm.nih.gov/pubmed/28222488
http://dx.doi.org/10.1111/acer.12533
http://dx.doi.org/10.1111/acer.12533
http://www.ncbi.nlm.nih.gov/pubmed/25257814
http://dx.doi.org/10.1177/2167696813513260
http://dx.doi.org/10.1080/13504850802167215


89

Reduction or cessation of alcoholic beverage consumption

Behav. 37(5):587–95. doi:10.1016/j.addbeh.2012.01.022 
PMID:22365490

Lachenmeier DW, Ganss S, Rychlak B, Rehm J, Sulkowska 
U, Skiba M, et al. (2009). Association between quality 
of cheap and unrecorded alcohol products and public 
health consequences in Poland. Alcohol Clin Exp Res. 
33(10):1757–69. doi:10.1111/j.1530-0277.2009.01013.x 
PMID:19572980

Lachenmeier DW, Leitz J, Schoeberl K, Kuballa T, 
Straub I, Rehm J (2011). Quality of illegally and 
informally produced alcohol in Europe: results from 
the AMPHORA project. Adicciones. 23(2):133–40. 
doi:10.20882/adicciones.156 PMID:21647540

Lachenmeier DW, Musshoff F (2004). Volatile conge-
ners in alcoholic beverages. Retrospective trends, 
batch comparisons and current concentration ranges. 
Rechtsmedizin (Berl). 14(6):454–62. doi:10.1007/
s00194-004-0292-0

Lachenmeier DW, Neufeld M, Rehm J (2021). The impact of 
unrecorded alcohol use on health: what do we know in 
2020? J Stud Alcohol Drugs. 82(1):28–41. doi:10.15288/
jsad.2021.82.28 PMID:33573720

Lachenmeier DW, Przybylski MC, Rehm J (2012). 
Comparative risk assessment of carcinogens in alco-
holic beverages using the margin of exposure approach. 
Int J Cancer. 131(6):E995–1003. doi:10.1002/ijc.27553 
PMID:22447328

Lachenmeier DW, Samokhvalov AV, Leitz J, Schoeberl 
K, Kuballa T, Linskiy IV, et al. (2010). The composi-
tion of unrecorded alcohol from eastern Ukraine: is 
there a toxicological concern beyond ethanol alone? 
Food Chem Toxicol. 48(10):2842–7. doi:10.1016/j.
fct.2010.07.016 PMID:20638436

Lau-Barraco C, Braitman AL, Junkin E, Glenn DJ, Stamates 
AL (2022). Social network moderators of brief alcohol 
intervention impact. Psychol Addict Behav. 36(6):696–
709. doi:10.1037/adb0000783 PMID:34570527

Lee CM, Cadigan JM, Fairlie AM, Lewis MA (2018). 
Transitions into young adulthood: extent to which 
alcohol use, perceived drinking norms, and conse-
quences vary by education and work statuses among 
18–20 year olds. Addict Behav. 79:107–12. doi:10.1016/j.
addbeh.2017.12.004 PMID:29287186

Lee MR, Sher KJ (2018). “Maturing out” of binge 
and problem drinking. Alcohol Res. 39(1):31–42. 
PMID:30557146

Leggat G, Livingston M, Kuntsche E, Kuntsche S, 
Callinan S (2020). The influence of alcohol consump-
tion among partners in newly cohabiting relationships. 
Drug Alcohol Rev. 39(1):29–35. doi:10.1111/dar.13007 
PMID:31797480

Leggat G, Livingston M, Kuntsche S, Callinan S (2021). 
Changes in alcohol consumption during preg-
nancy and over the transition towards parenthood. 
Drug Alcohol Depend. 225:108745. doi:10.1016/j.
drugalcdep.2021.108745 PMID:34051548

Li M, Park JY, Sheikh M, Kayamba V, Rumgay H, Jenab 
M, et al. (2023). Population-based investigation of 
common and deviating patterns of gastric cancer 
and oesophageal cancer incidence across populations 
and time. Gut. 72(5):846–54. doi:10.1136/gutjnl-2022-
328233 PMID:36241389

Lin HC, Hu YH, Barry AE, Russell A (2020). Assessing 
the associations between religiosity and alcohol use 
stages in a representative US sample. Subst Use Misuse. 
55(10):1618–24. doi:10.1080/10826084.2020.1756331 
PMID:32362219

Manthey J, Shield KD, Rylett M, Hasan OSM, Probst C, 
Rehm J (2019). Global alcohol exposure between 1990 
and 2017 and forecasts until 2030: a modelling study. 
Lancet. 393(10190):2493–502. doi:10.1016/S0140-
6736(18)32744-2 PMID:31076174

Meader N, King K, Moe-Byrne T, Wright K, Graham 
H, Petticrew M, et al. (2016). A systematic review 
on the clustering and co-occurrence of multiple risk 
behaviours. BMC Public Health. 16(1):657. doi:10.1186/
s12889-016-3373-6 PMID:27473458

Meier P, Seitz HK (2008). Age, alcohol metabolism 
and liver disease. Curr Opin Clin Nutr Metab Care. 
11(1):21–6. doi:10.1097/MCO.0b013e3282f30564 
PMID:18090653

Midanik L (1982). The validity of self-reported alcohol 
consumption and alcohol problems: a literature review. 
Br J Addict. 77(4):357–82. doi:10.1111/j.1360-0443.1982.
tb02469.x PMID:6762224

Mojica-Perez Y, Callinan S, Livingston M (2022). Declines 
in alcohol consumption in Australia: some challenges 
to the theory of collectivity. Addiction. 117(5):1295–303. 
doi:10.1111/add.15757 PMID:34817101

Molaeipour L, Ghalandari M, Kangavari HN, Alizadeh 
Z, Jafari E, Gholami F, et al. (2023). The association 
between current smoking and binge drinking among 
adults: a systematic review and meta-analysis of 
cross-sectional studies. Front Psychiatry. 13:1084762. 
doi:10.3389/fpsyt.2022.1084762 PMID:36741566

Mons U, Gredner T, Behrens G, Stock C, Brenner H (2018). 
Cancers due to smoking and high alcohol consump-
tion. Dtsch Arztebl Int. 115(35-36):571–7. doi:10.3238/
arztebl.2018.0571 PMID:30236215

Monteiro MG, Martins CB, Sanchez ZM, Rehm J, Shield 
K, Falade R, et al. (2021). Assessing Sustainable 
Development Goal Target Indicator 3.5.2: trends in 
alcohol per capita consumption in the Americas 1990–
2016. Rev Panam Salud Publica. 45:e142. doi:10.26633/
RPSP.2021.142 PMID:34703464

Moore AA, Gould R, Reuben DB, Greendale GA, Carter 
MK, Zhou K, et al. (2005). Longitudinal patterns 
and predictors of alcohol consumption in the United 
States. Am J Public Health. 95(3):458–65. doi:10.2105/
AJPH.2003.019471 PMID:15727977

Morojele NK, Dumbili EW, Obot IS, Parry CDH (2021). 
Alcohol consumption, harms and policy developments 

http://dx.doi.org/10.1016/j.addbeh.2012.01.022
http://www.ncbi.nlm.nih.gov/pubmed/22365490
http://dx.doi.org/10.1111/j.1530-0277.2009.01013.x
http://www.ncbi.nlm.nih.gov/pubmed/19572980
http://dx.doi.org/10.20882/adicciones.156
http://www.ncbi.nlm.nih.gov/pubmed/21647540
http://dx.doi.org/10.1007/s00194-004-0292-0
http://dx.doi.org/10.1007/s00194-004-0292-0
http://dx.doi.org/10.15288/jsad.2021.82.28
http://dx.doi.org/10.15288/jsad.2021.82.28
http://www.ncbi.nlm.nih.gov/pubmed/33573720
http://dx.doi.org/10.1002/ijc.27553
http://www.ncbi.nlm.nih.gov/pubmed/22447328
http://dx.doi.org/10.1016/j.fct.2010.07.016
http://dx.doi.org/10.1016/j.fct.2010.07.016
http://www.ncbi.nlm.nih.gov/pubmed/20638436
http://dx.doi.org/10.1037/adb0000783
http://www.ncbi.nlm.nih.gov/pubmed/34570527
http://dx.doi.org/10.1016/j.addbeh.2017.12.004
http://dx.doi.org/10.1016/j.addbeh.2017.12.004
http://www.ncbi.nlm.nih.gov/pubmed/29287186
http://www.ncbi.nlm.nih.gov/pubmed/30557146
http://dx.doi.org/10.1111/dar.13007
http://www.ncbi.nlm.nih.gov/pubmed/31797480
http://dx.doi.org/10.1016/j.drugalcdep.2021.108745
http://dx.doi.org/10.1016/j.drugalcdep.2021.108745
http://www.ncbi.nlm.nih.gov/pubmed/34051548
http://dx.doi.org/10.1136/gutjnl-2022-328233
http://dx.doi.org/10.1136/gutjnl-2022-328233
http://www.ncbi.nlm.nih.gov/pubmed/36241389
http://dx.doi.org/10.1080/10826084.2020.1756331
http://www.ncbi.nlm.nih.gov/pubmed/32362219
http://dx.doi.org/10.1016/S0140-6736(18)32744-2
http://dx.doi.org/10.1016/S0140-6736(18)32744-2
http://www.ncbi.nlm.nih.gov/pubmed/31076174
http://dx.doi.org/10.1186/s12889-016-3373-6
http://dx.doi.org/10.1186/s12889-016-3373-6
http://www.ncbi.nlm.nih.gov/pubmed/27473458
http://dx.doi.org/10.1097/MCO.0b013e3282f30564
http://www.ncbi.nlm.nih.gov/pubmed/18090653
http://dx.doi.org/10.1111/j.1360-0443.1982.tb02469.x
http://dx.doi.org/10.1111/j.1360-0443.1982.tb02469.x
http://www.ncbi.nlm.nih.gov/pubmed/6762224
http://dx.doi.org/10.1111/add.15757
http://www.ncbi.nlm.nih.gov/pubmed/34817101
http://dx.doi.org/10.3389/fpsyt.2022.1084762
http://www.ncbi.nlm.nih.gov/pubmed/36741566
http://dx.doi.org/10.3238/arztebl.2018.0571
http://dx.doi.org/10.3238/arztebl.2018.0571
http://www.ncbi.nlm.nih.gov/pubmed/30236215
http://dx.doi.org/10.26633/RPSP.2021.142
http://dx.doi.org/10.26633/RPSP.2021.142
http://www.ncbi.nlm.nih.gov/pubmed/34703464
http://dx.doi.org/10.2105/AJPH.2003.019471
http://dx.doi.org/10.2105/AJPH.2003.019471
http://www.ncbi.nlm.nih.gov/pubmed/15727977


90

IARC HANDBOOKS OF CANCER PREVENTION – 20A

in sub-Saharan Africa: the case for stronger national 
and regional responses. Drug Alcohol Rev. 40(3):402–
19. doi:10.1111/dar.13247 PMID:33629786

Morris H, Larsen J, Catterall E, Moss AC, Dombrowski 
SU (2020). Peer pressure and alcohol consumption in 
adults living in the UK: a systematic qualitative review. 
BMC Public Health. 20(1):1014. doi:10.1186/s12889-
020-09060-2 PMID:32631278

Necula R, Mann S (2020). The renaissance of fasting – 
evidence from a religious location in Europe. Forum 
Soc Econ. 49(4):446–64. doi:10.1080/07360932.2019.16
56663

Neufeld M, Lachenmeier D, Hausler T, Rehm J (2016). 
Surrogate alcohol containing methanol, social depriva-
tion and public health in Novosibirsk, Russia. Int J Drug 
Policy. 37:107–10. doi:10.1016/j.drugpo.2016.08.001 
PMID:27661755

Newman IM, Qian L, Tamrakar N, Zhang BB (2018). 
Chemical composition and safety of unrecorded 
grain alcohol (bai jiu) samples from three provinces 
in China. Int J Environ Res Public Health. 15(12):2710. 
doi:10.3390/ijerph15122710 PMID:30513745

Ng Fat L, Cable N, Shelton N (2015). Worsening of health 
and a cessation or reduction in alcohol consumption 
to special occasion drinking across three decades of 
the life course. Alcohol Clin Exp Res. 39(1):166–74. 
doi:10.1111/acer.12596 PMID:25623415

Ng Fat L, Shelton N, Cable N (2018). Investigating the 
growing trend of non-drinking among young people; 
analysis of repeated cross-sectional surveys in England 
2005-2015. BMC Public Health. 18(1):1090. doi:10.1186/
s12889-018-5995-3 PMID:30301472

Noble N, Paul C, Turon H, Oldmeadow C (2015). 
Which modifiable health risk behaviours are related? 
A systematic review of the clustering of smoking, 
nutrition, alcohol and physical activity (‘SNAP’) 
health risk factors. Prev Med. 81:16–41. doi:10.1016/j.
ypmed.2015.07.003 PMID:26190368

Nugawela MD, Langley T, Szatkowski L, Lewis S (2016). 
Measuring alcohol consumption in population surveys: 
a review of international guidelines and comparison 
with surveys in England. Alcohol Alcohol. 51(1):84–92. 
doi:10.1093/alcalc/agv073 PMID:26115987

Okaru AO, Abuga KO, Kibwage IO, Lachenmeier DW 
(2017). High ethanol contents of spirit drinks in Kibera 
slums, Kenya: implications for public health. Foods. 
6(10):89. doi:10.3390/foods6100089 PMID:29039800

Okaru AO, Lachenmeier DW (2021). Margin of expo-
sure analyses and overall toxic effects of alcohol with 
special consideration of carcinogenicity. Nutrients. 
13(11):3785. doi:10.3390/nu13113785 PMID:34836041

Okaru AO, Lachenmeier DW (2022). Defining no and 
low (NoLo) alcohol products. Nutrients. 14(18):3873. 
doi:10.3390/nu14183873 PMID:36145249

Oldham M, Callinan S, Whitaker V, Fairbrother H, Curtis 
P, Meier P, et al. (2020). The decline in youth drinking  

in England–is everyone drinking less? A quantile  
regression analysis. Addiction. 115(2):230–8. 
doi:10.1111/add.14824 PMID:31560404

Pape H, Rossow I, Brunborg GS (2018). Adolescents drink 
less: how, who and why? A review of the recent research 
literature. Drug Alcohol Rev. 37(Suppl 1):S98–114. 
doi:10.1111/dar.12695 PMID:29573020

Park JE, Ryu Y, Cho SI (2017). The association between 
health changes and cessation of alcohol consump-
tion. Alcohol Alcohol. 52(3):344–50.doi:10.1093/alcalc/
agw089 PMID:28430927

Pennay A, Callinan S, Livingston M, Lubman DI, Holmes 
J, MacLean S, et al. (2019). Patterns in reduction or 
cessation of drinking in Australia (2001–2013) and 
motivation for change. Alcohol Alcohol. 54(1):79–86. 
PMID:30346513

Peterson LI (2013). Chemistry of alcoholic bever-
ages. In: Boyle P, Boffetta P, Lowenfels AB, Burns 
H, Brawley O, Zatonski W, et al., editors. Alcohol: 
science, policy and public health. Oxford, UK: Oxford 
University Press; pp. 49–56. doi:10.1093/acprof
:oso/9780199655786.003.0007

Pflaum T, Hausler T, Baumung C, Ackermann S, Kuballa T, 
Rehm J, et al. (2016). Carcinogenic compounds in alco-
holic beverages: an update. Arch Toxicol. 90(10):2349–
67. doi:10.1007/s00204-016-1770-3 PMID:27353523

Philibert R, Dawes K, Philibert W, Andersen AM, Hoffman 
EA (2021). Alcohol use intensity decreases in response 
to successful smoking cessation therapy. Genes (Basel). 
13(1):2. doi:10.3390/genes13010002 PMID:35052343

Porche MV, Fortuna LR, Wachholtz A, Stone RT (2015). 
Distal and proximal religiosity as protective factors 
for adolescent and emerging adult alcohol use. 
Religions (Basel). 6(2):365–84. doi:10.3390/rel6020365 
PMID:26146565

Poznyak V, Fleischmann A, Rekve D, Rylett M, Rehm J, 
Gmel G (2013). The World Health Organization’s global 
monitoring system on alcohol and health. Alcohol Res. 
35(2):244–9. PMID:24881333

Pringle KE, Heller DA, Ahern FM, Gold CH, Brown TV 
(2006). The role of medication use and health on the 
decision to quit drinking among older adults. J Aging 
Health. 18(6):837–51. doi:10.1177/0898264306293583 
PMID:17099136

Probst C, Fleischmann A, Gmel G, Poznyak V, Rekve 
D, Riley L, et al. (2019). The global proportion and 
volume of unrecorded alcohol in 2015. J Glob 
Health. 9(1):010421. doi:10.7189/jogh.09.010421 
PMID:31131099

Probst C, Lange S, Kilian C, Saul C, Rehm J (2021). 
The dose-response relationship between socio-
economic deprivation and alcohol-attributable 
mortality risk–a systematic review and meta-analysis.  
BMC Med. 19(1):268. doi:10.1186/s12916-021-02132-z 
PMID:34736475

http://dx.doi.org/10.1111/dar.13247
http://www.ncbi.nlm.nih.gov/pubmed/33629786
http://dx.doi.org/10.1186/s12889-020-09060-2
http://dx.doi.org/10.1186/s12889-020-09060-2
http://www.ncbi.nlm.nih.gov/pubmed/32631278
http://dx.doi.org/10.1080/07360932.2019.1656663
http://dx.doi.org/10.1080/07360932.2019.1656663
http://dx.doi.org/10.1016/j.drugpo.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/27661755
http://dx.doi.org/10.3390/ijerph15122710
http://www.ncbi.nlm.nih.gov/pubmed/30513745
http://dx.doi.org/10.1111/acer.12596
http://www.ncbi.nlm.nih.gov/pubmed/25623415
http://dx.doi.org/10.1186/s12889-018-5995-3
http://dx.doi.org/10.1186/s12889-018-5995-3
http://www.ncbi.nlm.nih.gov/pubmed/30301472
http://dx.doi.org/10.1016/j.ypmed.2015.07.003
http://dx.doi.org/10.1016/j.ypmed.2015.07.003
http://www.ncbi.nlm.nih.gov/pubmed/26190368
http://dx.doi.org/10.1093/alcalc/agv073
http://www.ncbi.nlm.nih.gov/pubmed/26115987
http://dx.doi.org/10.3390/foods6100089
http://www.ncbi.nlm.nih.gov/pubmed/29039800
http://dx.doi.org/10.3390/nu13113785
http://www.ncbi.nlm.nih.gov/pubmed/34836041
http://dx.doi.org/10.3390/nu14183873
http://www.ncbi.nlm.nih.gov/pubmed/36145249
http://dx.doi.org/10.1111/add.14824
http://www.ncbi.nlm.nih.gov/pubmed/31560404
http://dx.doi.org/10.1111/dar.12695
http://www.ncbi.nlm.nih.gov/pubmed/29573020
http://dx.doi.org/10.1093/alcalc/agw089
http://dx.doi.org/10.1093/alcalc/agw089
http://www.ncbi.nlm.nih.gov/pubmed/28430927
http://www.ncbi.nlm.nih.gov/pubmed/30346513
http://dx.doi.org/10.1093/acprof:oso/9780199655786.003.0007
http://dx.doi.org/10.1093/acprof:oso/9780199655786.003.0007
http://dx.doi.org/10.1007/s00204-016-1770-3
http://www.ncbi.nlm.nih.gov/pubmed/27353523
http://dx.doi.org/10.3390/genes13010002
http://www.ncbi.nlm.nih.gov/pubmed/35052343
http://dx.doi.org/10.3390/rel6020365
http://www.ncbi.nlm.nih.gov/pubmed/26146565
http://www.ncbi.nlm.nih.gov/pubmed/24881333
http://dx.doi.org/10.1177/0898264306293583
http://www.ncbi.nlm.nih.gov/pubmed/17099136
http://dx.doi.org/10.7189/jogh.09.010421
http://www.ncbi.nlm.nih.gov/pubmed/31131099
http://dx.doi.org/10.1186/s12916-021-02132-z
http://www.ncbi.nlm.nih.gov/pubmed/34736475


91

Reduction or cessation of alcoholic beverage consumption

Probst C, Manthey J, Merey A, Rylett M, Rehm J (2018). 
Unrecorded alcohol use: a global modelling study 
based on nominal group assessments and survey 
data. Addiction. 113(7):1231–41. doi:10.1111/add.14173 
PMID:29377362

Pryor J, Patrick SW, Sundermann AC, Wu P, Hartmann 
KE (2017). Pregnancy intention and maternal 
alcohol consumption. Obstet Gynecol. 129(4):727–33. 
doi:10.1097/AOG.0000000000001933 PMID:28277356

Rabinovich L, Brutscher PB, de Vries H, Tiessen J, Clift J, 
Reding A (2009). The affordability of alcoholic bever-
ages in the European Union: understanding the link 
between alcohol affordability, consumption and harms 
(RAND Technical Report TR-689-EC). Cambridge, 
UK: RAND Europe. Available from: https://www.rand.
org/content/dam/rand/pubs/technical_reports/2009/
RAND_TR689.pdf.

Raggatt M, Wright C, Dietze P, Pennay A, Caluzzi G, 
Lim M (2019). Correlates of reduced alcohol consump-
tion among a sample of young Australians. Alcohol 
Alcohol. 54(5):525–31. doi:10.1093/alcalc/agz057 
PMID:31250879

Raninen J, Livingston M (2020). The theory of collec-
tivity of drinking cultures: how alcohol became every-
one’s problem. Addiction. 115(9):1773–6. doi:10.1111/
add.15057 PMID:32196800

Rehm J, Babor TF, Casswell S, Room R (2021). 
Heterogeneity in trends of alcohol use around the 
world: do policies make a difference? Drug Alcohol Rev. 
40(3):345–9. doi:10.1111/dar.13248 PMID:33538021

Rehm J, Gmel G (2000). Aggregating dimensions 
of alcohol consumption to predict medical and 
social consequences. J Subst Abuse. 12(1–2):155–68. 
doi:10.1016/S0899-3289(00)00045-6 PMID:11288468

Rehm J, Kehoe T, Gmel G, Stinson F, Grant B, Gmel 
G (2010). Statistical modeling of volume of alcohol 
exposure for epidemiological studies of population 
health: the US example. Popul Health Metr. 8(1):3. 
doi:10.1186/1478-7954-8-3 PMID:20202213

Rehm J, Klotsche J, Patra J (2007). Comparative quantifica-
tion of alcohol exposure as risk factor for global burden 
of disease. Int J Methods Psychiatr Res. 16(2):66–76. 
doi:10.1002/mpr.204 PMID:17623386

Rehm J, Manthey J, Shield KD, Ferreira-Borges C (2019). 
Trends in substance use and in the attributable burden 
of disease and mortality in the WHO European Region, 
2010-16. Eur J Public Health. 29(4):723–8. doi:10.1093/
eurpub/ckz064 PMID:31008515

Rehm J, Poznyak V (2015). On monitoring unrecorded 
alcohol consumption. Alkohol Narkom. 28(2):79–89. 
doi:10.1016/j.alkona.2015.06.003

Rehm J, Room R, Monteiro M, Gmel G, Graham K, Rehn 
N, et al. (2004). Alcohol use. In: Ezzati M, Lopez AD, 
Rodgers A, Murray CJL, editors. Comparative quan-
tification of health risks global and regional burden 
of disease attributable to selected major risk factors. 

Geneva, Switzerland: World Health Organization; 
pp. 959–1108. https://www.who.int/publications/i/
item/9241580313

Reid AE, Carey KB, Merrill JE, Carey MP (2015). Social 
network influences on initiation and maintenance of 
reduced drinking among college students. J Consult 
Clin Psychol. 83(1):36–44. doi:10.1037/a0037634 
PMID:25111432

Room R (2004). Smoking and drinking as complemen-
tary behaviours. Biomed Pharmacother. 58(2):111–5. 
doi:10.1016/j.biopha.2003.12.003 PMID:14992792

Room R, Rehm J (2023). “Harm per litre” as a concept 
and a measure in studying determinants of relations 
between alcohol consumption and harm. Int J Drug 
Policy. 115:104006. doi:10.1016/j.drugpo.2023.104006 
PMID:36965304

Rosansky JA, Rosenberg H (2020). A systematic review 
of reasons for abstinence from alcohol reported by 
lifelong abstainers, current abstainers and former 
problem-drinkers. Drug Alcohol Rev. 39(7):960–74. 
doi:10.1111/dar.13119 PMID:32656875

Ruhm CJ, Black WE (2002). Does drinking really decrease 
in bad times? J Health Econ. 21(4):659–78. doi:10.1016/
S0167-6296(02)00033-4 PMID:12146596

Rumgay H, Lam F, Ervik M, Soerjomataram I (2021b). 
Cancers attributable to alcohol. Lyon, France: 
International Agency for Research on Cancer. Available 
from: https://gco.iarc.who.int/causes/alcohol/.

Rumgay H, Shield K, Charvat H, Ferrari P, Sornpaisarn 
B, Obot I, et al. (2021a). Global burden of cancer in 
2020 attributable to alcohol consumption: a popu-
lation-based study. Lancet Oncol. 22(8):1071–80. 
doi:10.1016/S1470-2045(21)00279-5 PMID:34270924

Salvatore JE, Gardner CO, Kendler KS (2020). Marriage 
and reductions in men’s alcohol, tobacco, and cannabis 
use. Psychol Med. 50(15):2634–40. doi:10.1017/
S0033291719002964 PMID:31685061

Sarich P, Canfell K, Banks E, Paige E, Egger S, Joshy 
G, et al. (2019). A prospective study of health condi-
tions related to alcohol consumption cessation among 
97,852 drinkers aged 45 and over in Australia. Alcohol 
Clin Exp Res. 43(4):710–21. doi:10.1111/acer.13981 
PMID:30758044

Savic M, Room R, Mugavin J, Pennay A, Livingston M 
(2016). Defining “drinking culture”: a critical review 
of its meaning and connotation in social research on 
alcohol problems. Drugs Educ Prev Policy. 23(4):270–
82. doi:10.3109/09687637.2016.1153602

Schmidt RA, Genois R, Jin J, Vigo D, Rehm J, Rush B 
(2021). The early impact of COVID-19 on the incidence, 
prevalence, and severity of alcohol use and other drugs: 
a systematic review. Drug Alcohol Depend. 228:109065. 
doi:10.1016/j.drugalcdep.2021.109065 PMID:34600257

Shaper AG, Wannamethee G, Walker M (1988). Alcohol 
and mortality in British men: explaining the U-shaped 

http://dx.doi.org/10.1111/add.14173
http://www.ncbi.nlm.nih.gov/pubmed/29377362
http://dx.doi.org/10.1097/AOG.0000000000001933
http://www.ncbi.nlm.nih.gov/pubmed/28277356
https://www.rand.org/content/dam/rand/pubs/technical_reports/2009/RAND_TR689.pdf
https://www.rand.org/content/dam/rand/pubs/technical_reports/2009/RAND_TR689.pdf
https://www.rand.org/content/dam/rand/pubs/technical_reports/2009/RAND_TR689.pdf
http://dx.doi.org/10.1093/alcalc/agz057
http://www.ncbi.nlm.nih.gov/pubmed/31250879
http://dx.doi.org/10.1111/add.15057
http://dx.doi.org/10.1111/add.15057
http://www.ncbi.nlm.nih.gov/pubmed/32196800
http://dx.doi.org/10.1111/dar.13248
http://www.ncbi.nlm.nih.gov/pubmed/33538021
http://dx.doi.org/10.1016/S0899-3289(00)00045-6
http://www.ncbi.nlm.nih.gov/pubmed/11288468
http://dx.doi.org/10.1186/1478-7954-8-3
http://www.ncbi.nlm.nih.gov/pubmed/20202213
http://dx.doi.org/10.1002/mpr.204
http://www.ncbi.nlm.nih.gov/pubmed/17623386
http://dx.doi.org/10.1093/eurpub/ckz064
http://dx.doi.org/10.1093/eurpub/ckz064
http://www.ncbi.nlm.nih.gov/pubmed/31008515
http://dx.doi.org/10.1016/j.alkona.2015.06.003
https://www.who.int/publications/i/item/9241580313
https://www.who.int/publications/i/item/9241580313
http://dx.doi.org/10.1037/a0037634
http://www.ncbi.nlm.nih.gov/pubmed/25111432
http://dx.doi.org/10.1016/j.biopha.2003.12.003
http://www.ncbi.nlm.nih.gov/pubmed/14992792
http://dx.doi.org/10.1016/j.drugpo.2023.104006
http://www.ncbi.nlm.nih.gov/pubmed/36965304
http://dx.doi.org/10.1111/dar.13119
http://www.ncbi.nlm.nih.gov/pubmed/32656875
http://dx.doi.org/10.1016/S0167-6296(02)00033-4
http://dx.doi.org/10.1016/S0167-6296(02)00033-4
http://www.ncbi.nlm.nih.gov/pubmed/12146596
https://gco.iarc.who.int/causes/alcohol/
http://dx.doi.org/10.1016/S1470-2045(21)00279-5
http://www.ncbi.nlm.nih.gov/pubmed/34270924
http://dx.doi.org/10.1017/S0033291719002964
http://dx.doi.org/10.1017/S0033291719002964
http://www.ncbi.nlm.nih.gov/pubmed/31685061
http://dx.doi.org/10.1111/acer.13981
http://www.ncbi.nlm.nih.gov/pubmed/30758044
http://dx.doi.org/10.3109/09687637.2016.1153602
http://dx.doi.org/10.1016/j.drugalcdep.2021.109065
http://www.ncbi.nlm.nih.gov/pubmed/34600257


92

IARC HANDBOOKS OF CANCER PREVENTION – 20A

curve. Lancet. 2(8623):1267–73. doi:10.1016/S0140-
6736(88)92890-5 PMID:2904004

Shield K, Manthey J, Rylett M, Probst C, Wettlaufer A, 
Parry CDH, et al. (2020). National, regional, and global 
burdens of disease from 2000 to 2016 attributable to 
alcohol use: a comparative risk assessment study. 
Lancet Public Health. 5(1):e51–61. doi:10.1016/S2468-
2667(19)30231-2 PMID:31910980

Shiffman S, Balabanis M (1996). Do drinking and smoking 
go together? Alcohol Health Res World. 20(2):107–10.
PMID:31798093

Shu Y, Cai J (2017). “Alcohol bans”: can they reveal the 
effect of Xi Jinping’s anti-corruption campaign? Eur J 
Polit Econ. 50:37–51. doi:10.1016/j.ejpoleco.2017.09.004

Skog OJ (1985). The collectivity of drinking cultures: a 
theory of the distribution of alcohol consumption. Br 
J Addict. 80(1):83–99. doi:10.1111/j.1360-0443.1985.
tb05294.x PMID:3856453

Slade T, Chapman C, Swift W, Keyes K, Tonks Z, Teesson 
M (2016). Birth cohort trends in the global epidemio-
logy of alcohol use and alcohol-related harms in men 
and women: systematic review and metaregression. 
BMJ Open. 6(10):e011827. doi:10.1136/bmjopen-2016-
011827 PMID:27797998

Sohi I, Chrystoja BR, Rehm J, Wells S, Monteiro M, Ali 
S, et al. (2022). Changes in alcohol use during the 
COVID-19 pandemic and previous pandemics: a 
systematic review. Alcohol Clin Exp Res. 46(4):498–513. 
doi:10.1111/acer.14792 PMID:35412673

Sornpaisarn B, Shield K, Manthey J, Limmade Y, Low WY, 
Van Thang V, et al. (2020). Alcohol consumption and 
attributable harm in middle-income South-East Asian 
countries: epidemiology and policy options. Int J Drug 
Policy. 83:102856. doi:10.1016/j.drugpo.2020.102856 
PMID:32711336

Staff J, Greene KM, Maggs JL, Schoon I (2014). Family 
transitions and changes in drinking from adolescence 
through mid-life. Addiction. 109(2):227–36. doi:10.1111/
add.12394 PMID:24571025

Studer J, Baggio S, Deline S, N’Goran AA, Henchoz Y, 
Mohler-Kuo M, et al. (2014). Peer pressure and alcohol 
use in young men: a mediation analysis of drinking 
motives. Int J Drug Policy. 25(4):700–8. doi:10.1016/j.
drugpo.2014.02.002 PMID:24630076

Sudhinaraset M, Wigglesworth C, Takeuchi DT (2016). 
Social and cultural contexts of alcohol use: influences  
in a social–ecological framework. Alcohol Res. 
38(1):35–45. PMID:27159810

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, et al. (2021). Global cancer statistics 2020: 
GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 71(3):209–49. doi:10.3322/caac.21660 
PMID:33538338

UNSTAT (2017). Global indicator framework for the 
Sustainable Development Goals and targets of the 

2030 Agenda for Sustainable Development. New 
York (NY), USA: United Nations Statistics Division. 
Available from: https://unstats.un.org/sdgs/indicators/
Global%20Indicator%20Framework%20after%20
2022%20refinement_Eng.pdf.

UNSTAT (2020). Indicator 3.5.2 – E-handbook on SDG 
indicators – UN Statistics wiki. New York (NY), USA: 
United Nations Statistics Division. Available from: 
https://unstats.un.org/wiki/display/SDGeHandbook/
Indicator+3.5.2.

UNSTAT (2024). SDG indicators. Regional group-
ings used in report and statistical annex. New York 
(NY), USA: United Nations Statistics Division. 
Available from: https://unstats.un.org/sdgs/indicators/
regional-groups/.

van Amsterdam J, van den Brink W (2022). Smoking as 
an outcome moderator in the treatment of alcohol use 
disorders. Alcohol Alcohol. 57(6):664–73. doi:10.1093/
alcalc/agac027 PMID:35589093

van Amsterdam J, van den Brink W (2023). The effect of 
alcohol use on smoking cessation: a systematic review. 
Alcohol. 109:13–22. doi:10.1016/j.alcohol.2022.12.003 
PMID:36690220

Vashishtha R, Pennay A, Dietze P, Marzan MB, Room R, 
Livingston M (2021). Trends in adolescent drinking 
across 39 high-income countries: exploring the timing 
and magnitude of decline. Eur J Public Health. 31(2):424–
31. doi:10.1093/eurpub/ckaa193 PMID:33188681

Vicario S, Buykx P, Peacock M, Hardie I, de Freitas L, 
Bissell P (2023). Mothers’ alcohol consumption in the 
early parenting period and influences of household and 
socio-demographic circumstances: a scoping review 
and narrative synthesis. Drug Alcohol Rev. doi:10.1111/
dar.13643

Voutilainen T, Rysä J, Keski-Nisula L, Kärkkäinen O 
(2022). Self-reported alcohol consumption of pregnant 
women and their partners correlates both before and 
during pregnancy: a cohort study with 21,472 singleton 
pregnancies. Alcohol Clin Exp Res. 46(5):797–808. 
doi:10.1111/acer.14806 PMID:35569108

Wall M, Casswell S (2013). Affordability of alcohol as 
a key driver of alcohol demand in New Zealand:  
a co-integration analysis. Addiction. 108(1):72–9.  
doi:10.1111/j.1360-0443.2012.03992.x PMID:22724896

Wall TL, Luczak SE, Hiller-Sturmhöfel S (2016). Biology, 
genetics, and environment: underlying factors influ-
encing alcohol metabolism. Alcohol Res. 38(1):59–68. 
PMID:27163368

Wang S, Newman IM, Shell DF (2016). Cultural orienta-
tion and its associations with alcohol use by univer-
sity students in China. PLoS One. 11(11):e0165858. 
doi:10.1371/journal.pone.0165858 PMID:27806096

Wannamethee G, Shaper AG (1988). Changes in drinking 
habits in middle-aged British men. J R Coll Gen Pract. 
38(315):440–2. PMID:3256667

http://dx.doi.org/10.1016/S0140-6736(88)92890-5
http://dx.doi.org/10.1016/S0140-6736(88)92890-5
http://www.ncbi.nlm.nih.gov/pubmed/2904004
http://dx.doi.org/10.1016/S2468-2667(19)30231-2
http://dx.doi.org/10.1016/S2468-2667(19)30231-2
http://www.ncbi.nlm.nih.gov/pubmed/31910980
http://www.ncbi.nlm.nih.gov/pubmed/31798093
http://dx.doi.org/10.1016/j.ejpoleco.2017.09.004
http://dx.doi.org/10.1111/j.1360-0443.1985.tb05294.x
http://dx.doi.org/10.1111/j.1360-0443.1985.tb05294.x
http://www.ncbi.nlm.nih.gov/pubmed/3856453
http://dx.doi.org/10.1136/bmjopen-2016-011827
http://dx.doi.org/10.1136/bmjopen-2016-011827
http://www.ncbi.nlm.nih.gov/pubmed/27797998
http://dx.doi.org/10.1111/acer.14792
http://www.ncbi.nlm.nih.gov/pubmed/35412673
http://dx.doi.org/10.1016/j.drugpo.2020.102856
http://www.ncbi.nlm.nih.gov/pubmed/32711336
http://dx.doi.org/10.1111/add.12394
http://dx.doi.org/10.1111/add.12394
http://www.ncbi.nlm.nih.gov/pubmed/24571025
http://dx.doi.org/10.1016/j.drugpo.2014.02.002
http://dx.doi.org/10.1016/j.drugpo.2014.02.002
http://www.ncbi.nlm.nih.gov/pubmed/24630076
http://www.ncbi.nlm.nih.gov/pubmed/27159810
http://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unstats.un.org/wiki/display/SDGeHandbook/Indicator+3.5.2
https://unstats.un.org/wiki/display/SDGeHandbook/Indicator+3.5.2
https://unstats.un.org/sdgs/indicators/regional-groups/
https://unstats.un.org/sdgs/indicators/regional-groups/
http://dx.doi.org/10.1093/alcalc/agac027
http://dx.doi.org/10.1093/alcalc/agac027
http://www.ncbi.nlm.nih.gov/pubmed/35589093
http://dx.doi.org/10.1016/j.alcohol.2022.12.003
http://www.ncbi.nlm.nih.gov/pubmed/36690220
http://dx.doi.org/10.1093/eurpub/ckaa193
http://www.ncbi.nlm.nih.gov/pubmed/33188681
http://dx.doi.org/10.1111/dar.13643
http://dx.doi.org/10.1111/dar.13643
http://dx.doi.org/10.1111/acer.14806
http://www.ncbi.nlm.nih.gov/pubmed/35569108
http://dx.doi.org/10.1111/j.1360-0443.2012.03992.x
http://www.ncbi.nlm.nih.gov/pubmed/22724896
http://www.ncbi.nlm.nih.gov/pubmed/27163368
http://dx.doi.org/10.1371/journal.pone.0165858
http://www.ncbi.nlm.nih.gov/pubmed/27806096
http://www.ncbi.nlm.nih.gov/pubmed/3256667


93

Reduction or cessation of alcoholic beverage consumption

WHO (2004). WHO global status report on alcohol 2004. 
Geneva, Switzerland: World Health Organization. 
Available from: https://www.who.int/publications/i/
item/global-status-report-on-alcohol-2004.

WHO (2005). WHO STEPS surveillance manual: the 
WHO STEPwise approach to chronic disease risk 
factor surveillance. Geneva, Switzerland: World Health 
Organization. Available from: https://apps.who.int/
iris/bitstream/handle/10665/43376/?sequence=1.

WHO (2010). Global strategy to reduce the harmful 
use of alcohol. Geneva, Switzerland: World Health 
Organization. Available from: https://apps.who.int/
iris/rest/bitstreams/52824/retrieve.

WHO (2014). Global status report on alcohol and 
health 2014. Geneva, Switzerland: World Health  
Organization. Available from: https://www.who.int/ 
publications/i/item/global-status-report-on-alcohol- 
and-health-2014.

WHO (2018). Global status report on alcohol and 
health 2018. Geneva, Switzerland: World Health 
Organization. Available from: https://www.who.int/
publications/i/item/9789241565639.

WHO (2021). Unrecorded alcohol: what the evidence 
tells us. Snapshot series on alcohol control policies and 
practice. Brief 2. Geneva, Switzerland: World Health 
Organization. Available from: https://apps.who.int/
iris/rest/bitstreams/1414305/retrieve.

WHO (2022a). Integrated brief interventions for noncom-
municable disease risk factors in primary care: the 
manual. BRIEF project. Copenhagen, Denmark: 
World Health Organization Regional Office for 
Europe. Available from: https://apps.who.int/iris/rest/
bitstreams/1478745/retrieve.

WHO (2022b). Global information system on alcohol  
and health (GISAH). Geneva, Switzerland: World 
Health Organization. Available from: https://www.who.
int/data/gho/data/themes/global-information-system- 
on-alcohol-and-health.

WHO (2024). Global status report on alcohol and 
health and treatment of substance use disorders. 

Geneva, Switzerland: World Health Organization. 
Available from: https://www.who.int/publications/i/
item/9789240096745.

Wilson LF, Antonsson A, Green AC, Jordan SJ, Kendall 
BJ, Nagle CM, et al. (2018). How many cancer cases 
and deaths are potentially preventable? Estimates 
for Australia in 2013. Int J Cancer. 142(4):691–701. 
doi:10.1002/ijc.31088 PMID:28983918

Wu M, Yang C, Umeda M, Liao J, Mawditt C (2023). 
Longitudinal patterns and sociodemographic profiles 
of health-related behaviour clustering among middle-
aged and older adults in China and Japan. Ageing Soc. 
1–20. doi:10.1002/ijc.31088

Xu Y, Geldsetzer P, Manne-Goehler J, Theilmann M, 
Marcus M-E, Zhumadilov Z, et al. (2022). The socio-
economic gradient of alcohol use: an analysis of nation-
ally representative survey data from 55 low-income 
and middle-income countries. Lancet Glob Health. 
10(9):e1268–80. doi:10.1016/S2214-109X(22)00273-X 
PMID:35961350

Yohannes T, Melak F, Siraj K (2013). Preparation and 
physicochemical analysis of some Ethiopian tradi-
tional alcoholic beverages. Afr J Food Sci. 7(11):399–
403. doi:10.5897/AJFS2013.1066

Yonek JC, Meacham MC, Shumway M, Tolou-Shams 
M, Satre DD (2021). Smoking reduction is associ-
ated with lower alcohol consumption and depres-
sive symptoms among young adults over one year. 
Drug Alcohol Depend. 227:108922. doi:10.1016/j.
drugalcdep.2021.108922 PMID:34364192

Young SW, Candido E, Klein-Geltink J, Giesbrecht N 
(2018). Preventing alcohol-related cancer: what if 
everyone drank within the guidelines? Can J Public 
Health. 109(1):70–8. doi:10.17269/s41997-018-0033-x 
PMID:29981063

Zheng XW, Han BZ (2016). Baijiu, Chinese liquor: 
history, classification and manufacture. J Ethnic 
Foods. 3(1):19–25. doi:10.1016/j.jef.2016.03.001

https://www.who.int/publications/i/item/global-status-report-on-alcohol-2004
https://www.who.int/publications/i/item/global-status-report-on-alcohol-2004
https://apps.who.int/iris/bitstream/handle/10665/43376/?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43376/?sequence=1
https://apps.who.int/iris/rest/bitstreams/52824/retrieve
https://apps.who.int/iris/rest/bitstreams/52824/retrieve
https://www.who.int/publications/i/item/global-status-report-on-alcohol-and-health-2014
https://www.who.int/publications/i/item/global-status-report-on-alcohol-and-health-2014
https://www.who.int/publications/i/item/global-status-report-on-alcohol-and-health-2014
https://www.who.int/publications/i/item/9789241565639
https://www.who.int/publications/i/item/9789241565639
https://pubmed.ncbi.nlm.nih.gov/31550098
https://pubmed.ncbi.nlm.nih.gov/31550098
https://apps.who.int/iris/rest/bitstreams/1478745/retrieve
https://apps.who.int/iris/rest/bitstreams/1478745/retrieve
https://www.who.int/data/gho/data/themes/global-information-system-on-alcohol-and-health
https://www.who.int/data/gho/data/themes/global-information-system-on-alcohol-and-health
https://www.who.int/data/gho/data/themes/global-information-system-on-alcohol-and-health
https://www.who.int/publications/i/item/9789240096745
https://www.who.int/publications/i/item/9789240096745
http://dx.doi.org/10.1002/ijc.31088
http://www.ncbi.nlm.nih.gov/pubmed/28983918
http://dx.doi.org/10.1002/ijc.31088
http://dx.doi.org/10.1016/S2214-109X(22)00273-X
http://www.ncbi.nlm.nih.gov/pubmed/35961350
http://dx.doi.org/10.5897/AJFS2013.1066
http://dx.doi.org/10.1016/j.drugalcdep.2021.108922
http://dx.doi.org/10.1016/j.drugalcdep.2021.108922
http://www.ncbi.nlm.nih.gov/pubmed/34364192
http://dx.doi.org/10.17269/s41997-018-0033-x
http://www.ncbi.nlm.nih.gov/pubmed/29981063
http://dx.doi.org/10.1016/j.jef.2016.03.001




95

2.1 Methodological considerations

2.1.1 Study eligibility criteria

For this review and evaluation of human 
studies about the potential for reduction or 
cessation of alcoholic beverage consumption 
to reduce the risk of alcohol-related cancers, 
randomized controlled trials, individual case–
control and cohort studies, meta-analyses, and 
pooled analyses were eligible for inclusion. No 
randomized controlled trials were identified 
that included cancer incidence or mortality as an 
outcome. The review and evaluation were limited 
to informative studies with data available to assess 
alcohol reduction, or duration of cessation or 
cessation compared with continuing consump-
tion, in relation to the incidence of or mortality 
from cancers of the oral cavity, pharynx, larynx, 
oesophagus (squamous cell), colorectum, liver 
(hepatocellular), and female breast (i.e. collec-
tively referred to here as alcohol-related cancers). 
The Working Group also reviewed informa-
tive studies of reduction, duration of cessation, 
and cessation in relation to the risk of upper 
aerodigestive tract cancers (i.e. cancers of the 
oral cavity, pharynx, larynx, and oesophagus 
combined), as well as the interaction (or effect 
modification) of cessation and alcohol-metab-
olizing gene variants on risk of alcohol-related 
cancers. (There were no studies of reduction or 

duration of cessation and alcohol-metabolizing 
gene interactions.) Table 2.1 shows the number of 
analyses for reduction, duration of cessation, and 
cessation by cancer site (excluding the analyses 
of cessation by gene interactions).

The Working Group did not review: (i) indi-
vidual studies included in published meta-anal-
yses or pooled analyses; (ii)  meta-analyses 
or pooled analyses with overlapping studies; 
(iii)  studies of precursor lesions (e.g. leuko-
plakia, erythroplakia, or colorectal adenomas); 
(iv) studies that compared cessation with absten-
tion, but not continuing consumption with 
abstention; or (v) studies with fewer than 5 cancer 
cases that reported alcohol cessation overall or in 
subgroups (except for studies of alcohol cessation 
by gene interactions).

2.1.2 Overview of methodological issues

The important methodological issues that 
should be carefully considered when reviewing 
and inferring causality from observational 
studies of the reduction or cessation of alco-
holic beverage consumption and cancer risk 
include selection bias, information bias, and 
confounding. Most of the observational studies 
reviewed focused primarily on associations 
between consumption and risk, and relative risks 
were usually presented with abstention as the 
reference category. However, in a randomized 

2. ASSOCIATIONS OF CANCER RISK 
 IN HUMANS
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controlled trial designed to estimate the effect of 
alcohol cessation on cancer incidence or mortality, 
participant selection would be restricted to 
individuals who continue to consume alcoholic 
beverages, and they would be randomly assigned 
either to a cessation intervention group or to a 
control group. The target trial approach to the 
design and analysis of observational studies 
provides a useful framework for discussing the 
important methodological issues in case–control 
and cohort studies of alcohol cessation or reduc-
tion and cancer risk (Hernán et al., 2016; Hernán 
and Robins 2016; Moreno-Betancur, 2021). 
How well the observational studies reviewed 
in this Handbook emulate such a trial and the 
predicted direction of bias (assuming cessation 
is associated with lower cancer risk than contin-
uing consumption) are included in the detailed 
discussion of the methodological issues below 
and summarized in Table 2.2. Because most of 

these studies reported results only for cessation, 
the discussion of methodological issues focuses 
primarily on cessation.

2.1.3 Selection bias

Selection bias relates to the selection, partic-
ipation, or retention of study participants. In 
observational studies of alcohol cessation and 
cancer risk, selection bias can arise in one of two 
forms (Lu et al., 2022). The first form arises from 
conditioning on a common effect (or cause) of 
both the exposure and the outcome (Hernán et al., 
2004). The second form arises from restricting 
the study to specific values or categories of an 
effect modifier of the relationship between the 
exposure and the outcome (Greenland, 1977; 
Hernán, 2017; Lu et al., 2022). Because smoking 
is an established effect modifier of the associa-
tion between alcohol consumption and risk of 

Table 2.1 Number of analyses available for reduction and for duration of cessation and cessation 
of alcoholic beverage consumption compared with continuing consumption, in relation to risk 
of site-specific cancer 

Cancer site Types of analysesa

Reductionb 
(n)

Duration of cessationc 
(n)

Cessationc 
(n)

Oral cavity 0 1 8
Pharynx 0 2 9
Larynx 1 1 7
Oesophagus 1 9 15
Upper aerodigestive tract 2 3 6
Colorectumd 4 2 15
Liver 1 4 12
Female breast 4 0 18
  a Some studies reported data for more than one type of analysis and/or for more than one cancer site.
  b Analyses for reduction of alcohol consumption are based on at least two measures of consumption, one of which may be retrospectively 
recalled alcohol consumption history.
  c Analyses for duration of cessation and cessation of alcoholic beverage consumption refer to those compared with continuing consumption. In 
the study of Andrade et al. (2015), risk of oral cancer for < 10 years of cessation was compared with ≥ 10 years of cessation, and in the study of 
White et al. (2017), risk of breast cancer for ≥ 15 years of cessation and 6–14 years of cessation was compared with ≤ 5 years of cessation. In these 
two studies, data were not available to compare cancer risk for categories of duration of cessation with continuing consumption. Therefore, the 
Working Group did not include these two studies in the counts of analyses for duration of cessation.
  d Studies that reported evidence for colorectal cancer, colon cancer, and rectal cancer separately or for colon cancer and rectal cancer separately 
are counted only once for each type of analysis.
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Table 2.2 Types and sources of bias in observational epidemiological studies of cessation of alcoholic beverage 
consumption compared with continuing consumption and risk of cancer, assuming that cessation is associated with  
a lower risk

Type of bias Factor Expected direction of biasa 
for measures of associationb 
comparing cessation with 
continuing consumption

Comments

Selection bias 
(cohort studies)

Recruitment depends on alcohol 
cessation and presence of 
undiagnosed cancer

Unpredictable Restriction to healthy participants used to avoid this bias

Recruitment of elderly 
participants

Towards null Sometimes considered to be an issue of generalizability

Loss to follow-up that depends on 
both alcohol consumption status 
and case status

Unpredictable Direction of bias will depend on loss to follow-up for both consumption 
status and likelihood of being diagnosed with the outcome 
Unlikely to be an issue when cancers are ascertained from population-
based registries rather than from self-reports

Selection bias 
(case–control 
studies)

Hospital-based controls are likely 
to have elevated prevalence of 
alcohol cessation

Away from null Individuals who cease consumption often do so because of ill health

Response rates related to both 
alcohol consumption status and 
case status

Unpredictable Direction of bias will depend on the response rates for both alcohol 
consumption status and case status

Selection bias 
(all studies)

Death from other causes related 
to alcohol (competing causes of 
death)

Towards null or a positive 
association

Only important if alcohol-related competing causes of death are common 
Important for liver cancer, for which cirrhosis is a precursor. Individuals 
with advanced cirrhosis who continue to consume alcohol are less likely to 
be diagnosed with cancer than those who cease consumption because they 
do not remain alive long enough to be diagnosed with cancer

Information bias 
(all studies)

Non-drinking reference category 
a mixture of lifetime abstention 
and alcohol cessation

No bias Relative risks comparing alcohol cessation with “non-drinking” and 
continuing consumption with “non-drinking” will both be attenuated

  Misclassification of lifetime 
abstention as alcohol cessation

Away from null Lifetime abstention is associated with a lower risk of alcohol-related cancer 
than alcohol cessation is

  Misclassification between 
alcohol cessation and continuing 
consumption

Towards null

  Inadequate period of observation 
after alcohol cessation

Towards null Benefit might take some time to manifest. Presentation of relative risks by 
duration of cessation would be useful

Alcohol consumption status 
not measured at an etiologically 
relevant time

Towards null Susceptibility to some cancer types (e.g. breast cancer) may vary through 
the life-course
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Type of bias Factor Expected direction of biasa 
for measures of associationb 
comparing cessation with 
continuing consumption

Comments

Information bias
(all studies)
(cont.)

Inclusion of histological or 
molecular subtypes of cancer 
that are not related to alcohol 
consumption

Towards null

Information bias 
(cohort studies)

Long period of follow-up time 
with baseline measurement only

Towards null Some participants will cease consumption during the follow-up time, but 
remain in the continuing consumption category

Information bias 
(case–control 
studies)

Measurement affected by case 
status (recall bias)

Uncertain Direction depends on the magnitude and direction of measurement error 
for cases and controls

Confounding Amount of alcohol consumed Away from null Assuming that individuals who report “light” consumption are more likely 
to cease consumption than those who continue to consume alcohol

Amount of alcohol consumed Towards null or a positive 
association

Assuming that individuals who report “heavy” consumption are more 
likely to cease consumption than those who continue to consume alcohol

Smoking cessation (including 
duration of smoking cessation)

Away from null Both alcohol cessation and quitting smoking may have common causes; 
quitting smoking reduces risk of cancer; this is an important issue for 
upper aerodigestive tract cancers

Adiposity Adiposity is positively associated with most alcohol-related cancers; unclear 
whether it is a mediator or a confounder of the association between alcohol 
cessation and risk of cancer

Adiposity (weight loss) Away from null (not likely to 
be strong)

Assuming that some individuals cease consumption to lose weight

Diet Depends on dietary risk 
factors for each cancer site 
(not likely to be strong)

Diet (adopting lower-risk diet) Away from null (not likely to 
be strong)

Improving diet and alcohol cessation may have common causes; improving 
diet may reduce risk of cancer

Reverse 
causation

Alcohol reduction or cessation 
due to pre-diagnosis symptoms

Towards null or a positive 
association (could make 
cessation appear harmful)

Some individuals may cease consumption because of undiagnosed cancer 
Presenting relative risks by duration of cessation is useful for assessing 
potential reverse causation; ignoring at least the first year of follow-up time 
in statistical analysis is a strategy that could be used in cohort studies

a For direction of bias, “towards null” means that the association is underestimated or conservative, “away from null” means that it is overestimated (i.e. stronger inverse association), 
and “positive association” means that the bias is likely to result in a higher risk for cessation of alcohol consumption compared with continuing consumption.
b Measures of association: odds ratio, hazard ratio, risk ratio.

Table 2.2   (continued)
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upper aerodigestive tract cancers, the implica-
tions of restricting analyses to never-smokers are 
discussed below under confounding and effect 
modification.

In cohort studies, selection bias might occur 
if recruitment is a common effect of alcohol 
consumption and symptoms of undiagnosed 
cancer. Most cohort studies restrict recruitment 
to healthy participants to avoid this type of 
selection bias. Selection bias can also arise when 
cohorts include substantial proportions of elderly 
participants, because they must have survived 
long enough to be included in the study. Loss 
to follow-up that differs by both exposure status 
and outcome (cancer) status would also intro-
duce selection bias. Studies that identified partic-
ipants who were diagnosed with cancer during 
the follow-up time from population-based cancer 
registries are less prone to selection bias than 
studies that ascertained self-reported diagnoses.

In case–control studies, the purpose of a 
control group is to provide a valid estimate of 
the prevalence of the exposure (e.g. alcohol 
cessation) in the source population from which 
the cases were ascertained. This is unlikely to 
be true for hospital-based case–control studies, 
in which controls are selected from among ill 
patients attending the same hospitals as the 
cases, because illness is a strong determinant 
of alcohol cessation. In many studies, individ-
uals who became ill were more likely to quit 
than those who remained healthy. Early studies 
(Shaper et al., 1988; Wannamethee and Shaper,  
1988) led to the “sick quitter” hypothesis as an 
explanation for why middle-aged individuals 
who do not consume alcohol had higher mortality 
rates than those who consumed less alcohol. In 
a large, prospective study, cessation was asso-
ciated with a wide range of conditions (Sarich 
et al., 2019). Inclusion of controls likely to have 
ceased (or reduced) consumption will strengthen 
associations. The odds ratios from studies that 
restricted control selection to patients who 
only recently became ill or who had conditions 

unlikely to lead to reduction or cessation, and 
had a reference period for alcohol consumption 
before the onset of illness, are less likely to be 
biased. Similarly, if control selection is restricted 
to individuals who only recently became ill, asso-
ciations for long-term cessation are less likely to 
be biased.

Low response rates in case–control studies 
that differ by both case status and exposure 
status, or a determinant of exposure, contribute 
to potential selection bias. Predicting the direc-
tion of bias requires knowledge about response 
rates by both case status and exposure status. For 
example, if controls (but not cases) who ceased 
consumption are more likely to participate than 
those who continue to consume alcohol, the bias 
would be away from the null.

Death due to other alcohol-related causes 
would prevent some people from being diagnosed 
with cancer and would bias associations between 
alcohol cessation and cancer risk towards the null 
or a positive association if cessation were also 
associated with the competing causes of death. 
Deaths due to other alcohol-related causes would 
need to be common for the bias to be important, 
which is unlikely to be the case for most cancers. 
However, for liver cancer, the bias could be impor-
tant. Cirrhosis of the liver is a precursor to liver 
cancer, and individuals with advanced cirrhosis 
who continue to consume alcohol are less likely 
to be diagnosed with cancer than those who 
cease consumption because they do not remain 
alive long enough to be diagnosed with cancer.

2.1.4 Information bias (issues related to 
measurement)

(a) Assessment of alcoholic beverage 
consumption

Because there is little evidence that the asso-
ciation between alcoholic beverage consumption 
and cancer risk differs by the type of alcoholic 
beverage consumed (IARC, 2012a), this section 
pertains to total alcohol consumption.
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For this Handbook, accurately distinguishing 
alcohol cessation (commonly referred to as 
former drinking in many studies) from lifetime 
abstention (commonly referred to as never 
drinking or non-drinking in many studies) is 
essential. The World Health Organization defi-
nition of “former drinking” is abstinence for at 
least the past 12 months (WHO, 2018). However, 
in epidemiological studies, the abstinence period 
is not always reported. A common approach for 
distinguishing cessation from lifetime absten-
tion is to ask a study participant whether they 
consumed at least 12 alcoholic beverages in their 
lifetime. If the answer is no, then no further 
questions about consumption are asked and 
the person’s consumption is categorized as 
abstention. Average consumption during a time 
period – typically the 12-month period before 
completing the questionnaire – is often measured 
using a food frequency questionnaire or a quan-
tity–frequency questionnaire.

Neither a food frequency questionnaire nor a 
quantity–frequency questionnaire that measures 
consumption of alcoholic beverages over a single 
12-month period provides information about 
reduction, duration of cessation, cessation, or 
amount of past alcoholic beverage consumption. 
Cessation can be assessed with a specific ques-
tion, or by asking questions about consumption 
at different stages of life. Information about 
duration of cessation can be measured by asking 
questions about age at cessation or consumption 
at different stages of life. The amount of alcohol 
consumed and the change in consumption (e.g. 
reduction) require measurement of consumption 
at different time points. A few studies measured 
lifetime alcoholic beverage consumption retro-
spectively using questions about consumption 
at various stages of life, and some cohort studies 
used multiple waves of data collection.

The quantitative measurement of current 
and past alcoholic beverage consumption has 
important implications for interpreting associa-
tions between alcohol reduction or cessation and 

cancer risk. Although there is evidence that some 
individuals who ceased consumption report life-
time abstention (Fillmore et al., 2003), assuming 
that these individuals had similar amounts of 
past consumption to individuals who continued 
consuming alcohol, associations for cessation 
(compared with continuing consumption) and 
cancer risk would be unbiased. However, individ-
uals who abstained throughout life are at lower 
risk of cancer, and including them in the cessa-
tion category would bias relative risks comparing 
cessation with continuing consumption away 
from the null. The measurement of past amount 
of alcohol consumed (e.g. drinks per day) facili-
tates control for confounding, which is discussed 
below in the section about confounding and 
effect modification.

Cancer is usually considered to have a long 
induction period, which means that if there is 
a benefit of alcohol cessation, it may take some 
time to manifest. Therefore, ideally, relative risks 
should be presented for categories of duration of 
cessation. Further, for some cancer sites, there 
might be specific stages of life during which an 
individual’s susceptibility is increased. For these 
cancers, reduction or cessation must occur and 
be measured at the appropriate time. In cohort 
studies with long follow-up time and a single 
baseline measurement of alcohol consumption, 
an association between cessation and cancer risk 
may be underestimated if some participants who 
reported continuing consumption at baseline 
ceased consumption during the follow-up time.

In case–control studies, recall bias due to 
disease status that affects how alcohol consump-
tion is measured can be problematic. However, 
the bias could be mitigated by blinding partici-
pants to the research questions, using standard-
ized questionnaires, training interviewers, and/
or blinding interviewers to case status (White 
et al., 2008). Participants with cancer may quit 
drinking after onset of symptoms and mistak-
enly state that they quit before then. The magni-
tude and direction of bias in estimates of odds 
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ratios for associations between alcohol cessation 
and cancer risk would depend on the degree of 
measurement error for cases and controls, which 
could be study- and population-specific.

(b) Outcome

For some cancer sites, the association between 
alcoholic beverage consumption and risk may 
vary by histological or molecular subtype. 
Therefore, any potential benefit of cessation is 
likely to be restricted to the subtypes that are 
alcohol-related. This may be an important issue 
for cancers of the oesophagus, liver, and breast.

Assessing associations of reduction or cessa-
tion of alcoholic beverage consumption with 
cancer incidence is preferable to assessing asso-
ciations with cancer mortality. When mortality 
is the outcome, the relative risk is influenced by 
the risk of being diagnosed with and dying from 
cancer. If cessation affects the prognosis for a 
diagnosed cancer, the relative risk will not be the 
same as the relative risk of occurrence. This is 
less of an issue for oesophageal and liver cancers, 
which have low survival rates.

2.1.5 Issues related to statistical analysis

(a) Comparator (reference category)

In studies of alcohol cessation or duration 
of cessation in which the reference category was 
abstention (e.g. never drinking), the Working 
Group recalculated relative risks and their 
respective confidence intervals to permit a direct 
comparison of cancer risk between cessation and 
continuing consumption. The resulting relative 
risks were obtained by dividing the relative risks 
for cessation by the relative risk for continuing 
consumption. Throughout Section  2.2, these 
relative risks are referred to as “calculated” 
hazard ratios, rate ratios, risk ratios, or odds 
ratios for cessation or categories of duration of 
cessation compared with continuing consump-
tion. Wherever possible, confidence intervals 
for the revised estimates accounted for the lack 

of independence due to the use of a common 
reference group. The method of Greenland and 
Longnecker (1992) was used to estimate covar-
iances between relative risks. This method re- 
quires the number of cases and controls (person-
years for a cohort study). Calculations were 
conducted with a user-written routine, drmeta 
(Orsini, 2021), in Stata version 17 (StataCorp, 
College Station, Texas, USA). When data needed 
for the calculations were not available, confi-
dence intervals were calculated assuming inde-
pendence using the same Stata routine. Ignoring 
the positive correlation between relative risk 
estimates leads to wider confidence intervals 
because the estimates are positively correlated 
(Greenland and Longnecker, 1992). For the few 
studies that presented floating confidence inter-
vals (e.g. Im et al., 2021a, b), relative risk estimates 
were assumed to be uncorrelated, and therefore, 
no allowance for covariances was necessary 
(Easton et al., 1991). For each study that provided 
relative risks for several categories of amount of 
continuing consumption, the Working Group 
first calculated a single relative risk for single 
category of continuing consumption compared 
with abstention, and then calculated the relative 
risk comparing alcohol cessation with contin-
uing consumption. The categories of amount 
of continuing consumption were combined 
using drmeta to perform a meta-analysis that 
allowed for the covariances between estimates. 
Because drmeta performs dose–response meta-
analysis, all continuing consumption categories 
within a study were assigned the same value for 
alcohol consumption in the meta-analysis. For 
these calculations, continuing consumption 
of <  12  drinks per year was not included. For 
studies of alcohol reduction, no recalculations 
were necessary.

For one study of alcohol cessation and quit-
ting smoking and risk of cancers of the head 
and neck (oral cavity, pharynx, and larynx) 
(Marron et al., 2010), two sets of calculations 
were conducted using data from Table 4 of the 
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study publication. Table  4 shows the interac-
tions between categories of alcohol consump-
tion status or duration of alcohol cessation and 
categories of tobacco smoking status or dura-
tion of quitting smoking on risk of head and 
neck cancers combined and separately using a 
common reference group of “current drinking 
and current smoking”. To better understand the 
associations for duration of alcohol cessation, the 
relative risks were recalculated so that “current 
drinking” was the reference category in each 
smoking exposure stratum using the method 
of Greenland and Longnecker (1992) to account 
for the covariances. Next, to better understand 
the potential confounding effects of duration of 
smoking cessation on the association between 
duration of alcohol cessation and cancer risk, 
a random-effects meta-analysis was performed 
to calculate relative risks for duration of alcohol 
cessation adjusted for smoking status and dura-
tion of smoking cessation. No allowance for 
correlations between estimates was required.

(b) Confounding and effect modification

In observational studies, the exposures are not 
assigned randomly, and confounding is present 
when the groups being compared (e.g. cessa-
tion vs continuing consumption) have different 
distributions of other variables that affect the 
risk of the cancer being studied (VanderWeele, 
2019).

The amount of alcohol consumed is a risk 
factor for alcohol-related cancers (IARC, 2012a), 
and individuals who ceased consumption may 
not have consumed the same amount of alcohol 
as individuals who continued to consume alcohol 
if the likelihood of quitting varied according to 
the amount consumed. In some cultures, people 
who consumed low amounts of alcohol may 
be the most likely to quit (Wannamethee and 
Shaper, 1988; Fillmore et al., 2003). In observa-
tional studies of cessation or duration of cessa-
tion, if this were the case, failure to measure 
and adjust for the amount of alcohol consumed  

would mean that associations comparing cessa-
tion with continuing consumption would be 
biased away from the null. If individuals who 
consumed higher amounts of alcohol were more 
likely to cease consumption than individuals 
who consumed lower amounts, the bias would be 
in the opposite direction. In studies of reduction, 
the amount of alcohol consumed is implicitly 
controlled for.

Another important potential confounding 
factor is tobacco smoking, which is an established 
risk factor for cancers of the oral cavity, pharynx, 
larynx, oesophagus, liver, and colorectum, and a 
positive association has been observed between 
tobacco smoking and risk of breast cancer (IARC, 
2012a). Further, smoking cessation reverses 
smoking-related risk of upper aerodigestive tract 
cancers (IARC, 2007). When assessing reduction 
or cessation of alcoholic beverage consumption 
and cancer risk, adjustment for smoking status 
as never, former, and current is unlikely to fully 
prevent confounding by smoking. For upper 
aerodigestive tract cancers, adjusting for pack-
years of smoking and duration of smoking cessa-
tion better reduces the confounding effects of 
smoking. Failure to adjust for these smoking data 
would be expected to strengthen any potential 
benefit of alcohol cessation, even long-term cessa-
tion. Assessing the association between alcohol 
cessation and cancer risk among individuals 
who never smoked may be the most appropriate 
means of controlling for smoking, although the 
relative risks might be imprecise because there 
are few cases. However, for cancers of the upper 
aerodigestive tract, alcohol consumption and 
tobacco smoking are synergistic (IARC, 2012a), 
and therefore relative risks for alcohol cessation 
from analyses restricted to never-smokers do not 
apply to everyone in the population (Lu et al., 
2022).

Adiposity is a risk factor for cancers of the 
liver, colon, rectum, and female breast (in post-
menopausal women). Whether it should be 
considered a confounder or a mediator of the 
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associations of alcohol reduction or cessation 
with risk of these cancers is uncertain. It would 
be a confounder if adiposity influenced reduc-
tion or cessation. It would be a mediator if reduc-
tion or cessation influenced adiposity. A further 
issue is that smoking cessation is associated with 
weight gain (Tian et al., 2015), which increases 
cancer risk, and could confound an association 
with alcohol reduction or cessation. Methods, 
known as g methods (generalized methods), 
have been developed when there was time-vary- 
ing confounding, i.e. when a confounder at one 
time was subsequently affected by the exposure 
(Robins, 1986). No analyses of change in alcohol 
consumption and cancer risk using g methods 
were identified. Dietary factors are associated 
with risk of all alcohol-related cancers, although 
the specific dietary factors vary by cancer site 
(WCRF/AICR, 2018). These associations are 
generally weak to moderate and any bias due 
to confounding by dietary factors is likely to be 
minimal. Similar considerations apply to phys-
ical activity, which reduces risk of head and 
neck, colorectal, and breast cancers (Moore et al., 
2016). Potentially important confounding factors 
for liver cancer that should be controlled for are 
chronic hepatitis B virus (HBV) and hepatitis C 
virus (HCV) infections. Screening for colorectal 
and breast cancer is common in many popula-
tions. If screening and alcohol cessation have 
shared antecedents (e.g. health consciousness), 
then failing to adjust for these antecedents, or for 
screening that occurred before cessation, could 
introduce confounding. Potential confounders 
are described at the beginning of the subsection 
for each of the alcohol-related cancer sites.

For an exposure to cause an outcome, it 
must precede the outcome. Reverse causation 
(also referred to as reverse causality) is a form 
of confounding in which the outcome precedes 
the exposure. In studies of cessation of alcoholic 
beverage consumption and cancer risk, reverse 
causation may occur if symptoms of undiag-
nosed cancer led to cessation, which could result 

in the appearance of a higher risk of cancer 
associated with cessation. A common strategy 
for mitigating the effects of reverse causation is 
to assess associations of cancer risk with cate-
gories of duration of alcohol cessation. In the 
presence of reverse causation, a short duration of 
cessation (e.g. < 5 years) may be associated with 
a higher risk of cancer compared with contin-
uing consumption, but if there was a benefit to 
cessation, the higher risk should decrease with 
longer duration of cessation. In studies in which 
the relative risk of alcohol cessation compared 
with continuing consumption was > 1, and rela-
tive risks for categories of duration of cessation 
were not reported, or in cohort studies with 
short follow-up time, reverse causation is a likely 
explanation. Therefore, the studies that assessed 
associations for duration of cessation were influ-
ential in the evaluation, and more weight was 
given to associations for long-term cessation.

In case–control studies, bias due to reverse 
causation can be reduced by asking questions 
about alcoholic beverage consumption some 
time before diagnosis (e.g. 2 years). If the ques-
tions refer to consumption at the time of or after 
diagnosis, any benefit of quitting is likely to be 
underestimated, because people often quit after 
a diagnosis of cancer.

In cohort studies, excluding people with prev-
alent disease at baseline and beginning follow-up 
time ≥ 1 year after measuring consumption are 
strategies for reducing bias due to reverse causa-
tion. However, the former (i.e. excluding people 
with subclinical prevalent disease) generally is 
not possible, and the latter (beginning follow-up 
time ≥  1  year after measuring consumption) 
is not consistent with a target trial approach 
(Hernán et al., 2016). Assessing the proportional 
hazards assumption (i.e. that the hazard ratio is 
constant over the follow-up time) in studies that 
assessed associations using Cox proportional 
hazards regression analysis is also useful for 
determining whether the relative risk varies by 
follow-up time.
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2.2 Associations of reduction, 
duration of cessation, or 
cessation of alcoholic beverage 
consumption with cancer risk

2.2.1 Oral cancer

In this Handbook, oral cancer is defined 
primarily as cancer of the oral cavity, although 
some studies include cancer of the lip. Studies of 
oropharyngeal cancer are reviewed in the section 
on pharyngeal cancer (see Section 2.2.2), and the 
studies of oral cavity and oropharyngeal cancer 
combined are reviewed in the section on upper 
aerodigestive tract cancers (see Section  2.2.5). 
The International Classification of Diseases for 
Oncology, second edition (ICD-O-2) codes for 
oral cancer are ICD codes C00–C06, although 
C01 includes the oropharynx (Percy et al., 1990). 
Globally in 2020, the age-standardized (world 
population) incidence and mortality rates for 
oral cancer (including lip cancer) were 4.1 per 
100 000 and 1.9 per 100 000, respectively (Ferlay 
et al., 2020).

The major risk factors for oral cancer are 
tobacco smoking, smokeless tobacco use, areca 
nut use, and alcohol consumption; there is a 
synergistic multiplicative effect of tobacco use 
and alcohol consumption combined on risk of 
oral cancer (IARC, 2012a, 2023).

(a) Cohort studies

The association between cessation of alco-
holic beverage consumption compared with 
continuing consumption and risk of oral cancer 
was assessed in two cohort studies, one in India 
(Cancela et al., 2009) and one in China (Im et al., 
2021a) (Table 2.3; Supplementary Table S2.4, web 
only; available from https://publications.iarc.
who.int/638). There are no informative cohort 
studies with data to assess reduction or duration 
of cessation and risk of oral cancer.

The Trivandrum Oral Cancer Screening Trial 
in India included adults aged ≥  35  years with 

no personal history of cancer (Cancela et al., 
2009). Among eligible men, 32 771 participated 
in the first round of screening (1996–1998), and 
32  347 men aged 35–100  years with alcohol 
consumption and follow-up data were included 
in the alcohol analysis. Incident cases of oral 
cavity cancer (n  =  134) diagnosed between 
January 1996 and 30 June 2006 (mean follow-up 
time, 8.7  years) were ascertained through 
linkage with the Trivandrum population-based 
cancer registry or household interviews; oral 
cavity cancer deaths (n  =  91) during the same 
time period were ascertained from municipal 
administration records or household inter-
views and cause of death was determined by a 
physician. Compared with never drinking, both 
current drinking and past drinking were associ-
ated with higher oral cancer incidence (hazard 
ratio [HR], 1.49; 95% confidence interval [CI], 
1.01–2.21 for current drinking and HR, 1.90; 95% 
CI, 1.13–3.18 for past drinking) and higher oral 
cancer mortality (HR, 1.76; 95% CI, 1.08–2.86 for 
current drinking and HR, 2.04; 95% CI, 1.08–3.86 
for past drinking). [Compared with continuing 
consumption, the calculated hazard ratio for 
cessation was 1.28 (95% CI, 0.73–2.23) for oral 
cancer incidence and 1.16 (95% CI, 0.59–2.29) for 
oral cancer mortality. The strength of this study 
is that the categories of drinking status were well 
defined. The limitations of this study are that the 
rationale for excluding women from this anal-
ysis is unclear, that the follow-up time after the 
second screening was limited (mean, 8.7 years), 
that the associations were adjusted for smoking 
status (ever, never) but not for detailed smoking 
history or the amount of alcohol consumed, and 
that there was no sensitivity analysis excluding at 
least the first year of follow-up time and no test of 
the proportional hazards assumption.]

Im et al. (2021a) assessed the association 
between alcohol consumption (and cessation) and 
cancer risk (including site-specific cancer risk) 
using data from the China Kadoorie Biobank. 
From 2004 to 2008, 512 715 men and women aged 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.3 Cohort studies of cessation of alcoholic beverage consumption and risk of oral cancer

Reference 
Study 
location  
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Cancela 
et al. (2009) 
India 
Trivandrum 
Oral Cancer 
Screening 
Study 
1996–2006

Analysis included 
n = 32 347 men aged 
35–100 yr; follow-up 
time from January 
1996 through June 
2006 (average, 
8.7 yr); cancer cases 
ascertained by cancer 
registry linkage or 
household visits; cancer 
deaths ascertained 
from municipal 
administration 
records and household 
interviews, and cause of 
death determined by a 
physician

Interviewer-
administered 
questionnaire 
Drinking status: never 
was lifetime alcohol 
abstention; current was 
current drinking or 
cessation < 6 months 
before interview date; 
past was cessation 
≥ 6 months before 
interview date

Oral (ICD-10 
codes C02, 
other and 
unspecified 
parts of 
tongue; 
C03, gum; 
C04, floor 
of mouth; 
C05, palate; 
and C06, 
other and 
unspecified 
parts of the 
mouth)

Drinking status Cases Age, BMI, 
education, 
religion, 
occupation, 
standard of 
living index, 
betel quid 
chewing and 
smoking status 
(never, ever), 
vegetable and 
fruit intake

Limited follow-
up time 
No adjustment 
for amount 
of alcohol 
consumed 
or detailed 
smoking 
history

Never 61 1.0 (ref)
Current 52 1.49 (1.01–2.21)
Past 21 1.90 (1.13–3.18)

Ptrend = 0.006
Deaths

Never 43 1.0 (ref)
Current 34 1.76 (1.08–2.86)
Past 14 2.04 (1.08–3.86)

Ptrend = 0.008

Im et al. 
(2021a) 
China 
China 
Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 209 237 men aged 
30–79 yr; follow-
up time from 2004 
through 2016 (median, 
10 yr); cancer cases 
ascertained by linkage 
with cancer registries 
and the national health 
insurance databases

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the past 
year or in most weeks 
prior; ex-regular was 
drinking < weekly 
in the past year but 
drinking ≥ weekly 
prior; occasional was 
drinking < weekly 
in the past year and 
prior; current regular 
was drinking in most 
weeks in the past year

Lip and oral 
cavity (ICD-
10 codes not 
specified for 
lip and oral 
cavity)

Drinking status Age, study 
area, education, 
income, 
smoking (never, 
occasional, 
and for ever 
smoked, 3 
categories of 
cigarettes per 
day in men and 
2 in women), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer

Floating 
standard errors 
were used 
to estimate 
the CIs; 
abstention was 
the reference 
category 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation

Abstain 23 1.00 (0.65–1.53)
Ex-regular 12 1.06 (0.60–1.87)
Occasional 39 1.33 (0.96–1.86)
Current regular 66 1.89 (1.46–2.45)

BMI, body mass index; CI, confidence interval; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th revision; ref, reference; yr, year or years.
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30–79 years from 10 areas of China were enrolled. 
Unless otherwise noted in the description of this 
study for other cancer sites, the alcohol analyses 
included 209 237 men and 300 900 women 
with no personal history of cancer at baseline. 
Incident cancer cases diagnosed between enrol-
ment and 1 January 2017 (median, 10 years) were 
identified through linkage with cancer registries 
and the National Health Insurance databases. 
Associations with risks of lip and oral cavity 
cancer, pharyngeal cancer (see Section  2.2.2), 
and laryngeal cancer (see Section  2.2.3) were 
assessed only for men, because too few women 
reported alcohol consumption to assess risk of 
these cancers for women separately. Associations 
with all head and neck cancers combined (see 
Section 2.2.5) are shown only for men, because 
among women there were fewer than 5 cases of 
head and neck cancer in the ex-drinking cate-
gory. Among the men included in the analysis, 
140 incident cases of lip and oral cavity cancer 
were identified. Compared with abstaining, 
ex-regular drinking was not associated with risk 
of lip and oral cavity cancer (HR, 1.06; 95% CI, 
0.60–1.87), and current-regular drinking was 
associated with a higher risk (HR, 1.89; 95% 
CI, 1.46–2.45). [The calculated hazard ratio for 
cessation compared with continuing consump-
tion was 0.56 (95% CI, 0.30–1.05).] A sensitivity 
analysis showed that, among men, the asso-
ciation between ex-drinking (compared with 
abstaining) and risk of all alcohol-related cancers 
combined was similar without (HR, 1.30; 95% CI, 
1.20–1.40) and with (HR, 1.27; 95% CI, 1.16–1.40) 
exclusion of the first 3 years of follow-up time. 
[The strengths of this study are that the cohort 
was large, that the categories of drinking status 
were well defined, and that the hazard ratios for 
the first 5 years of follow-up time were similar to 
that for subsequent years, indicating no evidence 
of violation of the proportional hazards assump-
tion. The limitations of this study are that the 
ex-regular-drinking category included less than 
weekly consumption during the previous year, 

that the associations were not adjusted for the 
amount of alcohol consumed or the duration of 
smoking cessation, that the sensitivity analysis 
excluding the first 3 years of follow-up time was 
not conducted for individual cancer sites (except 
for liver cancer, which was reported separately; 
see Section 2.2.7), and that it is unclear whether 
the examination of the proportional hazards 
assumption assessed potential differences for 
ex-regular drinking.]

(b) Case–control studies

The associations of duration of cessation and 
cessation of alcoholic beverage consumption 
compared with continuing consumption with 
risk of oral cancer were assessed in a large inter-
national pooled analysis of case–control studies 
(Marron et al., 2010). The association between 
cessation and risk also was assessed in five indi-
vidual case–control studies in Brazil (Andrade 
et al., 2015), China (Zheng et al., 1997), Taiwan 
(China) (Ko et al., 1995; Huang et al., 2017), and 
Uruguay (De Stefani et al., 2007), not included 
in the pooled analysis (Table  2.5; Supplemen-
tary Table S2.4 and Table S2.6, web only; avail-
able from https://publications.iarc.who.int/638). 
Duration of cessation was also assessed in the 
study of Andrade et al. (2015); however, the data 
were not available to compare categories of dura-
tion of cessation with continuing consumption.

The associations of duration of cessation and 
cessation of alcoholic beverage consumption 
with risks of oral cavity cancer, oropharyngeal or 
hypopharyngeal cancer (see Section 2.2.2), laryn-
geal cancer (see Section  2.2.3), and combined 
head and neck cancers (see Section 2.2.5) were 
assessed in pooled analyses of individual-level 
data from European, Latin American, United 
States, and international-based case–control 
studies within the International Head and Neck 
Cancer Epidemiology (INHANCE) consortium 
(Marron et al., 2010). Included in the anal-
ysis for oral cavity cancer were data from 2615 
cases and 12  359 controls who participated in 

https://publications.iarc.who.int/638


107

Reduction or cessation of alcoholic beverage consum
ption

Table 2.5 Pooled analysis and individual case–control studies of duration of cessation and cessation of alcoholic beverage 
consumption and risk of oral cancer

Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Marron 
et al. (2010) 
INHANCE 
consortium 
~1980s–
early 2000s

Men and women 
with incident 
oral cavity cancer 
(n = 2615) who 
participated in 
population-based 
case–control 
studies in Seattle,
Washington 
(USA), Los 
Angeles, California 
(USA), Boston, 
Massachusetts 
(USA), or Puerto 
Rico (USA), or 
hospital-based 
case–control 
studies in Italy, 
Switzerland, Iowa 
(USA), North 
Carolina (USA), 
Tampa, Florida 
(USA), Houston, 
Texas (USA), 
Latin America, or 
an international 
multicentre study

Hospital-based and 
population-based 
controls (n = 12 359 
men and women)
In one population-
based study, 
controls were 
individually 
matched to 
cases on decade 
of age, sex, and 
neighbourhood; in 
the hospital-based 
studies, controls 
were frequency-
matched to cases 
on age, sex, and 
other factors (e.g. 
study centre, 
hospital, and race 
or ethnicity)

Interviewer-
administered 
questionnaires 
in all studies 
except self-
administered in 
the Iowa study
Drinking status: 
current was 
consumption 
within the past 
year; former was 
cessation ≥ 1 yr; 
never was 
responding no 
to ever drinking 
Duration of 
cessation: 
difference 
between age at 
reference date 
(interview or 
diagnosis) and 
age at cessation

Drinking status Age, sex, race 
or ethnicity, 
study centre, 
education, 
pack-years 
of tobacco 
smoking, 
and number 
of alcoholic 
drinks per 
day
 
 
 
 

Pooled analysis 
of individual 
participant data 
Most data came 
from hospital-based 
case–control studies 
(n = 8), compared 
with population-
based case–control 
studies (n = 4)
No details reported 
about selection 
of hospital-based 
controls 
Participation rates 
not reported
 
 
 
 

Current 1131 1.0 (ref)
Former 610 0.60 (0.43–0.84)
Never 737 0.64 (0.36–1.15)
Missing 137
Duration of cessation
Current 1131 1.0 (ref)
> 1–4 yr 132 0.81 (0.61–1.07)
5–9 yr 149 0.77 (0.52–1.15)
10–19 yr 174 0.66 (0.47–0.92)
≥ 20 yr 155 0.45 (0.26–0.78)
Never 737 0.65 (0.36–1.16)

Ptrend = 0.05
Duration of cessation stratified by drinks per 
day
< 1 drink/day
Current 256 1.0 (ref)
> 1–4 yr 30 1.51 (0.80–2.87)
5–9 yr 22 1.06 (0.39–2.88)
10–19 yr 40 0.80 (0.37–1.75)
≥ 20 yr 57 0.98 (0.54–1.77)
Never 727 0.86 (0.39–1.89)
1–2 drinks/day
Current 234 1.0 (ref)
> 1–4 yr 24 0.67 (0.33–1.35)
5–9 yr 36 1.22 (0.43–3.43)
10–19 yr 30 0.34 (0.15–0.80)
≥ 20 yr 29 0.59 (0.22–1.57)
Never 717 0.58 (0.26–1.28)



108

IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 20A

Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Marron 
et al. (2010) 
(cont.)

≥ 3 drinks/day
Current 589 1.0 (ref)
> 1–4 yr 77 0.79 (0.54–1.14)
5–9 yr 90 0.85 (0.51–1.41)
10–19 yr 102 0.82 (0.50–1.34)
≥ 20 yr 69 0.43 (0.28–0.67)
Never 727 0.19 (0.09–0.39)

Ko et al. 
(1995) 
Taiwan 
(China) 
1992–1993

Men and women 
(n = 107), aged 
18–86 yr with 
histologically 
confirmed oral 
cancer (ICD-9 
codes 140–141, 
143–145); 
diagnosed in 
the dentistry 
department of 
Kaohsiung Medical 
College Hospital

Hospital-based 
controls (n = 200), 
matched 2:1 for 93 
cases and 1:1 for 
14 cases on sex, 
age, and treatment 
period; without 
peptic ulcer, and 
treated in the same 
hospital as the 
cases

Interviewer-
administered 
questionnaire 
Drinking status: 
no drinking 
and ex-drinking 
were not 
defined; yes was 
regular alcohol 
drinking 
> 4 days/week

Drinking status Education, 
occupation, 
cigarette 
smoking 
status (no, ex, 
yes), and betel 
quid chewing 
status

Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed or detailed 
smoking history 
Participation rates 
not reported 
Reference date for 
drinking status not 
reported

No 25 1.0 (ref)
Ex 14 1.0 (0.3–3.3)
Yes [drinking] 68 2.2 (1.0–4.9)

Zheng et al. 
(1997) 
China 
1988–1989

Men and women 
(n = 111) aged 
20–80 yr with 
newly diagnosed, 
histologically 
confirmed tongue 
cancer; diagnosed 
at 1 of 7 hospitals 
in the Beijing area; 
100% participation 
rate

Hospital-based 
controls (n = 111) 
individually 
matched to cases 
on sex and age 
(± 5 yr); patients 
from same 
hospital as cases 
or from the cases’ 
referral hospital 
with conditions 
unrelated to 
smoking or alcohol 
consumption; 
100% participation 
rate

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status Tobacco 
smoking, 
years of 
education, 
and matching 
factors

Selection of hospital-
based controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed 
Unclear what 
categories of smoking 
were controlled for

Never 64 1.0 (ref)
Current 40 1.20 (0.58–2.50)
Ex 7 0.94 (0.28–3.22)

Table 2.5   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

De Stefani 
et al. (2007) 
Uruguay 
1998–2000

Men (n = 335) 
aged 30–78 yr with 
newly diagnosed, 
microscopically 
confirmed oral 
SCC; identified 
from the 4 major 
public hospitals 
in Montevideo, 
Uruguay; 97.4% 
participation rate

Hospital-based 
controls (n = 1501 
men) matched 
to cases on 
time period 
and hospital; 
patients with 
non-neoplastic 
conditions 
unrelated to 
smoking or alcohol 
consumption, 
and without 
recent changes in 
their diet; 97.1% 
participation rate

Interviewer-
administered 
questionnaire 
Drinking 
status: never 
was drinking 
occasionally 
(social) and 
< once per 
month; current 
was drinking 
at time of 
interview or quit 
< 1 yr before 
interview date; 
former was all 
others

Drinking status Age, 
residence, 
urban or 
rural status, 
hospital, 
diagnosis 
year, 
education, 
first-degree 
family history 
of cancer, 
occupation, 
total 
vegetable, 
fruit, and 
maté intake, 
smoking 
status, years 
since quitting 
smoking, 
and current 
number of 
cigarettes per 
day

Excluded cancers of 
the lip 
Selection of hospital-
based controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed

Never 34 1.0 (ref)
Former 91 3.0 (1.9–4.7)
Current 210 3.4 (2.3–5.2)

Table 2.5   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Andrade 
et al. (2015) 
Brazil 
2002–2012

Men and women 
(n = 127) aged 
23–96 yr with 
histopathologically 
confirmed SCC 
of the tongue, 
floor of mouth, 
lower lip, alveolar 
ridge, retromolar 
region, buccal 
mucosa, and hard 
palate; treated at 
the Universidade 
Estadual de Feira 
de Santana; 100% 
participation rate

Hospital-based 
controls (n = 254 
men and women) 
from the same 
reference centre; 
excluded patients 
with confirmed 
or potentially 
malignant oral 
lesions or history of 
cancer

Medical record 
abstraction 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status Limited information 
about selection 
of hospital-based 
controls 
No adjustment 
for any potential 
confounding factors, 
including smoking 
or amount of alcohol 
consumed 
Participation rate for 
controls not reported

Non [drinking] 27 1.0 (ref)
Former 56 2.73 (1.73–4.31)
Current 44 1.07 (0.69–1.68)
Duration of cessation
≥ 10 yr 20 1.0 (ref)
< 10 yr 36 4.61 (2.08–10.22)

Huang et al. 
(2017) 
Taiwan 
(China) 
2010–2016

Men and women 
(n = 509) aged 
≥ 20 yr with 
newly diagnosed, 
pathologically 
confirmed SCC 
of the oral cavity; 
treated at the 
National Cheng 
Kung University 
Hospital

Hospital-based 
controls (n = 940 
men and women) 
frequency-matched 
to cases on sex 
and age (± 5 yr); 
patients from 
otolaryngology 
and stomatology 
departments 
diagnosed with 
non-cancer 
head and neck 
diseases unrelated 
to alcohol 
consumption, betel 
quid chewing, or 
cigarette smoking

Interviewer-
administered 
questionnaire 
Drinking status: 
never was 
self-reported as 
such; occasional 
was not defined; 
regular was 
drinking ≥ once 
per week and 
was categorized 
as former 
regular (quit for 
> 6 months) and 
current regular

Drinking status Age, sex, 
education, 
cigarette 
smoking 
(pack-year 
categories), 
and betel 
quid chewing 
(pack-year 
categories)

Selection of hospital-
based controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed or 
duration of smoking 
cessation 
Participation rates 
not reported

Never/
occasional

195 1.0 (ref)

Former regular 61 0.77 (0.51–1.17)
Current regular 253 1.29 (0.97–1.73)

CI, confidence interval; ICD-9, International Statistical Classification of Diseases and Related Health Problems, 9th revision; INHANCE, International Head and Neck Cancer 
Epidemiology; ref, reference; SCC, squamous cell carcinoma; yr, year or years.

Table 2.5   (continued)
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four population-based and eight hospital-based 
case–control studies. Compared with current 
drinking, there was a lower risk of oral cancer 
associated with former drinking (odds ratio 
[OR], 0.60; 95% CI, 0.43–0.84). Longer duration 
of cessation was inversely associated with risk; 
the odds ratios were 0.81 (95% CI, 0.61–1.07) for 
> 1–4 years of cessation, 0.77 (95% CI, 0.52–1.15) 
for 5–9 years of cessation, 0.66 (95% CI, 0.47–0.92) 
for 10–19 years of cessation, and 0.45 (95% CI, 
0.26–0.78) for ≥  20  years of cessation (long-
term cessation). The odds ratio for long-term 
alcohol cessation was substantially lower in the 
1–2 drinks per day stratum (OR, 0.59; 95% CI, 
0.22–1.57) and in the ≥ 3 drinks per day stratum 
(OR, 0.43; 95% CI, 0.28–0.67) than in the < 1 drink 
per day stratum (OR, 0.98; 95% CI, 0.54–1.77). 
In the subset of study participants with detailed 
alcohol consumption and smoking history data 
(2066 cases and 9471 controls), compared with 
the single reference category of current drinking 
and current smoking, long-term alcohol cessa-
tion was associated with a lower risk in each 
smoking stratum (OR, 0.40; 95% CI, 0.18–0.88 
in the current-smoking stratum; range of ORs, 
0.15–0.44 in the strata of duration of smoking 
cessation; and OR, 0.34; 95% CI, 0.12–0.93 in the 
never-smoking stratum). [In the Working Group 
re-analysis with continuing consumption as the 
reference category within each smoking stratum, 
the calculated odds ratios for long-term cessation 
were weaker but remained < 1 (range, 0.64–0.83) 
across all strata of duration of smoking cessa-
tion; in the never-smoking stratum, the calcu-
lated odds ratio for long-term alcohol cessation 
was 2.00 (95% CI, 0.70–5.75). After meta-analytic 
adjustment for smoking status and duration of 
smoking cessation, the calculated odds ratio for 
long-term cessation was 0.75 (95% CI, 0.43–1.33). 
The strengths of this study are that it is a large, 
robust pooled analysis of harmonized data on 
duration of alcohol cessation compared with 
continuing consumption, that the categories 
of drinking status were well defined, that the 

primary analysis included adjustment for pack-
years of smoking and number of drinks per 
day (current and past), and that analyses were 
presented stratified by the number of drinks 
per day and by smoking status or duration of 
smoking cessation. The limitations of this study 
are that there is significant heterogeneity among 
studies (although sensitivity analyses showed that 
the associations from the two-stage random-ef-
fects model and the fixed-effects model were 
similar and the summary estimates were not 
dependent on one study), that most studies were 
hospital-based and there was no information on 
selection of hospital-based controls, and that in 
most duration of smoking cessation and never-
smoking strata, there were few cases of oral 
cavity cancer in the long-term alcohol cessation 
category (range, n = 5–10).]

A hospital-based case–control study in 
Taiwan (China) (Ko et al., 1995) included 107 
men and women aged 18–86  years with histo-
logically confirmed oral cancer who were diag-
nosed in 1992 and 1993. The controls were 200 
men and women matched on sex, age, and time 
of treatment (2 controls per case for 93 cases, 
and 1 control per case for 14 cases). Compared 
with “no drinking”, there was no association for 
“ex-drinking” (OR, 1.0; 95% CI, 0.3–3.3) and a 
higher risk for “yes drinking” (OR, 2.2; 95% CI, 
1.0–4.9). [Compared with continuing consump-
tion, the calculated odds ratio for cessation was 
0.46 (95% CI, 0.15–1.39). The strength of this 
study is that the analysis included adjustment 
for categories of betel quid chewing status. 
The limitations of this study are that the time 
between diagnosis and the interview date was 
not reported, that the categories of no drinking 
and ex-drinking were not defined, that there was 
limited information about selection of hospi-
tal-based controls, and that the associations 
were adjusted for cigarette smoking status (no, 
ex, yes) but not for detailed smoking history or 
the amount of alcohol consumed.]
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A hospital-based case–control study in China 
(Zheng et al., 1997) included 111 men and women 
aged 20–80 years newly diagnosed with histolog-
ically confirmed tongue cancer in 1988–1989 at 
one of seven hospitals in the Beijing area. The 
controls were 111 men and women individu-
ally matched to cases on sex and age (± 5 years). 
Compared with never drinking, the odds ratio 
for current drinking was 1.20 (95% CI, 0.58–2.50) 
and for ex-drinking was 0.94 (95% CI, 0.28–3.22). 
[Compared with continuing consumption, the 
calculated odds ratio for cessation was 0.78 
(95% CI, 0.21–2.90). The strength of this study 
is that the controls were selected from among 
patients with conditions thought to be unrelated 
to alcohol consumption. The limitations of this 
study are that the cases were interviewed before 
surgery but it is unclear when the controls were 
interviewed, that the categories of drinking 
status were not defined, that it is unclear what 
smoking categories were controlled for, that the 
associations were not adjusted for the amount of 
alcohol consumed, and that there were few cases 
of tongue cancer in the ex-drinking category 
(n = 7).]

The associations of alcohol cessation with 
risk of oral and pharyngeal (see Section  2.2.2) 
squamous cell carcinoma (SCC) among men 
were assessed by De Stefani et al. (2007) using 
data from a hospital-based case–control study in 
Uruguay. The analysis for oral cancer included 
335 men aged 30–78  years newly diagnosed in 
1988–2000 with microscopically confirmed SCC 
of the mouth. The controls were patients who did 
not have cancer (n = 1501 men), from the same 
time period and hospital as cases with condi-
tions unrelated to smoking or alcohol consump-
tion, and who had no recent dietary changes. 
Compared with never drinking, both former and 
current drinking were associated with a higher 
risk of oral cancer (former drinking OR, 3.0; 95% 
CI, 1.9–4.7 and current drinking OR, 3.4; 95% CI, 
2.3–5.2). [Compared with continuing consump-
tion, the calculated odds ratio for cessation was 

0.88 (95% CI, 0.63–1.24). The strengths of this 
study are that there were a large number of 
controls, that controls were selected from among 
patients with conditions thought to be unrelated 
to alcohol consumption, that all participants were 
interviewed shortly after being admitted to the 
hospital, that categories of drinking status were 
well defined, and that the analysis adjusted for 
multiple potential confounders, including dura-
tion of smoking cessation. The limitation of this 
study is that the associations were not adjusted 
for the amount of alcohol consumed.]

In a hospital-based case–control study in 
north-eastern Brazil (Andrade et al., 2015), 
the cases included 127 men and women aged 
23–96 years with histologically confirmed SCC 
of the tongue, floor of the mouth, lower lip, alve-
olar ridge, retromolar region, buccal mucosa, and 
hard palate who were treated from 2002 to 2012. 
The controls (2 per case) included 254 men and 
women. Compared with non-drinking, former 
drinking was associated with a higher risk of oral 
cancer (OR, 2.73; 95% CI, 1.73–4.31), whereas 
drinking was not associated with a higher risk 
(OR, 1.07; 95% CI, 0.69–1.68). [Compared with 
continuing consumption, cessation was associ-
ated with a higher risk of oral cancer (calculated 
OR, 2.55; 95% CI, 1.62–4.01).] There was a higher 
risk of oral cancer for <  10  years compared 
with ≥ 10 years of cessation, (OR, 4.61; 95% CI, 
2.08–10.22). [The strength of this study is that 
there was histological confirmation of oral SCC. 
The limitations of this study are that there was 
limited information about selection of hospi-
tal-based controls, that the time between diag-
nosis and the interview date was not reported, 
that the categories of drinking status were not 
defined, that the associations were not adjusted 
for any potential confounding factors, including 
detailed smoking history and the amount of 
alcohol consumed, and that the comparison 
of risk between the two categories of duration 
of cessation does not provide the data needed 
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to recalculate risk for duration of cessation 
compared with continuing consumption.]

In a more recent hospital-based case–control 
study in Taiwan (China) (Huang et al., 2017), 
associations of alcohol cessation with risks of oral 
cavity cancer, oropharyngeal and hypopharyn-
geal cancer (see Section 2.2.2), laryngeal cancer 
(see Section 2.2.3), and combined head and neck 
cancers (see Section  2.2.5) were assessed. The 
cases were men and women aged ≥ 20 years with 
pathologically confirmed SCC of the head and 
neck, treated from September 2010 to August 
2016. A total of 811 cases of head and neck cancer 
were enrolled; 509 cases of oral cavity cancer 
were included in the analysis. The controls 
(n  =  940) were frequency-matched to cases on 
age (±  5  years) and sex. Compared with never 
and occasional drinking, the odds ratio was 0.77 
(95% CI, 0.51–1.17) for former-regular drinking 
and 1.29 (95% CI, 0.97–1.73) for current-regular 
drinking. [Compared with continuing consump-
tion, cessation was associated with a lower risk 
(calculated OR, 0.60; 95% CI, 0.39–0.92). The 
strengths of this study are that it was a large, 
hospital-based case–control study and that the 
controls were selected from among patients with 
conditions thought to be unrelated to alcohol 
consumption. The limitations of this study 
are that the category of never and occasional 
consumption was not defined and that the associ-
ations were not adjusted for duration of smoking 
cessation or the amount of alcohol consumed.]

2.2.2 Pharyngeal cancer

Pharyngeal cancer includes cancers of the 
oropharynx (ICD codes C09–C10), hypopharynx 
(ICD codes C12–C13), and nasopharynx (ICD 
code C11) (Percy et al., 1990). Globally in 2020, the 
age-standardized (world population) incidence 
and mortality rates for oropharyngeal cancer 
were 1.1 per 100 000 and 0.51 per 100 000, respec-
tively; for hypopharyngeal cancer were 0.91 per 
100 000 and 0.41 per 100 000, respectively; and 

for nasopharyngeal cancer were 1.5 per 100 000 
and 0.88 per 100 000, respectively (Ferlay et al., 
2020).

The major risk factors for oropharyngeal and 
hypopharyngeal cancer are smoking tobacco, 
chewing smokeless tobacco, and consuming 
alcohol; there is a synergistic multiplicative effect 
of alcohol consumption and tobacco smoking 
combined on risk of pharyngeal cancer (IARC, 
2012a). In addition, there is sufficient evidence 
in humans for the causal role of human papillo-
mavirus in the etiology of oropharyngeal cancer 
(IARC, 2012b). Epstein–Barr virus and dietary 
consumption of Chinese-style salted fish are 
established causes of nasopharyngeal cancer, 
whereas alcohol consumption may have a more 
limited role (IARC, 2010, 2012a, b).

(a) Cohort studies

The association between cessation of alco-
holic beverage consumption compared with 
continuing consumption and risk of pharyngeal 
cancer was assessed in two cohort studies, one in 
India (Jayalekshmi et al., 2013) and one in China 
(Im et al., 2021a) (Table  2.7; Supplementary 
Table  S2.8, web only; available from https://
publications.iarc.who.int/638). There are no 
informative cohort studies with data to assess 
reduction or duration of cessation and risk of 
pharyngeal cancer.

From January 1990 to December 1997, 359 614 
men and women were enrolled in the Karunagap-
pally cohort study in India (Jayalekshmi et al., 
2013). Included in the alcohol analysis were 
65 553 men aged 30–84 years with no personal 
history of cancer at enrolment. Women were 
not included in the analysis because rates of 
pharyngeal cancer (and of laryngeal cancer; see 
Section  2.2.3) are low in the Karunagappally 
population. Incident cancer cases were ascer-
tained by cancer registry linkage and cancer 
deaths were ascertained from the death 
registry supplemented by home visits. Among 
the men included in the analysis, 52  cases 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.7 Cohort studies of cessation of alcoholic beverage consumption and risk of pharyngeal cancer

Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Jayalekshmi 
et al. (2013) 
India 
Karunagappally 
cohort 
1990–unclear

Analysis included 
n = 65 553 men 
aged 30–84 yr; 
follow-up time 
began in January 
1990, but end date 
was unclear; cancer 
cases ascertained 
by cancer registry 
linkage; cancer 
deaths ascertained 
from death registry 
supplemented with 
house visits

Interviewer-administered 
questionnaire 
Drinking status: no 
definitions were reported 
for categories of drinking 
status

Hypo-
pharynx 
(ICD-9 
code 148)

Drinking status Attained age, 
income, and 
education

No adjustment 
for amount 
of alcohol 
consumed or 
smoking 
Excluded 
individuals 
who died 
within the first 
3 yr of follow-
up time 
End of follow-
up was unclear

Never 23 1.0 (ref)
Former 9 1.2 (0.6–2.6)
Current 20 1.3 (0.7–2.4)

Im et al. (2021a) 
China 
China Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 209 237 men 
aged 30–79 yr; 
follow-up time 
from 2004 through 
2016 (median, 
10 yr); cancer cases 
ascertained by 
linkage with cancer 
registries and the 
national health 
insurance databases

Interviewer-administered 
questionnaire 
Drinking status: abstain 
was no drinking in the 
past year or in most 
weeks prior; ex-regular 
was drinking < weekly 
in the past year but 
drinking ≥ weekly prior; 
occasional was drinking 
< weekly in the past year 
and prior; current regular 
was drinking in most 
weeks in the past year

Pharynx 
(excluding 
nasophar- 
ynx)

Drinking status Age, study 
area, education, 
income, 
smoking (never, 
occasional, 
and for ever 
smoked, 3 
categories of 
cigarettes per 
day in men and 
2 in women), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer

Floating 
standard errors 
were used 
to estimate 
the CIs; 
abstention was 
the reference 
category 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation

Abstain 10 1.00 (0.53–1.89)
Ex-regular 9 1.81 (0.93–3.50)
Occasional 15 1.18 (0.69–2.00)
Current regular 33 2.05 (1.42–2.96)

BMI, body mass index; CI, confidence interval; ICD-9, International Statistical Classification of Diseases and Related Health Problems, 9th revision; ref, reference; yr, year or years.
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of hypopharyngeal cancer were identified. 
Compared with never drinking, the relative risk 
was 1.2 (95% CI, 0.6–2.6) for former drinking 
and 1.3 (95% CI, 0.7–2.4) for current drinking. 
[Compared with continuing consumption, the 
calculated relative risk for cessation was 0.92 
(95% CI, 0.42–2.04). The strength of this study 
is the large cohort. The limitations of this study 
are that the categories of drinking status were 
not defined, that the end date for follow-up was 
inconsistently reported in the paper (the abstract 
states that the follow-up period was 1990–2009, 
the cancer case ascertainment section states that 
cancer incidence was assessed in 1997–2009, 
and the statistical analysis section states that the 
observation period was 1990–2005 and the end 
of follow-up was 31 December 2005), that there 
were few cases of hypopharyngeal cancer in the 
former-drinking category (n  =  9), and that the 
associations were not adjusted for smoking status 
or the amount of alcohol consumed.]

In the study of Im et al. (2021a) (described in 
Section 2.2.1), 67 incident cases of oropharyngeal 
and hypopharyngeal cancer (combined) among 
men were included in the analysis. Compared 
with abstaining, the hazard ratio was 1.81 (95% 
CI, 0.93–3.50) for ex-regular drinking and 2.05 
(95% CI, 1.42–2.96) for current-regular drinking. 
[Compared with continuing consumption, the 
calculated hazard ratio for cessation was 0.88 
(95% CI, 0.41–1.88). The strengths and limita-
tions of this study are described in Section 2.2.1.]

(b) Case–control studies

The associations of duration of cessation 
and cessation of alcoholic beverage consump-
tion compared with continuing consumption 
with risk of oropharyngeal and hypopharyn-
geal cancer (combined) were assessed in the 
international pooled analysis of case–control 
studies (Marron et al., 2010), and with risk of 
hypopharyngeal cancer were assessed in an indi-
vidual case–control study in Japan (Takezaki 
et al., 2000) that was not included in the pooled 

analysis. Cessation and risk of pharyngeal 
cancer was assessed in the study in Uruguay 
(De Stefani et al., 2007), and hypopharyngeal 
and oropharyngeal cancer were the outcomes in 
two individual case–control studies in Taiwan 
(China) (Lee et al., 2005b; Huang et al., 2017). 
Cessation and risk of nasopharyngeal cancer was 
assessed in two other individual studies in China 
(Feng et al., 2021) and in Thailand (Fachiroh 
et al., 2012) (Table 2.9; Supplementary Table S2.8 
and Table S2.10, web only; available from https://
publications.iarc.who.int/638).

The international pooled analysis of case–
control studies (Marron et al., 2010) (described in 
Section 2.2.1) included individual-level data from 
3219 cases of oropharyngeal and hypopharyn-
geal cancer (combined) and 12 593 controls 
from nine hospital-based and four popula-
tion-based case–control studies. Compared with 
current drinking, the risk of oropharyngeal and 
hypopharyngeal cancer (combined) was not asso-
ciated with former drinking (OR, 0.98; 95% CI, 
0.69–1.39). The odds ratio for long-term cessation 
(≥ 20 years) was suggestive of a lower risk (OR, 
0.74; 95% CI, 0.50–1.09), but the odds ratios were 
near or above 1 for categories of shorter duration 
of cessation (OR range, 0.95–1.15). There was no 
clear pattern of risk reduction associated with 
duration of cessation in strata of drinks per day. 
In the subset of study participants with detailed 
alcohol consumption and smoking history data 
(n = 1864 cases and n = 7569 controls), compared 
with the single reference category of current 
drinking and current smoking, the odds ratio 
for long-term alcohol cessation was 0.82 (95% 
CI, 0.42–1.6) in the current-smoking stratum. 
The odds ratios ranged from 0.37 to 0.75 among 
the strata of duration of smoking cessation, and 
the odds ratio was 0.51 (95% CI, 0.07–3.73) in the 
never-smoking stratum. [In the Working Group 
re-analyses with continuing consumption as the 
reference category within each smoking stratum, 
the calculated odds ratios for long-term cessation 
ranged from 0.82 to 1.76. After meta-analytic 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.9 Pooled analysis and individual case–control studies of duration of cessation and cessation of alcoholic beverage 
consumption and risk of pharyngeal cancer

Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases or 
deaths

Odds ratio
(95% CI)

Adjustment 
factors

Comments

Oropharyngeal and/or hypopharyngeal cancer        
Marron 
et al. (2010)
INHANCE 
consortium
~1980s–
early 2000s

Men and women 
with incident 
oropharyngeal and 
hypopharyngeal 
cancer (n = 3219) 
who participated 
in population-
based case–control 
studies in Seattle, 
Washington 
(USA), Los 
Angeles, California 
(USA), Boston, 
Massachusetts 
(USA), or Puerto 
Rico (USA), or 
hospital-based 
case–control 
studies in France, 
Italy, Switzerland, 
Iowa (USA), North 
Carolina (USA), 
Tampa, Florida 
(USA), Houston, 
Texas (USA), 
Latin America, or 
an international 
multicentre study

Hospital-based 
and population-
based controls 
(n = 12 593) 
In the Los Angeles 
population-based 
study, controls 
were individually 
matched to 
cases on decade 
of age, sex, and 
neighbourhood; in 
the hospital-based 
studies, controls 
were frequency-
matched to cases 
on age, sex, and 
other factors (e.g. 
study centre, 
hospital, and race 
or ethnicity

Interviewer-
administered 
questionnaires 
in all studies 
except self-
administered in 
the Iowa study 
Drinking 
status: 
current was 
consumption 
within the past 
year; former 
was cessation 
≥ 1 yr before 
interview date; 
never was 
responding 
no to ever 
drinking 
Duration of 
cessation: 
difference 
between age at 
reference date 
(interview or 
diagnosis) and 
age at cessation

Drinking status Age, sex, race 
or ethnicity, 
study centre, 
education, pack-
years of tobacco 
smoking, and 
number of 
alcoholic drinks 
per day

Pooled analysis 
of individual 
participant data 
Most data 
came from 
hospital-based 
case–control 
studies (n = 9), 
compared with 
population-
based case–
control studies 
(n = 4) 
No details 
reported about 
selection of 
hospital-based 
controls 
Participation 
rates not 
reported

Current 1703 1.0 (ref)
Former 1014 0.98 (0.69–1.39)
Never 406 0.64 (0.41–1.00)
Missing 96
Duration of cessation
Current 1703 1.0 (ref)
> 1–4 yr 213 1.04 (0.73–1.48)
5–9 yr 240 0.95 (0.61–1.49)
10–19 yr 340 1.15 (0.92–1.43)
≥ 20 yr 221 0.74 (0.50–1.09)
Never 406 0.65 (0.42–1.02)
    Ptrend = 0.18
Duration of cessation stratified by drinks per 
day
< 1 drink/day
Current 338 1.0 (ref)
> 1–4 yr 29 2.02 (1.07–3.80)
5–9 yr 28 1.44 (0.65–3.16)
10–19 yr 67 1.49 (0.96–2.34)
≥ 20 yr 60 1.16 (0.65–2.05)
Never 406 0.97 (0.59–1.58)
1–2 drinks/day
Current 335 1.0 (ref)
> 1–4 yr 38 1.09 (0.65–1.82)
5–9 yr 33 1.09 (0.55–2.16)
10–19 yr 55 1.06 (0.67–1.68)
≥ 20 yr 45 0.80 (0.47–1.37)
Never 400 0.49 (0.30–0.81)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases or 
deaths

Odds ratio
(95% CI)

Adjustment 
factors

Comments

Marron 
et al. (2010) 
(cont.)

≥ 3 drinks/day
Current 926 1.0 (ref)
> 1–4 yr 141 1.05 (0.69–1.59)
5–9 yr 174 1.12 (0.60–2.08)
10–19 yr 213 1.15 (0.73–1.81)
≥ 20 yr 115 0.77 (0.45–1.30)
Never 397 0.19 (0.10–0.37)

Takezaki 
et al. (2000) 
Japan 
1988–1997

Men (n = 62) aged 
40–79 yr with 
histopathologically 
or clinically 
confirmed 
hypopharyngeal 
cancer (ICD-9 code 
148 or ICD-10 code 
C13); diagnosed 
within 1 yr of 
completing a first-
visit outpatient 
questionnaire at 
ACCH from 1988 
to 1997

Hospital-based 
controls (n = 11 936 
men) aged 40–
79 yr; completed 
questionnaire 
as first-visit 
outpatients 
at ACCH and 
confirmed to 
be cancer-free 
by diagnostic 
procedures from 
1988 to 1997

Self-
administered 
questionnaire 
Drinking 
status: almost 
never was not 
defined; former 
was quit ≥ 1 yr 
previously; 
current was 
drinking ≥ 4 
times/week 
Duration of 
cessation: years 
since quitting

Drinking status Age, year, and 
season of visit, 
smoking (never, 
former, and 
for current, 
< 30 and ≥ 30 
pack-years), and 
consumption of 
raw vegetables

Limited 
information 
about selection 
of hospital-
based controls 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation 
98.6% of first-
visit outpatients 
returned the 
survey

Almost never 5 1.0 (ref)
Former 7 7.9 (2.5–25.3)
Current 50 4.7 (1.9–12.0)
Duration of cessation
Almost never NR 1.0 (ref)
1–9 yr 7.8 (2.1–29.6)
≥ 10 yr 10.0 (1.8–57.4)

Table 2.9   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases or 
deaths

Odds ratio
(95% CI)

Adjustment 
factors

Comments

Lee et al. 
(2005b) 
Taiwan 
(China) 
2000–2003

Men (n = 148) 
aged 41–80 yr 
with histologically 
confirmed SCC of 
the hypopharynx 
(ICD-10 code C13) 
and oropharynx 
(ICD-10 code C10); 
recruited from 2 
teaching hospitals 
in southern Taiwan 
(China); 97.9% 
participation rate

Hospital-
based, controls 
(n = 255 men) 
aged 40–92 yr; 
otolaryngology 
outpatients or 
inpatients at one of 
the hospitals during 
the same study 
period as cases; 
without conditions 
associated 
with betel quid 
chewing, cigarette 
smoking, or alcohol 
consumption; 
88.2% participation 
rate

Interviewer-
administered 
questionnaires 
Drinking 
status: non 
was lifetime 
abstention; ex 
was abstaining 
for > 1 yr before 
interview; 
current was 
drinking 
at time of 
interview 
or quit 
< 1 yr before 
interview date

Drinking status   Cigarette 
smoking, betel 
quid chewing, 
and age

Selection of 
hospital-based 
controls with 
conditions 
thought to 
be unrelated 
to smoking 
or alcohol 
consumption 
No adjustment 
for amount 
of alcohol 
consumed 
Unclear what 
categories of 
smoking were 
controlled for

Non 28 1.0 (ref)
Ex 22 7.4 (2.8–20.3)
Current 98 6.4 (3.3–13.9)

De Stefani 
et al. (2007) 
Uruguay 
1988–2000

Men (n = 441) 
aged 30–78 yr with 
microscopically 
confirmed SCC 
of the pharynx; 
identified from 
the 4 major 
public hospitals 
in Montevideo, 
Uruguay; 97.4% 
participation rate

Hospital-based 
controls (n = 1501 
men) matched 
to cases on time 
period and hospital; 
patients with 
non-neoplastic 
conditions 
unrelated to 
smoking or 
drinking, and with 
no recent changes 
in their diet; 97.1% 
participation rate

Interviewer-
administered 
questionnaire 
Drinking 
status: never 
was drinking 
occasionally 
(social) and 
< once per 
month; current 
was drinking 
at time of 
interview 
or quit 
< 1 yr before 
interview date; 
former was all 
others

Drinking status Age, residence, 
urban or rural 
status, hospital, 
diagnosis year, 
education, 
first-degree 
family history 
of cancer, 
occupation, 
total vegetable, 
fruit, and maté 
intake, smoking 
status, years 
since quitting 
smoking, and 
current number 
of cigarettes per 
day

Selection of 
hospital-based 
controls with 
conditions 
thought to 
be unrelated 
to smoking 
or alcohol 
consumption 
No adjustment 
for amount 
of alcohol 
consumed

Never 33 1.0 (ref)
Former 116 3.9 (2.5–6.1)
Current 292 4.5 (3.0–6.8)

Table 2.9   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases or 
deaths

Odds ratio
(95% CI)

Adjustment 
factors

Comments

Huang et al. 
(2017) 
Taiwan 
(China) 
2010–2016

Men and women 
(n = 118) aged 
≥20 yr with 
newly diagnosed 
pathologically 
confirmed SCC of 
the oropharynx 
(ICD-10 code C10) 
or hypopharynx 
(ICD-10 code 
C13); treated at the 
National Cheng 
Kung University 
Hospital

Hospital-based 
controls (n = 940 
men and women), 
frequency-matched 
to cases on sex 
and age (± 5 yr); 
patients from 
otolaryngology 
and stomatology 
departments 
diagnosed with 
non-cancer head 
and neck diseases 
unrelated to alcohol 
consumption, betel 
quid chewing, and 
cigarette smoking

Interviewer-
administered 
questionnaire 
Drinking 
status: never 
was self-
reported 
as such; 
occasional was 
not defined; 
regular was 
drinking 
≥ once per 
week and was 
categorized 
as former 
regular (quit 
for > 6 months) 
and current 
regular

Drinking status Oropharynx Age, sex, 
education, 
cigarette 
smoking (pack-
year categories), 
and betel quid 
chewing (pack-
year categories)

Selection of 
hospital-based 
controls with 
conditions 
thought to 
be unrelated 
to smoking 
or alcohol 
consumption 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation 
Participation 
rates not 
reported

Never/occasional 29 1.0 (ref)
Former regular 20 2.83 (1.39–5.76)
Current regular 69 4.23 (2.38–7.52)

Hypopharynx
Never/occasional 4 1.0 (ref)
Former regular 19 14.02 (4.38–44.85)
Current regular 66 21.55 (7.36–63.15)

Nasopharyngeal cancer              
Fachiroh 
et al. (2012) 
Thailand 
2005–2010

Men and women 
(n = 681), mean 
age 49.8 yr, with 
newly diagnosed 
clinically and 
pathologically 
confirmed primary 
nasopharyngeal 
cancer (ICD-O 
code C11); 
identified from 7 
regional cancer 
centres

Friend- or family-
based controls 
(n = 1078 men and 
women), mean age 
46.9 yr; healthy 
individuals who 
visited patients 
admitted to one of 
the centres

Interviewer-
administered 
questionnaire 
Drinking 
status: never 
was not 
defined; former 
was quit for 
≥ 2 yr before 
interview 
(controls) 
or diagnosis 
(cases); current 
was continuous 
drinking for 
≥ 1 yr

Drinking status Sex, age 
group (10-yr 
groups), centre, 
education, and 
smoking status 
(never, former, 
current)

No adjustment 
for amount 
of alcohol 
consumed 
or detailed 
smoking history 
Participation 
rates not 
reported

Never 295 1.0 (ref)
Former 106 1.40 (0.95–2.06)
Current 280 1.02 (0.78–1.34)

Ptrend = 0.98

Table 2.9   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases or 
deaths

Odds ratio
(95% CI)

Adjustment 
factors

Comments

Feng et al. 
(2021) 
China 
2010–2014

Men (n = 1785) and 
women (n = 656) 
aged 20–74 yr with 
histopathologically 
confirmed incident 
nasopharyngeal 
cancer; ascertained 
by a rapid 
reporting system 
in 3 regions in 
southern China; 
83.8% participation 
rate

Population-based 
controls (n = 1869 
men and n = 677 
women) frequency-
matched to cases on 
sex and age (± 5 yr) 
by geographical 
region; randomly 
selected every 
6–12 months from 
total population 
registries within 
each geographical 
region; 82.7% 
participation rate

Interviewer-
administered 
questionnaire 
Drinking 
status: never 
was no habitual 
(≥ once per 
week for 
6 months) 
alcohol 
consumption; 
former was 
ever drinking 
and > 2 yr 
since cessation; 
current was all 
others

Drinking status All Age (10-yr 
groups), area 
of residence, 
sex, education, 
current housing 
type, current 
occupation, 
current smoking 
(ever or never), 
tea drinking 
(never, former, 
or current, for 
alcohol analysis 
only), BMI 
at age 20 yr, 
salt-preserved 
fish, vegetable, 
and herbal soup 
consumption, 
nasopharyngeal 
cancer among 
first-degree 
relatives, 
frequency of 
tooth brushing

No adjustment 
for amount 
of alcohol 
consumed 
or detailed 
smoking history 
Former 
drinking was 
defined as 
cessation for 
> 2 yr

Never 1686 1.0 (ref)
Former 130 1.31 (0.99–1.74)
Current 625 1.08 (0.93–1.25)

Women
Never 620 1.0 (ref)
Former 12 1.72 (0.70–4.26)
Current 24 0.94 (0.51–1.73)

Men
Never 1066 1.0 (ref)
Former 118 1.29 (0.95–1.74)
Current 601 1.08 (0.93–1.25)

ACCH, Aichi Cancer Center Hospital; BMI, body mass index; CI, confidence interval; ICD, International Classification of Diseases; INHANCE, International Head and Neck Cancer 
Epidemiology; NR, not reported; ref, reference; SCC, squamous cell carcinoma; yr, year or years.

Table 2.9   (continued)
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adjustment for smoking status and duration of 
smoking cessation, the calculated odds ratio for 
long-term cessation was 0.95 (95% CI, 0.56–1.61). 
The strengths and limitations of this study are 
described in Section 2.2.1.]

In 1988–1997, men and women were asked to 
complete a questionnaire during their first outpa-
tient visit at the Aichi Cancer Center Hospital in 
Nagoya (Japan). Among 67 854 men and women 
aged ≥ 18 years who were asked to participate, 
66 885 (98.6%) completed the survey (Takezaki 
et al., 2000). Only men aged 40–79  years were 
included in the alcohol analysis, because there 
were too few data about younger cases and female 
cases for analysis, and the reliability of the study 
questionnaire was lower among older cases. 
Data from the questionnaires were linked to the 
hospital cancer registry 1 year after the first visit 
to obtain information about confirmed diagnosis. 
The cases were patients diagnosed with histo-
logically or clinically confirmed cancer of the 
hypopharynx (or oesophagus; see Section 2.2.4). 
Among eligible patients who responded to the 
questionnaire, 62 men were diagnosed with 
hypopharyngeal cancer. The controls (n = 11 936 
men) were selected from all first-visit outpatients 
who completed the questionnaire and were 
aged 40–79  years and confirmed to be cancer-
free. Compared with almost-never drinking, 
there were higher risks associated with former 
drinking (OR, 7.9; 95% CI, 2.5–25.3) and current 
drinking (OR, 4.7; 95% CI, 1.9–12.0). [Compared 
with continuing consumption, the calculated 
odds ratio for cessation was 1.68 (95% CI, 
0.73–3.86).] In analyses of duration of cessation, 
compared with almost-never drinking, there 
were higher risks for 1–9 years of cessation (OR, 
7.8; 95% CI, 2.1–29.6) and ≥ 10 years of cessation 
(OR, 10.0; 95% CI, 1.8–57.4). [Compared with 
continuing consumption, the calculated odds 
ratio for 1–9 years of cessation was 1.66 (95% CI, 
0.33–8.92) and for ≥ 10 years of cessation was 2.13 
(95% CI, 0.30–15.12). The strengths of this study 
are that alcohol consumption data were collected 

before cancer diagnosis, and that the former-
drinking and current-drinking categories were 
well defined. The limitations of this study are that 
there was limited information about selection 
of hospital-based controls, that the associations 
were adjusted for pack-years of smoking but not 
for duration of smoking cessation or the amount 
of alcohol consumed, that no information was 
provided about the number of cases in each of 
the duration of cessation categories, and that 
there were few cases of hypopharyngeal cancer 
in the never-drinking category (n = 5) and the 
former-drinking category (n = 7).]

A hospital-based case–control study in Tai- 
wan (China) (Lee et al., 2005b) included men aged 
40–80 years (n = 276) diagnosed from November 
2000 to December 2003 with histologically 
confirmed hypopharyngeal and oropharyngeal 
(combined) and laryngeal (see Section 2.2.3) SCC. 
Included in the analysis for pharyngeal cancer 
were 148 cases. The controls (n = 255) were men 
aged 40–92 years. Compared with non-drinking, 
the odds ratio was 7.4 (95% CI, 2.8–20.3) for 
ex-drinking and 6.4 (95% CI, 3.3–13.9) for 
current drinking. [Compared with continuing 
consumption, the calculated odds ratio for cessa-
tion was 1.16 (95% CI, 0.41–3.27). The strengths 
of this study are that the controls were selected 
from among patients with conditions thought to 
be unrelated to alcohol consumption and that the 
categories of drinking status were well defined. 
The limitations of the study are that it is unclear 
what smoking categories were controlled for and 
that the associations were not adjusted for the 
amount of alcohol consumed.]

In the hospital-based case–control study 
of De Stefani et al. (2007) (described in 
Section  2.2.1), 441 men with pharyngeal SCC 
and 1501 controls were included in the anal-
ysis. Compared with never consumption, both 
former consumption and current consumption 
were associated with a higher risk of pharyn-
geal cancer (OR, 3.9; 95% CI, 2.5–6.1 for former 
consumption and OR, 4.5; 95% CI, 3.0–6.8 for 
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current consumption). [The calculated odds 
ratio for cessation compared with continuing 
consumption was 0.87 (95% CI, 0.63–1.18). 
The strengths and limitations of this study are 
described in Section 2.2.1.]

In another case–control study in Taiwan (Chi- 
na) (Huang et al., 2017) (described in Sec- 
tion 2.2.1), 118 cases of oropharyngeal SCC, 89 
cases of hypopharyngeal SCC, and 940 controls 
were included in the analysis. Compared with 
never drinking and occasional drinking, both 
former-regular drinking and current-reg-
ular drinking were associated with higher risk 
of oropharyngeal cancer (OR, 2.83; 95% CI, 
1.39–5.76 for former-regular drinking and OR, 
4.23; 95% CI, 2.38–7.52 for current-regular 
drinking). [The calculated odds ratio for cessa-
tion compared with continuing consumption was 
0.67 (95% CI, 0.35–1.29).] Similarly, compared 
with never drinking and occasional drinking, 
both former-regular drinking and current-reg-
ular drinking were associated with higher risk 
of hypopharyngeal cancer (OR, 14.02; 95% CI, 
4.38–44.85 for former-regular drinking and 
OR, 21.55; 95% CI, 7.36–63.15 for current-reg-
ular drinking). [The calculated odds ratio for 
cessation compared with continuing consump-
tion was 0.65 (95% CI, 0.33–1.29). The strengths 
and limitations of this study are described in 
Section  2.2.1. In addition, in the analysis of 
hypopharyngeal cancer, there were few cases in 
the never or occasional consumption category 
(n = 4).]

In a friend- or family-based case–control 
study in Thailand (Fachiroh et al., 2012), cases 
included 681 men and women (mean age, 
49.8  years) with clinically and pathologically 
confirmed nasopharyngeal cancer, who were 
recruited from January 2005 to May 2010. The 
controls (n = 1078) were healthy men and women 
(mean age, 46.9  years) who visited patients 
admitted to one of the centres. Compared with 
never drinking, the odds ratio was 1.40 (95% CI, 
0.95–2.06) for former drinking and 1.02 (95% CI, 

0.78–1.34) for current drinking. [Compared with 
continuing consumption, the calculated odds 
ratio for cessation was 1.37 (95% CI, 0.92–2.06). 
The strengths of this study are that it was a large 
case–control study and that former drinking was 
defined as cessation for ≥ 2 years. The limitations 
of this study are that never drinking was not 
defined and that the associations were adjusted 
for smoking status (never, former, current) but 
not for detailed smoking history or the amount 
of alcohol consumed.]

In a population-based case–control study 
in China (Feng et al., 2021), cases were ascer-
tained from 2010 to 2014 by a rapid reporting 
system and included men (n = 1785) and women 
(n  =  656) aged 20–74  years with histopatho-
logically confirmed, incident nasopharyngeal 
cancer. Population-based controls (n = 1869 men, 
n  =  677 women) were randomly selected from 
total population registries and were frequen-
cy-matched to cases on sex and age (± 5 years) 
by geographical region. Compared with never 
drinking, the odds ratios for former drinking 
were 1.31 (95% CI, 0.99–1.74) among women and 
men combined, 1.72 (95% CI, 0.70–4.26) among 
women, and 1.29 (95% CI, 0.95–1.74) among men. 
The odds ratios for current drinking ranged from 
0.94 among women to 1.08 among women and 
men combined and among men only. [Compared 
with continuing consumption, the calculated 
odds ratio for cessation was 1.21 (95% CI, 
0.90–1.64) among men and women combined, 
1.83 (95% CI, 0.62–5.38) among women, and 1.19 
(95% CI, 0.87–1.63) among men. The strengths of 
this study are that it was a large population-based 
case–control study and that former drinking 
was defined as cessation for > 2 years. The limi-
tation of this study is that the associations were 
adjusted for smoking status (ever, never) but not 
for detailed smoking history or the amount of 
alcohol consumed.]
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2.2.3 Laryngeal cancer

Laryngeal cancer includes malignancies 
of the glottis (vocal cord), supraglottis, and 
subglottis, as well as the laryngeal cartilage (ICD 
code C32) (Percy et al., 1990). Globally in 2020, 
the age-standardized (world population) inci-
dence and mortality rates for laryngeal cancer 
were 2.0 per 100 000 and 1.0 per 100 000, respec-
tively (Ferlay et al., 2020).

As mentioned above, the major risk factors 
for head and neck cancers are tobacco smoking, 
smokeless tobacco use, and alcohol consumption; 
when consumed together, there is a synergistic 
multiplicative effect of tobacco use and alcohol 
consumption on risk of head and neck cancer 
(IARC, 2012a). Alcohol consumption is more 
strongly associated with oral cavity and pharyn-
geal cancer than with laryngeal cancer, whereas 
smoking is more strongly associated with laryn-
geal cancer (Lubin et al., 2009). The synergistic 
multiplicative effect of alcohol consumption and 
tobacco use is also greater for oral cavity and 
pharyngeal cancers than for laryngeal cancer 
(Hashibe et al., 2009).

(a) Cohort studies

The associations of both reduction and cessa-
tion of alcoholic beverage consumption with risk 
of laryngeal cancer were assessed in one cohort 
study in the Republic of Korea (Yoo et al., 2022). 
The association between cessation and risk 
was assessed in two other cohort studies, one 
in China and one in India (Jayalekshmi et al., 
2013; Im et al., 2021a) (Table 2.11; Supplementary 
Table  S2.12, web only; available from https://
publications.iarc.who.int/638). There are no 
informative cohort studies with data to assess 
duration of cessation and risk of laryngeal cancer.

The associations of reduction and cessation 
of alcoholic beverage consumption with cancer 
risk were assessed in a large population-based 
cohort study from the Korean National Health 
Insurance Service database, which covers 97% 

of the population (Yoo et al., 2022). Included 
in the analysis were 4 513 746 men and women 
aged ≥ 40 years who underwent biennial national 
health screenings, including measurement of 
alcohol consumption, in 2009 and in 2011, did 
not have a personal history of cancer at the time of 
the 2011 screening, and did not die within 1 year 
of the 2011 screening. For each measurement, the 
amount of alcohol consumed was classified as 
none (0 g of ethanol per day), mild (< 15 g per day), 
moderate (15–29.9 g per day), or heavy (≥ 30 g per 
day). To assess change in consumption, the asso-
ciations for levels of consumption in 2011 were 
stratified on level of consumption in 2009 and 
the reference category for each comparison was 
a stable level of consumption in 2009 and in 2011 
(none in 2009/none in 2011, mild in 2009/mild 
in 2011, etc.). Incident cancer cases diagnosed 
from 1  year after the 2011 screening until the 
end of 2018 (median, 6.4 years) were ascertained 
through the Korean National Health Insurance 
Service database. Among the men and women 
included in the analysis, 1642 cases of laryngeal 
cancer were identified. In analyses of alcohol 
reduction, compared with stable moderate 
consumption, the hazard ratio for reduction 
from moderate consumption in 2009 to mild 
consumption in 2011 was 1.11 (95% CI, 0.85–1.45); 
compared with stable heavy consumption, the 
hazard ratio for reduction from heavy to mild 
consumption was 2.10 (95% CI, 1.55–2.85) and 
for reduction from heavy to moderate consump-
tion was 0.75 (95% CI, 0.54–1.03). Compared 
with stable mild, stable moderate, and stable 
heavy consumption, the hazard ratios for cessa-
tion from each level of consumption in 2009 to 
none in 2011 were 1.10 (95% CI, 0.86–1.41), 1.65 
(95% CI, 1.12–2.41), and 1.51 (95% CI, 0.95–2.41), 
respectively. [The strengths of this study are that 
loss to follow-up was minimal, that it was a large 
study, that the analysis is strengthened by strat-
ifying on consumption reported during the first 
screening, that the associations were adjusted for 
many potential confounding variables, including 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.11 Cohort studies of reduction and cessation of alcoholic beverage consumption and risk of laryngeal cancer

Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site
(ICD 
codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Jayalekshmi 
et al. (2013) 
India 
Karunagappally 
cohort 
1990–unclear

Analysis included 
n = 65 553 men aged 
30–84 yr; follow-up 
time began in January 
1990, but end date 
was unclear; cancer 
cases ascertained 
by cancer registry 
linkage; cancer 
deaths ascertained 
from death registry 
supplemented 
with house visits 
(proportion of 
death-only cases 
ranged from 14% in 
1990–1994 to 4.3% in 
1998–2002)

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions for 
categories of drinking 
status were reported

Larynx 
(ICD-9 
code 161)

Drinking status Attained age, 
income, and 
education

No adjustment 
for amount 
of alcohol 
consumed or 
smoking 
Excluded 
individuals who 
died within 
the first 3 yr of 
follow-up time 
End of follow-
up was unclear

Never 27 1.0 (ref)
Former 19 2.0 (1.1–3.7)
Current 39 2.1 (1.3–3.5)

Im et al. (2021a) 
China 
China Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 209 237 men 
aged 30–79 yr; 
follow-up time 
from 2004 through 
2016 (median, 
10 yr); cancer cases 
ascertained by 
linkage with cancer 
registries and the 
national health 
insurance databases

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the past 
year or in most weeks 
prior; ex-regular was 
drinking < weekly 
in the past year but 
drinking ≥ weekly 
prior; occasional was 
drinking < weekly 
in the past year and 
prior; current regular 
was drinking in most 
weeks in the past year

Larynx 
(ICD-10 
code 
C32)

Drinking status Age, study 
area, 
education, 
income, 
smoking 
(never, 
occasional, 
and for ever 
smoked, 3 
categories 
of cigarettes 
per day in 
men and 2 
in women), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer

Floating 
standard errors 
were used 
to estimate 
the CIs; 
abstention was 
the reference 
category 
No adjustment 
for amount 
of alcohol 
consumed

Abstain 18 1.00 (0.62–1.61)
Ex-regular 19 2.05 (1.30–3.23)
Occasional 36 1.50 (1.07–2.11)
Current regular 91 3.30 (2.64–4.13)
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Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site
(ICD 
codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Yoo et al. (2022) 
Republic of 
Korea 
NHIS 
2009–2018

Analysis included 
n = 4 513 746 men 
and women aged 
≥ 40 yr with drinking 
status data from 2 
consecutive (2009 
and 2011) biennial 
NHIS health 
screenings; follow-
up time through 
2018 (median, 
6.4 yr); cancer cases 
ascertained through 
the NHIS billing 
system

Self-administered 
questionnaires in 
2009 and 2011 
Alcohol intake in 
2009 and 2011: for 
each survey, alcohol 
intake was first 
classified by amount 
of ethanol consumed: 
none, mild (< 15 g/
day), moderate (15–
29.9 g/day), and heavy 
(≥ 30 g/day); then 
associations for each 
level of consumption 
in 2011 were assessed 
with stratification 
based on level of 
consumption in 2009; 
the reference group 
for each stratum 
was the stable group 
at each level of 
consumption (e.g. 
2009/2011 none/none)

Larynx
(ICD-10 
code 
C32)

Alcohol intake in 
2009/2011

1642 
total 

  Age, sex, 
socioeconomic 
position, 
smoking 
status, 
physical 
activity, 
comorbidities 
(hypertension, 
diabetes, 
dyslipidaemia, 
chronic 
kidney 
disease, 
and chronic 
obstructive 
pulmonary 
disease), and 
Charlson 
Comorbidity 
Index

Excluded the 
first year of 
follow-up time 
No information 
about alcohol 
consumption 
before the 
first wave of 
reporting 
Limited follow-
up time 
No adjustment 
for detailed 
smoking 
history, 
including 
duration 
of smoking 
cessation

None/none 1.0 (ref)
None/mild 1.01 (0.79–1.29)
None/moderate 1.10 (0.76–1.60)
None/heavy 1.31 (0.88–1.95)

Mild/none 1.10 (0.86–1.41)
Mild/mild 1.0 (ref)
Mild/moderate 0.73 (0.55–0.95)
Mild/heavy 1.10 (0.80–1.53)

Moderate/none 1.65 (1.12–2.41)
Moderate/mild 1.11 (0.85–1.45)
Moderate/moderate 1.0 (ref)
Moderate/heavy 0.93 (0.69–1.24)

Heavy/none 1.51 (0.95–2.41)
Heavy/mild 2.10 (1.55–2.85)
Heavy/moderate 0.75 (0.54–1.03)
Heavy/heavy 1.0 (ref)

BMI, body mass index; CI, confidence interval; ICD, International Classification of Diseases; NHIS, National Health Insurance Service; ref, reference; yr, year or years.

Table 2.11   (continued)
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the Charlson Comorbidity Index, and that the 
first year of follow-up time was excluded from 
the analysis. The limitations of this study are 
that there was no information about alcohol 
consumption before the first screening in 
2009, that the follow-up time after the second 
screening was limited (median, 6.4  years), that 
the number of cases in each category was not 
shown, that sex-specific associations were not 
reported (except for female breast cancer), and 
that the associations were adjusted for catego-
ries of smoking status and pack-years but not for 
duration of smoking cessation.]

In the Karunagappally cohort study (Jayalek-
shmi et al., 2013) (described in Section 2.2.2), 85 
cases of laryngeal cancer were identified among 
the men included in the analysis. Compared 
with never drinking, both former drinking and 
current drinking were associated with higher risk 
of laryngeal cancer (relative risk [RR], 2.0; 95% CI, 
1.1–3.7 for former drinking and RR, 2.1; 95% CI, 
1.3–3.5 for current drinking). [Compared with 
continuing consumption, the calculated relative 
risk for cessation was 0.95 (95% CI, 0.53–1.73). 
The strengths and limitations of this study are 
described in Section 2.2.2.]

In the study of Im et al. (2021a) (described 
in Section 2.2.1), 164 incident cases of laryngeal 
cancer were identified among the men included 
in the analysis. Compared with abstaining, the 
hazard ratios were 2.05 (95% CI, 1.30–3.23) for 
ex-regular drinking and 3.30 (95% CI, 2.64–4.13) 
for current-regular drinking. [Compared with 
continuing-regular consumption, the calculated 
hazard ratio for cessation was 0.62 (95% CI, 
0.37–1.03). The strengths and limitations of this 
study are described in Section 2.2.1.]

(b) Case–control studies

The associations of duration of cessation and 
cessation of alcoholic beverage consumption 
with risk of laryngeal cancer were assessed in 
the international pooled analysis (Marron et al., 
2010), and the associations between cessation and 

risk were assessed in two individual case–control 
studies in Taiwan (China) (Lee et al., 2005b; 
Huang et al., 2017) and an individual study in 
Uruguay (De Stefani et al., 2004) (Table  2.13; 
Supplementary Table S2.12 and Table S2.14, web 
only; available from https://publications.iarc.
who.int/638).

The international pooled analysis of case–
control studies (Marron et al., 2010) (described 
in Section  2.2.1) included individual-level data 
from 2006 cases of laryngeal cancer and 9555 
controls who participated in seven hospital-based 
and two population-based case–control studies. 
Compared with current drinking, there was a 
lower risk of laryngeal cancer associated with 
former drinking (OR, 0.79; 95% CI, 0.57–1.08). 
There was a greater reduction in risk for long-
term cessation (≥  20  years) (OR, 0.69; 95% CI, 
0.52–0.91) than for shorter durations of cessation 
(OR, 0.88; 95% CI, 0.65–1.19 for 5–9 years and 
OR, 0.93; 95% CI, 0.64–1.36 for 10–19  years). 
In analyses stratified on the amount of alcohol 
consumed, the odds ratio for long-term cessation 
was lowest in the highest stratum of consumption 
(≥ 3 drinks per day) (OR, 0.28; 95% CI, 0.09–0.86), 
with no association observed in the <  1  drink 
per day stratum (OR, 0.99; 95% CI, 0.56–1.74). 
In the subset of study participants with detailed 
alcohol consumption and smoking history data 
(n = 1628 cases and n = 6689 controls), compared 
with the single reference category of current 
drinking and current smoking, the odds ratio 
for long-term cessation in the current-smoking 
stratum was 0.74 (95%, 0.46–1.20). Among strata 
of duration of smoking cessation, the odds ratios 
ranged from 0.14 to 0.84, and in the never-
smoking stratum, the odds ratio was 0.24 (95% 
CI, 0.07–0.85). [In the Working Group re-anal-
yses with continuing consumption as the refer-
ence category within each smoking stratum, the 
calculated odds ratios ranged from 0.61 to 1.01 
across strata of duration of smoking cessation, 
and the odds ratio was 1.85 (95% CI, 0.43–7.96) in 
the never-smoking stratum. After meta-analytic 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.13 Pooled analysis and individual case–control studies of duration of cessation and cessation of alcoholic beverage 
consumption and risk of laryngeal cancer

Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Marron 
et al. (2010) 
INHANCE 
consortium 
~1980s–
early 2000s

Men and women 
with incident 
laryngeal cancer 
(n = 2006) who 
participated in 
population-based 
case–control 
studies in Boston, 
Massachusetts 
(USA), or 
Los Angeles, 
California (USA), 
or hospital-based 
case–control 
studies in Italy, 
Switzerland, Iowa 
(USA), North 
Carolina (USA), 
Tampa, Florida 
(USA), Houston, 
Texas (USA), or 
Latin America
 
 
 

Hospital-based and 
population-based 
controls (n = 9555) 
In the Los Angeles 
population-based 
study, controls were 
individually matched 
to cases on decade 
of age, sex, and 
neighbourhood; in 
the hospital-based 
studies, controls were 
frequency-matched 
to cases on age, sex, 
and other factors (e.g. 
study centre, hospital, 
and race or ethnicity
 
 
 

Interviewer-
administered 
questionnaires in 
all studies except 
self-administered 
in the Iowa study 
Drinking status: 
current was 
consumption 
within the past 
year; former was 
cessation ≥ 1 yr 
before interview 
date; never was 
responding no to 
ever drinking 
Duration of 
cessation: 
difference 
between age at 
reference date 
(interview or 
diagnosis) and 
age at cessation
 
 
 

Drinking status    Age, sex, race 
or ethnicity, 
study centre, 
education, 
pack-years 
of tobacco 
smoking, 
and number 
of alcoholic 
drinks per day
 
 
 

Pooled analysis 
of individual 
participant data 
Most data came 
from hospital-
based case–control 
studies (n = 7), 
compared with 
population-based 
case–control 
studies (n = 2) 
No details 
reported about 
selection of 
hospital-based 
controls 
Participation rates 
not reported

Current 1103 1.0 (ref)
Former 609 0.79 (0.57–1.08)
Never 243 0.67 (0.42–1.07)
Missing 51
Duration of cessation  
Current 1103 1.0 (ref)
> 1–4 yr 141 1.16 (0.82–1.63)
5–9 yr 112 0.88 (0.65–1.19)
10–19 yr 199 0.93 (0.64–1.36)
≥ 20 yr 157 0.69 (0.52–0.91)
Never 243 0.69 (0.43–1.09)

Ptrend = 0.28
Duration of cessation stratified by drinks per 
day
< 1 drink/day
Current 207 1.0 (ref)
> 1–4 yr 23 2.38 (1.11–5.11)
5–9 yr 18 1.47 (0.70–3.11)
10–19 yr 33 1.26 (0.73–2.19)
≥ 20 yr 34 0.99 (0.56–1.74)
Never 243 0.86 (0.48–1.55)
1–2 drinks/day
Current 213 1.0 (ref)
> 1–4 yr 37 1.81 (1.01–3.24)
5–9 yr 15 0.91 (0.39–2.11)
10–19 yr 33 1.00 (0.53–1.89)
≥ 20 yr 28 0.78 (0.39–1.55)
Never 233 0.67 (0.28–1.57)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Marron 
et al. (2010) 
(cont.)

≥ 3 drinks/day   
Current 751 1.0 (ref)
> 1–4 yr 85 0.70 (0.34–1.44)
5–9 yr 80 0.91 (0.50–1.66)
10–19 yr 132 0.78 (0.42–1.44)
≥ 20 yr 94 0.28 (0.09–0.86)
Never 249 0.26 (0.12–0.57)

De Stefani 
et al. (2004) 
Uruguay 
1988–2000

Men (n = 481) 
aged 30–89 yr 
with newly 
diagnosed, 
microscopically 
confirmed SCC 
of the larynx 
(supraglottis, 
n = 304; glottis, 
n = 177); 
diagnosed at the 
Cancer Institute 
or School of 
Medicine of 
Montevideo; 
97.2% 
participation rate

Hospital-based 
controls (n = 481 
men) frequency-
matched to cases 
on age (10-yr 
interval), residence 
(Montevideo, 
other counties), 
and urban or rural 
status; hospitalized 
for conditions 
unrelated to alcohol 
consumption or 
tobacco smoking, 
and with no recent 
changes in their diet; 
98.7% participation 
rate

Interviewer-
administered 
questionnaire 
Drinking 
status: never 
was drinking 
occasionally 
(social) and 
< once per 
month; current 
was drinking at 
time of interview 
or quit < 1 yr 
before interview 
date; former was 
all others

Drinking status   Supraglottis Age 
(categorical), 
residence, 
urban or 
rural status, 
education 
(categorical), 
period of 
diagnosis, 
centre, and 
pack-years 
of smoking 
(categorical)

Selection of 
hospital-based 
controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment 
for amount of 
alcohol consumed 
or duration of 
smoking cessation

Never 27 1.0 (ref)
Former 46 1.2 (0.6–2.2)
Current 231 3.9 (2.3–6.7)

Glottis
Never 26 1.0 (ref)
Former 47 1.3 (0.7–2.3)
Current 104 2.1 (1.2–3.7)

Table 2.13   (continued)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases 
or 
deaths

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Lee et al. 
(2005b) 
Taiwan 
(China) 
2000–2003

Men (n = 128) 
aged 43–
89 yr with 
histologically 
confirmed SCC 
of the larynx 
(ICD-10 code 
C32); recruited 
from 2 teaching 
hospitals in 
southern Taiwan 
(China); 97.9% 
participation rate

Hospital-based 
controls (n = 255 
men) aged 40–92 yr; 
otolaryngology 
outpatients or 
inpatients at one of 
the hospitals during 
the same study period 
as cases; without 
conditions associated 
with betel quid 
chewing, cigarette 
smoking, or alcohol 
consumption; 88.2% 
participation rate

Interviewer-
administered 
questionnaires 
Drinking status: 
non was lifetime 
abstention; ex 
was abstaining 
for > 1 yr before 
interview; 
current was 
drinking at time 
of interview or 
quit < 1 yr before 
interview date

Drinking status Cigarette 
smoking, betel 
quid chewing, 
and age

Selection of 
hospital-based 
controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed 
Unclear what 
categories of 
smoking were 
controlled for

Non 56 1.0 (ref)
Ex 12 3.0 (0.2–3.4)
Current 60 4.1 (2.5–8.8)

Huang et al. 
(2017) 
Taiwan 
(China) 
2010–2016

Men and women 
(n = 95) aged 
≥ 20 yr with 
newly diagnosed, 
pathologically 
confirmed SCC of 
the larynx (ICD-
10 code C32); 
treated at the 
National Cheng 
Kung University 
Hospital

Hospital-based 
controls (n = 940 
men and women) 
frequency-matched 
to cases on sex and 
age (± 5 yr); patients 
from otolaryngology 
and stomatology 
departments 
diagnosed with non-
cancer head and neck 
diseases unrelated to 
alcohol consumption, 
betel quid chewing, 
or cigarette smoking

Interviewer-
administered 
questionnaire 
Drinking status: 
never was self-
reported as such; 
occasional was 
not defined; 
regular was 
drinking ≥ once 
per week and 
was categorized 
as former 
regular (quit for 
> 6 months) and 
current regular

Drinking status Age, sex, 
education, 
cigarette 
smoking 
(pack-year 
categories), 
and betel 
quid chewing 
(pack-year 
categories)

Selection of 
hospital-based 
controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment 
for amount of 
alcohol consumed 
or duration of 
smoking cessation 
Participation rates 
not reported

Never/occasional 35 1.0 (ref)
Former regular 11 0.86 (0.40–1.85)
Current regular 49 1.84 (1.09–3.11)

CI, confidence interval; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th revision; INHANCE, International Head and Neck Cancer 
Epidemiology; ref, reference; SCC, squamous cell carcinoma; yr, year or years.

Table 2.13   (continued)
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adjustment for smoking status and duration of 
smoking cessation, the calculated odds ratio for 
long-term cessation was 0.80 (95% CI, 0.56–1.13). 
The strengths and limitations of this study are 
described in Section 2.2.1.]

In a hospital-based case–control study in 
Uruguay (De Stefani et al., 2004), the cases were 
men aged 30–89 years with newly diagnosed and 
microscopically confirmed SCC of the larynx 
in 1988–2000 (n  =  304 with supraglottis and 
n = 177 with glottis lesions). The controls were 
men (n = 481) who were frequency-matched to 
cases (1:1) on age (10-year intervals), residence 
(Montevideo, other counties), and urban or rural 
status. Compared with never drinking, there was 
a higher risk of supraglottic cancer associated 
with both former drinking (OR, 1.2; 95% CI, 
0.6–2.2) and current drinking (OR, 3.9; 95% CI, 
2.3–6.7). [Compared with continuing consump-
tion, cessation was associated with a lower risk 
(calculated OR, 0.31; 95% CI, 0.19–0.51).] Former 
drinking (OR, 1.3; 95% CI, 0.7–2.3) and current 
drinking (OR, 2.1; 95% CI, 1.2–3.7) also were 
associated with a higher risk of glottal cancer. 
[Compared with continuing consumption, 
cessation was associated with a lower risk (calcu-
lated OR, 0.62; 95% CI, 0.38–1.02). The strengths 
of this study are that it was a large case–control 
study, that the controls were selected from among 
patients with conditions thought to be unrelated 
to alcohol consumption, and that the alcohol 
consumption categories were well defined. The 
limitation of this study is that the associations 
were adjusted for pack-years of smoking but not 
for duration of smoking cessation or the amount 
of alcohol consumed.]

In the hospital-based case–control study in 
Taiwan (China) (Lee et al., 2005b) (described in 
Section 2.2.2), 128 men with SCC of the larynx 
and 255 controls were included in the analysis. 
Compared with non-drinking, former drinking 
(OR, 3.0; 95% CI, 0.2–3.4) and current drinking 
(OR, 4.1; 95% CI, 2.5–8.8) were associated with 
higher risks of laryngeal SCC. [Compared with 

continuing consumption, the calculated odds 
ratio for cessation was 0.73 (95% CI, 0.17–3.07). 
The strengths and limitations of this study are 
described in Section 2.2.2.]

In another hospital-based case–control study  
in Taiwan (China) (Huang et al., 2017) (described 
in Section 2.2.1), 95 cases of SCC of the larynx 
and 940 controls were included in the analysis. 
Compared with never and occasional drinking, 
the odds ratio was 0.86 (95% CI, 0.40–1.85) 
for former-regular drinking and 1.84 (95% 
CI, 1.09–3.11) for current-regular drinking. 
[Compared with continuing consumption, there 
was a lower risk for cessation (calculated OR, 0.47; 
95% CI, 0.21–1.03). The strengths and limitations 
of this study are described in Section 2.2.1.]

2.2.4 Oesophageal cancer

Oesophageal cancer (ICD code C15) is the 
eighth most commonly diagnosed type of cancer 
and the sixth leading cause of cancer death glob-
ally (Sung et al., 2021). Globally in 2020, the 
age-standardized (world population) incidence 
and mortality rates for oesophageal cancer were 
6.3 per 100 000 and 5.6 per 100 000, respectively 
(Ferlay et al., 2020). The most common histolog-
ical subtype is oesophageal SCC (85%) and the 
remainder of the cases are oesophageal adeno-
carcinomas, although there is some variability in 
the distribution of histological subtypes among 
countries (Morgan et al., 2022).

Consumption of alcoholic beverages is an 
established cause of oesophageal SCC but not 
of oesophageal adenocarcinoma (IARC, 2012a). 
Tobacco smoking is also an established cause 
of oesophageal SCC, and there is evidence 
that alcohol consumption and tobacco use 
have a synergistic effect on risk (IARC, 2012a); 
consumption of red meat and processed meat 
probably increases risk (Vingeliene et al., 2017). 
Studies of alcohol cessation and oesophageal 
adenocarcinoma only were not eligible for inclu-
sion in this review. However, studies assessing 
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alcohol consumption and cessation and risk of 
oesophageal SCC and oesophageal adenocarci-
noma combined were included. When they were 
described in the original publication, the distri-
butions of each histological subtype are included 
in the study description.

(a) Cohort studies

The associations of reduction and cessa-
tion of alcoholic beverage consumption with 
risk of oesophageal cancer were assessed in 
one cohort study (Yoo et al., 2022); cessation 
only was assessed in three other cohort studies 
(Ishikawa et al., 2006; Jayalekshmi et al., 2021, 
Im et al., 2021a), and duration of cessation 
and cessation and risk of oesophageal cancer 
mortality were assessed using data from another 
cohort (Ozasa et al., 2007; Yaegashi et al., 2014) 
(Table  2.15; Supplementary Table  S2.16, web 
only; available from https://publications.iarc.
who.int/638). In the cohort study in India, 82% 
of cases with known histology were oesophageal 
SCC (Jayalekshmi et al., 2021). The distribution 
of histological subtypes was not specified in the 
other cohort studies (Ishikawa et al., 2006; Ozasa 
et al., 2007; Yaegashi et al., 2014; Im et al., 2021a; 
Yoo et al., 2022); however, these studies were 
conducted in countries where oesophageal SCC 
is substantially more common than oesophageal 
adenocarcinoma (Morgan et al., 2022).

In the study of Yoo et al. (2022) (described 
in Section  2.2.3), among the men and women 
included in the analysis, 3009 cases of oesopha-
geal cancer were identified during the follow-up 
time. In analyses of alcohol reduction, compared 
with stable moderate consumption, the hazard 
ratio for reduction from moderate consump-
tion in 2009 to mild consumption in 2011 was 
1.38 (95% CI, 1.13–1.70). Compared with stable 
heavy consumption, the hazard ratio for reduc-
tion from heavy to mild consumption was 2.23 
(95% CI, 1.74–2.86) and for reduction from 
heavy to moderate consumption was 1.03 (95% 
CI, 0.83–1.29). Compared with stable mild, stable 

moderate, and stable heavy consumption, the 
hazard ratios for cessation from each level of 
consumption in 2009 to none in 2011 were 1.13 
(95% CI, 0.92–1.38), 2.38 (95% CI, 1.79–3.17), 
and 3.66 (95% CI, 2.77–4.83), respectively. [The 
strengths and limitations of this study are 
described in Section 2.2.3. In addition, the asso-
ciation for oesophageal SCC was not reported 
separately.]

In 1988–1990, the Japan Collaborative Co- 
hort Study for Evaluation of Cancer Risk (JACC) 
enrolled a cohort of 109 778 men and women aged 
40–79 years who were living in one of 45 areas of 
Japan and cancer-free (Tamakoshi et al., 2007). 
Follow-up for cancer incidence, vital status, and 
date and cause of death was achieved by cancer 
registry linkage or review of death certificates 
(Ogimoto et al., 2004; Wakai et al., 2005). A 
JACC study that assessed associations of alcohol 
consumption with oesophageal cancer mortality 
included 42 408 men who were followed up for 
cause-specific mortality from enrolment until 
2009 (except in four areas, where follow-up ended 
in 1999; in another four areas, follow-up ended in 
2003, and in two areas, follow-up ended in 2008), 
during which 196 oesophageal cancer deaths were 
identified (Yaegashi et al., 2014). Women were 
not included in the analysis because there were 
too few who consumed alcohol. Compared with 
non-drinking, the hazard ratio was 2.10 (95% 
CI, 0.99–4.42) for ex-drinking and 2.28 (95% CI, 
1.40–3.72) for current drinking. [Compared with 
continuing consumption, the calculated hazard 
ratio for cessation was 0.92 (95% CI, 0.50–1.70).] 
In an earlier analysis from this cohort (Ozasa et 
al., 2007), the association between duration of 
cessation and oesophageal cancer mortality was 
assessed; among men, 153 oesophageal cancer 
deaths were identified during follow-up until 2003 
(except in three areas, where follow-up ended in 
1999) (Tamakoshi et al., 2007). Compared with 
rare/none, there was a 3.7-fold higher risk for 
< 5 years of cessation (HR, 3.75; 95% CI, 1.16–12.1) 
and no association for ≥  15  years of cessation 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.15 Cohort studies of reduction, duration of cessation, and cessation of alcoholic beverage consumption and risk of 
oesophageal cancer

Reference 
Study location  
Name of cohort 
Period

Cohort description Alcohol 
exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comment

Ishikawa et al. 
(2006) 
Japan 
Miyagi cohorts 
Cohort 1: 
1984–1992 
Cohort 2: 
1990–1997

Analysis included: 
Cohort 1, n = 9008 men, 
aged ≥ 40 yr who lived 
in 3 municipalities; 
follow-up time from 1984 
through 1992 (up to 9 yr); 
Cohort 2, n = 17 715 men, 
aged ≥ 40–64 yr who 
lived in 14 municipalities; 
follow-up time from June 
1990 through 1997 (up 
to 7.6 yr); cancer cases 
ascertained by cancer 
registry linkage

Self-
administered 
questionnaire 
Drinking status: 
never was 
not defined; 
occasional 
was drinking 
< 5 days/week; 
former was not 
defined; daily 
was drinking 
≥ 5 days/week

Oesoph- 
agus 
(ICD-O-2 
codes 
C15.0–
C15.9; 
histology 
not 
specified)

Drinking status    Age, cigarette 
smoking 
(never, past, 
current 1–19 
cigarettes per 
day, or current 
≥ 20 cigarettes 
per day), and 
green tea, 
coffee, and 
black tea intake

Pooled 
analysis 
Limited 
follow-up time 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation

Never/occasional 16 1.0 (ref)
Former 5 1.55 (0.58–4.14)
Daily 57 2.73 (1.55–4.81)

Ptrend = 0.0002

Ozasa et 
al. (2007); 
Yaegashi et al. 
(2014) 
Japan 
Japan 
Collaborative 
Cohort Study 
for Evaluation 
of Cancer Risk 
1988–2009

Analysis for drinking 
status (Yaegashi et al., 
2014) included n = 42 408 
men aged 40–79 yr; 
follow-up time from 1988 
through 2009 in most 
of the 45 areas of data 
collection but ended in 
1999 in 4 areas, 2003 in 4 
areas, and 2008 in 2 areas. 
Analysis of duration of 
cessation (Ozasa et al., 
2007) included follow-up 
through 2003 (except in 
3 areas, where it ended 
in 1999) (Tamakoshi et 
al., 2007); cause of death 
ascertained by death 
certificate review

Self-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status 
Duration of 
cessation: self-
reported

Oesoph-
agus 
(deaths) 
(ICD-10 
codes 
C15.0–
C15.9; 
histology 
not 
specified)

Drinking status Deaths Age, centre, 
and vegetable 
and fruit 
intake

No adjustment 
for amount 
of alcohol 
consumed or 
smoking 
Women 
were not 
included in 
the drinking 
status 
analysis, and 
there were 
no women 
who died of 
oesophageal 
cancer in 
any of the 
duration of 
cessation 
categories

Non-drinking 18 1.0 (ref)
Ex-drinking 12 2.10 (0.99–4.42)
Drinking 166 2.28 (1.40–3.72)
Duration of cessation  
Rare/none 14 1.0 (ref)
< 5 yr 4 3.75 (1.16–12.1)
5–15 yr 3 2.76 (0.76–10.0)
≥ 15 yr 1 1.03 (0.13–8.12)
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Reference 
Study location  
Name of cohort 
Period

Cohort description Alcohol 
exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comment

Jayalekshmi 
et al. (2021) 
India 
Karunagappally 
cohort 
1990–2013

Analysis included 
n = 65 528 men aged 
30–84 yr; follow-up 
time from January 1990 
through 2013; cancer 
cases ascertained by 
cancer registry linkage; 
cancer deaths ascertained 
from death registry 
supplemented with 
house visits (proportion 
of death-only cases 
was 14% in 1990–1994 
and decreased to 1% in 
subsequent years)

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Oesoph-
agus 
(ICD-O-3 
codes not 
specified)

Drinking status All Age, calendar 
time, family 
income, and 
education

81.8% OSCC 
in a subset of 
cases 
No adjustment 
for amount 
of alcohol 
consumed or 
smoking 
Excluded 
individuals 
who died 
within the 
first 3 yr of 
follow-up time

Never 65 1.0 (ref)
Former 24 1.2 (0.7–1.9)
Current 69 1.6 (1.1–2.3)
Drinking status OSCC
Never 32 1 (ref)
Former 12 1.2 (0.6–2.4)
Current 45 2.0 (1.3–3.2)

Im et al. (2021a) 
China 
China Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 209 237 men and 
n = 300 900 women 
aged 30–79 yr; follow-up 
time from 2004 through 
2016 (median, 10 yr); 
cancer cases ascertained 
by linkage with cancer 
registries and the 
national health insurance 
databases

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the 
past year or 
in most weeks 
prior; ex-regular 
was drinking 
< weekly in 
the past year 
but drinking 
≥ weekly prior; 
occasional 
was drinking 
< weekly in the 
past year and 
prior; current 
regular was 
drinking in most 
weeks in the past 
year

Oesoph-
agus 
(ICD-10 
code C15)

Drinking status Men Age, study 
area, 
education, 
income, 
smoking 
(never, 
occasional, 
and for ever 
smoked, 3 
categories of 
cigarettes per 
day in men and 
2 in women), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer

Floating 
standard 
errors were 
used to 
estimate 
the CIs; 
abstention is 
the reference 
category 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation

Abstain 243 1.00 (0.88–1.14)
Ex-regular 152 1.23 (1.05–1.44)
Occasional 558 1.05 (0.96–1.15)
Current regular 655 1.80 (1.66–1.96)

Women
Abstain 340 1.00 (0.89–1.13)
Ex-regular 8 1.17 (0.57–2.41)
Occasional 377 0.99 (0.88–1.12)
Current regular 15 1.23 (0.73–2.06)

Table 2.15   (continued)
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Reference 
Study location  
Name of cohort 
Period

Cohort description Alcohol 
exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure 
categories

No. of 
cases 
or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comment

Yoo et al. (2022) 
Republic of 
Korea 
NHIS 
2009–2018

Analysis included 
n = 4 513 746 men and 
women aged ≥ 40 yr with 
drinking status data 
from 2 consecutive (2009 
and 2011) biennial NHIS 
health screenings; follow-
up time through 2018 
(median, 6.4 yr); cancer 
cases ascertained through 
the NHIS billing system

Self-
administered 
questionnaires 
in 2009 and 2011 
Alcohol intake 
in 2009 and 
2011: for each 
survey, alcohol 
intake was 
first classified 
by amount 
of ethanol 
consumed: none, 
mild (< 15 g/
day), moderate 
(15–29.9 g/
day), and heavy 
(≥ 30 g/day); 
then associations 
for each level of 
consumption 
in 2011 were 
assessed 
stratified on level 
of consumption 
in 2009; the 
reference 
group for each 
stratum was 
the stable group 
at each level of 
consumption 
(e.g. 2009/2011 
none/none)

Oesoph-
agus 
(ICD-10 
code C15; 
histology 
not 
specified)

Alcohol intake in 
2009/2011

3009 
total

  Age, sex, 
socioeconomic 
position, 
smoking 
status, physical 
activity, 
comorbidities 
(hypertension, 
diabetes, 
dyslipidaemia, 
chronic kidney 
disease, 
and chronic 
obstructive 
pulmonary 
disease), and 
Charlson 
Comorbidity 
Index

Excluded the 
first year of 
follow-up time 
No 
information 
about alcohol 
consumption 
before the 
first wave of 
reporting 
Limited 
follow-up time 
No adjustment 
for detailed 
smoking 
history, 
including 
duration 
of smoking 
cessation

None/none 1.0 (ref)
None/mild 0.92 (0.76–1.12)
None/moderate 1.07 (0.81–1.41)
None/heavy 1.01 (0.79–1.29)

Mild/none 1.13 (0.92–1.38)
Mild/mild 1.0 (ref)
Mild/moderate 0.80 (0.66–0.98)
Mild/heavy 0.74 (0.59–0.92)

Moderate/none 2.38 (1.79–3.17)
Moderate/mild 1.38 (1.13–1.70)
Moderate/moderate 1.0 (ref)
Moderate/heavy 0.73 (0.61–0.88)

Heavy/none 3.66 (2.77–4.83)
Heavy/mild 2.23 (1.74–2.86)
Heavy/moderate 1.03 (0.83–1.29)
Heavy/heavy 1.0 (ref)

BMI, body mass index; CI, confidence interval; ICD, International Classification of Diseases; NHIS, National Health Insurance Service; OSCC, oesophageal squamous cell carcinoma; 
ref, reference; yr, year or years.

Table 2.15   (continued)
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(HR, 1.03; 95% CI, 0.13–8.12). [Compared with 
continuing consumption, risk decreased with 
longer duration of cessation (calculated HR, 
1.66; 95% CI, 0.84–3.28 for <  5 years of cessa-
tion, and calculated HR, 0.46; 95% CI, 0.15–1.37 
for ≥ 15 years of cessation). The strength of this 
study is the long follow-up time (up to 21 years). 
The limitations of this study are that the cate-
gories of drinking status were not defined, that 
the associations were not adjusted for smoking or 
the amount of alcohol consumed, that there were 
few oesophageal cancer deaths among men in 
the ex-drinking category (n = 5), and that there 
was no sensitivity analysis excluding at least the 
first year of follow-up time and no test of the 
proportional hazards assumption in the analysis 
of Yaegashi et al. (2014) or Ozasa et al. (2007).]

The association between alcohol cessation 
and risk of oesophageal cancer was assessed 
in a pooled analysis of data from two cohorts 
in Miyagi Prefecture in Japan (Ishikawa et al., 
2006). For Miyagi Cohort  1, a questionnaire 
was mailed to residents aged ≥  40  years living 
in three municipalities in January 1984; 93.7% of 
the surveys were returned. For Miyagi Cohort 2, 
a questionnaire was mailed to residents aged 
40–64 years living in 14 municipalities between 
June and August 1990; 91.7% of the surveys 
were returned. For both cohorts, incident cancer 
cases were ascertained through linkage with the 
Miyagi Prefectural Cancer Registry. Women 
were excluded from the analysis because they 
seldom consumed alcohol, as were men with a 
personal history of cancer at enrolment or who 
had incomplete data for analysis. In Miyagi 
Cohort 1, among 9008 men included in the anal-
ysis, 38 cases of oesophageal cancer were identi-
fied during the follow-up from enrolment until 
1992 (9 years). In Miyagi Cohort 2, among 17 715 
men included in the analysis, 40 cases of oesoph-
ageal cancer were identified during the follow-up 
from enrolment until December 1997 (7.6 years). 
Compared with never or occasional drinking, the 
hazard ratio for former drinking was 1.55 (95% 

CI, 0.58–4.14) and for [current] daily drinking 
was 2.73 (95% CI, 1.55–4.81). [The calculated 
hazard ratio for cessation compared with contin-
uing consumption was 0.57 (95% CI, 0.18–1.76). 
The strength of this study is the high participa-
tion rates in each cohort. The limitations of this 
study are that neither never drinking nor former 
drinking were defined, that the follow-up time 
was limited in each cohort (9  years in Miyagi 
Cohort 1 and 7.6 years in Miyagi Cohort 2), that 
the associations were not adjusted for smoking 
or the amount of alcohol consumed, that there 
were few cases in the former-drinking category 
(n = 5), and that there was no sensitivity anal-
ysis excluding at least the first year of follow-up 
time and no test of the proportional hazards 
assumption.]

In the Karunagappally cohort study in In- 
dia (Jayalekshmi et al., 2021) (described in 
Section  2.2.2), among 65  528 men included 
in the analysis, 158 oesophageal cancer cases 
or deaths were identified between completion 
of the baseline survey from 1990 to 1997 and 
December 2013. Compared with never drinking, 
the relative risk for former drinking was 1.2 
(95% CI, 0.7–1.9) for all oesophageal cancers 
and 1.2 (95% CI, 0.6–2.4) for oesophageal SCC. 
Compared with never drinking, the relative risk 
for current drinking was 1.6 (95% CI, 1.1–2.3) for 
all oesophageal cancers and 2.0 (95% CI, 1.3–3.2) 
for oesophageal SCC. [Compared with contin-
uing consumption, the calculated relative risk 
for cessation was 0.75 (95% CI, 0.45–1.25) for all 
oesophageal cancer and 0.60 (95% CI, 0.32–1.14) 
for oesophageal SCC. The strength of this study 
is that the associations for oesophageal SCC were 
assessed separately. The limitations of this study 
are that the categories of drinking status were 
not defined, that it is unclear why women were 
excluded from the analysis, and that the asso-
ciations were not adjusted for smoking or the 
amount of alcohol consumed.]

In the study of Im et al. (2021a) (described in 
Section 2.2.1), 1608 incident cases of oesophageal 
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cancer among 209 237 men and 740 incident cases 
among 300  900 women were identified during 
the follow-up time. Among men, compared with 
abstaining, there was a higher risk of oesophageal 
cancer associated with ex-regular drinking (HR, 
1.23; 95% CI, 1.05–1.44) and with current-reg-
ular drinking (HR, 1.80; 95% CI, 1.66–1.96). 
Among women, compared with abstaining, the 
hazard ratio was 1.17 (95% CI, 0.57–2.41) for 
ex-regular drinking and 1.23 (95% CI, 0.73–2.06) 
for current-regular drinking. [Compared with 
continuing consumption, there was a lower risk 
for cessation among men (calculated HR, 0.68; 
95% CI, 0.57–0.82) but not among women (calcu-
lated HR for cessation, 0.95; 95% CI, 0.39–2.31). 
The strengths and limitations of this study are 
described in Section 2.2.1. In addition, the asso-
ciation for oesophageal SCC was not reported 
separately, and among women there were very 
few cases in the ex-regular-drinking category 
(n = 8).]

(b) Meta-analysis

Rehm et al. (2007) assessed the association 
between duration of cessation of alcoholic 
beverage consumption and risk of oesophageal 
cancer with adjustment for tobacco smoking in a 
meta-analysis of four hospital-based case–control 
studies (Cheng et al., 1995; Castellsagué et al., 
1999; Bosetti et al., 2000; Zambon et al., 2000), 
in two of which an adjustment was made for the 
amount of alcohol consumed (Cheng et al., 1995; 
Bosetti et al., 2000) (Supplementary Table S2.16, 
web only; available from https://publications.iarc.
who.int/638; Table 2.17). The four studies included 
1812 cases of oesophageal cancer (78% SCC) and 
4898 controls in Argentina, Brazil, Hong Kong 
Special Administrative Region (China), Italy, 
Paraguay, Switzerland, and Uruguay. Compared 
with current drinking, there was a higher risk 
of oesophageal cancer for > 0–2 years (OR, 2.50; 
95% CI, 2.23–2.80), and for 2–5 years of cessa-
tion (OR, 1.10; 95% CI, 1.03–1.18), whereas the 
odds ratios for categories of longer duration 

of cessation were <  1 with substantially lower 
risk for long-term cessation (OR, 0.35; 95% CI, 
0.31–0.39 for ≥  15  years of cessation). In each 
of the two case–control studies included in the 
meta-analysis that also adjusted for the amount 
of alcohol consumed, there was a lower risk of 
oesophageal cancer associated with ≥ 15 years of 
cessation (OR, 0.2; 95% CI, 0.1–0.6, Cheng et al., 
1995; and OR, 0.53; 95% CI, 0.15–1.85, Bosetti 
et al., 2000). In one case–control study included 
in the meta-analysis (Castellsagué et al., 1999), a 
further analysis showed that adjusting for dura-
tion of smoking cessation had little impact on 
the strength of the association between duration 
of alcohol cessation and risk (Castellsagué et al., 
2000). [The meta-analysis by Rehm et al. (2007) 
was preferred to that by Jarl and Gerdtham (2012) 
because the analysis allowed for modelling of 
the reverse causation in the first few years after 
alcohol cessation. The strengths of this study 
are that smoking-adjusted associations for cate-
gories of duration of cessation, including long-
term cessation, were assessed and that it included 
geographical diversity. The limitations of this 
study are that there was no information about 
the selection of hospital-based controls, that it is 
unclear what smoking categories were controlled 
for, and that the associations for oesophageal 
SCC were not reported separately.]

(c) Case–control studies

The associations of duration of cessation 
only or duration of cessation and cessation of 
alcoholic beverage consumption compared with 
continuing consumption with risk of oesopha-
geal cancer were assessed in seven individual 
case–control studies that were not included in 
the meta-analysis (Launoy et al., 1997; Takezaki 
et al., 2000; Lee et al., 2005a; Vioque et al., 2008; 
Szymańska et al., 2011; Wu et al., 2011; Yang et al., 
2017), and the association for cessation only was 
assessed in four other individual case–control 
studies (Gao et al., 1994; Yokoyama et al., 2002; 
Yang et al., 2005; Wu et al., 2006) (Supplementary 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.17 Meta-analyses and pooled analyses of duration of cessation of alcoholic beverage consumption and risk of 
oesophageal cancer

Reference Description 
Type of analysis; no. 
and type of studies; 
total no. of cases and 
controls (or total 
cohort and no. of 
cases)

Study population 
characteristics

Exposure 
categories

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Rehm et al. 
(2007)

Meta-analysis of 4 
hospital-based case–
control studies with 
data about duration 
of alcohol cessation 
and analyses adjusted 
for smoking; n = 1812 
cases (78% OSCC) and 
n = 4898 controls

Men and women in 3 studies; 
only men in 1 study 
Participants from Argentina, 
Brazil, Hong Kong Special 
Administrative Region 
(China), Italy, Paraguay, 
Switzerland, and Uruguay

Drinking status   All studies 
adjusted for 
smoking

The 4 case–control studies that 
adjusted for smoking were: Bosetti 
et al. (2000); Castellsagué et al. 
(1999); Cheng et al. (1995); Zambon 
et al. (2000) 
No details reported about selection 
of hospital-based controls. Two 
studies also adjusted for amount 
of alcohol consumed: Bosetti et al. 
(2000); Cheng et al. (1995)

Current 1.0 (ref)
Never 0.37 (0.35–0.39)
Duration of cessation
> 0–2 yr 2.50 (2.23–2.80)
2–5 yr 1.10 (1.03–1.18)
5–10 yr 0.85 (0.79–0.92)
10–15 yr 0.85 (0.79–0.92)
> 15 yr 0.35 (0.31–0.39)

CI, confidence interval; OSCC, oesophageal squamous cell carcinoma; ref, reference; yr, year or years.
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Table  S2.16, web only; available from https://
publications.iarc.who.int/638; Table 2.18). Among 
the 11 individual case–control studies, six 
included only histologically confirmed cases of 
oesophageal SCC (Launoy et al., 1997; Yokoyama 
et al., 2002; Lee et al., 2005a; Wu et al., 2006; 
Szymańska et al., 2011; Yang et al., 2017); in three 
studies, the percentage of cases with oesophageal 
SCC was 67% (Gao et al., 1994), 96% (Yang et al., 
2005), and 79% (Vioque et al., 2008). The distri-
bution of histological subtypes was not reported 
in studies in Japan (Takezaki et al., 2000) and 
China (Wu et al., 2011), where oesophageal SCC 
is much more common than oesophageal adeno-
carcinoma (Morgan et al., 2022).

A hospital-based case–control study con- 
ducted in France from 1991 to April 1994 (Launoy 
et al., 1997) included 208 men aged < 85 years 
with histologically confirmed oesophageal SCC 
who were treated at three university hospitals. 
The controls included 399 men who were patients 
admitted to the same hospitals during the same 
period as the cases and matched to cases on age 
and hospital. Compared with current drinking, 
the odds ratios were 2.23 (95% CI, 1.01–4.89) for 
1–5 years of cessation, 1.86 (95% CI, 0.58–5.87) 
for 6–10  years of cessation, and 1.15 (95% CI, 
0.63–3.24) for ≥  11  years of cessation. [The 
strength of this study is that patients hospital-
ized for trauma were excluded from the control 
group. The limitations of this study are that 
the participation rate among controls was not 
reported, that the categories of drinking status 
were not defined, that the associations were not 
adjusted for smoking or the amount of alcohol 
consumed, and that there were few cases in the 
two highest categories of duration of cessation 
(n = 7 for 6–10 years of cessation, and n = 5 for 
≥ 11 years of cessation).]

The hospital-based case–control study of 
Takezaki et al. (2000) (described in Section 2.2.2) 
included 284 cases of oesophageal cancer and 
11  936 controls. Compared with almost-never 
drinking, the odds ratio for former drinking was 

4.4 (95% CI, 2.5–7.9), which was similar to that 
for current drinking (OR, 4.4; 95% CI, 2.9–6.7). 
[Compared with continuing consumption, cessa-
tion was not associated with risk of oesophageal 
cancer (calculated OR, 1.00; 95% CI, 0.63–1.59).] 
Compared with almost-never drinking, there 
were higher risks for 1–9 years of cessation 
(OR, 5.1; 95% CI, 2.6–10.0) and for ≥ 10 years of 
cessation (OR, 3.5; 95% CI, 1.4–9.1). [Compared 
with continuing consumption, the calculated 
odds ratio for 1–9  years of cessation was 1.16 
(95% CI, 0.52–2.56) and for ≥ 10 years of cessa-
tion was 0.80 (95% CI, 0.29–2.22). The strengths 
and limitations of this study are described in 
Section  2.2.2. An additional limitation is that 
the association with oesophageal SCC was not 
reported separately.]

In a hospital-based case–control study in 
Taiwan (China), 513 histologically confirmed 
cases of oesophageal SCC, aged 28–89  years, 
diagnosed from July 1996 to December 2003 at 
three hospitals were enrolled (Lee et al., 2005a). 
The controls were aged 26–89  years, received 
routine physical check-ups at the same hospitals 
as the cases within 4  weeks of when the cases 
were identified, and were matched to the cases 
on sex and age (± 3 years). Among 818 controls, 
224 were matched 1 per case, 243 were matched 
2 per case, and 108 were matched 3 per case. 
Compared with never drinking, the odds ratio 
for former drinking was 5.5 (95% CI, 3.6–8.6), 
and for current drinking, the odds ratio was 7.6 
(95% CI, 5.2–11.1). [The calculated odds ratio for 
cessation compared with continuing consump-
tion was 0.72 (95% CI, 0.46–1.14).] Compared 
with current drinking, the odds ratios decreased 
with longer duration of cessation: 1.3 (95% CI, 
0.7–2.4) for 1–5 years of cessation, 0.8 (95% CI, 
0.4–1.8) for 6–10 years of cessation, and 0.3 (95% 
CI, 0.1–0.6) for >  10  years of cessation. [The 
strength of this study is that it assessed long-term 
cessation. The limitations of this study are that 
there was limited information about selection of 
hospital-based controls and that the associations 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.18 Case–control studies of duration of cessation and cessation of alcoholic beverage consumption and risk of 
oesophageal cancer

Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Gao et al. 
(1994) 
China 
1990–1993

Men (n = 513) 
aged 30–74 yr; 
histologically 
confirmed 
oesophageal 
cancer (67% 
OSCC); residents 
of urban 
Shanghai; 88.8% 
participation rate

Population-based 
controls (n = 799 
men) frequency-
matched to cases 
on age; randomly 
selected from the 
urban Shanghai 
population

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status Age, 
education, 
birthplace, 
tea drinking, 
dietary 
factors, 
cigarette 
smoking

No adjustment for 
amount of alcohol 
consumed 
Unclear what 
categories of 
smoking were 
controlled for 
Participation rate 
for controls not 
reported 
Results for women 
not shown here 
because there were 
3 cases in the ex-
drinking category

Non 196 1.0 (ref)
Ex 27 1.6 (0.8–3.1)
Current 290 1.4 (1.1–1.9)

Launoy et al. 
(1997) 
France 
1991–1994

Men (n = 208) 
aged < 85 yr; 100% 
histologically 
confirmed OSCC; 
admitted to 1 
of 3 university 
hospitals in 
France; 93.3% 
participation rate

Hospital-based 
controls (n = 399 
men), matched 
to cases on age 
and hospital; 
admitted to the 
rheumatology 
or orthopaedic 
units; excluded 
trauma patients 
during the same 
period

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Duration of cessation Interviewer, 
age, place of 
residence, 
occupation, 
education 
level, and 
marital status

Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed or 
smoking 
Participation rate 
for controls not 
reported

Current 181 1.0 (ref)
1–5 yr 14 2.23 (1.01–4.89)
6–10 yr 7 1.86 (0.58–5.87)
≥ 11 yr 5 1.15 (0.63–3.24)

Ptrend = 0.25
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Takezaki 
et al. (2000) 
Japan 
1988–1997

Men (n = 284) 
aged 40–79 yr; 93% 
histopathologically 
or clinically 
confirmed 
oesophageal 
cancer (ICD-
9 code 150 or 
ICD-10 code 
C15); diagnosed 
within 1 yr of 
completing a first-
visit outpatient 
questionnaire at 
ACCH

Hospital-
based controls 
(n = 11 936 men) 
aged 40–79 yr; 
completed 
questionnaire 
as first-visit 
outpatients 
at ACCH and 
confirmed to 
be cancer-free 
by diagnostic 
procedures

Self-administered 
questionnaire 
Drinking status: 
almost never 
was not defined; 
former was quit 
≥ 1 yr previously; 
current was 
drinking 
≥ 4 times/week 
Duration of 
cessation: years 
since quitting

Drinking status Age, year, 
and season of 
visit, smoking 
(never, 
former, and 
for current, 
< 30 and 
≥ 30 pack-
years), and 
consumption 
of raw 
vegetables

Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed or 
duration of smoking 
cessation 
98.6% of first-visit 
outpatients returned 
the survey

Almost never 31 1.0 (ref)
Former 31 4.4 (2.5–7.9)
Current 284 4.4 (2.9–6.7)
Duration of cessation
Almost never NR 1.0 (ref)
1–9 yr 5.1 (2.6–10.0)
≥ 10 yr 3.5 (1.4–9.1)

Yokoyama 
et al. (2002) 
Japan 
2000–2001

Men (n = 234) aged 
40–79 yr; 100% 
histologically 
confirmed OSCC; 
diagnosed within 
3 yr before study 
registration and 
treated at 1 of 4 
hospitals; 99.2% 
participation rate

Hospital-based 
controls (n = 634 
men) aged 40–
79 yr; outpatients 
registered at 2 
Tokyo clinics for 
annual health 
check-ups; 86% 
participation rate

Self-administered 
questionnaire 
Drinking status: 
self-reported 
never, current, or 
ex-drinker status 
Current 
consumption was 
categorized as 
light (1–8.9 units/
week), moderate 
(9–17.9 units/
week), or heavy 
(≥ 18 units/
week), where 
1 unit = 22 g of 
ethanol

Drinking status   Age, 
frequency 
of drinking 
strong 
alcoholic 
beverages, 
pack-years 
of smoking, 
consumption 
of green–
yellow 
vegetables, 
and fruit 
intake

Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
duration of smoking 
cessation

Never/rare 5 0.17 (0.05–0.56)
Ex 13 9.44 (3.29–27.08)
Current
Light 24 1.0 (ref)
Moderate 86 8.22 (4.42–15.28)
Heavy 106 13.74 (7.18–26.29)

Table 2.18   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Lee et al. 
(2005a) 
Taiwan 
(China) 
1996–2003

Men and women 
(n = 513) aged 
28–89 yr; 100% 
histologically 
confirmed OSCC; 
ascertained 
from 3 hospitals 
in Taiwan 
(China); 65.5% 
participation rate

Hospital-
based controls 
(n = 818 men and 
women) aged 
26–89 yr; healthy 
outpatients 
attending for 
physical check-
up: matched on 
sex, age (± 3 yr), 
and hospital (1:1 
for 224 cases, 2:1 
for 243 cases, 
and 3:1 for 36 
cases); 95.0% 
participation rate

Interviewer-
administered 
questionnaire 
Drinking status: 
never was no 
consumption 
≥ once per week 
for ≥ 6 months; 
ever was any 
consumption 
≥ once per week 
for ≥ 6 months 
and was 
categorized 
as current 
(consumption 
within the year 
before diagnosis 
or interview) 
and former (quit 
for ≥ 1 yr before 
diagnosis or 
interview)

Drinking status Age, sex, 
study 
hospital, 
education, 
consumption 
of vegetables 
and fruits, 
pack-years 
of cigarette 
smoking, and 
betel quid 
chewing

Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed or 
duration of smoking 
cessation

Never 110 1.0 (ref)
Former 114 5.5 (3.6–8.6)
Current 289 7.6 (5.2–11.1)

Ptrend < 0.0001
Duration of cessation
Current 289 1.0 (ref)
1–5 yr 66 1.3 (0.7–2.4)
6–10 yr 22 0.8 (0.4–1.8)
> 10 yr 26 0.3 (0.1–0.6)

Ptrend = 0.002
Never 110 0.1 (0.1–0.2)

Yang et al. 
(2005) 
Japan 
2001–2004

Men and women 
(n = 165) aged 
18–80 yr with 
histologically 
confirmed 
oesophageal 
cancer (96% 
OSCC); completed 
a first-visit 
outpatient 
questionnaire at 
ACCH

Hospital-based 
controls (n = 495 
men and women) 
randomly 
selected and 
matched (3:1) on 
age and sex; first-
visit outpatients 
at ACCH during 
the same period 
and confirmed to 
be cancer-free

Self-administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status Age and sex Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed or 
smoking 
95% of first-
visit outpatients 
completed the 
questionnaire

Never 8 1.0 (ref)
Former 12 6.20 (2.34–16.4)
Current 145 9.44 (4.36–20.4)

Table 2.18   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Wu et al. 
(2006) 
Taiwan 
(China) 
Dates not 
specified

Men (n = 165) 
aged 35–92 yr 
with histologically 
confirmed OSCC; 
ascertained from 
2 hospitals in 
southern Taiwan 
(China)

Hospital-based 
controls (n = 255 
men) aged 
40–92 yr, age-
matched; with 
no malignant 
tumours or 
conditions 
associated 
with betel 
quid chewing, 
smoking, 
or alcohol 
consumption; 
88.2% 
participation rate

Interviewer-
administered 
Drinking status: 
ever was drinking 
> 4 times/week 
for ≥ 1 yr; current 
was drinking 
> 4 times/week 
within the past 
year; ex-drinking 
was quit > 1 yr 
before diagnosis 
or interview

Drinking status Cigarette 
smoking, 
betel quid 
chewing, age, 
and years of 
education

Selection of hospital-
based controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
Unclear what 
categories of 
smoking were 
controlled for 
No adjustment for 
amount of alcohol 
consumed 
Participation rate 
for cases was not 
reported

Non-drinking 17 1 (ref)
Ex 13 5.4 (1.9–15.4)
Current 135 23.3 (12.0–47.7)

Vioque et al. 
(2008) 
Spain 
The 
PANESOES 
project 
1995–1999

Men and women 
(n = 202) aged 
30–80 yr with 
histologically 
confirmed 
oesophageal 
cancer (79.2% 
OSCC); 
hospitalized in any 
of 9 participating 
hospitals; 96% 
participation rate

Hospital-based 
controls (n = 455 
men and women) 
aged 30–80 yr; 
selected from the 
same hospitals as 
cases, frequency-
matched on 
age group, sex, 
and province; 
selected based on 
having diseases 
unrelated 
to tobacco 
use, alcohol 
consumption, 
or diet; 99.6% 
participation rate

Interviewer-
administered 
questionnaire 
Drinking status: 
never was having 
consumed 
< 1 drink/month; 
former was quit 
≥ 1 yr before 
interview; current 
was not defined 
Duration of 
cessation: no 
information 
reported about 
how this was 
estimated

Drinking status OSCC Sex, age, 
education 
level, 
province, 
and tobacco 
smoking 
(never, past, 
< 20, 20–49, 
or ≥ 50 pack-
years), 
energy-
adjusted 
intake of 
fruit and 
vegetables in 
tertiles, and 
energy intake

Selection of hospital-
based controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed or 
duration of smoking 
cessation

Never 6 1.0 (ref)
Former 31 11.03 (3.73–32.62)
Current 123 4.48 (1.69–11.84)
Duration of cessation
Current 123 1.0 (ref)
< 5 yr 14 5.89 (2.01–17.25)
≥ 5 yr 17 1.70 (0.79–3.66)
Drinking status All
Never 16 1.0 (ref)
Former 38 4.28 (1.92–9.56)
Current 148 2.06 (1.04–4.08)
Duration of cessation
Current 148 1.0 (ref)
< 5 yr 16 3.60 (1.34–9.69)
≥ 5 yr 22 1.71 (0.86–3.41)

Table 2.18   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Szymańska 
et al. (2011) 
Brazil 
1998–unclear

Men and 
women (n = 171) 
with 100% 
histologically 
confirmed OSCC 
(ICD-O code C15); 
recruited from 1 of 
2 centres in Brazil

Hospital-
based controls 
(n = 496), 
frequency-
matched on sex, 
age, and centre; 
patients with a 
recent diagnosis 
of diseases not 
related to tobacco 
use or alcohol 
consumption

Interviewer-
administered 
questionnaire 
Drinking status: 
never was not 
defined; ever was 
having consumed 
alcohol ≥ once 
per month; 
former was quit 
> 1 yr before the 
interview (for 
controls) or the 
diagnosis date 
(for cases) 
Duration of 
cessation: no 
information 
reported about 
how this was 
estimated

Drinking status Sex, age, 
centre, 
education, 
pack-years 
of tobacco 
smoking, 
and fruit and 
cruciferous 
vegetable 
consumption 
ORs for 
duration of 
cessation 
also adjusted 
for amount 
of alcohol 
consumed  
(g/day)

Selection of hospital-
based controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
duration of smoking 
cessation 
Cases and controls 
were part of a larger 
multicentre study; 
overall, participation 
rates were 95% for 
cases and 86% for 
controls

Never 23 1.0 (ref)
Former 70 4.24 (2.26–7.94)
Current 78 4.10 (2.19–7.69)
Duration of cessation
Current 77 1.0 (ref)
2–4 yr 28 2.15 (1.10–4.21)
5–9 yr 15 0.89 (0.43–1.85)
10–19 yr 18 0.75 (0.36–1.55)
≥ 20 yr 9 0.46 (0.19–1.16)

OR per 10 yr of 
cessation

0.72 (0.54–0.96)

Table 2.18   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Wu et al. 
(2011) 
China 
2003–2007

Men and women 
(n = 1191 men, 
mean age 
65.3 yr; n = 329 
women, mean 
age 67.4 yr) with 
newly diagnosed 
oesophageal 
cancer; residents 
of Dafeng and 
Ganyu for ≥ 5 yr, 
ascertained from 
local population-
based cancer 
registries in 
Dafeng; 68% 
participation rate 
in Dafeng and 75% 
participation rate 
in Ganyu
 

Population-based 
controls (n = 2916 
men, mean age 
64.2 yr; n = 963 
women, mean 
age 64.9 yr); 
identified 
from county 
demographic 
databases, 
frequency-
matched to cases 
on sex and age 
(± 5 yr); 87% 
participation rate 
in Dafeng and 
85% participation 
rate in Ganyu
 

Interviewer-
administered 
questionnaire 
Drinking status: 
never was 
drinking < once 
per month; 
current was 
drinking at time 
of interview or 
quit < 1 yr before 
interview; former 
was not clearly 
defined 
Duration of 
cessation: if quit 
drinking was 
reported at time 
of interview, 
duration of 
cessation was also 
recorded
 

Drinking status All Age, sex, 
study area, 
previous 
income, BMI, 
pack-years of 
smoking, and 
family history 
of cancer

No adjustment for 
amount of alcohol 
consumed or 
duration of smoking 
cessation 
Among women, 
results were not 
reported for 
categories of 
duration of cessation

Never 490 1.0 (ref)
Former 454 5.16 (4.23–6.29)

Current 576 0.94 (0.80–1.10)
    Men

Never 221 1.0 (ref)
Former 424 6.43 (5.14–8.04)
Current 546 1.10 (0.92–1.33)
                                 Women
Never 269 1.0 (ref)
Former 30 2.19 (1.30–3.71)
Current 30 0.52 (0.34–1.02)
Duration of 
cessation

All

Never 490 1.0 (ref)
≥ 10 yr 32 1.80 (1.14–2.85)
5–< 10 yr 27 2.22 (1.32–3.75)
< 5 yr 237 5.28 (4.19–6.65)

Ptrend < 0.001
Men

Never 221 1.0 (ref)
5–< 10 yr 26 2.33 (1.36–4.02)
< 5 yr 223 5.46 (4.29–6.96)

Ptrend < 0.001

Table 2.18   (continued)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Yang et al. 
(2017) 
China 
2010–2013

Men (n = 921) aged 
40–85 yr; 100% 
histologically 
confirmed 
OSCC; residents 
of Taixing for 
≥ 5 yr, identified 
by medical 
record review 
in endoscopy 
clinic at 1 of 4 
large hospitals or 
from local cancer 
registry

Population-
based controls 
(n = 1352 men) 
randomly 
selected from the 
local population 
registry and 
frequency-
matched (1.3:1) 
on 5-yr age 
groups and sex

Interviewer-
administered 
questionnaire 
Drinking status: 
ever was drinking 
≥ once per week 
for 6 months; 
ex-drinking was 
quit ≥ 2 yr before 
interview date 
Duration of 
cessation: 
difference 
between age at 
permanently 
quit and age at 
interview

Drinking status Age, smoking 
status (never, 
ex, current), 
education, 
marital status, 
occupation, 
family wealth 
score, energy 
intake and 
BMI 10 yr 
ago, missing 
or filled 
teeth, tooth 
brushing, tea 
temperature, 
and first-
degree family 
history of 
oesophageal 
cancer

No adjustment for 
amount of alcohol 
consumed or 
detailed smoking 
history 
Overall 
participation rates 
among men and 
women combined 
were 78.3% for 
cases and 70.4% for 
controls 
Results for women 
were reported only 
for ever compared 
with never drinking

Never 235 1.0 (ref)
Ex 40 1.51 (0.96–2.38)
Current 646 2.24 (1.82–2.76)

Ptrend < 0.001
Duration of cessation
Never 235 1.0 (ref)
≤ 7 yr 20 1.55 (0.83–2.91)
> 7 yr 20 1.63 (0.86–3.12)

ACCH, Aichi Cancer Center Hospital; BMI, body mass index; CI, confidence interval; ICD, International Classification of Diseases; NR, not reported; OR, odds ratio; OSCC, 
oesophageal squamous cell carcinoma; PANESOES, Adherence to Pro-Vegetarian Food Patterns and Risk of Oesophagus, Stomach, and Pancreas Cancers; ref, reference; yr, year or 
years.

Table 2.18   (continued)
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were adjusted for pack-years of smoking but not 
for duration of smoking cessation or the amount 
of alcohol consumed.]

In a hospital-based case–control study in 
Spain, associations of duration of cessation and 
cessation with risk of oesophageal cancer overall 
and with oesophageal SCC were assessed (Vioque 
et al., 2008). Between January 1995 and March 
1999, 202 men and women aged 30–80 years with 
histologically confirmed oesophageal cancer 
(79.2% oesophageal SCC) were identified at 
nine hospitals in Valencia and Alicante (which 
include about 90% of cases in both provinces). 
The controls were selected from among patients 
with diseases unrelated to tobacco use, alcohol 
consumption, and diet, were treated at the same 
hospitals and during the same time period as 
the cases, and were frequency-matched to the 
expected distribution of cases on age group, 
sex, and province. Among eligible controls, 455 
completed the interviews (99.6%). Compared with 
never drinking, the risk of oesophageal SCC was 
higher for former drinking (OR, 11.03; 95% CI, 
3.73–32.62) and for current drinking (OR, 4.48; 
95% CI, 1.69–11.83). The risk of all oesophageal 
cancers also was higher for former drinking (OR, 
4.28; 95% CI, 1.92–9.56) and for current drinking 
(OR, 2.06; 95% CI, 1.04–4.08). [Compared with 
continuing consumption, cessation was asso-
ciated with a higher risk of oesophageal SCC 
(calculated OR, 2.46; 95% CI, 1.11–5.44) and all 
oesophageal cancers (calculated OR, 2.08; 95% 
CI, 1.03–4.18).] In an analysis of oesophageal 
SCC, compared with current drinking, the odds 
ratio for < 5 years of cessation was 5.89 (95% CI, 
2.01–17.25) and for ≥  5  years of cessation was 
1.70 (95% CI, 0.79–3.66). For all oesophageal 
cancers, compared with current drinking, the 
odds ratio for < 5 years of cessation was 3.60 (95% 
CI, 1.34–9.69) and for ≥ 5 years of cessation was 
1.71 (95% CI, 0.86–3.41). [The strength of this 
study is selection of hospital-based controls with 
conditions thought to be unrelated to smoking 
or alcohol consumption. The limitations of this 

study are that the highest category of duration 
of cessation was ≥ 5 years and that the associa-
tions were adjusted for categories of pack-years of 
smoking but not for duration of smoking cessa-
tion or the amount of alcohol consumed.]

Szymańska et al. (2011) assessed duration of 
cessation and cessation in relation to oesopha-
geal SCC using data from two centres in Brazil 
which were part of a larger multicentre hospi-
tal-based case–control study in Latin America 
that was initiated in 1998 and was originally 
designed to assess risk factors for all upper aero-
digestive tract cancers. Included in this analysis 
were 171 men and women with histologically 
confirmed oesophageal SCC and 496 controls 
who were frequency-matched to cases on age, 
sex, and centre, and were inpatients or outpa-
tients with conditions unrelated to tobacco use 
or alcohol consumption. Compared with never 
drinking the risk was higher for both former 
drinking (OR, 4.24; 95% CI, 2.26–7.94) and 
current drinking (OR, 4.10; 95% CI, 2.19–7.69). 
[Compared with continuing consumption, the 
calculated odds ratio for cessation was 1.03 (95% 
CI, 0.66–1.63).] For categories of duration of 
cessation, compared with current consumption, 
there was a higher risk for 2–4 years of cessation 
(OR, 2.15; 95% CI, 1.10–4.21), but the odds ratios 
were < 1 across categories of longer duration of 
cessation (e.g. OR, 0.46; 95% CI, 0.19–1.16 for 
≥ 20 years of cessation). Modelled as a continuous 
variable, duration of cessation was inversely asso-
ciated with risk (OR, 0.72; 95% CI, 0.54–0.96 per 
10 years of cessation). [The strengths of this study 
are the selection of hospital-based controls with 
conditions thought to be unrelated to smoking 
or alcohol consumption and that the associations 
for duration of cessation were further adjusted 
for the amount of alcohol consumed. The limita-
tions of this study are that the associations were 
adjusted for tobacco pack-years but not for dura-
tion of smoking cessation and that there were few 
cases in the long-term cessation category (n = 9).]
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In a large, population-based case–control 
study in China (Wu et al., 2011), patients with 
primary oesophageal cancer that was newly 
diagnosed from 2003 to 2007 were ascertained 
from local population-based cancer registries. 
Included in the analysis were 1520 cases of 
oesophageal cancer (n  =  1191 men, mean age, 
65.3 years; n = 329 women, mean age, 67.4 years). 
The controls were randomly selected from the 
county demographic database and frequen-
cy-matched to cases on sex and age (± 5 years). 
Included in the analysis were 3879 controls 
(n  =  2916 men, mean age, 64.2  years; n  =  963 
women, mean age, 64.9  years). Among men 
and women combined, compared with never 
drinking, the odds ratio for current drinking was 
0.94 (95% CI, 0.80–1.10) and for former drinking 
was 5.16 (95% CI, 4.23–6.29). The odds ratios were 
> 1 for all categories of duration of cessation (e.g. 
OR, 5.28; 95% CI, 4.19–6.95 for < 5 years and OR, 
1.80; 95% CI, 1.14–2.85 for ≥ 10 years of cessa-
tion). [Compared with continuing consumption, 
there was a higher risk associated with cessation 
(calculated OR, 5.49; 95% CI, 4.51–6.68), but the 
higher risks decreased with longer duration of 
cessation: the calculated OR was 5.62 (95% CI, 
4.75–6.64) for <  5 years of cessation and 1.91 
(95% CI, 1.21–3.03) for ≥ 10 years of cessation.] 
Odds ratios for cessation among men and women 
separately were similar to that among men and 
women combined. Odds ratios for duration of 
cessation among men also were similar to those 
among men and women combined. Among 
women, there were too few cases to assess dura-
tion of cessation. [The strength of this study 
is that it was large and population-based. The 
limitations of this study are that all oesophageal 
cancer cases were included, that former drinking 
was not clearly defined, that there were too few 
cases among women to assess duration of cessa-
tion, and that the associations were adjusted 
for pack-years of smoking but not for duration 
of smoking cessation or the amount of alcohol 
consumed.]

In a large, population-based case–control 
study in Taixing (China) conducted from 2010 
to 2013, cases were histologically confirmed 
oesophageal SCC identified by medical record 
review in an endoscopy clinic at one of four 
large hospitals or in a local cancer registry 
(Yang et al., 2017). Overall, 921 men and 432 
women aged 40–85  years were included in the 
alcohol analysis. The controls were randomly 
selected from the local population registry and 
frequency-matched on 5-year age group and 
sex (1.3 controls per case). Overall, 1352 male 
controls and 609 female controls were included 
in the analysis. Among women, results were only 
reported for never drinking compared with ever 
drinking. Among men, compared with never 
drinking, the odds ratio for ex-drinking was 1.51 
(95% CI, 0.96–2.38) and for current drinking was 
2.24 (95% CI, 1.82–2.76). [Cessation was associ-
ated with a lower risk compared with contin-
uing consumption (calculated OR, 0.67; 95% 
CI, 0.43–1.05).] Compared with never drinking, 
the odds ratio for ≤ 7 years of cessation was 1.55 
(95% CI, 0.83–2.91) and for > 7 years of cessation 
was 1.63 (95% CI, 0.86–3.12). [Compared with 
continuing consumption, the calculated odds 
ratio for ≤ 7 years of cessation was 0.69 (95% CI, 
0.37–1.28) and for > 7 years of cessation was 0.73 
(95% CI, 0.39–1.37). The strengths of this study 
are that it was large and population-based and 
that the cases were limited to oesophageal SCC. 
The limitations of this study are that there were 
too few cases among women to assess cessation 
or duration of cessation and that the associations 
were not adjusted for detailed smoking history or 
the amount of alcohol consumed.]

In a population-based case–control study in 
Shanghai (China), cases of oesophageal cancer 
aged 30–74 years and diagnosed between 1 Oc- 
tober 1990 and 31 January 1993 were identified 
from the Shanghai Cancer Registry rapid re- 
porting system (Gao et al., 1994). Among eligible 
cases, 902 were interviewed (88.8%), and 605 
(67% of those interviewed) had pathologically 
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confirmed oesophageal SCC. Among men, 513 
cases of oesophageal cancer were included in 
the alcohol analysis. Among women, there were 
3 cases in the ex-drinking category; therefore, 
results for women are not described here. The 
controls were randomly selected from the urban 
Shanghai population and frequency-matched 
to the age and sex distribution of cases in the 
Shanghai Cancer Registry from 1986 to 1987. 
Among controls interviewed, 799 men were 
included in the alcohol analysis. Higher risks 
of oesophageal cancer were associated with 
ex-drinking than with non-drinking (OR, 1.6; 
95% CI, 0.8–3.1) and with current drinking than 
with non-drinking (OR, 1.4; 95% CI, 1.1–1.9). 
[The calculated OR for cessation compared 
with continuing consumption was 1.14 (95% CI, 
0.58–2.25). The strength of this study is that it was 
population-based. The limitations of this study 
are that the participation rate among controls 
was not reported, that the categories of drinking 
status were not defined, that it is unclear what 
smoking categories were controlled for, and that 
the associations were not adjusted for the amount 
of alcohol consumed.]

In a hospital-based case–control study in 
Japan (Yokoyama et al., 2002), cases included 
(n = 234) men aged 40–79 years who were diag-
nosed with oesophageal SCC within 3  years of 
study enrolment between September 2000 and 
December 2001 and treated at one of four hospi-
tals. The controls (n = 634) were outpatients at one 
of two Tokyo clinics for annual health check-ups 
during the same time period. The odds ratio 
for ex-drinking compared with light-drinking 
was 9.44 (95% CI, 3.29–27.08). [Compared with 
continuing consumption, the calculated odds 
ratio for cessation was 1.02; 95% CI, 0.42–2.48). 
The strengths of this study are that the associ-
ations were adjusted for consumption of strong 
alcoholic beverages and that the cases were 
limited to oesophageal SCC. The limitations of 
this study are that there was limited information 
about selection of hospital-based controls, that 

the associations were adjusted for categories of 
pack-years of smoking but not for duration of 
smoking cessation, and that there were few cases 
in the never/rare reference category (n = 5).]

In another hospital-based case–control study 
in Japan, the cases included 165 men and women 
aged 18–80  years who were diagnosed with 
oesophageal cancer between January 2001 and 
August 2004 and had completed a first outpatient 
questionnaire at the Aichi Cancer Center Hospital 
(Yang et al., 2005). The controls (n  =  495 men 
and women), who were randomly selected from 
among all first-visit outpatients who completed 
the questionnaire during the same time period, 
were cancer-free and matched to cases (3:1) on 
age and sex. Compared with never drinking, 
there was a higher risk for former drinking (OR, 
6.20; 95% CI, 2.34–16.4) and for current drinking 
(OR, 9.44; 95% CI, 4.36–20.4). [Compared with 
continuing consumption, the calculated odds 
ratio for cessation was 0.66 (95% CI, 0.34–1.29). 
The strength of this study is that it included 
men and women. The limitations of this study 
are that there was limited information available 
about selection of hospital-based controls, that 
the associations were not adjusted for smoking or 
the amount of alcohol consumed, and that there 
were few cases in the never-drinking category 
(n = 8).]

In a hospital-based case–control study in 
Taiwan (China), the cases included 165 men 
aged 35–92  years who were diagnosed with 
histologically confirmed oesophageal SCC at one 
of two hospitals (Wu et al., 2006). The controls 
(n = 255) were men aged 40–92 years who were 
inpatients or outpatients at the Otolaryngology 
Department at one of the hospitals during the 
study period and who did not have cancer or 
conditions associated with betel quid chewing, 
cigarette smoking, or alcohol consumption. 
Compared with non-drinking, there was a 
higher risk for ex-drinking (OR, 5.4; 95% CI, 
1.9–15.4) and for current drinking (OR, 23.3; 
95% CI, 12.0–47.7). [Compared with continuing 
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consumption, cessation was associated with a 
substantially lower risk (calculated OR, 0.23; 
95% CI, 0.08–0.65). The strength of this study 
is the selection of hospital-based controls with 
conditions thought to be unrelated to smoking 
or alcohol consumption. The limitations of this 
study are that the participation rate among 
controls was not reported, that it is unclear what 
smoking categories were controlled for, and that 
the associations were not adjusted for the amount 
of alcohol consumed.]

2.2.5 Combined cancers of the upper 
aerodigestive tract

“Upper aerodigestive tract cancers” is a 
collective term that is used to describe oesoph-
ageal cancer and cancers of the head and neck, 
which itself is a collective term that typically 
includes cancers of the oral cavity, pharynx, and 
larynx (ICD codes C00–C15, C32). Other sites of 
the head and neck (e.g. thyroid) can be included 
in some clinical definitions; however, these were 
not included in this review because they are 
not alcohol-related cancers. Furthermore, oral 
cavity and pharyngeal cancers (or cancer in 
subsites of the pharynx such as the oropharynx) 
are combined in some studies. Risk factors for 
combined head and neck cancers, or for different 
subgroups of or all upper aerodigestive tract 
cancers, are often assessed in epidemiological 
studies, in part because of a shared etiology with 
risk factors such as tobacco smoking and alcohol 
consumption, or because of a limited number 
of cases for a single cancer site. Therefore, it is 
important that anatomical subsites are clearly 
specified in studies of upper aerodigestive tract 
cancers combined.

(a) Cohort studies

The association between reduction of alco-
holic beverage consumption and risk of upper 
aerodigestive tract cancers combined was 
assessed in two cohort studies (Thygesen et al., 

2007; Yoo et al., 2022). The association between 
cessation and risk was assessed in three cohort 
studies (Weikert et al., 2009; Im et al., 2021a; 
Yoo et al., 2022) (Table  2.19; Supplementary 
Table  S2.20, web only; available from https://
publications.iarc.who.int/638). There are no 
informative cohort studies of duration of cessa-
tion and risk.

In 1976–1978, 14 223 men and women who 
were randomly selected within age strata of the 
Central Copenhagen population participated 
in the Copenhagen City Heart Study (Thygesen 
et al., 2007). Included in the alcohol analysis 
were 10 355 participants who were re-examined 
in 1981–1983, for whom complete alcohol data 
were available at each examination and who had 
no history of cancer at the time of the second 
examination. Among the participants included 
in the analysis, 105 incident cases of upper aero-
digestive tract cancer (i.e. tongue, oral cavity, 
pharyngeal, laryngeal, and oesophageal cancer; 
84% SCC) were identified during the follow-up 
time between the date of the second examination 
and 31 December 2002 (up to 21 years) through 
linkage with the Danish Cancer Registry. 
Compared with stable consumption (change of 
−0.9 to +0.9 drinks per week), the hazard ratio 
for reducing consumption by 1–6.9  drinks per 
week was 1.2 (95% CI, 0.5–2.7) and for reducing 
consumption by ≥ 7 drinks per week was 0.5 (95% 
CI, 0.1–2.5). [The strengths of this study are that 
the associations were adjusted for initial alcohol 
intake and for detailed changes in smoking habits 
and that no violation of the proportional hazards 
assumption was detected. The limitation of this 
study is that there were few cases in the highest 
reduction category (n = 2).]

In the study of Yoo et al. (2022) (described 
in Section  2.2.3), among the men and women 
included in the analysis, 3884 cases of lip, oral 
cavity, and pharyngeal cancer (combined) were 
identified during the follow-up time. In the 
analysis of alcohol reduction, compared with 
stable moderate consumption, the hazard ratio 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.19 Cohort studies of reduction and cessation of alcoholic beverage consumption and risk of cancers of the upper 
aerodigestive tract

Reference 
Study location 
Name of cohort 
Period

Cohort 
description

Alcohol exposure 
assessment and 
definitions

Organ site
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Thygesen et al. 
(2007) 
Denmark 
Copenhagen 
City Heart 
Study 
1976–2002

Analysis included 
n = 10 355 men and 
women enrolled in 
1976–1978 and re-
examined in 1981–
1983; follow-up 
time through 2002 
(up to 21 yr after 
re-examination); 
cancer cases 
ascertained by 
cancer registry 
linkage

Self-administered 
questionnaire at 
enrolment and re-
examination 
Change in intake: 
difference in 
the number of 
drinks per week 
between the 
first and second 
examinations

Tongue (ICD-
7 codes 141.0, 
141.1, 141.8); 
oral cavity 
(ICD-7 143.0, 
144.0, 144.2); 
pharynx 
(ICD-7 145.0, 
145.8, 146.0, 
146.4, 147.0, 
148.0); larynx 
(ICD-7 161.0, 
161.1); and 
oesophagus 
(ICD-7 
150.0–150.2)

Change in drinks/week Age, alcohol 
intake at first 
examination, 
sex, and 
detailed change 
in smoking

No information 
was obtained 
about drinking 
history at 
either the first 
or second 
examination

≥ −7 2 0.5 (0.1–2.5)
−6.9 to −1 22 1.2 (0.5–2.7)
−0.9 to +0.9 14 1.0 (ref)
+1 to +6.9 20 1.3 (0.6–2.7)
+7 to +14 12 1.4 (0.6–3.3)
> +14 35 2.5 (1.1–5.3)

Ptrend < 0.0001

Weikert et al. 
(2009) 
6 European 
countries 
(Denmark, 
Germany, 
Italy, the 
Netherlands, 
Spain, and 
the United 
Kingdom) 
European 
Prospective 
Investigation 
into Cancer and 
Nutrition 
1992–2005

Analysis included 
n = 98 505 men and 
n = 172 748 women 
aged 35–70 yr; 
mean follow-up 
time, 8.6 yr; cancer 
cases ascertained 
by cancer registry 
linkage in 5 
countries, and 
through insurance 
records, cancer 
and pathology 
registries, and 
active follow-up 
of participants or 
their next-of-kin in 
the 6th country

Self-administered 
questionnaire; 
intake at baseline 
and retrospective 
intake for ages 20, 
30, 40, and 50 yr 
Lifetime intake: 
never was no 
consumption 
at any age or at 
baseline; former 
was alcohol 
consumption 
at ages 20, 30, 
40, or 50 yr but 
not during the 
12 months before 
enrolment; 

SCC of 
the tongue 
(ICD-O-2 
codes 
C01–C06), 
oropharynx 
(ICD-O-2 
codes C09–
C10), hypo-
pharynx 
(ICD-O-2 
codes 
C13–C14), 
oesophagus 
(ICD-O-2 
code C15), 
and larynx 
(ICD-O-2 
code C32)

Lifetime intake Men   Centre, age, 
duration 
of smoking 
(continuous), 
smoking 
status (former 
smoking 
quitting ≥ 10 yr, 
former smoking 
quitting < 10 yr, 
former smoking 
with unknown 
quit, current 
smoking < 15, 
≥ 15–< 25, and 
≥ 25 cigarettes 
per day, and 
unknown 
quantity), 

Limited follow-
up time 
No adjustment 
for amount 
of alcohol 
consumed

Never 1 0.51 (0.07–3.80)
Former 36 4.14 (2.38–7.19)
Current (g/day)
> 0.1–≤ 6 23 1.0 (ref)
> 6–≤ 18 44 0.78 (0.47–1.31)
> 18–≤ 30 46 1.10 (0.65–1.86)
> 30–≤ 60 70 1.65 (1.00–2.71)
> 60–≤ 96 30 2.20 (1.23–3.95)
> 96 32 4.63 (2.52–8.48)

Ptrend < 0.0001
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Reference 
Study location 
Name of cohort 
Period

Cohort 
description

Alcohol exposure 
assessment and 
definitions

Organ site
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Weikert et al. 
(2009)
(cont.)

average lifetime 
intake for those 
who reported 
current drinking 
was a weighted 
average of g/day

Lifetime intake Women education, 
BMI, fruit and 
vegetable intake  

Never 9 2.22 (0.99–4.99)
Former 9 2.01 (0.91–4.43)
Current (g/day)
> 0.1–≤ 6 34 1.0 (ref)
> 6–≤ 18 38 1.67 (1.03–2.69)
> 18–≤ 30 11 1.84 (0.90–3.75)
> 30 12 6.05 (2.98–12.3)

Ptrend < 0.0001
Im et al. (2021a) 
China 
China Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 209 237 men 
aged 30–79 yr; 
follow-up time 
from 2004 through 
2016 (median, 
10 yr); cancer 
cases ascertained 
by linkage with 
cancer registries 
and the national 
health insurance 
databases

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the 
past year or in 
most weeks prior; 
ex-regular was 
drinking < weekly 
in the past year 
but drinking 
≥ weekly prior; 
occasional was 
drinking < weekly 
in the past year 
and prior; current 
regular was 
drinking in most 
weeks in the past 
year

Mouth and 
throat (ICD-
10 codes 
C00–C14, 
C32)

Drinking status Age, study 
area, education, 
income, 
smoking (never, 
occasional, 
and for ever 
smoked, 3 
categories of 
cigarettes per 
day in men and 
2 in women), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer

Floating 
standard errors 
were used 
to estimate 
the CIs; 
abstention was 
the reference 
category 
No adjustment 
for amount 
of alcohol 
consumed 
or duration 
of smoking 
cessation 
Results for 
women not 
shown here 
because there 
were 4 cases in 
the ex-regular 
drinking 
category

Abstain 90 1.00 (0.81–1.24)
Ex-regular 61 1.46 (1.13–1.88)
Occasional 154 1.22 (1.03–1.44)
Current regular 236 1.73 (1.51–1.99)

Table 2.19   (continued)
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Reference 
Study location 
Name of cohort 
Period

Cohort 
description

Alcohol exposure 
assessment and 
definitions

Organ site
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Yoo et al. (2022) 
Republic of 
Korea 
NHIS 
2009–2018

Analysis included 
n = 4 513 746 
men and women 
aged ≥ 40 yr 
with drinking 
status data from 2 
consecutive (2009 
and 2011) biennial 
NHIS health 
screenings; follow-
up time through 
2018 (median, 
6.4 yr); cancer 
cases ascertained 
through the NHIS 
billing system

Self-administered 
questionnaires in 
2009 and 2011 
Alcohol intake in 
2009 and 2011: 
for each survey, 
alcohol intake was 
first classified by 
amount of ethanol 
consumed: none, 
mild (< 15 g/day), 
moderate (15–
29.9 g/day), and 
heavy (≥ 30 g/day); 
then associations 
for each level of 
consumption 
in 2011, with 
stratification 
on level of 
consumption in 
2009; the reference 
group for each 
stratum was 
the stable group 
at each level of 
consumption (e.g. 
2009/2011 none/
none)

Oral cavity 
and pharynx 
(ICD-10 codes 
C01–C10, 
C12–C14)

Alcohol intake in 
2009/2011

3884 
total

  Age, sex, 
socioeconomic 
position, 
smoking 
status, physical 
activity, 
comorbidities 
(hypertension, 
diabetes, 
dyslipidaemia, 
chronic kidney 
disease, 
and chronic 
obstructive 
pulmonary 
disease), and 
Charlson 
Comorbidity 
Index

Excluded the 
first year of 
follow-up time 
No information 
about alcohol 
consumption 
before the 
first wave of 
reporting 
Limited follow-
up time 
No adjustment 
for detailed 
smoking 
history, 
including 
duration 
of smoking 
cessation 
eTable 2 lists 
lip, oral cavity, 
and pharynx in 
the definition 
for the organ 
sites included

None/none 1.0 (ref)
None/mild 0.94 (0.80–1.11)
None/moderate 1.00 (0.74–1.35)
None/heavy 1.13 (0.83–1.55)

Mild/none   1.20 (1.04–1.38)
Mild/mild 1.0 (ref)
Mild/moderate 0.98 (0.81–1.19)
Mild/heavy 1.11 (0.87–1.42)

Moderate/none   1.21 (0.90–1.63)
Moderate/mild 1.15 (0.96–1.38)
Moderate/moderate 1.0 (ref)
Moderate/heavy 0.96 (0.77–1.20)

Heavy/none   1.47 (1.06–2.05)
Heavy/mild 1.22 (0.92–1.61)
Heavy/moderate 0.93 (0.73–1.18)
Heavy/heavy 1.0 (ref)

BMI, body mass index; CI, confidence interval; ICD, International Classification of Diseases; NHIS, National Health Insurance Service; ref, reference; SCC, squamous cell carcinoma; yr, 
year or years.

Table 2.19   (continued)
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for a reduction from moderate consumption 
in 2009 to mild consumption in 2011 was 1.15 
(95% CI, 0.96–1.38). Compared with stable heavy 
consumption, the hazard ratio for a reduction 
from heavy to mild consumption was 1.22 (95% 
CI, 0.92–1.61) and for reduction from heavy 
to moderate consumption was 0.93 (95% CI, 
0.73–1.18). Compared with stable mild, stable 
moderate, and stable heavy consumption, the 
hazard ratios for cessation from each level of 
consumption in 2009 to none in 2011 were 1.20 
(95% CI, 1.04–1.38), 1.21 (95% CI, 0.90–1.63), 
and 1.47 (95% CI, 1.06–2.05), respectively. 
[The strengths and limitation of this study are 
described in Section 2.2.3.]

A multicentre cohort study of alcohol 
consumption in six countries in the European  
Prospective Investigation into Cancer and 
Nutrition (EPIC) study included 271  253 men 
and women who were cancer-free at baseline 
for whom complete alcohol intake and other 
data were available and who were followed up 
for a mean of 8.6  years (Weikert et al., 2009). 
During the follow-up time, 392 cases of incident 
primary SCC of the upper aerodigestive tract 
(i.e. tongue, oropharynx, hypopharynx, larynx, 
and oesophagus) were identified through linkage 
with population-based cancer registries in five 
countries or a combination of health insurance 
records, cancer and pathology registries, and 
active follow-up of study subjects and their next-
of-kin in the sixth country. The reference group 
among the current drinkers had an average life-
time consumption of > 0–≤ 6 g per day. Cessation 
was associated with a higher risk among men 
(RR, 4.14; 95% CI, 2.38–7.19) and women (RR, 
2.01; 95% CI, 0.91–4.43). [Compared with contin-
uing consumption that included all amounts of 
lifetime consumption, the calculated relative 
risk for cessation was 2.68 (95% CI, 0.28–25.07) 
among men and 1.10 (95% CI, 0.32–3.74) among 
women. The strengths of this study are that 
it was a multicountry European study, that it 
captured lifetime alcohol intake, and that the 

associations were adjusted for detailed smoking 
history, including categories of time since quit-
ting among former smokers and numbers of 
cigarettes per day among current smokers. The 
limitations of this study are that the follow-up 
time was limited (mean, 8.6  years), that there 
were few women with upper aerodigestive tract 
cancers in the former-drinking category (n = 9), 
that the associations were not adjusted for the 
amount of alcohol consumed, and that there was 
no sensitivity analysis excluding at least the first 
year of follow-up time and no test of the propor-
tional hazards assumption.]

In the study of Im et al. (2021a) (described 
in Section  2.2.1), 541 incident cases of lip, 
oral cavity, pharyngeal, and laryngeal cancer 
(combined) among men were included in the 
analysis. Compared with abstaining, the hazard 
ratio was 1.46 (95% CI, 1.13–1.88) for ex-reg-
ular drinking and 1.73 (95% CI, 1.51–1.99) for 
current-regular drinking. [Compared with 
continuing consumption, the calculated hazard 
ratio for cessation was 0.84 (95% CI, 0.63–1.13). 
The strengths and limitations of this study are 
described in Section 2.2.1.]

(b) Case–control studies

The associations of duration of cessation and 
cessation of alcoholic beverage consumption 
with risk of upper aerodigestive tract cancers 
combined were assessed in the international 
pooled analysis (Marron et al., 2010) and in 
two individual case–control studies (Takezaki 
et al., 1996; Huang et al., 2017) (Table  2.21; 
Supplementary Table S2.20 and Table S2.22, web 
only; available from https://publications.iarc.
who.int/638).

In the international pooled analysis (Marron 
et al., 2010) (described in Section 2.2.1), individ-
ual-level data from all 9176 cases of oral cavity, 
oropharyngeal, hypopharyngeal, and laryngeal 
cancer (combined) and 12  593 controls who 
participated in nine hospital-based and four 
population-based case–control studies were 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.21 Case–control studies of duration of cessation and cessation of alcoholic beverage consumption and risk of 
cancers of the upper aerodigestive tract combined

Reference 
Study 
location  
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. 
of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Marron et al. 
(2010) 
INHANCE 
consortium 
~1980s–early 
2000s

Men and women 
with incident oral, 
oropharyngeal, and 
hypopharyngeal 
cancer and laryngeal 
cancer (n = 9167) 
who participated 
in population-
based case–control 
studies in Seattle, 
Washington 
(USA), Los 
Angeles, California 
(USA), Boston, 
Massachusetts (USA), 
or Puerto Rico 
(USA), or hospital-
based case–control 
studies in France, 
Italy, Switzerland, 
Iowa (USA), North 
Carolina (USA), 
Tampa, Florida 
(USA), Houston, 
Texas (USA), 
Latin America, or 
an international 
multicentre study

Hospital-based 
and population-
based controls 
(n = 12 593) 
In the Los Angeles 
population-based 
study, controls 
were individually 
matched to 
cases on decade 
of age, sex, and 
neighbourhood; in 
the hospital-based 
studies, controls 
were frequency-
matched to cases 
on age, sex, and 
other factors (e.g. 
study centre, 
hospital, and race 
or ethnicity)

Interviewer-
administered 
questionnaires 
in all studies 
except self-
administered in 
the Iowa study 
Drinking status: 
current was 
consumption 
within the past 
year; former was 
cessation ≥ 1 yr 
before interview 
date; never was 
responding no 
to ever drinking 
Duration of 
cessation: 
difference 
between age at 
reference date 
(interview or 
diagnosis) and 
age at cessation

Drinking status Age, sex, race 
or ethnicity, 
study centre, 
education, 
pack-years 
of tobacco 
smoking, 
and number 
of alcoholic 
drinks per 
day

Pooled analysis 
of individual 
participant data 
Most data came 
from hospital-based 
case–control studies 
(n = 9), compared 
with population-
based case–control 
studies (n = 4) 
ORs for ≥ 20 yr of 
cessation (compared 
with current 
drinking) and risk 
of all head and neck 
cancers combined 
were 0.45 (95% 
CI, 0.25–0.81) in 
the hospital-based 
studies and 0.89 
(95% CI, 0.45–1.45) 
in the population-
based studies 
No details reported 
about selection 
of hospital-based 
controls 
Participation rates 
not reported

Current 4668 1.0 (ref)
Former 2521 0.85 (0.63–1.14)
Never 1602 0.73 (0.51–1.06)
Missing 376
Duration of cessation
Current 4668 1.0 (ref)
> 1–4 yr 564 0.99 (0.69–1.43)
5–9 yr 575 0.90 (0.62–1.30)
10–19 yr 790 0.94 (0.75–1.18)
≥ 20 yr 591 0.60 (0.40–0.89)
Never 1602 0.74 (0.51–1.06)

Ptrend = 0.05
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Reference 
Study 
location  
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. 
of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Takezaki et al. 
(1996) 
Japan 
1988–1993

Men and women 
(n = 266) aged 
20–79 yr, with 
histologically 
confirmed cancer of 
the oral cavity (ICD-
9 codes 141, 143–145), 
oropharynx (ICD-
9 code 146), and 
hypopharynx (ICD-9 
code 148); completed 
a first-visit outpatient 
questionnaire at 
ACCH

Hospital-
based controls 
(n = 36 527 men 
and women) aged 
20–79 yr; first-
visit outpatients 
at ACCH and 
confirmed to 
be cancer-free 
by diagnostic 
procedures

Self-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status Age, sex, year 
of visit, and 
smoking

No adjustment for 
amount of alcohol 
consumed 
Unclear what 
categories of 
smoking were 
controlled for 
Participation rates 
not reported

Almost never 97 1.0 (ref)
Never quit 138 1.2 (0.9–1.6)
Duration of cessation
0–4 yr 9 2.4 (1.1–5.1)
5–14 yr 4 1.7 (0.6–4.8)
≥ 15 yr 4 3.4 (1.2–9.9)

Huang et al. 
(2017) 
Taiwan 
(China) 
2010–2016

Men and women 
(n = 811) aged 
≥ 20 yr with 
newly diagnosed, 
pathologically 
confirmed SCC 
of the oral cavity, 
oropharynx, 
hypopharynx, and 
larynx (ICD-10 codes 
C00–C10, C12–C14, 
C32); treated at the 
National Cheng 
Kung University 
Hospital

Hospital-based 
controls (n = 940 
men and women) 
frequency-
matched to 
cases on sex 
and age (± 5 yr); 
patients from 
otolaryngology 
and stomatology 
departments 
diagnosed with 
non-cancer 
head and neck 
diseases unrelated 
to alcohol 
consumption, 
betel quid 
chewing, or 
cigarette smoking

Interviewer-
administered 
questionnaire 
Drinking status: 
never was 
self-reported as 
such; occasional 
was not defined; 
regular was 
drinking ≥ once 
per week and 
was categorized 
as former 
regular (quit for 
> 6 months) and 
current regular

Drinking status Age, sex, 
education, 
cigarette 
smoking 
(pack-year 
categories), 
and betel 
quid chewing 
(pack-year 
categories)

Selection of 
hospital-based 
controls with 
conditions thought 
to be unrelated to 
smoking or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed or 
duration of smoking 
cessation 
Participation rates 
not reported

Never/occasional 263 1.0 (ref)
Former regular 111 1.14 (0.80–1.62)
Current regular 437 1.81 (1.41–2.34)
Duration of cessation
Current regular 437 1.0 (ref)
< 5 yr 50 0.76 (0.46–1.26)
5–9.9 yr 23 0.79 (0.42–1.50)
> 10 yr 34 0.46 (0.27–0.79)
Never/occasional 263 0.55 (0.43–0.71)

Table 2.21   (continued)
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Reference 
Study 
location  
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. 
of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Huang et al. 
(2017)
(cont.)

Duration of cessation stratified by past 
consumption
Former light or moderate
Current regular 398 1.0 (ref)
< 5 yr 16 0.57 (0.26–1.24)
5–9.9 yr 11 0.76 (0.32–1.79)
> 10 yr 13 0.31 (0.14–0.65)
Never/occasional 235 0.54 (0.41–0.71)
Former heavy
Current regular 398 1.0 (ref)
< 5 yr 26 1.08 (0.50–2.33)
5–9.9 yr 10 1.10 (0.35–3.45)
> 10 yr 15 0.75 (0.30–1.87)
Never/occasional 235 0.54 (0.42–0.71)

ACCH, Aichi Cancer Center Hospital; CI, confidence interval; ICD, International Classification of Diseases; INHANCE, International Head and Neck Cancer Epidemiology; OR, odds 
ratio; ref, reference; SCC, squamous cell carcinoma; yr, year or years.

Table 2.21   (continued)
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included in the analysis of head and neck cancers 
combined. Compared with current drinking, the 
odds ratio for former drinking was 0.85 (95% CI, 
0.63–1.14). Long-term cessation (≥ 20 years) was 
associated with a lower risk of head and neck 
cancer (OR, 0.60; 95% CI, 0.40–0.89), but shorter 
durations of cessation were not. The odds ratios 
for long-term alcohol cessation were 0.45 (95% 
CI, 0.25–0.81) in the nine hospital-based case–
control studies and 0.89 (95% CI, 0.54–1.45) in 
the four population-based case–control studies. 
For long-term alcohol cessation, risk was lower in 
the ≥ 3 drinks per day stratum (OR, 0.54; 95% CI, 
0.31–0.94) than in the 1–2 drinks per day stratum 
(OR, 0.76; 95% CI, 0.52–1.12), and there was no 
association in the <  1  drink per day stratum 
(OR, 1.00; 95% CI, 0.72–1.39). Detailed data 
about alcohol consumption and smoking history 
were available for a subset of study participants 
(n = 7213 cases and n = 9471 controls). Among 
this population, compared with the single refer-
ence category of current drinking and current 
smoking, long-term alcohol cessation was asso-
ciated with a lower risk in each smoking strata 
(OR, 0.53; 95% CI, 0.32–0.88 in the current-
smoking stratum and odds ratios ranging from 
0.25 to 0.55 among all other smoking strata). 
[In the Working Group re-analysis with contin-
uing consumption as the reference category 
within each smoking stratum, associations for 
long-term cessation were weaker but remained 
< 1 (calculated ORs, 0.73–0.93) across all strata 
of duration of smoking cessation, whereas in 
the never-smoking stratum, the calculated 
odds ratio for long-term alcohol cessation was 
1.29 (95% CI, 0.44–3.77). After meta-analytic 
adjustment for smoking status and duration of 
smoking cessation, the calculated odds ratio for 
long-term cessation was 0.74 (95% CI, 0.56–0.98). 
The strengths and limitations of this study are 
described in Section 2.2.1.]

An outpatient-based case–control study in 
Aichi Cancer Center Hospital in Japan included 
men and women who completed a first-visit 

outpatient survey in 1988–1993 (Takezaki et al., 
1996). Among the 43 775 men and women who 
completed the survey, 266 (aged 20–79  years) 
were diagnosed with oral, oropharyngeal, or 
hypopharyngeal cancer within 1  year after 
completing the survey and were identified 
through hospital records. The controls (n = 36 527 
men and women) were selected from all first-visit 
outpatients aged 20–79 years who completed the 
questionnaire and were confirmed to be cancer-
free within 1  year after completing the survey. 
Among this population, compared with almost-
never drinking, the odds ratio for never quitting 
was 1.2 (95% CI, 0.9–1.6). Across all four catego-
ries of duration of alcohol cessation, there was a 
higher risk for cessation (OR, 2.4; 95% CI, 1.1–5.1 
for 0–4 years of cessation; OR, 1.7; 95% CI, 0.6–4.8 
for 5–14 years of cessation; and OR, 3.4; 95% CI, 
1.2–9.9 for ≥ 15 years of cessation). [There was no 
evidence of a lower risk for cessation compared 
with continuing consumption overall (calculated 
OR, 2.00; 95% CI, 1.14–3.51) or for any strata of 
duration of cessation (calculated OR, 2.00; 95% 
CI, 0.91–4.39 for 0–4 years of cessation; OR, 1.42; 
95% CI, 0.49–4.08 for 5–14  years of cessation; 
and OR, 2.83; 95% CI, 0.97–8.30 for ≥ 15 years of 
cessation. The strengths of this study are that the 
number of controls was large and that the alcohol 
consumption data were collected before diag-
nosis. The limitations of this study are that it is 
unclear what smoking categories were controlled 
for and that the associations were not adjusted 
for the amount of alcohol consumed.]

In a hospital-based case–control study in Tai- 
wan (China) (Huang et al., 2017) (described 
in Section  2.2.1), 811 cases of head and neck 
cancer (SCC of the oral cavity, oropharynx, 
hypopharynx, and larynx), and 940 controls 
were included in the analysis. Compared with 
never and occasional drinking, the odds ratio 
for former-regular drinking was 1.14 (95% CI, 
0.80–1.62) and for current-regular drinking was 
1.81 (95% CI, 1.41–2.34). [Compared with contin-
uing consumption, cessation was associated with 
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a lower risk of head and neck cancer (calcu-
lated OR, 0.63; 95% CI, 0.44–0.90).] Compared 
with current-regular drinking, the odds ratio 
for <  5  years of cessation was 0.76 (95% CI, 
0.46–1.26), for 5–9.9 years of cessation was 0.79 
(95% CI, 0.42–1.50), and for > 10 years of cessa-
tion was 0.46 (95% CI, 0.27–0.79). The odds ratio 
for > 10 years of cessation was lower in the light 
or moderate-drinking stratum (OR, 0.31; 95% CI, 
0.14–0.65) than in the heavy-drinking stratum 
(OR, 0.75; 95% CI, 0.30–1.87). [The strengths 
and limitations of this study are described in 
Section 2.2.1.]

2.2.6 Colorectal cancer

Colorectal cancer refers to malignant tu- 
mours of the colon, rectum, anus, and anal canal  
(ICD-10 codes C18–C21) (Wild et al., 2020). 
Worldwide, colorectal cancer is the third most 
commonly diagnosed cancer (Morgan et al., 
2023). Globally in 2020, the age-standardized 
(world population) incidence and mortality rates 
for colorectal cancer were 19.5 per 100 000 and 
9.0 per 100 000, respectively (Ferlay et al., 2020).

In addition to alcohol consumption, risk of 
colorectal cancer is associated with dietary factors 
including consumption of processed meats, as 
well as low physical activity, excess body fatness, 
and tobacco smoking (Wild et al., 2020). Most 
studies included age, sex, tobacco smoking, and 
body mass index (BMI) among the adjustment 
variables.

(a) Cohort studies

The associations of reduction and cessation 
of alcoholic beverage consumption with risk of 
colon cancer, rectal cancer, and/or colorectal 
cancer were assessed in pooled analyses of 
cohort studies in the USA (Wei et al., 2004; Hur 
et al., 2021) and in the large cohort study in the 
Republic of Korea (Yoo et al., 2022). Reduction 
of alcohol consumption and risk of colorectal 
cancer was assessed in two other cohort studies 

in Europe (Mayén et al., 2022; Chen et al., 2023). 
Duration of cessation and risk of colon and rectal 
cancer mortality were assessed in a cohort study 
in Japan (Ozasa et al., 2007); in an earlier anal-
ysis of that study, associations of cessation with 
colon and rectal cancer incidence and mortality 
also were assessed (Wakai et al., 2005). Cessation 
only and risk of colon cancer, rectal cancer, and/
or colorectal cancer were assessed in six other 
individual cohort studies in China (Im et al., 
2021a), Japan (Nakaya et al., 2005), the Republic 
of Korea (Cho et al., 2015), and the USA (Klatsky 
et al., 1988; Su and Arab, 2004; Breslow et al., 
2011) (Table  2.23; Supplementary Table  S2.24, 
web only; available from https://publications.
iarc.who.int/638).

The associations of change in alcohol  
consumption between early adulthood (ages 
18–22  years) and mid-adulthood with risk of 
colorectal cancer were assessed in a pooled anal-
ysis of data from the Nurses’ Health Study (base-
line 1988 and follow-up until June 2014), Nurses’  
Health Study II (baseline 1989 and follow-up 
until June 2015), and the Health Professionals 
Follow-up Study (baseline 1988 and follow-up 
until January 2014) (Hur et al., 2021). Among 
191 543 men and women included in the anal-
ysis, 2624 cases of colorectal cancer were iden-
tified during the follow-up time (up to 26 years) 
through self-report or linkage in a tumour or 
death registry, and, when available, subsequent 
medical or pathology records were reviewed. 
Compared with stable none consumption (i.e. 
< 1 g per day in early adulthood or in mid-adult-
hood), the hazard ratios were 1.11 (95% CI, 
1.00–1.23) for stable low consumption (i.e. < 15 g 
per day), 1.39 (95% CI, 0.91–2.13) for stable 
high consumption (≥  15  g per day), and 1.39 
(95% CI, 1.01–1.92) for reduction from high to 
low consumption. [Compared with continuing 
stable high consumption, there was no associ-
ation between reduction from high consump-
tion in early adulthood to low consumption in 
mid-adulthood and risk of colorectal cancer 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.23 Cohort studies of reduction, duration of cessation, and cessation of alcoholic beverage consumption and risk of 
colorectal cancer, colon cancer, and rectal cancer

Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Klatsky et al. 
(1988) 
Northern 
California 
(USA) 
1978–1984

Analysis included 
n = 106 203 men 
and women who 
received health 
examinations 
from 1978 to 1984; 
follow-up until 
December 1984 
(up to 6 yr); cancer 
cases ascertained 
through hospital 
discharge records 
and linkage with 
the California State 
Resource for Cancer 
Epidemiology

Health examination 
questionnaire 
Drinking status: 
never was no 
drinking ever or 
almost never; ex-
drinking was no 
consumption in the 
past year; current 
was categorized 
by quantity and 
frequency of 
consumption

Colon 
(adapted 
from  
ICD-8  
code 153)

Drinking status Sex, age, race, 
BMI, coffee 
consumption, 
total serum 
cholesterol, 
education, 
smoking 
(never, former, 
current 
< 1 pack/day, 
≥ 1 pack/day)

No data 
reported about 
age 
Limited follow-
up time 
No adjustment 
for amount 
of alcohol 
consumed 
Results for 
rectal cancer 
not shown here 
because there 
were 4 cases in 
the ex-drinking 
category

Never 30 1.0 (ref)
Ex 6 0.84 (0.34–2.08)
Current
< 1 drink/day 98 1.16 (0.75–1.79)
1–2 drinks/day 49 1.59 (0.95–2.64)
≥ 3 drinks/day 20 1.71 (0.92–3.19)

Su and Arab 
(2004) 
USA 
National 
Health and 
Nutrition 
Examination 
Survey I: 
National 
Health 
Epidemiologic 
Follow-up 
Study 
1982 or 1984 to 
1993

Analysis included 
n = 10 418 men 
and women (mean 
age, 58.5 yr for 
men and 56.1 yr 
for women) with 
complete alcohol 
information on 1982 
or 1984 (baseline) 
survey; follow-up 
through July 1993 
(up to 11 yr); cancer 
cases and deaths 
ascertained by self-
report on follow-up 
surveys and linkage 
with National Death 
Index

Interviewer-
administered 
questionnaire 
Drinking pattern: 
abstain was no 
drinking in 
12 months before 
baseline and 5 yr 
earlier; casual was 
< 3.5 drinks/week at 
both times; initiate 
was no drinking 5 yr 
earlier but drinking 
at baseline; quit was 
drinking 5 yr earlier 
but not at baseline; 
drinking was 
> 3.5 drinks/week at 
both times

Colon 
(inci-
dence and 
deaths) 
(ICD-9 
code 153)

Drinking pattern Age, race, sex, 
education, 
BMI, intake 
of poultry, 
non-poultry 
meat, seafood, 
multivitamin 
use, history of 
colon polyps, 
and smoking 
status (current 
or not current)

No adjustment 
for amount 
of alcohol 
consumed

Abstain 55 1.0 (ref)
Casual 10 1.14 (0.58–2.22)
Initiate 23 1.50 (0.89–2.53)
Quit 7 1.10 (0.50–2.41)
Drinking 16 1.80 (1.00–3.23)
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Nakaya et al. 
(2005) 
Japan 
1990–1997

Analysis included 
n = 21 201 men aged 
40–64 yr who lived 
in 14 municipalities 
in Miyagi 
Prefecture; follow-
up time from June 
1990 through 1997 
(up to 7.6 yr); cancer 
cases ascertained 
by cancer registry 
linkage

Self-administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Colon 
(no ICD 
codes 
reported)

Drinking status Age, smoking 
(never, past, 
and categories 
for current 
number of 
cigarettes 
per day), 
education, 
daily orange 
juice and 
other fruit 
juice intake, 
and spinach, 
carrot, 
pumpkin, and 
tomato intake

Limited follow-
up time 
No adjustment 
for amount 
of alcohol 
consumed or 
BMI 
Results for 
rectal cancer 
not shown here 
because there 
were 3 cases in 
the ex-drinking 
category

Never 11 1.0 (ref)
Ex 10 1.6 (0.7–3.8)
Current 85 1.7 (0.9–3.3)

Ozasa et al. 
(2007); Wakai 
et al. (2005) 
Japan 
Japan 
Collaborative 
Cohort Study 
for Evaluation 
of Cancer Risk 
1988–2003 
(mortality) 
1988–1997 
(incidence)

Mortality analysis 
(Ozasa et al., 2007) 
included n = 46 178 
men aged 40–79 yr 
living in 1 of 45 
areas of Japan; 
follow-up time from 
1988–1990 through 
2003 (except in 3 
areas, where follow-
up was through 
1999) for cancer 
mortality; cause of 
death ascertained 
by linkage to a 
cancer registry and 
death certificate 
review 
(Tamakoshi et al., 
2007)

Self-administered 
questionnaire 
Drinking status 
mortality analysis: 
non, ex, and current 
drinking status 
were self-reported 
at baseline, but 
categories of rare or 
none, drinking, and 
ex-drinking were 
not defined 
Duration of 
cessation: self-
reported 

Colon 
(C18) and 
rectum 
(C19–
C20)

Colon Deaths   Mortality: age 
and area of 
residence 
Incidence: 
age, area, 
education, 
family history 
of colorectal 
cancer, BMI, 
smoking 
status (never, 
ex, current), 
walking time, 
sedentary 
work, intake 
of green leafy 
vegetables, 
and intake of 
beef

Mortality 
analysis: results 
for duration of 
cessation and 
colon and rectal 
cancer mortality 
among women 
not shown here 
because there 
were 4 deaths 
from colon 
cancer and 2 
deaths from 
rectal cancer in 
the ex-drinking 
category

Drinking status/
duration of 
cessation

Men  

Rare/none 36 1.0 (ref)
Drinking 148 1.16 (0.80–1.68)
Ex-drinking 19 1.57 (0.90–2.75)
< 5 yr 6 2.36 (0.97–5.74)
5–15 yr 4 1.29 (0.45–3.70)
≥ 15 yr 3 1.30 (0.39–4.32)
Rectum    
Drinking status/duration of cessation 
Rare/none 25 1.0 (ref)
Drinking 120 1.33 (0.86–2.06)
Ex-drinking 15 1.89 (0.99–3.60)
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Ozasa et al. 
(2007); Wakai 
et al. (2005)
(cont.)

Incidence analysis 
(Wakai et al., 2005) 
included n = 23 708 
men and n = 34 028 
women aged 
40–79 yr followed 
up from 1988–1990 
through 1997 
(except in 1 area, 
where follow-
up was through 
1994); cancer 
cases ascertained 
by linkage with 
population 
cancer registries 
supplemented by 
death certificate 
review

Drinking status 
incidence analysis: 
no definitions 
were reported 
for categories of 
drinking status

< 5 yr 6 3.46 (1.37–8.70) No adjustment 
for amount 
of alcohol 
consumed, 
smoking, or 
BMI 
Incidence 
analysis: results 
for drinking 
status and rectal 
cancer incidence 
among women 
not shown here 
because there 
was 1 case in 
the ex-drinking 
category
Limited follow-
up time
No adjustment 
for amount 
of alcohol 
consumed

5–15 yr 2 0.85 (0.19–3.67)
≥ 15 yr 2 1.17 (0.27–5.06)
Drinking status Incidence
Colon Men  

1.0 (ref)Non 24
Ex 19 2.01 (1.09–3.68)
Current 177 1.97 (1.28–3.03)
Rectum    
Non 30 1.0 (ref)
Ex 14 1.25 (0.66–2.38)
Current 106 1.01 (0.67–1.52)
Colon Women  
Non 149 1.0 (ref)
Ex 6 1.56 (0.68–3.60)
Current 43 1.03 (0.72–1.45)

Breslow et al. 
(2011) 
USA 
National 
Health 
Interview 
Survey 
1988–2006

Analysis included 
n = 138 590 men 
and n = 184 764 
women aged ≥ 18 yr 
with complete 
alcohol intake data 
in the 1988, 1990, 
1991, or 1997–2004 
National Health 
Interview Survey 
who did not die 
within the quarter 
of their interview; 

In-home interviews 
Drinking status: 
never was no alcohol 
in the year before 
baseline and < 12 
drinks during the 
lifetime; 

Colo-
rectal 
cancer 
deaths 
(Nation-
al Center 
for 
Health 
Statistics 
ICD-9 
and ICD-
10 bridge 
code 23)

Deaths Race or 
ethnicity, 
education, 
region, 
marital status, 
smoking 
status and 
tertiles of 
current 
smoking 
intensity, 

Results were 
similar after 
excluding 
deaths in the 
first 2 yr of 
follow-up time 
and when 
restricted to 
the first 10 yr of 
follow-up time 

Drinking status All
Never 229 1.0 (ref)
Former 152 1.25 (0.97–1.60)
Lifetime infrequent 162 1.06 (0.86–1.32)
Current
Light 163 0.86 (0.67–1.10)
Moderate 102 1.04 (0.78–1.39)
Heavier 42 1.01 (0.70–1.47)



162

IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 20A

Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Breslow et al. 
(2011) 
(cont.)

follow-up time from 
1988 through 2006 
(mean, 8.4 yr; range, 
2–18 yr); cancer 
deaths ascertained 
by linkage with 
National Death 
Index

 
 

former was ≥ 12 
drinks during 
the lifetime and 
≥ 12 drinks in any 
previous year but 
not the year before 
baseline; 
current was 
categorized by 
drinks/week (light, 
< 3; moderate, > 3–7 
for women and 3–14 
for men; heavier, > 7 
for women and > 14 
for men)

 

 

 

Men BMI, and sex 
in combined 
sex analyses
 

 

No adjustment 
for amount 
of alcohol 
consumed
 
 

Never 41 1.0 (ref)
Former 90 1.48 (0.95–2.30)
Lifetime infrequent 52 1.24 (0.77–1.98)
Current
Light 84 1.05 (0.66–1.67)
Moderate 75 1.22 (0.78–1.91)
Heavier 25 1.08 (0.60–1.96)
  Women  
Never 188 1.0 (ref)
Former 62 1.08 (0.76–1.52)
Lifetime infrequent 110 0.98 (0.76–1.27)
Current
Light 79 0.74 (0.53–1.03)
Moderate 27 0.99 (0.59–1.68)
Heavier 17 1.05 (0.61–1.80)

Cho et al. 
(2015) 
Republic of 
Korea 
Korean 
Multicenter 
Cancer Cohort 
1993–2011

Analysis included 
n = 7488 men aged 
≥ 20 yr; followed 
up from enrolment 
through 2011 
(median, 11.2 yr); 
cancer cases 
ascertained by 
linkage with the 
Korean Central 
Cancer Registry 
or death certificate 
database

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Colo-
rectum 
(no ICD 
codes 
reported)

Drinking status Men BMI, 
moderate 
physical 
activity, and 
cigarette 
smoking 
status (never, 
former, 
current)

Results for 
women not 
shown here 
because there 
were 3 cases 
in the former 
drinking 
category 
No adjustment 
for amount 
of alcohol 
consumed

Never 22 1.0 (ref)
Former 10 0.92 (0.43–1.96)
Current 79 1.70 (1.05–2.76)
Missing 1 2.08 (0.28–15.71)
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Hur et al. 
(2021); Wei 
et al. (2004) 
USA 
Change 
analysis: Hur 
et al. (2021) 
NHS 
1988–2014 
NHSII 
1989–2015
HPFS 
1988–2014 
Current 
amount and 
past status 
analysis: 
Wei et al. 
(2004) 
NHS 
1980–2000 
HPFS 
1986–2000

Change in intake 
analysis: 
NHS: n = 62 292 
women aged 
30–55 yr at 
enrolment in 1976; 
analysis from 1988 
through June 2014 
NHSII: n = 92 858 
women aged 
25–42 yr at 
enrolment in 1989; 
analysis from 1989 
through June 2015
HPFS: n = 36 393 
men aged 40–75 yr 
at enrolment in 
1986; analysis 
from 1988 through 
January 2014
Total follow-up time 
(up to 26 yr); cancer 
cases ascertained 
by self-report or 
tumour or death 
registry linkage 
were confirmed 
by medical or 
pathology record 
review (if possible) 

Self-administered 
questionnaires: 
Change in intake: 
alcohol intake in 
early adulthood 
(ages 18–22 yr) 
was recalled by 
participants in 
1988–1989; alcohol 
intake in mid-
adulthood (i.e. in 
1986 in NHS and 
HPFS, and in 1989 
and 1991 in NHSII; 
updated every 4 yr 
thereafter); none was 
defined as < 1 g/day, 
low was < 15 g/day, 
and high was ≥ 15 g/
day
Current amount 
and past status: 
self-administered 
semiquantitative 
FFQ assessed 
average intake at 
baseline (in 1980 in 
NHS women and in 
1986 in HPFS)

Colon 
(ICD-9 
code 
153) and 
rectum 
(ICD-9 
code 154)

Change in alcohol 
intake from early to 
mid-adulthood

NHS/
NHSII/

HPFS

  Change in 
intake: age, 
race, height, 
BMI in early 
and mid-
adulthood, 
pack-years 
of smoking 
before age 
30 yr and 
in mid-
adulthood, 
physical 
activity at 
ages 18–22 yr 
and in mid-
adulthood; 
mid-
adulthood 
menopausal 
status and 
menopausal 
hormone 
use (NHS 
and NHSII), 
family history 
of colorectal 
cancer, 
personal 
history of 
diabetes, 
regular use of 
aspirin and 
nonsteroidal 
anti-inflam-
matory drugs, 

In both studies 
(Hur et al., 
2021 and Wei 
et al., 2004) 
associations 
were reported 
separately for 
each cohort. 
Because of the 
small number of 
cases within a 
cohort or some 
strata of past 
or consistently 
high 
consumption, 
only the pooled 
results are 
shown here

Colorectum    
None/none 532 1.0 (ref)
Low/low 1544 1.11 (1.00–1.23)
High/low 44 1.39 (1.01–1.92)
Low/high 478 1.32 (1.14–1.53)
High/high 26 1.39 (0.91–2.13)
Current amount 
(g/day)/past status

NHS/
HPFS

 

Colon    
0 237 1.0 (ref)
< 10 430 0.97 (0.82–1.14)
10–19 204 1.04 (0.85–1.26)
≥ 20 180 1.27 (1.03–1.56)
Past 88 1.02 (0.79–1.32)

Ptrend = 0.003
Rectum
0 67 1.0 (ref)
< 10 134 1.04 (0.77–1.40)
10–19 63 1.07 (0.75–1.55)
≥ 20 52 1.26 (0.85–1.87)
Past 23 0.93 (0.56–1.54)

Ptrend = 0.20
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Hur et al. 
(2021); Wei 
et al. (2004) 
(cont.)

Current and past 
analysis: 
NHS: n = 87 733 
women; analysis 
from 1980 through 
May 2000 
HPFS: n = 46 632 
men; analysis 
from 1986 through 
January 2000

multivitamin, 
intake of 
total energy, 
red meat and 
processed 
meat, dietary 
fibre, total 
folate, and 
total calcium, 
AHEI-2010 
score without 
alcohol, 
and lower 
endoscopy 
within past 
10 yr
Current 
amount and 
past status: 
age, family 
history of 
cancer, BMI, 
physical 
activity, 
height, 
pack-years 
of smoking 
before 
age 30 yr, 
endoscopy, 
sex, intake 
of beef, 
processed 
meat, pork, 
lamb, folate, 
and calcium
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Im et al. 
(2021a) 
China 
China 
Kadoorie 
Biobank 
2004–2016
 

Analysis included 
n = 209 237 men 
and n = 300 900 
women aged 
30–79 yr; follow-
up time from 
2004 through 
2016 (median, 
10 yr); cancer cases 
ascertained by 
linkage with cancer 
registries and the 
national health 
insurance databases
 
 

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the 
past year or in 
most weeks prior; 
ex-regular was 
drinking < weekly 
in the past year but 
drinking ≥ weekly 
prior; occasional 
was drinking 
< weekly in the 
past year and prior; 
current regular was 
drinking in most 
weeks in the past 
year

Colon 
(ICD-
10 code 
C18) and 
rectum 
(ICD-10 
codes  
C19–C20)
 
 

Drinking status Age, study 
area, 
education, 
income, 
smoking 
(never, 
occasional, 
and for ever 
smoked, 3 
categories 
of cigarettes 
per day in 
men and 2 
in women), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer
 
 

Floating 
standard errors 
were used to 
estimate the CIs; 
abstention was 
the reference 
category 
No adjustment 
for amount 
of alcohol 
consumed
 
 

Colorectum Men
Abstain 306 1.00 (0.89–1.13)
Ex-regular 203 1.27 (1.10–1.46)
Occasional 443 0.95 (0.86–1.05)
Current regular 575 1.20 (1.10–1.31)

Women
Abstain 1018 1.00 (0.92–1.08)
Ex-regular 17 0.92 (0.57–1.50)
Occasional 453 0.96 (0.87–1.06)
Current regular 41 1.10 (0.81–1.51)
Colon Men
Abstain 180 1.00 (0.86–1.17)
Ex-regular 118 1.28 (1.06–1.53)
Occasional 255 0.93 (0.81–1.05)
Current regular 303 1.11 (0.98–1.25)

Women
Abstain 600 1.00 (0.90–1.11)
Ex-regular 8 0.70 (0.35–1.42)
Occasional 265 0.93 (0.82–1.05)
Current regular 28 1.21 (0.83–1.76)
Rectum Men
Abstain 185 1.00 (0.86–1.16)
Ex-regular 122 1.22 (1.02–1.46)
Occasional 261 0.93 (0.82–1.06)
Current regular 378 1.26 (1.13–1.40)

Women
Abstain 587 1.00 (0.90–1.11)
Ex-regular 11 0.96 (0.53–1.76)
Occasional 265 1.02 (0.90–1.16)
Current regular 20 0.95 (0.61–1.48)
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Yoo et al. 
(2022) 
Republic of 
Korea 
NHIS 
2009–2018

 

Analysis included 
n = 4 513 746 
men and women 
aged ≥ 40 yr with 
drinking status data 
from 2 consecutive 
(2009 and 2011) 
biennial NHIS 
health screenings; 
without a personal 
history of cancer 
or cardiovascular 
disease before 
2011, or cancer 
or cardiovascular 
diagnosis or death 
1 yr after the 
baseline (2011), 
and complete 
information; follow-
up time through 
2018 (median, 
6.4 yr); cancer cases 
ascertained through 
the NHIS billing 
system

Self-administered 
questionnaires in 
2009 and 2011 
Alcohol intake in 
2009 and 2011: 
for each survey, 
alcohol intake was 
first classified by 
amount of ethanol 
consumed: none, 
mild (< 15 g/
day), moderate 
(15–29.9 g/day), and 
heavy (≥ 30 g/day); 
then associations 
for each level of 
consumption in 
2011 were assessed 
stratified on level 
of consumption in 
2009; the reference 
group for each 
stratum was the 
stable group at each 
level of consumption 
(e.g. 2009/2011 
none/none)

Colo-
rectum 
(ICD-10 
codes 
C18–C20 
exclud-
ing 
appen-
dix, ICD-
10 code 
C18.1)
 

Alcohol intake in 
2009/2011

41 102 
total

Age, sex, 
socioeco-
nomic 
position, 
smoking 
status, 
physical 
activity, 
comorbidities 
(hyper-
tension, 
diabetes, 
dyslipid-
aemia, chronic 
kidney 
disease, 
and chronic 
obstructive 
pulmonary 
disease), and 
Charlson 
Comorbidity 
Index
 

Excluded the 
first year of 
follow-up time 
No information 
about alcohol 
consumption 
before the 
first wave of 
reporting 
Limited follow-
up time
 

None/none 1.0 (ref)
None/mild 0.96 (0.92–1.01)
None/moderate 1.01 (0.92–1.12)
None/heavy 1.02 (0.92–1.14)

Mild/none   1.08 (1.03–1.12)
Mild/mild 1.0 (ref)
Mild/moderate 0.97 (0.91–1.04)
Mild/heavy 0.94 (0.86–1.03)

Moderate/none   1.09 (0.99–1.20)
Moderate/mild 1.12 (1.06–1.19)
Moderate/moderate 1.0 (ref)
Moderate/heavy 0.96 (0.89–1.04)

Heavy/none   1.31 (1.17–1.46)
Heavy/mild 1.12 (1.03–1.23)
Heavy/moderate 1.04 (0.96–1.13)
Heavy/heavy 1.0 (ref)
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Reference 
Study location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site  
(ICD 
codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Mayén et al. 
(2022) 
Denmark, 
Italy, France, 
Germany, 
Greece, the 
Netherlands, 
Norway, Spain, 
Sweden, and 
the United 
Kingdom 
European 
Prospective 
Investigation 
into Cancer 
and Nutrition 
1992–2013

Analysis included 
n = 191 180 men 
and women who 
were resurveyed 
~7.1 yr after baseline 
in 1992–2000 
and followed 
up for cancer 
incidence; cancer 
cases ascertained 
by linkage with 
cancer registries, 
or self-report with 
confirmation 
by linkage with 
health insurance or 
pathology records

Self-administered 
questionnaires at 
baseline and follow-
up 
Absolute change 
from baseline to 
follow-up: difference 
between intake 
reported at follow-
up and intake 
reported at baseline

Colon 
and 
rectum 
(ICD-O-3 
codes 
C18–C20)

Absolute change 
from baseline to 
follow-up

    Composite 
variable of 
smoking 
status and 
intensity, 
education, 
BMI, and 
stratified by 
centre

Reference group 
is no change in 
consumption 
between 
baseline and 
follow-up 
assessment 
Absolute 
change analysis 
excluded first 
3 yr after follow-
up assessment 
Average 
follow-up time 
among the 10 
countries was 
not reported

Decrease 12 g/day 1530 0.86 (0.78–0.95)

Chen et al. 
(2023) 
Norway 
Norwegian 
Women and 
Cancer Study 
1996–2018

Analysis included 
n = 66 233 women 
aged 41–76 yr who 
completed follow-
up questionnaires 
in 1996–2004 (Q1) 
and in 2002–2014 
(Q2); followed up 
from time of Q2 
until December 
2018 (median, 
14.2 yr); cancer 
cases ascertained by 
linkage with Cancer 
Registry of Norway

Self-administered 
questionnaires 
Each lifestyle factor 
was assigned a 
score ranging from 
0 to 4, with higher 
scores indicating a 
healthier lifestyle: 
alcohol HLI score 
was 4 = none, 
3 = > 0–< 5 g/day, 
2 = 5–< 10 g/day, 
1 = 10–< 20 g/day, 
and 0 = > 20 g/day

Colo-
rectum 
(ICD-10 
codes 
C18–C20)

Change in alcohol HLI score 
between Q1 and Q2

Education, 
height, HLI 
score at Q1 
(continuous), 
calendar 
year at Q2 
(continuous), 
single-factor 
HLI score 
changes, and 
single-factor 
HLI scores 
at Q1

Among the 
66 233 women 
in the analysis, 
missing data 
from Q1, Q2, 
or both were 
imputed for 
21 830 women

1-unit increase (i.e. 
reduction in alcohol 
consumption)

839 0.97 (0.86–1.08)

AHEI, Alternative Healthy Eating Index; BMI, body mass index; CI, confidence interval; FFQ, food frequency questionnaire; HLI, healthy lifestyle index; HPFS, Health Professionals 
Follow-up Study; ICD, International Classification of Diseases; NHIS, National Health Insurance Service; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II; Q1, questionnaire 
1; Q2, questionnaire 2; ref, reference; yr, year or years.
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(calculated HR, 1.00; 95% CI, 0.60–1.68). The 
strength of this study is the continuous updating 
of mid-adulthood consumption. The limitations 
of this study are the possibility of recall errors 
in retrospective data collection and the lack of 
adjustment for the duration of smoking cessa-
tion.] In an earlier pooled analysis of data from 
the Nurses’ Health Study (n  = 87  733 women 
followed up from 1986 to 2000) and the Health 
Professionals Follow-up Study (n = 46 632 men 
followed up from 1980 to 2000), the associations 
of cessation with risk of colon cancer (n = 1139 
cases) and rectal cancer (n  =  339 cases) were 
assessed (Wei et al., 2004). Compared with 0 g 
of ethanol per day, the relative risks for past 
drinking were 1.02 (95% CI, 0.79–1.32) for colon 
cancer and 0.93 (95% CI, 0.56–1.54) for rectal 
cancer. [Compared with any amount of contin-
uing consumption, the calculated relative risk for 
cessation was 0.96 (95% CI, 0.72–1.26) for colon 
cancer and 0.84 (95% CI, 0.49–1.45) for rectal 
cancer. The strength of this study is the large 
pooled analysis. The limitation of this study is 
that the associations were not adjusted for the 
amount of alcohol consumed.]

In the study of Yoo et al. (2022) (described 
in Section  2.2.3), among the men and women 
included in the analysis, 41  102 cases of 
colorectal cancer were identified during the 
follow-up time. In analyses of alcohol reduction, 
compared with stable moderate consumption, 
the hazard ratio for reduction from moderate 
consumption in 2009 to mild consumption in 
2011 was 1.12 (95% CI, 1.06–1.19); compared 
with stable heavy consumption, the hazard ratio 
for reduction from heavy to mild consumption 
was 1.12 (95% CI, 1.03–1.23) and for reduction 
from heavy to moderate consumption was 1.04 
(95% CI, 0.96–1.13). Compared with stable mild, 
stable moderate, and stable heavy consumption, 
the hazard ratios for cessation from each level of 
consumption in 2009 to none in 2011 were 1.08 
(95% CI, 1.03–1.12), 1.09 (95% CI, 0.99–1.20), 
and 1.31 (95% CI, 1.17–1.46), respectively. 

[The strengths and limitation of this study are 
described in Section 2.2.3.]

The association of absolute change in alcohol 
consumption with risk of colorectal cancer was 
investigated in an analysis of data from 10 coun-
tries in the EPIC study, which originally included 
521 323 men and women aged 25–70  years 
recruited in 1992–2000, resurveyed 7.1 years 
later, on average, and followed up for cancer 
incidence until 2008–2013 (Mayén et al., 2022). 
Among 191 180 men and women included in the 
alcohol analysis, 1530 cases of colorectal cancer 
were identified during the follow-up through 
linkage with cancer registries or self-report with 
confirmation by linkage with health insurance 
data or pathology reports. In the absolute change 
analysis, a reduction in alcohol consumption 
from baseline to follow-up was inversely asso-
ciated with risk of colorectal cancer (HR, 0.86; 
95% CI, 0.78–0.95 for each 12 g per day decrease 
in consumption). [The strengths of this study 
are that it was a large multicentre study and that 
the absolute change analysis excluded the first 3 
years after follow-up assessment. The limitations 
of this study are that the average follow-up time 
for cancer outcomes was not reported and that 
no between-country or between-centre hetero-
geneity was reported.]

Chen et al. (2023) assessed change in alcohol 
intake and cancer risk including colorectal 
cancer and breast cancer (see Section  2.2.8) 
in the Norwegian Women and Cancer Study. 
Among about 172  000 women enrolled in 
the study in 1991–2007, 66 233 women aged 
41–76 years completed two follow-up question-
naires in 1996–2004 and in 2002–2014 (range, 
2–11 years apart; mean, 7.0 years apart). During 
the follow-up from completion of the second 
questionnaire until December 2018 (median, 
14.2  years), 839 cases of colorectal cancer were 
identified through linkage with the Cancer 
Registry of Norway. For each questionnaire, 
women were assigned a healthy lifestyle index 
(HLI) score for several lifestyle factors. For 
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alcohol consumption specifically, the HLI score 
was based on grams of ethanol consumed per 
day: 4  =  0  g per day; 3  =  >  0–<  5  g per day; 
2 = 5–< 10 g per day; 1 = 10–< 20 g per day; and 
0 = > 20 g per day. The hazard ratio for a reduc-
tion in alcohol consumption corresponding to a 
1-unit increase in the alcohol HLI score between 
the first and second measurements was 0.97 (95% 
CI, 0.86–1.08). [The strengths of this study are 
the long follow-up time and the adjustment for 
the first measure and the change between the 
first and second measures of other risk factors. 
The limitations of this study are that the response 
rate across follow-up surveys was low, that for a 
high proportion of women (n = 21 830 women) 
lifestyle or covariate data were missing from the 
first questionnaire, the second questionnaire, or 
both, and multiple imputation was used to derive 
these data, that for the lifestyle-related cancer 
incidence outcome a sensitivity analysis showed 
similar results after excluding women for whom 
data about lifestyle factors were imputed and 
after excluding the first 2 years of follow-up time, 
but results for colorectal cancer (or breast cancer; 
Section 2.2.9) were not reported separately, and 
that the proportional hazards assumption was 
tested but no results were reported.]

The JACC study was described in Section 2.2.4. 
In the JACC study that assessed the association 
of alcohol consumption with risk of cause-spe-
cific mortality, 219 colon cancer deaths and 
164 rectal cancer deaths were identified during 
the follow-up time among 46  178 men aged 
40–79 years (Ozasa et al., 2007; Tamakoshi et al., 
2007). Among women, results for colon cancer 
and rectal cancer are not shown because there 
were four deaths from colon cancer and two 
deaths from rectal cancer in the ex-drinking 
category. Among men, compared with rare/none, 
the hazard ratio for current drinking was 1.16 
(95% CI, 0.80–1.68) for colon cancer mortality 
and 1.33 (95% CI, 0.86–2.06) for rectal cancer 
mortality. The hazard ratio for ex-drinking 
was 1.57 (95% CI, 0.90–2.75) for colon cancer 

mortality and 1.89 (95% CI, 0.99–3.60) for rectal 
cancer mortality. [Compared with continuing 
consumption, the calculated hazard ratio for 
cessation was 1.35 (95% CI, 0.82–2.24) for colon 
cancer and 1.42 (95% CI, 0.80–2.52) for rectal 
cancer.] In analyses for duration of cessation, 
compared with rare/none, the hazard ratio was 
> 1 for long-term cessation (> 15 years) for colon 
cancer mortality (HR, 1.30; 95% CI, 0.39–4.32) 
and for rectal cancer mortality (HR, 1.17; 95% 
CI, 0.27–5.06). [Compared with continuing 
consumption, there was no evidence of a lower 
risk of colon cancer mortality for any category of 
duration of cessation including long-term cessa-
tion (calculated HR, 1.12; 95% CI, 0.33–3.76). For 
rectal cancer mortality, the calculated hazard 
ratio for 5–10 years of cessation was 0.64 (95% CI, 
0.14–2.83) and for > 15 years of cessation was 0.88 
(95% CI, 0.20–3.84). The strengths and limita-
tions of this study are described in Section 2.2.4. 
In addition, there were few deaths from colon 
or rectal cancer among men in each category of 
duration of cessation (n range, 2–6).] In an earlier 
analysis of colon and rectal cancer incidence in 
the JACC study that included 23  708 men and 
34 028 women, colon cancer cases (n = 220 men, 
n = 198 women) and rectal cancer cases (n = 150 
men, n  =  61 women) were identified through 
tumour registry linkage (supplemented by death 
certificate review) during the follow-up time until 
1997 (except in one area, where follow-up ended 
in 1994; mean follow-up time, 7.6 years) (Wakai 
et al., 2005). Because there was only 1 case of 
rectal cancer among women in the ex-drinking 
category, the rectal cancer results for women 
are not shown. Compared with non-drinking, 
ex-drinking was associated with a higher risk of 
colon cancer among men (incidence rate ratio 
[IRR], 2.01; 95% CI, 1.09–3.68), as was current 
drinking (IRR, 1.97; 95% CI, 1.28–3.03). Among 
women, the incidence rate ratio for ex-drinking 
was 1.56 (95% CI, 0.68–3.60) and for current 
drinking was 1.03 (95% CI, 0.72–1.45). Among 
men, the incidence rate ratios for rectal cancer 
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were also >  1 for former drinking (IRR, 1.25; 
95% CI, 0.66–2.38) and for current drinking 
(IRR, 1.01; 95% CI, 0.67–1.52). After excluding 
the first 2  years of follow-up time, for colon 
cancer, among men the incidence rate ratio for 
ex-drinking was 2.07 and for current drinking 
was 1.94, whereas among women the incidence 
rate ratio for ex-drinking was 1.64 and for current 
drinking was 1.01; for rectal cancer, among men 
the incidence rate ratio for ex-drinking was 1.46 
and for current drinking was 0.95. [Compared 
with continuing consumption, there was no 
evidence of a reduced risk of colon cancer for 
cessation among men (calculated IRR, 1.02; 95% 
CI, 0.63–1.67) or among women (calculated IRR 
1.51; 95% CI, 0.63–3.63) or of rectal cancer among 
men (calculated IRR, 1.24; 95% CI, 0.70–2.18). 
The strength of this study is that the results were 
similar when the first 2 years of follow-up time 
were excluded. The limitations of this study are 
that no definitions were reported for any cate-
gories of drinking status, that the follow-up 
time was limited, that the associations were not 
adjusted for the amount of alcohol consumed or 
BMI, that among women there were few cases 
in the ex-drinking category (n  =  6), and that 
there was no test of the proportional hazards 
assumption.]

A cohort study conducted in northern 
California (USA) included 106  203 men and 
women from the two largest racial groups who 
received health examinations in a prepaid 
health plan in 1978–1984 (Klatsky et al., 1988). 
Participants were followed up for cancer inci-
dence until December 1984 (up to 6 years), during 
which 203 cases of colon cancer and 66 cases of 
rectal cancer were identified through hospital 
discharge records and linkage with the California 
State Resource for Cancer Epidemiology. Results 
for rectal cancer are not shown here because 
there were 4 cases in the ex-drinking category. 
Compared with never drinking, the relative 
risk of colon cancer for each category of current 
drinks per day was >  1 (range, 1.16–1.79), 

whereas the relative risk for ex-drinking was 
0.84 (95% CI, 0.34–2.08). [Compared with any 
amount of continuing consumption, the calcu-
lated relative risk for cessation was 0.60 (95% CI, 
0.23–1.55). The strength of this study is that a 
sensitivity analysis was conducted that excluded 
colon cancer cases diagnosed within 6  months 
after examination (RR, 0.67; 95% CI, 0.23–1.98 
for ex-drinking). The limitations of this study 
are that the follow-up time was limited (up to 
6 years), that the associations were not adjusted 
for the amount of alcohol consumed, and that 
there was no test of the proportional hazards 
assumption.]

Su and Arab (2004) assessed the association 
between drinking pattern and risk of colorectal 
cancer using data from the National Health and 
Nutrition Examination Survey I Epidemiologic 
Follow-Up Study in the USA. Among 10 418 men 
and women aged 25–74 years who completed a 
questionnaire in 1982–1984, 111 cancer cases 
and deaths were ascertained by self-report on 
follow-up surveys and linkage with the National 
Death Index during the follow-up time until July 
1993 (up to 11 years). Compared with abstention, 
there was a higher risk of colon cancer associ-
ated with [current] drinking (HR, 1.80; 95% CI, 
1.00–3.23), whereas the hazard ratio for quitting 
was 1.10 (95% CI, 0.50–2.41). [The calculated 
hazard ratio for cessation compared with any 
amount of continuing consumption was 0.74 
(95% CI, 0.32–1.68). The strength of this study 
is that the associations were assessed for recalled 
drinking pattern. The limitations of this study 
are that the associations were not adjusted for 
the amount of alcohol consumed, that there were 
few cases in the ex-drinking category (n = 7), and 
that there was no test of the proportional hazards 
assumption.]

Nakaya et al. (2005) assessed alcohol cessa-
tion and risk of colon and rectal cancer among 
21 201 men aged 40–64 years from 14 munici-
palities enrolled in Miyagi Cohort 2 (described 
in Section  2.2.4). For the analysis for colon 
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and rectal cancer, follow-up time was from 
enrolment in 1990 until December 1997 (up 
to 7.6  years), during which 106 cases of colon 
cancer and 67 cases of rectal cancer were iden-
tified by cancer registry linkage. Because there 
were 3 cases of rectal cancer in the ex-drinking 
category, results for rectal cancer are not shown 
here. Compared with never drinking, the relative 
risk for ex-drinking was 1.6 (95% CI, 0.7–3.8) and 
for current drinking was 1.7 (95% CI, 0.9–3.3). 
[Compared with continuing consumption, the 
calculated relative risk for cessation was 0.94 
(95% CI, 0.48–1.86). The strength of this study 
is that in an analysis of risk of all cancers, a 
sensitivity analysis excluding all cancer cases 
diagnosed during the first 3  years of follow-up 
time showed a positive association with alcohol 
consumption. The limitations of this study are 
that no definitions were reported for any cate-
gory of drinking status, that no ICD codes were 
reported, that the follow-up time was limited 
(up to 7.6 years), that the associations were not 
adjusted for the amount of alcohol consumed or 
BMI, that the sensitivity analysis that excluded 
cancer cases diagnosed during the first 3 years 
of follow-up time did not report results for colon 
cancer specifically, and that there was no test of 
the proportional hazards assumption.]

The association between drinking status 
and risk of death from colorectal cancer (and 
breast cancer; see Section 2.2.8) was assessed in 
a prospective study from the National Health 
Interview Survey in the USA (Breslow et al., 
2011). The analysis included 138  590 men and 
184 764 women aged ≥ 18 years with complete 
alcohol consumption data in the 1988, 1990, 
1991, or 1997–2004 National Health Interview 
Surveys. During the follow-up from 1988 until 
2006 (mean, 8.4  years; range, 2–18  years), 
367 colorectal cancer deaths among men and 
483 among women were ascertained through 
linkage with the National Death Index. Among 
men and women combined, compared with 
never drinking, there were no clear patterns 

of association between categories of current 
drinking and colorectal cancer mortality, and 
the relative risk for former drinking was 1.25 
(95% CI, 0.97–1.60); the relative risk for former 
drinking was 1.48 (95% CI, 0.95–2.30) among 
men and 1.08 (95% CI, 0.76–1.52) among 
women. [Cessation was associated with a higher 
risk of death from colorectal cancer compared 
with continuing consumption among men and 
women combined (calculated RR, 1.34; 95% 
1.06–1.69); associations were similar among men 
only (calculated RR, 1.30; 95% CI, 0.93–1.82) and 
among women only (calculated RR, 1.31; 95% CI, 
0.92–1.88). The strengths of this study are that the 
categories of drinking status were clearly defined, 
that the proportional hazards assumption was 
met, and that sensitivity analyses excluding 
participants who died within 2  years of their 
baseline interview and restriction of follow-up of 
each survey to 10 years to reduce misclassifica-
tion over follow-up produced similar results. The 
limitations of this study are that the outcome was 
mortality, that the follow-up time was limited 
for some in the cohort (range, 2–18 years; mean, 
8.4  years), and that the associations were not 
adjusted for the amount of alcohol consumed.]

The association of alcohol consumption 
and cessation with risk of colorectal cancer was 
assessed in the Korean Multi-center Cancer 
Cohort (Cho et al., 2015). Among 19 252 partic-
ipants enrolled in the study in 1993–2005, 7488 
men and 11  034 women aged ≥  20  years were 
included in the analysis. During the follow-up 
from enrolment until 2011 (median, 11.2 years), 
220 cases of colorectal cancer (n  =  112 men, 
n = 108 women) were identified through linkage 
with the Korean Central Cancer Registry or 
the Statistics Korea death certificate database. 
Because there were 3 cases of colorectal cancer 
among women in the ex-drinking category, 
results for women are not shown. Among men, 
compared with never drinking, there was a 
higher risk for current drinking (HR, 1.70; 
95% CI, 1.05–2.76) but not for former drinking 
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(HR, 0.92; 95% CI, 0.43–1.96). [Compared with 
continuing consumption, cessation was associ-
ated with a lower risk (calculated HR, 0.54; 95% 
CI, 0.27–1.07). The strength of this study is the 
long follow-up time. The limitations of this study 
are that the associations were not adjusted for the 
amount of alcohol consumed and that there was 
no sensitivity analysis excluding at least the first 
year of follow-up time and no test of the propor-
tional hazards assumption.]

(b) Case–control studies

The associations of duration of cessation and 
cessation of alcoholic beverage consumption 
with risk of colon cancer, rectal cancer, and/or 
colorectal cancer were assessed in a case–control 
study in Hong Kong Special Administrative 
Region (China) (Ho et al., 2004). Five other case–
control studies, in China, Italy, the Republic of 
Korea, and the USA, assessed cessation and risk 
(Le Marchand et al., 1997; Tavani et al., 1998; 
Ji et al., 2002; Wei et al., 2009; Lee et al., 2019) 
(Supplementary Table  S2.24, web only; avail-
able from https://publications.iarc.who.int/638; 
Table 2.25).

In a hospital-based case–control study in 
Hong Kong Special Administrative Region 
(China) (Ho et al., 2004), men and women aged 
20–85  years with colorectal adenocarcinoma 
newly diagnosed from April 1998 to March 2000 
and matched controls were ascertained from 
three public hospitals. Included in the analysis 
were 452 cases of colon cancer, 357 cases of rectal 
cancer, and 13 cases of both colon and rectal 
cancer, and 926 inpatient controls matched on 
sex and age (± 5 years) who had no dietary restric-
tions. Compared with never drinking, current 
drinking was associated with a higher risk of 
colorectal cancer (OR, 1.42; 95% CI, 1.09–1.85), 
but there was no association for former drinking 
(OR, 1.00; 95% CI, 0.77–1.32). Results were similar 
for colon cancer and for rectal cancer. [Compared 
with continuing consumption, cessation was 
associated with a lower risk of colorectal cancer 

(calculated OR, 0.70; 95% CI, 0.52–0.96), colon 
cancer (calculated OR, 0.64; 95% CI, 0.44–0.92), 
and, to a lesser extent, rectal cancer (calculated 
OR, 0.79; 95% CI, 0.53–1.17).] Compared with 
current drinking, the odds ratio for < 66 months 
of cessation was 1.37 (95% CI, 0.91–2.06), 
whereas the odds ratio for long-term cessation 
(>  180  months) was 0.52 (95% CI, 0.31–0.86). 
Long-term cessation was associated also with 
a lower risk of colon cancer (OR, 0.50; 95% CI, 
0.31–0.86). In a sensitivity analysis of colorectal 
cancer, with the shortest duration of cessation 
as the reference group, the odds ratio for long-
term cessation (OR, 0.44; 95% CI, 0.24–0.82) was 
only slightly attenuated after adjustment for the 
amount of alcohol consumed (OR, 0.50; 95% CI, 
0.28–0.96) or frequency of consumption (OR, 
0.48; 95% CI, 0.26–0.90). [The strength of this 
study is the large number of ex-drinkers. The 
limitations are that there was limited informa-
tion about selection of hospital-based controls, 
including the exclusion of controls on a special 
diet, that no ICD codes were reported, that 
the primary results were adjusted for smoking 
status (ever or not) but not for detailed smoking 
history, amount of alcohol consumed (for the 
primary analysis), or BMI, and that the results 
for duration of cessation for rectal cancer raised 
some concern, because the sum of the number of 
cases of rectal cancer in the categories of dura-
tion of cessation (i.e. n = 92) is greater than the 
total number of cases in the ex-drinking category 
(n = 84), and therefore are not shown.]

In a population-based case–control study 
conducted in Hawaii (USA), cases were identi-
fied using a rapid reporting system and included 
men and women aged < 84 years diagnosed in 
1987–1991 with histologically confirmed adeno-
carcinoma of the large bowel (n  =  364 right 
colon, n = 464 left colon, and n = 350 rectum) 
(Le Marchand et al., 1997). The controls were 
identified from a list of Oahu residents who had 
participated in a Department of Health survey 
and were individually matched 1:1 on sex, 

https://publications.iarc.who.int/638
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Table 2.25 Case–control studies of duration of cessation and cessation of alcoholic beverage consumption and risk of 
colorectal cancer, colon cancer, and rectal cancer

Reference 
Study location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio  
(95% CI)

Adjustment 
factors

Comments

Le Marchand 
et al. (1997) 
Oahu, Hawaii, 
USA 
1987–1991

Men and women 
aged ≤ 84 yr with 
histologically 
confirmed right 
colon (n = 364), 
left colon 
(n = 464), or 
rectal (n = 350) 
adenocarcinoma; 
Oahu residents; 
identified 
through the 
Hawaii Tumor 
Registry rapid 
reporting system; 
66% participation 
rate

Population-
base controls 
matched 
1:1 on sex, 
ethnicity, and 
age (± 2.5 yr); 
identified 
from list of 
Oahu residents 
who had 
participated in 
a Department 
of Health 
survey; 71% 
participation 
rate

Interviewer-
administered 
questionnaire 
Drinking status: 
never was not 
defined; past 
was drinking 
≥ once per 
week for 
≥ 6 weeks but 
not at diagnosis 
date or date 
of interview; 
current was 
drinking up to 
diagnosis date 
for cases or 
interview date 
for controls

Right colon Men 
(197 pairs)

Age, family 
history of 
colorectal 
cancer, 
pack-years 
of smoking, 
lifetime 
physical 
activity, BMI 
5 yr ago, intake 
of eggs, dietary 
fibre, calcium, 
and total 
energy

No adjustment for 
amount of alcohol 
consumedNever 1.0 (ref)

Past 2.6 (1.4–5.2)
Current 1.8 (1.0–3.4)

Women 
(167 pairs)

Never 1.0 (ref)
Past 3.1 (1.0–9.4)
Current 2.5 (0.9–7.0)
Left colon Men 

(270 pairs)
Never 1.0 (ref)
Past 1.7 (0.8–3.3)
Current 1.1 (0.7–2.0)

Women 
(194 pairs)

Never 1.0 (ref)
Past 1.3 (0.5–3.4)
Current 1.0 (0.5–2.3)
Rectum Men 

(221 pairs)
Never 1.0 (ref)
Past 1.4 (0.8–2.4)
Current 1.1 (0.6–2.0)

Women 
(129 pairs)

Never 1.0 (ref)
Past 1.5 (0.6–4.1)
Current 1.0 (0.3–3.0)
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Reference 
Study location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio  
(95% CI)

Adjustment 
factors

Comments

Tavani et al. 
(1998) 
Italy 
1991–1996

Men and 
women aged 
24–74 yr with 
histologically 
confirmed colon 
cancer (n = 1225; 
ICD-10 codes 
C18.0–C18.7) 
or rectal cancer 
(n = 728; ICD-10 
codes C19–
C20); admitted 
to the major 
teaching and 
general hospitals 
in 6 areas of 
Italy; > 96% 
participation rate
 
 

Hospital-
based controls 
(n = 4154 men 
and women) 
aged 20–74 yr; 
admitted 
to the same 
hospitals for 
non-neoplastic 
diseases 
unrelated 
to alcohol 
consumption 
or tobacco use, 
or had long-
term changes 
in diet; > 96% 
participation 
rate
 
 

Interviewer-
administered 
questionnaire 
Drinking 
status/current 
amount: never 
was lifelong 
non-drinking or 
drinking < 1 g/
day; occasional 
was 1–3 drinks/
month, and 
ex-drinking 
was quit ≥ 1 yr 
before the 
interview; 
current 
was based 
on amount 
consumed
 
 

Colon Centre, sex, 
age, education, 
physical 
activity, 
smoking status, 
family history 
of colorectal 
cancer, intake 
of β-carotene, 
vitamin C, and 
total energy
 
 
 
 

Selection of 
hospital-based 
controls with 
conditions 
thought to 
be unrelated 
to smoking 
or alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed or BMI
 
 

Never 248 1.0 (ref)
Ex 89 1.20 (0.90–1.61)
Current (g/day)
1–11.82 169 1.17 (0.93–1.48)
> 11.82–22.66 190 1.29 (1.03–1.62)
> 22.66–34.36 188 1.20 (0.94–1.51)
> 34.36–51.82 172 1.07 (0.84–1.37)
> 51.82 169 1.01 (0.78–1.31)

Ptrend = 0.001
Rectum
Never 147 1.0 (ref)
Ex 51 1.07 (0.74–1.54)
Current (g/day)
1–11.82 87 1.10 (0.82–1.47)
> 11.82–22.66 132 1.48 (1.13–1.94)
> 22.66–34.36 114 1.21 (0.91–1.61)
> 34.36–51.82 97 0.94 (0.69–1.27)
> 51.82 100 0.90 (0.65–1.23)

Ptrend = 0.657
Colorectum
Never 395 1.0 (ref)
Ex 140 1.15 (0.90–1.47)
Current (g/day)
1–11.82 256 1.15 (0.94–1.40)
> 11.82–22.66 322 1.35 (1.12–1.63)
> 22.66–34.36 302 1.20 (0.99–1.46)
> 34.36–51.82 269 1.02 (0.83–1.26)
> 51.82 269 0.95 (0.77–1.19)

Ptrend = 0.196

Table 2.25   (continued)
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Reference 
Study location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio  
(95% CI)

Adjustment 
factors

Comments

Ji et al. (2002) 
Shanghai, 
China 
1990–1992

Men and 
women aged 
30–74 yr with 
pathologically 
or clinically 
confirmed 
colon cancer 
(n = 462 men, 
n = 469 women; 
ICD-9 codes 
153.0–153.9) or 
rectal cancer 
(n = 463 men, 
n = 411 women; 
ICD-9 codes 
154.0–154.9); 
identified from a 
rapid reporting 
system of 
the Shanghai 
Cancer Registry; 
participation rate 
92% for colon 
cancer and 91% 
for rectal cancer

Population-
based controls 
(n = 851 men, 
n = 701 women) 
randomly 
selected 
from among 
Shanghai 
residents based 
on personal 
identification 
cards; 
frequency-
matched on sex 
and age (± 5 yr); 
for each case, 
2 potential 
controls were 
selected; for 
16% of cases, 
the second 
control was 
interviewed

Interviewer-
administered 
questionnaire 
Drinking status: 
an alcohol 
“drinker” 
consumed 
≥ 1 drink/week 
for ≥ 6 months; 
specific 
definitions were 
not reported for 
non-drinking, 
ex-drinking, 
and current 
drinking

Drinking status Age, income, 
and cigarette 
smoking
 
 

BMI, years of 
education, diet, 
and history of 
colorectal polyps 
did not confound 
associations and 
therefore were not 
included in the 
model 
No adjustment for 
amount of alcohol 
consumed 
Unclear what 
categories of 
smoking were 
controlled for 
Results for rectal 
cancer among 
women not shown 
here because there 
were 4 cases in 
the ex-drinking 
category

Colon Men
Non 248 1.0 (ref)
Ex 41 2.3 (1.4–3.7)
Current 173 1.0 (0.8–1.3)
Rectum
Non 255 1.0 (ref)
Ex 34 1.1 (0.9–1.4)
Current 174 0.6 (0.4–1.0)
Colon Women
Non 448 1.0 (ref)
Ex 6 1.4 (0.4–4.3)
Current 15 0.7 (0.4–1.3)

Table 2.25   (continued)
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Reference 
Study location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio  
(95% CI)

Adjustment 
factors

Comments

Ho et al. (2004) 
Hong Kong 
Special 
Administrative 
Region (China) 
1998–2000

Men and 
women aged 
20–85 yr with 
histologically 
confirmed colon 
(n = 452) or 
rectal (n = 357) 
adenocarcinoma; 
identified 
from 3 public 
hospitals; 82.2% 
participation rate

Hospital-
based controls 
(n = 926 men 
and women); 
matched on sex 
and age (± 5 yr); 
inpatients 
identified 
from the same 
departments 
as the cases 
admitted for 
acute non-
gastrointestinal 
and non-
malignant 
surgical 
conditions and 
with no dietary 
restrictions; 
95.5% 
participation 
rate

Interviewer-
administered 
questionnaire 
Drinking 
status: self-
reported status 
immediately 
before cancer 
diagnosis 
for cases 
and hospital 
admission for 
controls, but 
categories were 
not defined 
Duration of 
cessation: 
definition was 
not reported

Drinking status Colorectum Sex, age, 
geographical 
distribution, 
marital status, 
education, 
physical 
activity, 
analgesic 
intake, family 
history of 
colorectal 
cancer, 
smoking habits 
(ever or not), 
and selected 
nutrient 
and food 
group intake 
(2 yr before 
reference date)

Limited 
information 
about selection 
of hospital-based 
controls 
No adjustment for 
detailed smoking 
history or BMI 
Because the sum 
of the number of 
rectal cancer cases 
for categories 
of duration of 
cessation (i.e. 
n = 92) was 
greater than the 
total number of 
cases in the ex-
drinking category 
(n = 84), results 
for duration of 
cessation for rectal 
cancer not shown 
here

Never 385 1.0 (ref)
Ex 186 1.0 (0.77–1.32)
Current 247 1.42 (1.09–1.85)

Ptrend = 0.012
Duration of cessation
Current 247 1.0 (ref)
< 66 months 79 1.37 (0.91–2.06)
66–180 months 40 0.66 (0.42–1.06)
> 180 months 34 0.52 (0.31–0.86)
Never 385 0.72 (0.55–0.94)

Ptrend = 0.002
Drinking status            Colon
Never 219 1.0 (ref)
Ex 97 0.95 (0.68–1.31)
Current 133 1.49 (1.08–2.04)

Ptrend = 0.02
Duration of cessation
Current 133 1.0 (ref)
< 66 months 37 1.13 (0.69–1.87)
66–180 months 21 0.62 (0.35–1.11)
> 180 months 19 0.50 (0.31–0.86)
Never 219 0.68 (0.49–0.95)
Drinking status         Rectum
Never 161 1.0 (ref)
Ex 84 1.06 (0.74–1.51)
Current 111 1.34 (0.95–1.88)

Ptrend = 0.10

Table 2.25   (continued)
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Reference 
Study location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio  
(95% CI)

Adjustment 
factors

Comments

Wei et al. 
(2009) 
China 
2002–2008

Men and women 
with sporadic 
colon cancer 
(n = 348) or rectal 
cancer (n = 358); 
identified from 
6 hospitals in 
Guangzhou; 
85%–~95% 
participation rate

Population-
based controls 
(n = 723) 
randomly 
selected from 
among 10 000 
Guangzhou 
City residents; 
matched on 
age (± 5 yr) 
and sex; ~85% 
participation 
rate

Interview-
administered 
questionnaire 
Drinking status: 
non was never 
drinking ≥ once 
per week for 
≥ 1 yr; former 
was drinking 
≥ once per week 
for ≥ 1 yr but 
quit for ≥ 1 yr; 
current was the 
remainder, who 
drank ≥ once 
per week for 
≥ 1 yr

Drinking status Age, sex, 
smoking status 
(non, former, 
current), 
family history 
of cancer, and 
BMI

Cases were from 
6 hospitals in 
Guangzhou, 
whereas controls 
were population-
based 
No ICD codes 
were reported 
The age 
distribution, but 
not the range, was 
reported 
No adjustment for 
amount of alcohol 
consumed or 
detailed smoking 
history

Colorectum
Non 307 1.0 (ref)
Former 26 2.30 (1.27–4.17)
Current 373 8.61 (6.15–12.05)

Ptrend < 0.0001

Colon 348 total

Non 1.0 (ref)
Former 2.51 (1.24–5.07)
Current 7.60 (5.13–11.25)
Rectum: 358 total
Non 1.0 (ref)
Former 1.71 (0.80–3.65)
Current 7.52 (5.13–11.01)

Lee et al. (2019) 
Republic of 
Korea 
2010–2013

Men and 
women with 
histologically 
confirmed 
proximal colon 
(n = 126 men, 
n = 61 women; 
ICD-10 codes 
C18.0–C18.4), 
distal colon 
(n = 179 men, 
n = 113 women; 
ICD-10 codes 
C18.5–C18.7), or 
rectal (n = 321 
men, n = 125 
women; ICD-10 
codes C19–C20) 
cancer; 

Hospital-
based controls 
(n = 1878 men, 
n = 897 women) 
attending 
a health 
screening 
programme 
at the same 
institution 
as the cases; 
frequency-
matched (3 
controls per 
case) on sex 
and age (± 5 yr); 
participation 
rate not 
reported

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status   Age, education, 
family history 
of colorectal 
cancer, history 
of diabetes, 
BMI, regular 
physical 
activity, 
pack-years of 
smoking, total 
energy intake, 
calcium intake, 
folate intake, 
and red meat 
and processed 
meat intake

Limited 
information 
about selection 
of hospital-based 
controls 
The age 
distribution, but 
not the range, was 
reported 
No adjustment 
for amount of 
alcohol consumed 
or duration of 
smoking cessation
[The ICD-10 codes 
for rectal cancer 
were erroneously 
reported in the 
paper as C19–
C29.]

Colorectum Men
Never 107 1.0 (ref)
Ex 103 1.62 (1.11–2.37)
Current 416 1.05 (0.78–1.40)
Proximal colon    
Never 19 1.0 (ref)
Ex 22 2.10 (1.07–4.14)
Current 85 1.25 (0.73–2.15)
Distal colon    
Never 31 1.0 (ref)
Ex 26 1.36 (0.75–2.47)
Current 122 1.04 (0.67–1.62)
Rectum    
Never 57 1.0 (ref)
Ex 55 1.63 (1.02–2.59)
Current 209 0.99 (0.69–1.42)

Table 2.25   (continued)
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Reference 
Study location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol 
exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio  
(95% CI)

Adjustment 
factors

Comments

Lee et al. (2019) 
(cont.)
 
 
 
 
 
 
 

recruited from 
the National 
Cancer Center; 
73% participation 
rate

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Colorectum Women  
 
 
 
 
 
 
 
 

Results for 
proximal colon 
cancer among 
women not shown 
here because there 
were 3 cases in 
the ex-drinking 
category
 
 
 
 
 

Never 173 1.0 (ref)
Ex 26 2.54 (1.39–4.66)
Current 100 1.31 (0.93–1.84)
Distal colon    
Never 67 1.0 (ref)
Ex 11 2.73 (1.24–6.01)
Current 35 1.19 (0.74–1.93)
Rectum    
Never 73 1.0 (ref)
Ex 12 2.68 (1.25–5.76)
Current 40 1.18 (0.75–1.87)

BMI, body mass index; CI, confidence interval; ICD, International Classification of Diseases; ref, reference; yr, year or years.

Table 2.25   (continued)
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ethnicity, and age (± 2.5 years). Among men and 
among women, compared with never drinking, 
there was a higher odds of right colon cancer 
for past drinking (OR, 2.6 for men; OR, 3.1 for 
women) and current drinking (OR, 1.8 for men; 
OR, 2.5 for women). [Compared with contin-
uing consumption, the calculated odds ratio for 
cessation and right colon cancer was 1.44 (95% 
CI, 0.59–3.54) among men and 1.24 (95% CI, 
0.27–5.66) among women.] Associations were 
similar for left colon cancer and for rectal cancer. 
[Compared with continuing consumption, the 
calculated odds ratios for cessation and left colon 
and rectal cancer ranged from 1.27 to 1.55. The 
strengths of this study are the population-based 
cases and controls. The limitations of this study 
are that the numbers of matched pairs in each 
category of never, past, and current drinking 
were not reported and that the associations were 
adjusted for pack-years of smoking but not for 
duration of smoking cessation or the amount of 
alcohol consumed.]

Tavani et al. (1998) conducted a hospi-
tal-based case–control study between 1991 and 
1996 in six areas of Italy. The cases were men and 
women aged 24–74 years who were admitted to 
the major teaching and general hospitals with 
incident, histologically confirmed colon cancer 
(n = 1225) or rectal cancer (n = 728). The controls 
(n  =  4154 men and women aged 20–74  years) 
were admitted to the same hospital as the cases 
for non-neoplastic diseases unrelated to alcohol 
consumption or tobacco use and did not have 
long-term dietary changes. Compared with never 
drinking, the odds ratio for former drinking was 
1.20 (95% CI, 0.90–1.61) for colon cancer, 1.07 
(95% CI, 0.74–1.54) for rectal cancer, and 1.15 
(95% CI, 0.90–1.47) for colorectal cancer. Across 
categories of current amount of consumption, 
there was no clear pattern of association with any 
cancer site. [The calculated odds ratios for cessa-
tion compared with continuing consumption 
were 1.03 (95% CI, 0.79–1.35) for colon cancer, 
0.93 (95% CI, 0.66–1.31) for rectal cancer, and 

0.99 (95% CI, 0.79–1.25) for colorectal cancer. 
The strengths of this study are that there were 
>  50 cases in each ex-drinking category and 
the selection of hospital-based controls with 
conditions unrelated to alcohol consumption or 
tobacco use. The limitation of this study is that 
the associations were not adjusted for the amount 
of alcohol consumed or BMI.]

In a population-based case–control study 
in China (Ji et al., 2002), the cases were men 
and women, aged 30–74 years newly diagnosed 
between October 1990 and July 1992 with patho-
logically or clinically confirmed colon cancer 
(n = 462 men, n = 469 women) or rectal cancer 
(n  =  463 men, n  =  411 women) who had been 
identified through a rapid reporting system of 
the Shanghai Cancer Registry. The controls were 
1552 men and women randomly selected from the 
Shanghai Resident Registry who were frequen-
cy-matched to cases on age and sex. Because 
there were 4 cases of rectal cancer among women 
in the ex-drinking category, results for rectal 
cancer among women are not shown. Among 
men, compared with non-drinking, there was 
no association between current drinking and 
risk of colon cancer (OR, 1.0; 95% CI, 0.8–1.3), 
but ex-drinking was associated with a higher risk 
(OR, 2.3; 95% CI, 1.4–3.7). Current drinking was 
associated with a lower risk of rectal cancer (OR, 
0.6; 95% CI, 0.4–1.0), but there was no associa-
tion for ex-drinking (OR, 1.1; 95% CI, 0.9–1.4). 
[Compared with continuing consumption, cessa-
tion was associated with a higher risk of colon 
cancer (calculated OR, 2.30; 95% CI, 1.40–3.77) 
and rectal cancer (calculated OR, 1.83; 95% CI, 
1.15–2.93).] Among women, compared with 
non-drinking, the odds ratio for colon cancer 
for ex-drinking was 1.4 (95% CI, 0.4–4.3) and 
for current drinking was 0.7 (95% CI, 0.4–1.3). 
[Compared with continuing consumption, cessa-
tion was associated with a 2-fold higher risk of 
colon cancer among women (calculated OR, 2.00; 
95% CI, 0.54–7.44). The strength of this study is 
that it was population-based. The limitations 
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of this study are that none of the categories of 
drinking status were defined, that it is unclear 
which smoking categories were controlled for, 
and that the associations were not adjusted for 
the amount of alcohol consumed.]

In a mixed hospital-based and population- 
based case–control study in China (Wei 
et al., 2009), the cases (n  =  348 colon, n  =  358 
rectum) were men and women with sporadic 
colorectal cancer who were recruited from 
six hospitals in Guangzhou City between July 
2002 and December 2008. Population-based 
controls (n  =  723) were randomly selected 
from among 10  000 residents of Guangzhou 
City during the same time period and matched 
to cases on sex and age (±  5  years). Compared 
with non-drinking, the odds ratio for colorectal 
cancer and current drinking (OR, 8.61; 95% 
CI, 6.15–12.05) was higher than that for former 
drinking (OR, 2.30; 95% CI, 1.27–4.17). For 
colon cancer and rectal cancer separately, 
similar odds ratios were observed. [Compared 
with continuing consumption, cessation was 
associated with a lower risk of colorectal cancer 
(calculated OR, 0.27; 95% CI, 0.13–0.53), colon 
cancer (calculated OR, 0.33; 95% CI, 0.15–0.74), 
and rectal cancer (calculated OR, 0.23; 95% CI, 
0.10–0.53). The strengths of this study are that it 
restricted cases to sporadic colorectal cancer and 
that all categories of drinking status were well 
described. The limitations of this study are that 
the cases were hospital-based and the controls 
were population-based, that no information was 
reported about histological or clinical confir-
mation of colorectal cancer, that no ICD codes 
were reported, that the numbers of colon cancer 
cases and rectal cancer cases within categories of 
drinking status were not reported, that there was 
limited information about selection of hospi-
tal-based controls, that the age distribution, but 
not the range, was reported, and that the associ-
ations were adjusted for smoking status but not 
for detailed smoking history or the amount of 
alcohol consumed.]

In a hospital-based study in the Republic of 
Korea (Lee et al., 2019), cases included men and 
women with histologically confirmed cancers of 
the proximal colon (n = 126 men, n = 61 women), 
distal colon (n = 179 men, n = 113 women), or 
rectum (n  =  321 men, n  =  125 women) who 
were recruited from the National Cancer 
Center between August 2010 and August 2013. 
The controls were men (n  =  1878) and women 
(n = 897) who came for a health screening and 
were frequency-matched to cases (3 controls per 
case) on sex and 5-year age intervals. Among 
men, compared with never drinking, ex-drinking 
was associated with higher risks of colorectal, 
proximal and distal colon, and rectal cancer 
(OR range, 1.36–2.10), whereas for current 
drinking, the odds ratios ranged from 0.99 to 
1.25. [Compared with continuing consumption, 
cessation was associated with a higher risk of 
colorectal cancer (calculated HR, 1.54; 95% CI, 
1.08–2.20), proximal colon cancer (calculated 
OR, 1.68), distal colon cancer (calculated OR, 
1.31), and rectal cancer (calculated OR, 1.65).] 
Among women, compared with never drinking, 
ex-drinking was also associated with a higher risk 
of colorectal cancer (OR, 2.54; 95% CI, 1.39–4.66), 
distal colon cancer (OR, 2.73), and rectal cancer 
(OR, 2.68); results for proximal colon cancer are 
not shown here because there were 3 cases in the 
ex-drinking category. For current drinking, the 
odds ratios ranged from 1.18 to 1.31. [Compared 
with continuing consumption, cessation was 
associated with a higher risk of colorectal cancer 
(calculated OR, 1.94; 95% CI, 1.03–3.64), distal 
colon cancer (OR, 2.29), and rectal cancer (OR, 
2.27). The strengths of this study are that it was 
large and had a detailed analysis by colorectal 
cancer subsites. The limitations of this study are 
that there was limited information about selec-
tion of hospital-based controls, that definitions 
were not reported for categories of drinking 
status, that the reference time period for alcohol 
consumption and cancer diagnosis is unclear, 
that the age distribution, but not the range, was 
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reported, and that the associations were adjusted 
for pack-years of smoking but not for duration 
of smoking cessation or the amount of alcohol 
consumed.]

2.2.7 Liver cancer

Liver cancer (ICD-O-3 topography code C22) 
is the sixth most frequently occurring cancer in 
the world, but the most common cause of cancer 
deaths (Ferlay et al., 2020). Globally in 2020, the 
age-standardized (world population) incidence 
and mortality rates for liver cancer were 9.5 per 
100 000 and 8.7 per 100 000, respectively (Ferlay 
et al., 2020). In most parts of the world, hepa-
tocellular carcinoma (ICD-O-3 morphology 
codes 8170–8175) is the most common histo-
logical type of liver cancer (70–85%), followed 
by intrahepatic cholangiocarcinoma (10–15%). 
The major risk factors for hepatocellular carci-
noma include chronic HBV and HCV infection, 
consumption of foods contaminated with afla-
toxin B1 (AFB1), alcohol consumption, the related 
metabolic conditions of metabolic syndrome, 
obesity, type 2 diabetes, and non-alcoholic fatty 
liver disease (McGlynn et al., 2021), and tobacco 
smoking (IARC, 2012a). The relative contribu-
tion of the major risk factors varies by area of the 
world. In most countries in Asia and Africa with 
historically high rates of liver cancer, HBV and 
AFB1 have been the dominant risk factors. The 
exceptions are Egypt and Japan, where HCV is 
the dominant risk factor. In North America and 
Europe, HCV and alcohol consumption are the 
dominant risk factors. Recently, non-alcoholic 
fatty liver disease has played an increasingly 
important role in hepatocellular carcinoma risk.

The majority of hepatocellular carcinomas 
arise in livers with pre-existing liver damage, 
which starts with mild fibrosis. Fibrosis progresses 
to compensated cirrhosis (i.e. asymptomatic 
cirrhosis), then to decompensated cirrhosis (i.e. 
cirrhosis complicated by ascites, jaundice, variceal 
haemorrhage, or hepatic encephalopathy), and 

finally to hepatocellular carcinoma. Whether an 
intervention can prevent hepatocellular carci-
noma depends on the severity of the underlying 
liver damage at the time of the intervention.

(a) Cohort studies

(i) General population studies
Among the five general population cohort 

studies, the associations of reduction and cessa-
tion of alcoholic beverage consumption with 
risk of liver cancer were assessed in one study 
(Yoo et al., 2022), the duration of cessation and 
cessation were assessed in a cohort study of liver 
cancer incidence (Goodman et al., 1995) and in 
another cohort study of liver cancer mortality 
(Ozasa et al., 2007), and cessation only was 
assessed in two other cohort studies (Nakaya 
et al., 2005; Im et al., 2021b). All five studies were 
conducted among populations in Asia, and none 
of the studies assessed associations with hepa-
tocellular carcinoma specifically (Table  2.26; 
Supplementary Table  S2.27, web only; available 
from https://publications.iarc.who.int/638).

In the study of Yoo et al. (2022) (described 
in Section  2.2.3), among the men and women 
included in the analysis, 15  333 cases of liver 
cancer were identified during the follow-up 
time. In analyses of alcohol reduction, compared 
with stable moderate consumption, the hazard 
ratio was 1.10 (95% CI, 1.00–1.21) for reduc-
tion from moderate consumption in 2009 to 
mild consumption in 2011. Compared with 
stable heavy consumption, the hazard ratio for 
reduction from heavy to mild consumption 
was 1.11 (95% CI, 0.96–1.28) and for reduction 
from heavy to moderate consumption was 1.11 
(95% CI, 0.99–1.26). Compared with stable mild, 
stable moderate, and stable heavy consumption, 
the hazard ratios for cessation from each level of 
consumption in 2009 to none in 2011 were 0.99 
(95% CI, 0.92–1.06), 1.25 (95% CI, 1.10–1.43), 
and 1.39 (95% CI, 1.20–1.62), respectively. 
[The strengths and limitations of this study 

https://publications.iarc.who.int/638
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Table 2.26 Cohort studies of reduction, duration of cessation, and cessation of alcoholic beverage consumption and risk of 
liver cancer

Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

General populations
Goodman et al. 
(1995) 
Japan 
Life Span Study 
of Hiroshima 
and Nagasaki 
1980–1989

Analysis included 
men who were 
Nagasaki and 
Hiroshima atomic 
bomb survivors 
and completed the 
1978 questionnaire; 
followed up from 
1980 (men) through 
1989 (mean, 
8.6 yr); cancer 
cases ascertained 
by tumour 
registry linkage 
supplemented with 
death certificate 
review

Self-administered 
questionnaire 
Drinking status: 
never was no 
consumption ever; 
current and ex were 
self-reported but 
were not defined 
further 
Duration of 
cessation: definition 
was not reported

Liver 
(ICD-O 
code 155.0)

Drinking status Sex, city, age 
at the time 
of bombings, 
attained age, 
and radiation 
dose to the liver

No data were 
reported 
about HBV or 
HCV 
No 
adjustment 
for amount 
of alcohol 
consumed or 
smoking

Never 25 1.0 (ref)
Current 100 0.98 (0.63–1.52)
Ex-drinking 25 2.33 (1.34–4.07)
Duration of cessation
≤ 10 yr 12 7.87 (3.89–16.0)
11–15 yr 8 2.08 (0.93–4.67)
≥ 16 yr 4 0.96 (0.33–2.77)

Nakaya et al. 
(2005) 
Japan 
1990–1997

Analysis included 
n = 21 201 men 
aged 40–64 yr 
who lived in 14 
municipalities in 
Miyagi Prefecture; 
follow-up time 
from June 1990 
through 1997 (up to 
7.6 yr); cancer cases 
ascertained by 
registry linkage

Self-administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Liver (no 
ICD codes 
reported)

Drinking status Age, smoking 
(never, 
past, and 3 
categories 
of current 
number of 
cigarettes per 
day), education, 
daily orange 
juice and other 
fruit juice 
intake, and 
spinach, carrot, 
pumpkin, and 
tomato intake

No data were 
reported 
about HBV or 
HCV 
No 
adjustment 
for amount 
of alcohol 
consumed

Never 3 1.0 (ref)
Ex-drinking 10 6.6 (1.8–24.2)
Current 35 2.7 (0.8–8.9)
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Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Ozasa et al. 
(2007) 
Japan 
Japan 
Collaborative 
Cohort Study 
for Evaluation 
of Cancer Risk 
1988–2003

Analysis included 
n = 46 178 men and 
n = 63 600 women 
aged 40–79 yr, 
living in 1 of 45 
areas of Japan, 
who were cancer-
free; follow-up 
time from 1988 
through 2003 
(except in 3 areas, 
where follow-up 
was through 1999) 
(Tamakoshi et al., 
2007); cause of 
death ascertained 
by death certificate 
review (Ogimoto 
et al., 2004)

Self-administered 
questionnaire 
(Ogimoto et al., 
2004) 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status 
Duration of 
cessation: self-
reported

Liver and 
intrahepatic 
bile duct 
(ICD-10 
code C22)

Deaths Age and area of 
study

No data were 
reported 
about HBV 
or HCV 
No 
adjustment 
for amount 
of alcohol 
consumed 
or smoking

Drinking status Men  
Rare/none 79 1.0 (ref)
Drinking 271 0.89 (0.69–1.15)
Ex-drinking 79 3.16 (2.32–4.31)

Women
Rare/none 141 1.0 (ref)
Drinking 36 0.83 (0.57–1.21)
Ex-drinking 10 2.89 (1.51–5.53)
Duration of 
cessation

Men

Rare/none 79 1.0 (ref)
< 5 yr 19 3.79 (2.24–6.42)
5–15 yr 26 4.56 (2.83–7.33)
≥ 15 yr 10 2.43 (1.23–4.79)

Women
Rare/none 141 1.0 (ref)
< 5 yr 1 1.58 (0.22–11.40)
5–15 yr 5 7.53 (3.04–18.70)
≥ 15 yr 1 1.92 (0.26–13.80)

Table 2.26   (continued)
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Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Im et al. (2021b) 
China 
China Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 201 039 men 
and n = 291 604 
women aged 
30–79 yr recruited 
from 10 areas of 
China during 
2004–2008; follow-
up time from 2004 
through 2016 
(median, 10 yr); 3% 
HBsAg+; cancer 
cases ascertained 
by linkage with 
cancer registries 
and the national 
health insurance 
databases

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the 
past year or in 
most weeks prior; 
ex-regular was 
drinking < weekly 
in the past year but 
drinking ≥ weekly 
prior; occasional was 
drinking < weekly 
in the past year and 
prior; current regular 
was drinking in most 
weeks in the past 
year

Liver and 
intrahepatic 
bile duct 
(ICD-10 
code C22)

Drinking status Men Education, 
household 
income, 
smoking 
(never, 
occasional, 
and for ever 
smoked, 3 
categories 
of cigarettes 
per day in 
men and 2 in 
women), BMI, 
and physical 
activity

Floating 
standard 
errors were 
used to 
estimate 
the CIs; 
abstention 
was the 
reference 
category 
No data were 
reported 
about HCV 
No 
adjustment 
for amount 
of alcohol 
consumed

Abstain 365 1.00 (0.90–1.12)
Ex-regular 203 1.24 (1.08–1.43)
Occasional 477 0.86 (0.78–0.94)
Current regular 547 1.07 (0.98–1.17)

Women
Abstain 679 1.00 (0.90–1.11)
Ex-regular 13 1.04 (0.59–1.81)
Occasional 227 0.78 (0.68–0.90)
Current regular 20 0.84 (0.54–1.31)

Yoo et al. (2022) 
Republic of 
Korea 
NHIS 
2009–2018

Analysis included 
n = 4 513 746 
men and women 
aged ≥ 40 yr 
with drinking 
status data from 2 
consecutive (2009 
and 2011) biennial 
NHIS health 
screenings; follow-
up time through 
2018 (median, 
6.4 yr); cancer 
cases ascertained 
through the NHIS 
billing system

Self-administered 
questionnaires in 
2009 and 2011 
Alcohol intake in 
2009 and 2011: for 
each survey, alcohol 
intake was first 
classified by amount 
of ethanol consumed: 
none, mild (< 15 g/
day), moderate 
(15–29.9 g/day), and 
heavy (≥ 30 g/day); 
then associations 
for each level of 
consumption in 2011 
were stratified on 
level of consumption 
in 2009;

Liver and 
intrahepatic 
bile duct 
(ICD-10 
code C22)

Alcohol intake in 
2009/2011

15 333 
total

Age, sex, 
socioeconomic 
position, 
smoking 
status, physical 
activity, 
comorbidities 
(hypertension, 
diabetes, 
dyslipidaemia, 
chronic kidney 
disease, 
and chronic 
obstructive 
pulmonary 
disease), and 
Charlson 
Comorbidity 
Index

Excluded the 
first year of 
follow-up 
time 
No 
information 
about alcohol 
consumption 
before the 
first wave of 
reporting 
Limited 
follow-up 
time 
No data were 
reported 
about HBV or 
HCV

None/none 1.0 (ref)
None/mild 1.12 (1.04–1.21)
None/moderate 1.26 (1.09–1.46)
None/heavy 1.15 (1.00–1.33)

Mild/none 0.99 (0.92–1.06)
Mild/mild 1.0 (ref)
Mild/moderate 1.03 (0.93–1.14)
Mild/heavy 0.91 (0.80–1.03)

Table 2.26   (continued)
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Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Yoo et al. (2022) 
(cont.)

the reference group 
for each stratum 
was the stable group 
at each level of 
consumption (e.g. 
2009/2011 none/
none)

Moderate/none 1.25 (1.10–1.43)
Moderate/mild 1.10 (1.00–1.21)
Moderate/moderate 1.0 (ref)
Moderate/heavy 0.89 (0.80–0.99)

Heavy/none 1.39 (1.20–1.62)
Heavy/mild 1.11 (0.96–1.28)
Heavy/moderate 1.11 (0.99–1.26)
Heavy/heavy 1.0 (ref)

Special populations with underlying liver disease not confined to alcohol-related cirrhosis        
Kato et al. 
(1992) 
Japan 
1987–1990

Analysis included 
men and women 
aged ≥ 16 yr with 
decompensated 
cirrhosis (n = 70 
liver cancer cases 
and n = 815 non-
cases); followed 
up through record 
linkage from 
August 1987 
through August 
1990 (up to 3 yr); 
cancer cases 
ascertained by 
cancer registry 
linkage

Self-administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Liver (no 
ICD-O 
codes 
reported)

Drinking status Cirrhosis group Sex and age Study 
population 
limited to 
individuals 
who needed 
financial 
assistance 
Some 
participants 
were tested 
for HBV 
Limited 
follow-up 
time 
No 
adjustment 
for amount 
of alcohol 
consumed or 
smoking

Never 46 1.0 (ref)
Past 19 0.58 (0.32–1.04)
Occasional 4 0.43 (0.15–1.24)
Current 5 0.41 (0.16–1.06)

Table 2.26   (continued)
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Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Tsukuma et al. 
(1993) 
Japan 
1987–1991

Analysis included 
n = 917 men and 
women aged 40–
69 yr with chronic 
hepatitis (n = 677) 
or compensated 
cirrhosis (n = 240); 
followed up at a 
clinic in Osaka 
from May 1987 
through September 
1991 (mean, 
35.7 months); 
cancer cases 
ascertained 
through clinical 
diagnosis (some 
histologically 
confirmed); 
8.7% HBsAg+, 
47.2% HCV+

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

HCC (no 
ICD codes 
reported)

Drinking status 54 total   Age, sex, stage 
of disease, AFP 
levels, hepatitis 
virus markers, 
and smoking 
status (current, 
ex, non)

Limited 
follow-up 
time 
No 
adjustment 
for amount 
of alcohol 
consumed

Non-drinking 1.0 (ref)
Current ≥ 80 g/day 1.15 (0.35–3.78)
Current < 80 g/day 1.10 (0.39–3.07)
Former ≥ 80 g/day 1.66 (0.69–3.96)
Former < 80 g/day 1.46 (0.56–3.79)
Occasional 0.77 (0.20–2.99)

Tanaka et al. 
(2008) 
Japan 
1985–1995

Analysis included 
n = 96 men and 
women aged 40–
69 yr with cirrhosis 
who were inpatients 
or outpatients at 1 
hospital; followed 
up from enrolment 
in 1985–1987 
through 1995 
(mean, 5.3 yr); most 
participants HBV+ 
or HCV+; cancer 
cases ascertained 
clinically (Tanaka 
et al., 1998)

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

HCC (no 
ICD code 
reported)

Drinking status     Sex, age, years 
since cirrhosis 
diagnosis, 
department, 
hospitalization 
status, serum 
albumin, AST, 
AFP, HBsAg, 
anti-HCV, and 
smoking

Limited 
follow-up 
time 
No 
adjustment 
for amount 
of alcohol 
consumed 
Unclear what 
categories of 
smoking were 
controlled for

Never 16 1.0 (ref)
Past 17 0.59 (0.20–1.73)
Current
< 2.4 drinks/day 1 0.06 (0.01–0.57)
≥ 2.4 drinks/day 3 0.17 (0.02–1.42)

Table 2.26   (continued)
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Reference 
Study location 
Name of cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ site 
(ICD codes)

Exposure 
categories

No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Special populations with underlying liver disease confined to alcohol-related cirrhosis
Rodríguez et al. 
(2021) 
Spain 
1992–2019

Analysis included 
n = 727 men and 
women aged 35–
80 yr with alcohol-
related cirrhosis 
(n = 480 with prior 
decompensated 
cirrhosis; n = 247 
with compensated 
cirrhosis) 
participating in 
an HCC screening 
programme; cancer 
cases ascertained 
clinically per study 
protocol

Interviewer-
administered 
questionnaire 
Drinking status: 
abstinent was no 
alcohol consumption 
within 3 months 
before study 
enrolment and 
maintaining 
abstinence during 
follow-up time

HCC (no 
ICD code 
reported)

Drinking status All Age, sex, anti-
HBc, anti-
AST, platelets, 
Child–Pugh 
score, and AFP

In a 
competing 
risk analysis, 
there was a 
higher risk 
of death for 
non-abstinent 
compared 
with 
abstinent 
among all 
participants 
and among 
those with 
prior decom- 
pensated 
cirrhosis 
No adjust- 
ment for  
amount 
of alcohol 
consumed

Non-abstinent 52 1.0 (ref)
Abstinent 52 0.80 (0.53–1.19)

With prior decompensated cirrhosis
Non-abstinent 32 1.0 (ref) Age, sex, AST, 

platelets, 
Child–Pugh 
score, and 
tobacco use 
status

Abstinent 46 0.95 (0.59–1.52)

  No prior decompensated cirrhosis
Non-abstinent 20 1.0 (ref) Albumin and 

prothrombin 
activity

Abstinent 6 0.35 (0.13–0.94)

AFP, α-fetoprotein; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; HBc, hepatitis B core antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B 
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ICD, International Classification of Diseases; NHIS, National Health Insurance Service; ref, reference; yr, year or years.

Table 2.26   (continued)
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are described in Section 2.2.3. For liver cancer, 
another limitation is that no data on HBV or 
HCV were reported.]

Goodman et al. (1995) assessed duration of 
cessation and cessation in relation to risk of liver 
cancer in the Life Span Study, which originally 
included about 120  000 men and women who 
were exposed or unexposed to atomic bomb 
radiation and were residents of Hiroshima and 
Nagasaki (Japan) in 1950. The alcohol analysis 
included data from 36 133 men and women who 
returned the 1978 survey. Among women, asso-
ciations were not reported for ex-drinking and 
current drinking separately; therefore, results 
for cessation and duration of cessation were 
reported only for men. During the follow-up 
from 1980 until the end of 1989 (mean, 8.6 years), 
156 incident cases of liver cancer among the men 
included in the analysis were identified through 
linkage with population-based cancer registries, 
which was supplemented by death certificate 
review. Compared with never drinking, the rela-
tive risk for current drinking was 0.98 (95% CI, 
0.63–1.52) and for ex-drinking was 2.33 (95% 
CI, 1.34–4.07). The higher risk associated with 
ex-drinking decreased with longer duration 
of cessation; relative risks were 7.87 (95% CI, 
3.89–16.0) for ≤  10  years of cessation and 0.96 
(95% CI, 0.33–2.77) for ≥ 16 years of cessation. 
[Compared with continuing consumption, 
cessation was associated with a higher risk 
of liver cancer (calculated RR, 2.38; 95% CI, 
1.53–3.70). Calculated relative risks decreased 
across categories of longer duration of cessation 
but remained ≥  1 (calculated RRs were 8.03; 
95% CI, 4.39–14.70 for ≤  10  years of cessation 
and 0.98; 95% CI, 0.36–2.70 for ≥  16  years of 
cessation). The strength of this study is that in a 
sensitivity analysis, the results were similar after 
excluding the first 2 years of follow-up time. The 
limitations of this study are that participants’ age 
range was not reported, that the number of men 
and women was not reported separately, that the 
associations were not adjusted for smoking or the 

amount of alcohol consumed, that the follow-up 
time was limited (mean, 8.6 years), that no data 
were reported about HBV or HCV, although 
HCV testing was only implemented in the early 
1990s, and that among men there were few cases 
in the 11–15 years of cessation category (n = 8) 
and the ≥ 16 years of cessation category (n = 4).]

The JACC study was described in Sec- 
tion 2.2.4. In the JACC study that assessed the 
association of alcohol consumption with risk of 
cause-specific mortality, 690 liver cancer deaths 
(n = 463 men, and n = 227 women) were identi-
fied during the follow-up time until 2003 (except 
in three areas, where follow-up was until 1999) 
(Ozasa et al., 2007; Tamakoshi et al., 2007). 
Compared with rare/none, the hazard ratio for 
drinking was 0.89 (95% CI, 0.69–1.15) among 
men and 0.83 (95% CI, 0.57–1.21) among women. 
Ex-drinking was associated with a higher risk of 
death from liver cancer among both men (HR, 
3.16; 95% CI, 2.32–4.31) and women (HR, 2.89; 
95% CI, 1.51–5.53). [Cessation was associated 
with higher liver cancer mortality compared 
with continuing consumption among both men 
(calculated HR, 3.55; 95% CI, 2.76–4.57) and 
women (calculated HR, 3.48; 95% CI, 1.71–7.10).] 
Compared with rare/none, there was a higher 
risk of death from liver cancer in all categories 
of duration of cessation among men (HR 3.79; 
95% CI, 2.24–6.42 for < 5 years of cessation and 
2.43; 95% CI, 1.23–4.79 for > 15 years of cessa-
tion). [Compared with continuing consumption, 
the risk of death from liver cancer remained 
higher for all categories of duration of cessa-
tion (calculated HR 4.26; 95% CI, 2.63–6.88 for 
< 5 years of cessation and 2.73; 95% CI, 1.43–5.23 
for >  15  years of cessation).] Among women, 
compared with rare/none, the risk of death 
from liver cancer was higher across all catego-
ries of duration of cessation (HR, 1.58; 95% CI, 
0.22–11.40 for < 5 years and HR, 1.92; 95% CI, 
0.26–13.80 for >  15  years of cessation). There 
were too few deaths from liver cancer among 
women who reported former drinking (n = 7) to 
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assess associations for categories of duration of 
cessation compared with continuing consump-
tion. [The strengths and limitations of this study 
are described in Section 2.2.4. For liver cancer, 
an additional limitation is that no data were 
reported about HBV or HCV.]

Nakaya et al. (2005) assessed the associa-
tion between alcohol cessation and risk of liver 
cancer among 21 201 men aged 40–64 years from 
14 municipalities enrolled in Miyagi Cohort  2 
(described in Section 2.2.4). For the analysis for 
liver cancer, follow-up time was from enrolment 
in 1990 until 1997, during which 48 cases of liver 
cancer were identified by cancer registry linkage. 
Compared with never drinking, the relative risk 
for current drinking was 2.7 (95% CI, 0.8–8.9) 
and for ex-drinking was 6.6 (95% CI, 1.8–24.2). 
[Compared with continuing consumption, cessa-
tion was associated with a higher risk of liver 
cancer (calculated RR, 2.44; 95% CI, 1.20–4.99). 
The strength of this study is that in an analysis of 
risk of all cancers, a sensitivity analysis excluding 
all cancer cases diagnosed during the first 3 years 
of follow-up time showed a positive association 
with alcohol consumption. The limitations of 
this study are that no definitions were reported 
for any categories of drinking status, that no data 
were reported about HBV or HCV, that no ICD 
codes were reported, so it is unlikely that the 
analysis was restricted to hepatocellular carci-
noma, that the associations were not adjusted 
for the amount of alcohol consumed, that the 
follow-up time was limited (up to 7.6  years), 
that there were few cases in the never-drinking 
category (n  =  3) and the ex-drinking category 
(n  =  10), and that the sensitivity analysis that 
excluded cancer cases diagnosed during the first 
3 years of follow-up time did not report results 
for liver cancer specifically.]

The China Kadoorie Biobank was described 
in Section 2.2.1. A separate report of the China 
Kadoorie Biobank that was focused specifi-
cally on liver cancer included 201 039 men and 
291 604 women, among whom 2531 cases of liver 

cancer (n  =  1592 men, n  =  939 women) were 
identified during the follow-up time (Im et al., 
2021b). Compared with abstaining, the hazard 
ratio for current-regular drinking was 1.07 
(95% CI, 0.98–1.17) among men and 0.84 (95% 
CI, 0.54–1.31) among women. Compared with 
abstaining, the hazard ratio for ex-drinking was 
1.24 (95% CI, 1.08–1.43) among men and 1.04 
(95% CI, 0.59–1.81) among women. In a sensi-
tivity analysis that excluded the first 3 years of 
follow-up time among men, the hazard ratio for 
ex-drinking compared with abstaining was 1.18 
(95% CI, 0.98–1.42). [Compared with continuing 
consumption, the calculated hazard ratio for 
cessation was 1.16 (95% CI, 0.98–1.37) among 
men and 1.24 (95% CI, 0.61–2.53) among women. 
The strengths of this study are that it was very 
large and had a population-based cohort, that a 
sensitivity analysis was conducted excluding the 
first 3 years of follow-up time, and that a test of 
the proportional hazards assumption showed 
no evidence of departure from proportionality. 
The limitations of this study are that the data on 
HCV were not reported and that no adjustment 
was made for the amount of alcohol consumed.]

(ii) Special population studies among 
individuals with underlying liver disease 
not confined to alcohol-related cirrhosis

Cessation of alcoholic beverage consump-
tion and risk of liver cancer was assessed in 
three cohort studies (all in Japan) of individ-
uals with underlying liver disease that was not 
confined to alcohol-related cirrhosis (Kato et al., 
1992; Tsukuma et al., 1993; Tanaka et al., 2008) 
(Table  2.26; Supplementary Table  S2.27, web 
only; available from https://publications.iarc.
who.int/638).

Kato et al. (1992) conducted a follow-up study 
of 1068 individuals with decompensated cirrhosis 
and 248 individuals with post-transfusion hepa-
titis who were part of an original cohort of 2235 
residents of Aichi Prefecture aged ≥ 16 years by 
31 March 1987 that was assembled by the local 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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government to subsidize the medical expenses of 
individuals in need of financial support. Drink- 
ing history was obtained with a questionnaire 
mailed in August 1987, and liver cancer cases 
diagnosed until August 1990 were identified by 
linkage to the Aichi Cancer Registry. Only 3 cases 
of liver cancer were identified among individ-
uals with post-transfusion hepatitis; therefore, 
associations with alcohol consumption were not 
reported for this group. Among the individuals 
with decompensated cirrhosis, alcohol data were 
available for 70 cases and 815 non-cases. In the 
group with decompensated cirrhosis, compared 
with never drinking, the relative risk for current 
drinking was 0.41 (95% CI, 0.16–1.06) and the 
relative risk for former drinking was 0.58 (95% 
CI, 0.32–1.04). [The calculated relative risk for 
cessation compared with continuing consump-
tion was 1.41 (95% CI, 0.49–4.05). The strength of 
this study is that the cancer cases were ascertained 
through the population-based cancer registry. 
The limitations of this study are that the cohort 
included only individuals who needed financial 
assistance, so it may not be representative of the 
underlying population, that no definitions were 
reported for any categories of drinking status, 
that it is unclear whether cases were limited to 
hepatocellular carcinoma because ICD codes 
were not reported, that only some of the partici-
pants were tested for HBV (HCV testing was not 
yet available when the study was conducted), that 
the follow-up time was limited (up to 3 years) and 
the total period of follow-up time was unclear 
because participants had to re-enrol in the 
cohort on an annual basis in order to not be lost 
to follow-up, and that the associations were not 
adjusted for smoking or the amount of alcohol 
consumed.]

Tsukuma et al. (1993) conducted a study that 
included 917 men and women aged 40–69 years 
with either chronic hepatitis (n = 677) or compen-
sated cirrhosis (n = 240) who were outpatients at 
a hospital in Osaka. Participants were enrolled 
from May 1987 to March 1991, and during 

follow-up until September 1991 (mean follow-up 
time, 35.7  months), 54 cases of hepatocellular 
carcinoma were identified through clinical 
diagnosis; individuals who were diagnosed with 
hepatocellular carcinoma within 3  months of 
study enrolment were excluded from the analysis. 
Compared with non-drinking, the hazard ratio 
for current drinking of < 80 g per day was 1.10 
(95% CI, 0.39–3.07) and for current drinking of 
≥ 80 g per day (heavy) was 1.15 (95% CI, 0.35–3.78). 
Compared with non-drinking, the hazard ratio 
for former drinking of < 80 g per day was 1.46 
(95% CI, 0.56–3.79) and for former drinking of 
≥ 80 g per day was 1.66 (95% CI, 0.69–3.96). [The 
calculated hazard ratio for cessation compared 
with continuing consumption was 1.40 (95% 
CI, 0.51–3.84).] In a subgroup analysis restricted 
to the compensated cirrhosis group, compared 
with non-drinking the hazard ratio for former 
drinking of ≥ 80 g per day was 3.75 (P = 0.04) and 
for current drinking of ≥ 80 g per day was 1.32 
(P = 0.75). The data were not shown for chronic 
hepatitis. [The strengths of this study are that 
the participants were tested for HBV and HCV 
and that hepatocellular carcinoma was deter-
mined clinically and histologically. The limita-
tions of this study are that no participation rate 
was provided and no definitions were reported 
for any categories of drinking status, that the 
distribution of cases by drinking status was not 
reported, that the follow-up time was limited 
(35.7 months), and that the associations were not 
adjusted for the amount of alcohol consumed.]

Another cohort study in Japan included 96 
prevalent and incident inpatients and outpatients 
with cirrhosis (men and women), the majority of 
whom were positive for HBV or HCV, who were 
seen at one hospital in Fukuoka in 1985–1987 
and followed up until 1995 (mean follow-up time, 
5.3 years) (Tanaka et al., 1998). Individuals with 
biliary cirrhosis or cirrhosis due to autoimmune 
hepatitis, parasitosis, congestive heart failure, 
or metabolic disorders were excluded. Among 
41 cases of hepatocellular carcinoma clinically 
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diagnosed or verified via medical records during 
the follow-up time, 37 were included in the anal-
ysis. The association between alcohol cessation 
and risk of liver cancer was reported in Tanaka 
et al. (2008). Compared with never drinking, the 
relative risk for current drinking of < 2.4 drinks 
per day was 0.06 (95% CI, 0.01–0.57) and for 
current drinking of ≥ 2.4 drinks per day was 0.17 
(95% CI, 0.02–1.42). The relative risk for former 
compared with never drinking was 0.59 (95% 
CI, 0.20–1.73). [Compared with any amount of 
continuing consumption, the calculated relative 
risk for cessation was 6.00 (95% CI, 0.97–37.09). 
The strengths of this study are that complete 
follow-up information was available for all 
members of the cohort and that all participants 
were tested for HBV and some were also tested 
for HCV. The limitations of this study are that the 
cohort included individuals with both incident 
and prevalent cirrhosis, that reasons for excluding 
certain types of cirrhosis were not specified, that 
the follow-up time was limited (mean, 5.3 years), 
that it is unclear what categories of smoking were 
controlled for, that the associations were not 
adjusted for the amount of alcohol consumed, 
that there was no sensitivity analysis excluding 
at least the first year of follow-up time and no 
test of the proportional hazards assumption, and 
that there were few cases in the current-drinking 
categories (n = 4 total).]

(iii) Special population studies among 
individuals with underlying liver disease 
confined to alcohol-related cirrhosis

The associations of cessation of alcoholic 
beverage consumption with risk of liver cancer 
were assessed in hepatocellular carcinoma 
surveillance in Spain (Rodríguez et al., 2021) 
(Table 2.26; Supplementary Table S2.27, web only; 
available from https://publications.iarc.who.
int/638). The study included men and women 
(n = 743) aged 35–80 years with alcohol-related 
compensated cirrhosis (n = 247) and decompen-
sated cirrhosis (n  =  480) who were enrolled in 

1992–2004. During follow-up until 30 July 2019 
(median, 54  months), 104 cases of hepatocel-
lular carcinoma were ascertained through clin-
ical diagnosis among the 727 men and women 
included in the analysis. (n  =  16 participants 
diagnosed with hepatocellular carcinoma within 
12  months of enrolment were excluded from 
analysis). Among all participants, the hazard 
ratio for abstinence during the follow-up time 
compared with non-abstinence was 0.80 (95% CI, 
0.53–1.19). In stratified analysis, among partici-
pants with previous decompensated cirrhosis, 
the hazard ratio for abstinence was 0.95 (95% 
CI, 0.59–1.52), whereas among participants with 
compensated cirrhosis, the hazard ratio was 0.35 
(95% CI, 0.13–0.94). A competing risk analysis 
found a higher risk of death among non-absti-
nent individuals in the analysis of all partici-
pants (P < 0.001) and in the analysis restricted 
to the decompensated group (P < 0.001) but not 
the compensated group (P = 0.31). [The strengths 
of this study are that the cirrhosis compensation 
status of all participants was determined, that 
cases of hepatocellular carcinoma were clinically 
diagnosed, that the analysis excluded all cases 
diagnosed during the first year of follow-up time, 
that competing risk analyses were conducted, 
and that the abstinence category included partic-
ipants who maintained abstinence during the 
follow-up time. The limitations of this study are 
that the reasons for stopping follow-up due to 
development of severe cirrhosis or severe comor-
bidity were not provided, that the associations 
were not adjusted for the amount of alcohol 
consumed, that in the analysis of participants 
with compensated cirrhosis, there were few cases 
of hepatocellular carcinoma in the abstinence 
category (n = 6), and that there was no test of the 
proportional hazards assumption.]

(b) Case–control studies

The associations of duration of cessation and 
cessation of alcoholic beverage consumption with 
risk of hepatocellular carcinoma were assessed in 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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two case–control studies in Italy (Donato et al., 
2002; Franceschi et al., 2006). Cessation only was 
assessed in a hospital-based case–control study 
in Japan (Sakamoto et al., 2006) (Supplementary 
Table  S2.27, web only; available from https://
publications.iarc.who.int/638; Table 2.28).

Donato et al. (2002) assessed duration of 
cessation and cessation and risk of histologically 
or clinically confirmed hepatocellular carcinoma 
in a hospital-based case–control study in Italy. 
The cases (n = 380 men, n = 84 women) were aged 
40–75 years and ascertained from admissions to 
two hospitals in Brescia, Italy, between January 
1995 and April 2000. The controls (n = 824) were 
selected from among inpatients not hospitalized 
due to an injury and with conditions unrelated 
to liver disease or any cancer and were frequen-
cy-matched to cases on age, sex, hospital, and 
date of hospital admission. Compared with never 
drinking, there was a higher odds of liver cancer 
for current drinking among men (OR, 2.7; 95% 
CI, 1.1–6.8) but not among women (OR, 0.9; 
95% CI, 0.3–2.3). Among both men and women, 
there was a higher odds of liver cancer for former 
drinking compared with never drinking (OR, 
8.5; 95% CI, 3.3–22.3 among men and OR, 2.8; 
95% CI, 1.0–7.9 among women). [Compared with 
current drinking, cases were more likely than 
controls to report former drinking among both 
men (calculated OR, 3.15; 95% CI, 2.25–4.41) and 
women (calculated OR, 3.11; 95% CI, 1.08–8.94).] 
Among men, compared with current drinking, 
the odds ratios decreased with longer duration 
of cessation but remained > 1 (OR, 5.0; 95% CI, 
2.9–8.6 for 1–5 years of cessation and OR, 1.4; 95% 
CI, 0.6–3.1 for > 15 years of cessation). Among 
women, compared with current drinking, the 
odds ratios for duration of alcohol cessation were 
3.0 (95% CI, 0.6–15.2) for 1–5 years of cessation, 
1.9 (95% CI, 0.2–19.2) for 11–15  years of cessa-
tion, and 8.6 (95% CI, 1.3–56.0) for > 15 years of 
cessation. [The strengths of this study are that the 
control group was well described, that HBV and 
HCV status was assessed, and that definitions 

for categories of current and former drinking 
were reported. The limitations of this study are 
that the control group excluded individuals with 
liver disease, so it may not be representative of 
the underlying population, that there were few 
women with hepatocellular carcinoma in the 
11–15  years of cessation category (n  =  3) and 
> 15 years of cessation category (n = 7), and that 
the associations were not adjusted for smoking or 
the amount of alcohol consumed.]

Franceschi et al. (2006) conducted a hospi-
tal-based case–control study that included 229 
histologically or clinically confirmed cases 
of hepatocellular carcinoma and 431 hospi-
tal-matched controls aged <  85  years admitted 
to hospitals in two regions of Italy between 
January 1999 and July 2002. Compared with 
never drinking, the odds ratio for current 
drinking was 0.84 (95% CI, 0.39–1.83) and for 
former drinking was 3.98 (95% CI, 1.74–9.09). In 
an analysis of duration of alcohol cessation, the 
odds ratio for < 5 years of cessation was 6.34 (95% 
CI, 1.92–21.04) and for ≥  5  years of cessation 
was 2.56 (95% CI, 0.96–6.82). [Compared with 
continuing consumption, cessation was associ-
ated with a higher risk (calculated OR, 4.74; 95% 
CI, 2.69–8.36). The strengths of this study are 
that all cases of hepatocellular carcinoma were 
histologically or clinically diagnosed, that HBV 
and HCV status was assessed, and that selection 
of hospital-based controls included patients with 
conditions thought to be unrelated to smoking, 
alcohol consumption, or hepatitis virus infec-
tion. The limitations of this study are that the 
control group excluded individuals with certain 
underlying medical conditions, so it may not be 
representative of the underlying population, that 
the timing of questionnaire administration to 
the controls was not specified, that the cases and 
controls were not matched on date of hospital 
admission, and that the associations were not 
adjusted for smoking or the amount of alcohol 
consumed.]

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.28 Case–control studies of duration of cessation and cessation of alcoholic beverage consumption and risk of liver 
cancer

Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Donato 
et al. 
(2002) 
Italy 
1995–2000

Men (n = 380) and 
women (n = 84) 
aged 40–< 76 yr 
with histologically 
or clinically 
confirmed HCC; 
ascertained from 
2 main hospitals 
in Brescia, Italy; 
high proportion 
tested HBV+ and 
HCV+; 93.5% 
participation rate

Hospital-based 
controls (n = 686 men, 
n = 138 women) aged 
40–< 76 yr; born in 
Italy, admitted to same 
hospitals as cases but 
with no hepatic disease; 
frequency-matched 
on age (± 5 yr), sex, 
and date and hospital 
of admission during 
which HBV and HCV 
testing was performed; 
96.1% participation rate

Interviewer-
administered 
questionnaire 
Drinking status: 
never was not 
defined; current was 
drinking at time of 
interview; former 
was abstaining ≥ 1 yr 
before assessment 
Duration of 
cessation: difference 
between self-reported 
date of abstinence 
and interview date

Drinking 
status

Men Age, 
residence, 
HBsAg, and 
HCV RNA

Limited 
information 
about selection 
of hospital-
based controls 
No adjustment 
for amount 
of alcohol 
consumed or 
smoking

Never 8 1.0 (ref)
Former 151 8.5 (3.3–22.3)
Current 221 2.7 (1.1–6.8)
Duration of cessation
0 yr [current] 221 1.0 (ref)
1–5 yr 66 5.0 (2.9–8.6)
6–10 yr 51 4.0 (2.2–7.4)
11–15 yr 14 1.6 (0.6–4.5)
> 15 yr 20 1.4 (0.6–3.1)
Drinking 
status

Women

Never 24 1.0 (ref)
Former 31 2.8 (1.0–7.9)
Current 29 0.9 (0.3–2.3)
Duration of cessation
0 yr [current] 29 1.0 (ref)
1–5 yr 9 3.0 (0.6–15.2)
6–10 yr 12 2.7 (0.5–13.6)
11–15 yr 3 1.9 (0.2–19.2)
> 15 yr 7 8.6 (1.3–56.0)
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Reference 
Study 
location 
Period

Characteristics of 
cases

Characteristics of 
controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Franceschi 
et al. 
(2006) 
Italy 
1999–2002

Men and women 
(n = 229) aged 
43–84 yr; 
histologically, 
cytologically, or 
other clinically 
confirmed HCC 
cases; ascertained 
from 7 hospitals 
in Italy; tested for 
HBV and HCV 
(HCV highly 
prevalent); 99% 
participation rate

Hospital-based controls 
(n = 431 men and 
women) frequency-
matched on age 
(≥ 40–< 85 yr) and sex; 
admitted to the same 
hospitals as cases with 
conditions unrelated to 
alcohol consumption 
or tobacco or had any 
comorbid condition 
that resulted in 
lifestyle changes; 99% 
participation rate

Questionnaire 
Drinking status: 
never was lifetime 
abstention; former 
was abstaining for 
≥ 12 months before 
completing the 
questionnaire 
Duration of 
cessation: definition 
was not reported

Drinking 
status

All Age, sex, 
hospital, 
education, 
HBV, and 
HCV

Selection of 
hospital-based 
controls with 
conditions 
thought to 
be unrelated 
to smoking 
or alcohol 
consumption 
No adjustment 
for amount 
of alcohol 
consumed or 
smoking

Never 20 1.0 (ref)
Former 118 3.98 (1.74–9.09)
Current 91 0.84 (0.39–1.83)
Duration of cessation
Never 20 1.0 (ref)
< 5 yr 46 6.34 (1.92–21.04)
≥ 5 yr 72 2.56 (0.96–6.82)

Sakamoto 
et al. 
(2006) 
Japan 
2001–2004

Men and women 
(n = 209) aged 
40–79 yr with 
clinically 
diagnosed HCC; 
ascertained from 
2 hospitals in Saga 
City, Japan; tested 
for HBV and HCV; 
92% participation 
rate

Hospital-based 
controls: 
Control group 1: 
n = 275 (men and 
women); outpatients at 
same hospitals as cases 
(73% response) 
Control group 2: 
n = 381 (men and 
women), inpatients 
or outpatients with 
chronic liver disease 
at same hospitals as 
cases and enrolled in 
another study; 96% 
participation rate

Interview-
administered 
questionnaire 
Drinking status: 
never was lifetime 
abstention or had 
consumed alcohol 
< once per week 
for < 1 yr; former 
was quit alcohol 
consumption ≥ 1 yr 
before the interview; 
current was any other 
status

Drinking 
status

Control group 1 Age, sex, 
smoking 
status (never, 
former, 
current), 
HBsAg, and 
anti-HCV

Limited 
information 
about selection 
of hospital-
based controls 
No adjustment 
for amount 
of alcohol 
consumed

Never 78 1.0 (ref)
Former 50 5.3 (1.6–18.6)
Current 81 2.9 (1.2–7.4)

Control group 2
Never 78 1.0 (ref)
Former 50 1.3 (0.7–2.2)
Current 81 1.8 (1.0–3.0)

CI, confidence interval; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ref, reference; yr, year or years.

Table 2.28   (continued)
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Sakamoto et al. (2006) conducted a hospi-
tal-based case–control study that enrolled 209 
histologically or clinically confirmed cases of 
hepatocellular carcinoma, aged 40–79 years, 
from two hospitals in Saga City (Japan) between 
2001 and 2004, and two control groups. Control 
group 1 was composed of 275 outpatients who 
were consecutively seen at the hospital clinics and 
control group 2 was composed of 381 inpatients 
and outpatients with chronic liver disease (CLD), 
except biliary cirrhosis, autoimmune hepatitis, 
or liver disease related to parasitosis, congestive 
heart failure, or metabolic disorders. Compared 
with the outpatient controls, the cases were more 
likely to report current drinking (OR, 2.9; 95% 
CI, 1.2–7.4) or former drinking (OR, 5.3; 95% CI, 
1.6–18.6) than never drinking. Compared with 
the CLD controls, the odds ratio was 1.8 (95% 
CI, 1.0–3.0) for current drinking and 1.3 (95% CI, 
0.7–2.2) for former drinking. [Compared with 
continuing consumption, the calculated odds 
ratio for cessation was 1.83 (95% CI, 0.52–6.41) 
in analyses with outpatient controls and 0.72 
(95% CI, 0.39–1.34) in analyses of CLD controls. 
The strengths of this study are that all cases of 
hepatocellular carcinoma were histologically or 
clinically diagnosed and that HBV and HCV 
status were assessed. The limitations of this 
study are that reasons for excluding some liver 
diseases from the CLD control group were not 
reported and the exclusion may have resulted in 
a non-representative control group, that the CLD 
control group was composed of both inpatients 
and outpatients, that the percentage of inpatients 
versus outpatients in the CLD control group was 
not reported, and that the associations were not 
adjusted for the amount of alcohol consumed.]

2.2.8 Female breast cancer

Breast cancer (ICD-10 code C50) is the cancer 
most commonly diagnosed among women glob-
ally (Arnold et al., 2022). Globally in 2020, the 
age-standardized (world population) incidence 

and mortality rates for female breast cancer 
were 47.8 per 100  000 and 13.6 per 100  000, 
respectively (Ferlay et al., 2020). The majority of 
breast cancers (>  80%) are of ductal histology. 
Breast cancer can also be classified by molecular 
subtype, including the presence (+) or absence 
(−) of estrogen receptors (ERs) and progesterone 
receptors (PRs).

Alcoholic beverage consumption is an estab-
lished risk factor for breast cancer (IARC, 2012a), 
and there is evidence that the association is 
stronger for postmenopausal women compared 
with premenopausal women, and for ER+ 
breast cancer compared with ER− breast cancer 
(WCRF/AICR, 2018). Other established risk 
factors for breast cancer include family history of 
breast cancer and other types of cancer, radiation 
exposure (particularly during puberty), meno-
pausal hormone therapy, excess body fatness, 
and hormone-related life events, such as early age 
at menarche, older age at menopause, and first 
pregnancy at age ≥ 30 years.

(a) Cohort studies

There are 11 cohort studies of reduction, 
duration of cessation, and/or cessation of alco-
holic beverage consumption and female breast 
cancer incidence or mortality, which included 
data from seven countries and were conducted 
from 1959 to 2018 (Table  2.29; Supplementary 
Table  S2.30, web only; available from https://
publications.iarc.who.int/638). The associations 
between reduction and breast cancer incidence 
were assessed in four cohort studies (Dam et al., 
2016; Botteri et al., 2021; Yoo et al., 2022; Chen 
et al., 2023). The associations between cessation 
and breast cancer incidence overall were assessed 
in six cohort studies (Simon et al., 1991; Baglietto 
et al., 2005; Li et al., 2009; White et al., 2017; Im 
et al., 2021a; Yoo et al., 2022); in a seventh study, 
associations were also reported by breast cancer 
histology and by hormone receptor status (Li 
et al., 2010), and in an eighth study, the outcome 
was breast cancer mortality (Breslow et al., 2011). 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.29 Cohort studies of reduction, duration of cessation, and cessation of alcoholic beverage consumption and risk of 
female breast cancer

Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Simon et al. 
(1991) 
USA 
Tecumseh 
Community 
Health Survey 
from 1959 for 
up to 28 yr 
follow-up

Analysis included 
n = 1954 women 
aged ≥ 21 yr from 
a small town in 
Michigan; follow-
up time from 
1959–1960 for up 
to 28 yr; cancer 
cases ascertained 
by self-report or 
death certificate 
and confirmed by 
medical record 
review

Interviewer-
administered 
questionnaire 
Drinking status: 
never was consumed 
0 g of ethanol per 
week at baseline and 
during lifetime; ex 
was consumed 0 g of 
ethanol per week at 
baseline but drinking 
previously; current 
was consumed > 0 g 
of ethanol per week 
at baseline

Breast 
(no ICD 
codes 
reported)

Drinking status 87 total Age, BMI, 
subscapular 
and triceps 
skin-fold 
measure-
ments, 
education 
level, cigarette 
use, family 
history 
of breast 
cancer, age 
at menarche, 
mother’s age 
at first live 
birth, and 
parity

10.4% of 
the cohort 
were in the 
ex-drinking 
category; 
given that 
there were 87 
total cases, 
there were 
probably few 
cases in the 
ex-drinking 
category 
No 
adjustment 
for amount 
of alcohol 
consumed

Never 1.0 (ref)
Ex 0.93 (0.40–2.18)
Current
0–< 1 drink/day 1.08 (0.64–1.82)
1–< 2 drinks/day 1.23 (0.49–3.10)
≥ 2 drinks/day 1.12 (0.25–5.01)

Baglietto et al. 
(2005) 
Australia 
Melbourne 
Collaborative 
Cohort Study 
1990–2003

Analysis included 
n = 17 447 women, 
residents of 
Melbourne aged 40–
69 yr; followed up 
from recruitment in 
1990–1994 through 
2003 (average, 
10.1 yr); cancer 
cases ascertained 
by cancer registry 
linkage

Interviewer-
administered 
questionnaire 
Drinking status: 
abstainers never 
consumed ≥ 12 
alcoholic drinks in 
a year; ex was ever 
consumed ≥ 12 
alcoholic drinks in 
a year but did not 
consume alcohol at 
baseline; current was 
≥ 1 g/day at baseline

Histolog-
ically 
con-
firmed 
invasive 
breast 
cancer

Drinking status Total energy 
intake, folate 
intake, with 
age as time 
scale in the 
adjusted 
analyses

Neither 
education, 
BMI, age at 
menarche, 
HRT use, 
parity, 
nor use of 
multivita- 
mins 
confounded 
associations 
No adjust- 
ment for 
amount 
of alcohol 
consumed

Abstain 171 1.0 (ref)
Ex 16 1.03 (0.62–1.73)
Current
1–19 g/day 286 1.12 (0.93–1.36)
20–39 g/day 43 0.87 (0.62–1.22)
≥ 40 g/day 21 1.41 (0.90–2.23)
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Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Li et al. (2009) 
USA 
Kaiser 
Permanente 
Medical Care 
Program 
1978–2004

Analysis included 
n = 70 033 women 
(mean age, 40.6 yr) 
who completed a 
health examination; 
follow-up time 
from 1978–1985 
through 2004 
(mean, 16 yr); cancer 
cases ascertained 
by cancer registry 
linkage

Self-administered 
questionnaire 
Drinking status: 
never was no 
drinking within 
the past year, and 
never or almost was 
never before the 
past year; ex was 
no drinking during 
past year but prior 
drinking; current 
was any amount of 
consumption during 
the past year

Breast 
(no ICD 
code 
reported)

Drinking status Age, 
ethnicity, 
education, 
BMI, marital 
status, history 
of any breast 
surgery, 
mother or 
sister with 
breast cancer, 
and parity

No 
adjustment 
for amount 
of alcohol 
consumed

Never 442 1.0 (ref)
Ex 82 1.2 (1.0–1.5)
Current
< 1 drink/month 761 1.1 (1.0–1.3)
> 1 drink/month – 
< 1 drink/day

896 1.1 (1.0–1.2)

1–2 drinks/day 466 1.2 (1.1–1.4)
≥ 3 drinks/day 147 1.4 (1.1–1.7)

Li et al. (2010) 
USA 
Women’s 
Health 
Initiative 
Observational 
Study 
1993–2005

Analysis included 
n = 87 724 
postmenopausal 
women aged 50–
79 yr; follow-up time 
from 1993–1998 
through September 
2005; cancer cases 
ascertained in 
yearly follow-up 
questionnaires 
and confirmed by 
medical record 
review

 
 

Self-administered 
questionnaire 
Drinking status: 
never was consuming 
< 12 drinks during 
lifetime; former 
was consuming 
≥ 12 drinks but 
quit at time of 
questionnaire; 
current was 
consuming 
≥ 12 drinks during 
lifetime and 
drinking at time of 
questionnaire

 
 

Breast 
(ICD-O 
code 
8500 
ductal; 
ICD-O 
codes 
8520, 
8522 
lobu- 
lar); 88% 
with data 
about ER 
and PR 
status
 

 

Drinking status All Age, race, 
ethnicity, 
education, 
BMI, HRT 
use, smoking, 
Gail model 
5-yr risk, 
first-degree 
family history 
of breast 
cancer, parity, 
number of 
mammo-
grams in past 
5 yr
 

 

No 
adjustment 
for amount 
of alcohol 
consumed

Never 279 1.0 (ref)
Former 485 0.98 (0.83–1.15)
Current 2180 1.08 (0.94–1.25)

Ductal
Never 185 1.0 (ref)
Former 314 0.94 (0.77–1.15)
Current 1306 0.99 (0.83–1.18)

Lobular
Never 50 1.0 (ref)
Former 106 1.25 (0.86–1.82)
Current 564 1.50 (1.08–2.09)

ER+PR+
Never 162 1.0 (ref)
Former 290 0.96 (0.78–1.19)
Current 1351 1.07 (0.89–1.28)

Table 2.29   (continued)
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Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Li et al. (2010)
(cont.)

ER+PR−
Never 34 1.0 (ref)
Former 57 0.92 (0.57–1.49)
Current 282 1.11 (0.74–1.69)

ER−PR−
Never 46 1.0 (ref)
Former 74 1.11 (0.73–1.70)
Current 239 0.94 (0.64–1.37)

Breslow et al. 
(2011) 
USA 
National 
Health 
Interview 
Survey 
1988–2006

Analysis included 
n = 184 764 women 
aged ≥ 18 yr with 
complete alcohol 
intake data in the 
1988, 1990, 1991, 
or 1997–2004 
National Health 
Interview Survey 
who did not die 
within the quarter 
of their interview; 
follow-up time from 
1988 through 2006 
(mean, 8.4 yr; range, 
2–18 yr); cancer 
deaths ascertained 
by linkage with 
National Death 
Index

In-home interviews 
Drinking status: 
never was no alcohol 
in the year before 
baseline and < 12 
drinks during the 
lifetime; former was 
≥ 12 drinks during 
the lifetime and 
≥ 12 drinks in any 
previous year but 
not the year before 
baseline; current 
was categorized by 
drinks/week (light, 
< 3; moderate, > 3–7 
for women and 3–14 
for men; heavier, > 7 
for women and > 14 
for men)

Breast 
cancer 
deaths 
(Nation-
al Center 
for 
Health 
Statis- 
tics ICD-
9 and 
ICD-10 
bridge 
code 29)

Drinking status Deaths   Race or 
ethnicity, 
education, 
region, 
marital 
status, 
smoking 
status and 
tertiles of 
current 
smoking 
intensity, 
BMI, and sex 
in combined 
sex analyses

Results were 
similar after 
excluding 
deaths in 
the first 2 yr 
of follow-
up time 
and when 
restricted to 
the first 10 yr 
of follow-up 
time 
No adjust- 
ment for 
amount 
of alcohol 
consumed

Never 228 1.0 (ref)
Former 98 1.26 (0.93–1.70)
Lifetime infrequent 146 0.90 (0.70–1.17)
Current
Light 128 0.75 (0.57–0.98)
Moderate 46 1.02 (0.66–1.57)
Heavier 31 1.09 (0.68–1.76)

Ptrend = 043

Table 2.29   (continued)
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Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Dam et al. 
(2016) 
Denmark 
Diet, Cancer, 
and Health 
Study 
1993–2012

Analysis included 
n = 21 523 
postmenopausal 
women aged 
50–64 yr who 
participated 
in 2 waves of 
data collection 
(1993–1998 and 
1999–2003); follow-
up time from 
1998–2003 through 
2012 (average, 
11 yr); cancer 
cases ascertained 
by cancer registry 
linkage

Self-administered 
questionnaire 
Drinking status: 
FFQ-assessed 
consumption over 
the past year was 
reported at each wave 
of data collection

Breast 
(ICD-10 
code 
C50)

Change in alcohol intake 
from 1993–1998 to 1999–2003

Age, 
education, 
BMI, 
smoking, 
Mediter-
ranean diet 
score, parity 
and number 
of births, and 
HRT use

Change 
in alcohol 
intake 
modelled 
using cubic 
splines 
Did not 
separately 
assess 
cessation 
Adjustment 
for baseline 
data

< 7 to < 7 drinks/week 496 1.0 (ref)
< 7 to 7–13 drinks/week 90 1.38 (1.10–1.73)
< 7 to ≥ 14 drinks/week 32 1.16 (0.81–1.67)

7–13 to < 7 drinks/week 66 0.88 (0.64–1.20)
7–13 to 7–13 drinks/week 99 1.0 (ref)
7–13 to ≥ 14 drinks/week 69 1.18 (0.87–1.62)

≥ 14 to < 7 drinks/week 26 1.23 (0.81–1.88)
≥ 14 to 7–13 drinks/week 40 1.16 (0.81–1.66)
≥ 14 to ≥ 14 drinks/week 136 1.0 (ref)

White et al. 
(2017) 
Puerto Rico 
and USA 
Sister Study 
2003–2014

Analysis included 
n = 50 884 women 
aged 35–74 yr with 
a sister who had 
been diagnosed 
with breast cancer; 
follow-up time from 
2003–2009 through 
June 2014 (mean, 
6.4 yr); cancers cases 
were self-reported 
and verified by 
medical record 
review among 80% 
of cases

Telephone 
questionnaire 
Drinking status: 
never was not 
defined; former 
was no alcohol 
consumption during 
the 12 months before 
baseline; current 
was categorized by 
number of drinks 
per day

Breast 
(no ICD 
code 
reported)

Drinking status     Age, race or 
ethnicity, 
education, age 
at menarche, 
age at first 
birth, parity, 
hormonal 
contraceptive 
use, pack- 
years of 
smoking, 
HRT use, age 
at menopause, 
menopausal 
status, BMI

Associations 
for years 
since regular 
drinking 
were similar 
to those for 
duration of 
cessation 
No 
adjustment 
for amount 
of alcohol 
consumed 
Limited 
follow-up 
time

Never 65 1.0 (ref)
Former 277 1.04 (0.79–1.37)
Current
< 1 drink/day 1219 1.06 (0.82–1.36)
1–1.9 drinks/day 170 1.10 (0.82–1.48)
≥ 2 drinks/day 110 1.22 (0.89–1.68)
Duration of cessation
≤ 5 yr 89 1.0 (ref)
6–14 yr 43 0.72 (0.49–1.04)
≥ 15 yr 139 1.03 (0.79–1.36)

Table 2.29   (continued)
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Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Im et al. 
(2021a) 
China 
China 
Kadoorie 
Biobank 
2004–2016

Analysis included 
n = 300 900 women 
aged 30–79 yr; 
follow-up time 
from 2004 through 
2016 (median, 
10 yr); cancer cases 
ascertained by 
linkage with cancer 
registries and the 
national health 
insurance databases

Interviewer-
administered 
questionnaire 
Drinking status: 
abstain was no 
drinking in the past 
year or in most weeks 
prior; ex-regular was 
drinking < weekly 
in the past year but 
drinking ≥ weekly 
prior; occasional was 
drinking < weekly 
in the past year and 
prior; current regular 
was drinking in most 
weeks in the past year

Breast 
(ICD-10 
code 
C50)

Drinking status Age, study 
area, 
education, 
income, 
smoking 
(never, 
occasional, 
and for ever 
smoked, 2 
categories 
of cigarettes 
per day), 
BMI, physical 
activity, fruit 
intake, and 
family history 
of cancer

Floating 
standard 
errors were 
used to 
estimate 
the CIs; 
abstention 
was the 
reference 
category 
No 
adjustment 
for amount 
of alcohol 
consumed

Abstain 1280 1.00 (0.93–1.08)
Ex-regular 19 1.46 (0.79–1.95)
Occasional 934 1.12 (1.05–1.20)
Current regular 56 1.16 (0.89–1.52)

Botteri et al. 
(2021) 
Sweden 
Swedish 
Women’s 
Lifestyle and 
Health Cohort 
Study 
1991–2012

Analysis included 
n = 29 930 women 
aged 30–49 yr 
randomly selected 
from Uppsala 
Health Care Region; 
follow-up from 
time of second 
questionnaire 
(2003) through 
2012 (median, 
9.5 yr); cancer cases 
ascertained by 
linkage with cancer 
registry

Self-administered 
questionnaire 
Drinking status: 
assessed number of 
units of each type of 
alcoholic beverage 
consumed per week 
or month, which was 
recalculated into 
daily intake in grams

Breast 
(ICD-7 
code 170)

Change in alcohol intake 
1991/1992 to 2003

685 
total

Age, meno-
pausal status, 
education, 
and changes 
in weight, 
physical 
activity, and 
smoking

Subcohort of  
full cohort  
of 49 259  
women; 
~28% 
of original  
cohort did  
not return  
second ques- 
tionnaire 
and were  
excluded

Stable > 12 g/day 1.0 (ref)
Stable < 12 g/day 0.73 (0.49–1.10)
Decrease to ≤ 12 g/day 1.27 (0.71–2.29)
Increase to ≥ 12 g/day 0.81 (0.52–1.26)

Table 2.29   (continued)
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Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Yoo et al. 
(2022) 
Republic of 
Korea 
NHIS 
2009–2018

Analysis included 
n = 2 189 574 women 
aged ≥ 40 yr with 
drinking status data 
from 2 consecutive 
(2009 and 2011) 
biennial NHIS 
health screenings; 
follow-up time 
through 2018 
(median, 6.4 yr); 
cancer cases 
ascertained through 
the NHIS billing 
system

Self-administered 
questionnaires in 
2009 and 2011 
Alcohol intake in 
2009 and 2011: for 
each survey, alcohol 
intake was first 
classified by amount 
of ethanol consumed: 
none, mild (< 15 g/
day), moderate 
(15–29.9 g/day), and 
heavy (≥ 30 g/day); 
then associations 
for each level of 
consumption in 
2011 were assessed, 
stratified on level 
of consumption in 
2009; the reference 
group for each 
stratum was the 
stable group at each 
level of consumption 
(e.g. 2009/2011 none/
none)

Breast 
(ICD-10 
code 
C50)

Alcohol intake in 
2009/2011

20 532 
total

Age, sex, 
socio-
economic 
position, 
smoking 
status, phys- 
ical activity, 
comorbidities 
(hyperten-
sion, diabetes, 
dyslipid-
aemia, 
chronic 
kidney 
disease, 
and chronic 
obstructive 
pulmonary 
disease), and 
Charlson 
Comorbidity 
Index

Excluded the  
first year of  
follow-up  
time 
No infor- 
mation about  
alcohol con- 
sumption 
before the 
first 
wave of 
reporting 
Limited 
follow-up 
time 
Associa- 
tions not  
shown 
by hormone 
receptor 
status

None/none 1.0 (ref)
None/mild 0.97 (0.91–1.04)
None/moderate 0.83 (0.63–1.10)
None/heavy 1.07 (0.69–1.67)

Mild/none   0.94 (0.88–0.99)
Mild/mild 1.0 (ref)
Mild/moderate 0.83 (0.66–1.03)
Mild/heavy 0.69 (0.45–1.06)

Moderate/none   0.92 (0.74–1.16)
Moderate/mild 1.02 (0.87–1.19)
Moderate/moderate 1.0 (ref)
Moderate/heavy 1.15 (0.77–1.71)

Heavy/none   0.76 (0.49–1.17)
Heavy/mild 0.95 (0.68–1.32)
Heavy/moderate 0.64 (0.43–0.97)
Heavy/heavy 1.0 (ref)
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Reference 
Study 
location 
Name of 
cohort 
Period

Cohort description Alcohol exposure 
assessment and 
definitions

Organ 
site (ICD 
codes)

Exposure categories No. of 
cases or 
deaths

Relative risk 
(95% CI)

Adjustment 
factors

Comments

Chen et al. 
(2023) 
Norway 
Norwegian 
Women and 
Cancer Study 
1996–2018

Analysis included 
n = 66 233 women 
aged 41–76 yr who 
completed follow-
up questionnaires 
in 1996–2004 (Q1) 
and in 2002–2014 
(Q2); followed up 
from time of Q2 
until December 
2018 (median, 
14.2 yr); cancer 
cases ascertained by 
linkage with Cancer 
Registry of Norway

Self-administered 
questionnaires 
Each lifestyle factor 
was assigned a score 
ranging from 0 to 4, 
with higher scores 
indicating a healthier 
lifestyle: alcohol HLI 
score was 4 = none, 
3 = > 0–< 5 g/day, 
2 = 5–< 10 g/day, 
1 = 10–< 20 g/day, 
and 0 = > 20 g/day

Breast 
(ICD-10 
code 
C50)

Change in alcohol HLI 
score between Q1 and Q2

Education 
(years), height 
(cm), single-
factor HLI 
score chang- 
es and single-
factor HLI 
scores at Q1, 
calendar 
year at Q2 
(continuous), 
age at menar- 
che (years), 
menopausal 
status, breast- 
feeding, 
HRT use, 
oral contra-
ceptive use, 
parity, and 
breast can- 
cer in 
first-degree 
relatives

Among 
the 66 233 
women in 
the analysis, 
missing data 
from Q1, 
Q2, or both 
were imputed 
for 21 830 
women

1-unit increase (i.e. 
reduction in alcohol 
consumption)

2384 0.94 (0.88–1.00)

BMI, body mass index; CI, confidence interval; ER, estrogen receptor; FFQ, food frequency questionnaire; HLI, healthy lifestyle index; HRT, hormone replacement therapy; ICD, 
International Classification of Diseases; NHIS, National Health Insurance Service; PR, progesterone receptor; Q1, questionnaire 1; Q2, questionnaire 2; ref, reference; yr, year or years.

Table 2.29   (continued)
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Duration of cessation was assessed in the study 
of White et al. (2017); however, the data were not 
available to compare categories of duration of 
cessation with continuing consumption.

The study of Dam et al. (2016) was a cohort 
study of 21  523 postmenopausal women aged 
50–64  years who completed two surveys about 
5 years apart. For each survey, alcohol consump-
tion was categorized as: <  7  drinks per week, 
7–13 drinks per week, and ≥ 14 drinks per week. 
Incident cancer cases during the follow-up 
time between the date of the second survey  
(1998–2003) and 31 December 2012 (mean, 
11  years) were ascertained through the Danish 
Cancer Register. Among the women included 
in the analysis, 1054 cases of breast cancer were 
identified. Compared with stable consumption 
of ≥  14  drinks per week, the hazard ratios for 
reduction to 7–13 drinks per week was 1.16 (95% 
CI, 0.81–1.66), and for reduction to <  7  drinks 
per week, the hazard ratio was 1.23 (95% CI, 
0.81–1.88). Compared with stable consumption 
of 7–13  drinks per week, the hazard ratio for 
reduction to < 7 drinks per week was 0.88 (95% 
CI, 0.64–1.20). [The strengths of this study are 
that the analysis was stratified on consumption 
reported at the first survey and that the results 
in the sensitivity analysis excluding the first 
3  years of follow-up time were consistent with 
the main results. The limitations of this study are 
that there was no information about history of 
alcohol consumption before the first survey and 
that the associations were adjusted for categories 
of smoking status and amount of use but not for 
duration of smoking cessation.]

Botteri et al. (2021) investigated an approx-
imately 10-year change in alcohol consumption 
in relation to risk of breast cancer using data 
from the Swedish Women’s Lifestyle and Health 
Cohort Study. Among 29  930 women aged 
40–61  years followed up from 2003 until 2012 
(median follow-up, 9.5 years), 685 incident cases 
of breast cancer were identified through linkage 
with the Swedish Cancer Registry. Consumption 

was categorized as ≤ 12 g of ethanol per day or 
> 12 g of ethanol per day. Change in consump-
tion between surveys was then classified as stable 
in these categories or as increased or decreased. 
Compared with stable consumption of > 12 g of 
ethanol per day, the hazard ratio for decreasing 
consumption to ≤ 12 g of ethanol per day was 1.27 
(95% CI, 0.71–2.29). [The strengths of this study 
are that the results were stratified on consump-
tion in the first wave and adjusted for changes in 
other lifestyle risk factors, including changes in 
weight, physical activity, and smoking, and that 
no violation of the proportional hazards assump-
tion was detected. The limitations of this study 
are that the number of cases in each category 
was not shown and that the follow-up time was 
limited.]

In the study of Yoo et al. (2022) (described 
in Section  2.2.3), among the 2  189  574 women 
aged ≥ 40 years included in the analysis, 20 532 
cases of breast cancer were identified during the 
follow-up time. Compared with stable moderate 
consumption, there was no association with 
reduction from moderate consumption in 2009 
to mild consumption in 2011 (HR, 1.02; 95% 
CI, 0.87–1.19). Compared with stable heavy 
consumption, a reduction from heavy to mod- 
erate consumption was associated with a lower 
risk of breast cancer (HR, 0.64; 95% CI, 0.43–0.97), 
but a reduction from heavy to mild consumption 
was not (HR, 0.95; 95% CI, 0.68–1.32). Compared 
with stable mild, stable moderate, and stable 
heavy consumption, the hazard ratios for cessa-
tion from each level of consumption in 2009 to 
none in 2011 were 0.94 (95% CI, 0.88–0.99), 0.92 
(95% CI, 0.74–1.16), and 0.76 (95% CI, 0.49–1.17), 
respectively. [The strengths and limitation of this 
study are described in Section 2.2.3.]

In the study of Chen et al. (2023) (described 
in Section  2.2.6), among the 66  233 women 
aged 41–76 years included in the analysis, 2384 
cases of breast cancer were identified during the 
follow-up time. A reduction in alcohol consump-
tion corresponding to a 1-unit increase in the 
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alcohol HLI score between the first and second 
measurements was associated with a lower risk 
of breast cancer (HR, 0.94; 95% CI, 0.88–1.00). 
[The strengths and limitation of this study are 
described in Section 2.2.6.]

Simon et al. (1991) conducted a cohort study 
of 1954 women aged ≥ 21 years who enrolled in 
the Tecumseh Community Health Survey in the 
USA. This cohort was followed up from 1959–
1960 for up to 28 years, during which 87 cases of 
breast cancer were identified from questionnaires 
or death certificates and confirmed by medical 
record review. Compared with never drinking, 
the relative risks of breast cancer were 0.93 (95% 
CI, 0.40–2.18) for ex-drinking and 1.12 (95% 
CI, 0.25–5.01) for consumption of ≥  2  drinks 
per day at baseline. [Compared with contin-
uing consumption that included all amounts of 
consumption, the calculated relative risk associ-
ated with cessation was 0.83 (95% CI, 0.32–2.16). 
The strength of this study is the long follow-up 
time. The limitations of this study are that the 
number of cases by category of consumption was 
not reported but because there were 87 total cases 
and 10.4% of the cohort reported ex-drinking, 
there were probably a few cases in the ex-drinking 
category, that the associations were not adjusted 
for the amount of alcohol consumed, and that 
there was no sensitivity analysis excluding at 
least the first year of follow-up time and no test 
of the proportional hazards assumption.]

Baglietto et al. (2005) assessed the association 
between alcohol cessation and risk of breast cancer 
in 17 447 Anglo-Australian women in Melbourne 
(Australia) who were aged 40–69 years at recruit-
ment. Lifetime history of alcohol consumption 
was assessed at baseline. During the follow-up 
from 1990 until 2003 (mean, 10.1  years), 537 
cases of breast cancer were identified by linkage 
with the Victorian Cancer Registry. Compared 
with abstention, the hazard ratio for cessation 
was 1.03 (95% CI, 0.62–1.73) and for current 
consumption of ≥  40  g of ethanol per day was 
1.41 (95% CI, 0.90–2.23). [Compared with any 

amount of continuing consumption, the calcu-
lated hazard ratio for cessation was 0.93 (95% CI, 
0.57–1.54). The strength of this study is that the 
categories of drinking status were well defined. 
The limitations of this study are that the associ-
ations for alcohol cessation were not adjusted for 
the amount of alcohol consumed and that there 
was no sensitivity analysis excluding at least the 
first year of follow-up time and no test of the 
proportional hazards assumption.]

Among 70  033 women (mean baseline age, 
40.6  years) who enrolled in a large health-care 
system in California (USA) and completed a 
questionnaire during a health examination, 2829 
cases of breast cancer were identified through 
the health-care programme’s cancer registry 
during an average follow-up time of 16 years (Li 
et al., 2009). Compared with abstention, the rela-
tive risk for alcohol cessation was 1.2 (95% CI, 
1.0–1.5) and for current drinking of ≥ 3 drinks 
per day was 1.4 (95% CI, 1.1–1.7). [Compared with 
continuing consumption, there was no associa-
tion between cessation and risk of breast cancer 
(calculated RR, 1.08; 95% CI, 0.89–1.30). The 
strengths of this study are the large cohort and 
the well-defined categories of drinking status. 
The limitations of this study are that the associ-
ations for alcohol cessation were not adjusted for 
the amount of alcohol consumed and that there 
was no sensitivity analysis excluding at least the 
first year of follow-up time and no test of the 
proportional hazards assumption.]

In a cohort study of 87 724 postmenopausal 
women aged 50–79 years who participated in the 
Women’s Health Initiative Observational Study 
in the USA (Li et al., 2010), alcohol consump-
tion was self-reported at baseline in 1993–1998. 
During the follow-up time (up to 12 years) until 
15 September 2005, 2944 cases of invasive breast 
cancer (n = 2549 with ER and PR status data) were 
identified from self-reported annual question-
naires and confirmed by medical record review. 
Compared with never drinking, former drinking 
was not associated with overall risk of breast 
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cancer (HR, 0.98; 95% CI, 0.83–1.15). The hazard 
ratios for the association of former drinking 
with histological and molecular subtypes of 
breast cancer were 0.94 (95% CI, 0.77–1.15) for 
ductal carcinoma, 1.25 (95% CI, 0.86–1.82) for 
lobular carcinoma, 0.96 (95% CI, 0.78–1.19) for 
ER+PR+ cancer, 0.92 (95% CI, 0.57–1.49) for 
ER+PR− cancer, and 1.11 (95% CI, 0.73–1.70) for 
ER−PR− cancer. [Compared with continuing 
consumption, the hazard ratios for breast cancer 
overall and for most subtypes of the disease and 
alcohol cessation were <  1, but all confidence 
intervals included 1 (calculated HRs, 0.91; 95% 
CI, 0.81–1.02 for overall, 0.95; 95% CI, 0.82–1.09 
for ductal carcinoma, 0.83; 95% CI, 0.66–1.06 
for lobular carcinoma, 0.90; 95% CI, 0.77–1.04 
for ER+PR+ cancer, 0.83; 95% CI, 0.59–1.16 for 
ER+PR− cancer, and 1.18; 95% CI, 0.88–1.58 for 
ER−PR− cancer). The strengths of this study are 
the large cohort and minimal loss to follow-up, 
the well-defined categories of drinking status, 
and that no violation of the proportional hazards 
assumption was detected. The limitation of this 
study is that the associations for alcohol cessa-
tion were not adjusted for the amount of alcohol 
consumed.]

In the study of Breslow et al. (2011) (described 
in Section 2.2.6), 677 breast cancer deaths were 
identified during the follow-up time among 
184  764 women aged ≥  18  years. Compared 
with never-drinking, the relative risk of death 
from breast cancer for former drinking was 
1.26 (95% CI, 0.93–1.70). Current drinking of 
≤ 3 drinks per week was associated with a lower 
risk of death from breast cancer (RR, 0.75; CI, 
0.57–0.98), whereas there was no association for 
current drinking of >  7  drinks per week (RR, 
1.09; 95% CI, 0.68–1.76). [Cessation was asso-
ciated with a higher risk of death from breast 
cancer compared with any amount of contin-
uing consumption (calculated RR, 1.52; 95% CI, 
1.12–2.05). The strengths and limitation of this 
study are described in Section 2.2.6.]

White et al. (2017) assessed the associations 
of duration of cessation and cessation with risk of 
breast cancer using data from the Sister Study, a 
large cohort study of women aged 35–74 years in 
the USA with at least one sister previously diag-
nosed with breast cancer. During follow-up from 
2003–2009 until June 2014 (mean, 6.4 years), 1843 
invasive breast cancers cases were identified from 
self-reported diagnoses validated by medical 
records among the 50  884 women included in 
the analysis. Compared with never drinking, 
the hazard ratio for breast cancer for alcohol 
cessation was 1.04 (95% CI, 0.79–1.37) and for 
current drinking of ≥ 2 drinks per day was 1.22 
(95% CI, 0.89–1.68). [The calculated hazard ratio 
for alcohol cessation compared with any amount 
of continuing consumption was 0.97 (95% CI, 
0.85–1.11).] Compared with ≤  5  years of cessa-
tion, the hazard ratio for 6–14 years of cessation 
was 0.72 (95% CI, 0.49–1.04) and for ≥ 15 years 
of cessation was 1.03 (95% CI, 0.78–1.36). [The 
strengths of this study are the large cohort and 
that no violation of the proportional hazards 
assumption was detected. The limitations of 
this study are that the data were not available 
to compare cancer risk for categories of dura-
tion of cessation with continuing consumption, 
that the associations were not adjusted for the 
amount of alcohol consumed, that the average 
follow-up time was limited (6.4 years), and that 
results stratified by molecular subtype were not 
reported.]

In the study of Im et al. (2021a) (described 
in Section  2.2.1), 2289 incident cases of breast  
cancer were identified during the follow-up 
time among 300 900 women aged 30–79 years. 
Compared with abstaining, the hazard ratio was 
1.24 (95% CI, 0.79–1.95) for ex-regular drinking 
and 1.16 (95% CI, 0.89–1.52) for current-regular 
drinking. [Compared with continuing consump-
tion, the calculated hazard ratio for cessation was 
1.07 (95% CI, 0.63–1.81). The strengths and limita-
tions of this study are described in Section 2.2.1.]
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(b) Case–control studies

The association between cessation of alco-
holic beverage consumption and risk of breast 
cancer overall was assessed in nine case–control 
studies (Byers and Funch, 1982; Rosenberg et al., 
1982; Holmberg et al., 1995; Royo-Bordonada 
et al., 1997; Tung et al., 1999; Männistö et al., 
2000; Kawase et al., 2009; Zhang and Holman, 
2011; Qian et al., 2014). In a 10th case–control 
study, results were also reported by histology 
and hormone receptor status (Li et al., 2003). 
Among all 10 case–control studies, which were 
conducted from 1957 to 2013, data were collected 
from women in 13 countries (Supplementary 
Table  S2.30, web only; available from https://
publications.iarc.who.int/638; Table 2.31). There 
were no case–control studies of duration of 
cessation and risk of breast cancer.

The study of Rosenberg et al. (1982) was a 
hospital-based case–control study conducted 
from July 1976 to July 1980 in Canada, Israel, 
and the USA as part of a drug surveillance 
programme. The study enrolled 1152 cases of 
breast cancer and 2 control groups from the 
same hospitals as the cases (n  =  519 controls 
with other types of cancer, and n = 2702 controls 
without malignancies) among women aged 
30–69 years. Ex-drinking was associated with a 
higher risk of breast cancer compared with never 
drinking in analyses that used controls without 
malignancies (OR, 1.6; 95% CI, 1.1–2.4), but in 
analyses with other cancer patients as controls, 
the odds ratio for ex-drinking was 1.3 (95% CI, 
0.7–2.3). Compared with never drinking, current 
drinking ≥ 4 days per week was associated with a 
higher risk of breast cancer in the analyses with 
non-cancer controls (OR, 2.5; 95% CI, 1.9–3.4) 
and in the analysis with cancer controls (OR, 
2.0; 95% 1.3–2.0). [The calculated odds ratios for 
cessation compared with any amount of contin-
uing consumption were 0.79 (95% CI, 0.55–1.12) 
in the analysis with non-cancer controls and 0.67 
(95% CI, 0.40–1.15) in the analysis with cancer 

controls. The strengths of this study are that it 
was a multicountry study, that hospital-based 
controls with conditions thought to be unre-
lated to alcohol consumption were selected, and 
that the categories of drinking status were well 
defined. The limitation of this study is that the 
associations were not adjusted for the amount of 
alcohol consumed.]

Byers and Funch (1982) conducted a hospi-
tal-based case–control study in the USA from 
1957 to 1965 that included 1314 women with breast 
cancer and 770 women without breast cancer 
who were aged 30–69  years. Compared with 
never drinking, the odds ratio for alcohol cessa-
tion was 0.59 (P = 0.16) and for current consump-
tion of ≥ 26 drinks per month was 1.13 (P = 0.35). 
[Compared with any amount of continuing 
consumption, the calculated odds ratio for cessa-
tion was 0.53 (95% CI, 0.26–1.09). The strength of 
this study is that the alcohol consumption data 
were collected at hospital admission and before 
diagnosis in most cases. The limitations of this 
study are that there was limited information 
about selection of hospital-based controls and 
that the associations were adjusted for age only 
and not for the amount of alcohol consumed or 
other potential confounders.]

In a population-based case–control study 
nested within a screening programme in 
Sweden, cases and controls were selected from 
among women aged 40–74  years who received 
a screening mammogram from March 1987 
until December 1990 (Holmberg et al., 1995). 
Clinically or histologically confirmed cases of 
breast cancer (n  =  276) were identified at the 
first screening or a subsequent screening, or 
independently of the screening programme. 
The controls (n  =  452) were women who were 
found to not have breast cancer during the study 
period, and were frequency-matched to cases on 
month of diagnosis, age (± 5 years), and county 
of residence. Among women aged ≥  50  years, 
compared with never drinking, the relative risk 
for the category “stopped drinking” was 1.6 

https://publications.iarc.who.int/638
https://publications.iarc.who.int/638
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Table 2.31 Case–control studies of cessation of alcoholic beverage consumption and risk of female breast cancer

Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Rosenberg 
et al. (1982) 
Canada, 
Israel, and 
USA 
1976–1980

Women 
(n = 1152), 
aged 30–69 yr 
with clinical or 
pathologically 
confirmed 
breast cancer 
at hospital 
admission; 
admitted 
to hospitals 
participating 
in a drug 
surveillance 
programme; 6% 
of patients or 
their physicians 
refused 
interview

Hospital-based 
controls: 
Control 
group 1: 
cancer controls 
(n = 519) with 
endometrial or 
ovarian cancer 
Control 
group 2: non-
cancer controls 
(n = 2702) with 
other disorders; 
from the same 
hospitals as 
cases

Nurse-
administered 
questionnaire 
Drinking status: 
current was 
drinking alcoholic 
beverages in year 
before admission; 
ex was last 
drinking ≥ 1 yr 
before admission; 
never was having 
never consumed 
alcohol

Drinking status Geographical 
area of admit-
ting hospital, 
age, history of 
benign breast 
disease, late 
age at first 
pregnancy, 
late age at 
menopause, 
low parity, 
family history 
of breast 
cancer, socio-
economic 
status, religion, 
education, 
cigarette 
smoking, and 
prior biopsy

Selection of hospital-
based controls with 
conditions thought to 
be unrelated to alcohol 
consumption 
No adjustment for 
amount of alcohol 
consumed 
Participation rates not 
reported

vs cancer controls
Never 188 1.0 (ref)
Ex 71 1.3 (0.7–2.3)
Current
≥ 4 days/week 198 2.0 (1.3–2.0)
< 4 days/week 689 1.5 (1.1–2.1)
vs non-cancer controls
Never 188 1.0 (ref)
Ex 71 1.6 (1.1–2.4)
Current
≥ 4 days/week 198 2.5 (1.9–3.4)
< 4 days/week 689 1.9 (1.5–2.4)

Byers and 
Funch 
(1982) 
New York, 
USA 
1957–1965

Women 
(n = 1314) 
aged 30–69 yr 
with primary 
diagnosis of 
breast cancer; 
admitted to 
Roswell Park 
Memorial 
Institute

Hospital-
based controls 
(n = 770 
women), aged 
30–69 yr; non-
cancer patients 
with conditions 
not affecting 
the breast, 
reproductive 
sites, or 
gastrointestinal 
tract

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status    Age Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed or other 
potential confounding 
factors 
Participation rates not 
reported

Never 393 1.0 (ref)
Ex 17 0.59 (P = 0.16)
Current
< 3 drinks/month 247 1.11 (P = 0.45)
3–8 drinks/month 201 1.02 (P = 0.93)
9–25 drinks/month 140 1.09 (P = 0.62)
≥ 26 drinks/month 315 1.13 (P = 0.35)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Holmberg 
et al. (1995) 
Sweden 
1987–1990

Women 
(n = 276) aged 
40–74 yr with 
clinically or 
pathologically 
confirmed 
breast cancer; 
recruited in 
a screening 
cohort; cases 
identified 
through 
surveillance 
of pathology 
laboratories 
and registers at 
the screening 
centres

Population-
based controls 
(n = 452 
women) 
frequency-
matched on 
month of 
diagnosis of 
cases, age 
(± 5 yr), and 
county of 
residence; 
without breast 
cancer during 
the study period

Self-administered 
questionnaire 
Drinking status: 
never was no 
drinking before 
cancer diagnosis; 
stopped was no 
drinking for 
> 2 yr; current 
was drinking in 
the previous 2 yr

Drinking status Age > 50 yr Family 
history of 
breast cancer, 
parity, age 
at first birth, 
education 
level, and BMI

Results for women 
in the age < 50 yr 
subgroup not shown 
because few among the 
cases (n = 3) reported 
stopping drinking 
Results for all women 
combined not shown 
because the Working 
Group considered 
them unreliable 
because they were 
inconsistent with the 
age-stratified results 
No adjustment for 
amount of alcohol 
consumed

Never 56 1.0 (ref)
Stopped 20 1.6 (1.0–2.6)
Current 146 1.8 (1.2–2.8)

Table 2.31   (continued)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Royo-
Bordonada 
et al. 
(1997) 
Subset 
of the 
EURAMIC 
study 
The 
Nether-
lands, 
Northern 
Ireland 
(United 
Kingdom), 
and 
Switzer-
land 
1991–1992

Women 
(n = 213), 
aged 50–74 yr, 
postmeno-
pausal; 
breast cancer 
diagnosis 
(ICD-9 code 
174), histolo-
gically ductal, 
tumour size 
< 5 cm, axillary 
lymph node 
stage ≤ N3, and 
no metastases 
(M0); recruited 
from the 
surgical units 
of participating 
hospitals

Mixed hospital-
based (2 
centres) and 
population-
based (1 centre) 
controls 
(n = 239 
women), 
frequency-
matched on 
age (± 5 yr) and 
centre

Interviewer-
administered 
questionnaire 
Drinking status: 
no definitions 
were reported 
for categories of 
drinking status

Drinking status Age, centre, 
BMI, smoking, 
parity, age at 
menopause, 
age at 
menarche, 
HRT use, 
family history 
of breast 
cancer, history 
of benign 
breast disease, 
and age at first 
childbirth

Two countries in the 
EURAMIC study did 
not contribute to this 
analysis; for Germany, 
no data on past alcohol 
consumption, and for 
Spain, few cases (n = 3) 
and 0 controls in the 
ex-drinking category 
Participants with a 
history of drug or 
alcohol abuse, major 
psychiatric disorders, 
modified dietary 
pattern within past 
year, and weight loss 
> 5 kg were excluded 
No adjustment for 
amount of alcohol 
consumed 
Response rates were 
not reported for cases 
and controls

Never 44 1.0 (ref)
Ex 66 1.61 (0.90–2.90)
Current tertile 1 (all 

current 
n = 103)

0.87 (0.45–1.70)
Current tertile 2 0.90 (0.44–1.82)
Current tertile 3 0.99 (0.48–2.01)

Table 2.31   (continued)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Tung et al. 
(1999) 
Japan 
1990–1995

Women 
(n = 376; 
n = 190 
premeno-pausal 
and n = 182 
postmeno-
pausal; mean 
age, 51.6 yr) 
with incident 
breast cancer, 
admitted to 
OMCC

Hospital-
based controls 
(n = 430 
women; n = 119 
premenopau-
sal and n = 282 
postmenopau-
sal) admitted 
to OMCC 
during same 
time period as 
cases; without 
any cancer 
or changes 
in weight, 
nutritional 
status, or 
physical activity 
related to illness

Self-administered 
questionnaire 
Drinking status: 
current was 
consumption 
within 1 yr of 
diagnosis; ex 
was quit ≥ 1 yr 
before diagnosis; 
non was having 
consumed alcohol 
rarely or never

Drinking status All Smoking 
habits and age; 
collected other 
risk factor 
data, including 
age at first 
delivery, age 
at menopause, 
body weight, 
height, and age 
at menarche

No adjustment for 
amount of alcohol 
consumed 
Response rates were 
not reported, but 
cases were 46.5% 
of the total patients 
with breast cancer 
(incident or prevalent), 
and 23.5% of controls 
were excluded on the 
basis of underlying 
conditions leading 
to changes in weight, 
nutritional status, and 
physical activity

Non 233 1.0 (ref)
Ex 11 0.42 (0.19–0.95)
Current 130 0.86 (0.61–1.22)

Premenopausal
Non 100 1.0 (ref)
Ex 5 1.09 (0.22–5.36)
Current 85 0.73 (0.41–1.25)

Postmenopausal
Non 130 1.0 (ref)
Ex 6 0.43 (0.15–1.26)
Current 44 1.14 (0.68–1.88)

Männistö 
et al. 
(2000) 
Finland 
1990–1995

Women 
(n = 113 
premenopausal 
and n = 188 
postmeno-
pausal) aged 
25–75 yr, 
with clinical 
diagnosis of 
breast cancer 
at Kuopio 
University 
Hospital; 
response rate 
for cases not 
reported

Population-
based controls 
(n = 443 
women; n = 172 
premeno-pausal 
and n = 271 
postmeno-
pausal), 
matched on 
area of resi-
dence (rural or 
urban) and age 
(± 5 yr); with no 
other serious 
disease; over-all 
72% partici-
pation rate for 
controls

Self-administered 
questionnaire 
Drinking status: 
non-drinking 
was lifetime 
abstention; 
current and ex-
drinking were not 
defined

Premenopausal Age, area, age 
at menarche, 
age at first 
full-term 
pregnancy, 
oral contra-
ceptive use, 
HRT use, 
family history 
of breast 
cancer, history 
of benign 
breast disease, 
education 
level, smoking, 
physical 
activity, BMI, 
and waist-to-
hip ratio

No adjustment for 
amount of alcohol 
consumed

Non-drinking 29 1.0 (ref)
Ex 5 1.4 (0.3–6.2)
Current
1–12 g/week 23 0.8 (0.4–1.9)
13–36 g/week 25 0.9 (0.4–1.9)
> 36 g/week 31 1.0 (0.4–2.2)

Postmenopausal
Non-drinking 105 1.0 (ref)
Ex 8 0.6 (0.2–1.7)
Current
1–12 g/week 27 0.9 (0.5–1.6)
13–36 g/week 20 0.6 (0.3–1.2)
> 36 g/week 28 0.8 (0.4–1.6)

Table 2.31   (continued)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Li et al. 
(2003) 
USA 
1997–1999

Women 
(n = 975) aged 
65–79 yr with 
invasive ductal 
(n = 651) 
or lobular 
(n = 196) 
breast cancer 
(ICD-O codes 
8520, 8522); 
identified from 
the regional 
population-
based tumour 
registry; 80.6% 
of eligible cases 
participated

Population-
based controls 
(n = 1007), 
frequency-
matched; drawn 
from Health 
Care Financing 
Administration 
records; 73.8% 
of eligible 
individuals 
participated

Interviewer-
administered 
questionnaire 
Drinking status: 
never was < 12 
drinks and never 
≥ 1 drinks/month 
for ≥ 6 months 
during the past 
20 yr; former 
was consuming 
alcohol during 
the year before 
reference date and 
≥ 12 drinks and 
≥ 1 drinks/month 
for ≥ 6 months 
during the past 
20 yr; current 
was ≥ 12 drinks 
during the past 
20 yr, ≥ 1 drinks/
month for 
≥ 6 months during 
the past 20 yr, 
and consuming 
alcohol during 
the year before 
reference date

Drinking status Overall Age, first-
degree family 
history of 
breast cancer, 
and BMI

No adjustment for 
amount of alcohol 
consumed

Never 459 1.0 (ref)
Former 70 1.1 (0.8–1.7)
Current 438 1.3 (1.0–1.6)

Ductal
Never 319 1.0 (ref)
Former 43 1.0 (0.6–1.5)
Current 289 1.2 (1.0–1.5)

Lobular
Never 77 1.0 (ref)
Former 16 1.5 (0.8–2.8)
Current 102 1.8 (1.3–2.6)

ER+
Never 370 1.0 (ref)
Former 57 1.1 (0.8–1.7)
Current 362 1.3 (1.1–1.6)

ER−
Never 53 1.0 (ref)
Former 8 1.1 (0.5–2.5)
Current 45 1.1 (0.7–1.8)

PR+
Never 300 1.0 (ref)
Former 47 1.2 (0.8–1.8)
Current 301 1.4 (1.1–1.7)

PR−
Never 122 1.0 (ref)
Former 18 1.0 (0.6–1.8)
Current 104 1.1 (0.8–1.5)

Table 2.31   (continued)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Kawase 
et al. 
(2009) 
Japan 
2001–2005

Women 
(n = 456, 
mean age 
52.8 yr) with 
histologically 
confirmed 
breast cancer; 
diagnosed at 
ACCH

Hospital-
based controls 
(n = 912) 
randomly 
selected and 
matched on 
age (± 3 yr) and 
menopausal 
status (1:2 case–
control ratio)

Self-administered 
questionnaire 
Drinking status: 
never was not 
defined; former 
was quit ≥ 1 yr 
before the survey; 
current was 
drinking < 1 yr 
before the survey; 
current light 
was < 5 g/day, 
moderate was 
5–< 15 g/day, and 
heavy was ≥ 15 g/
day

Drinking status Matching 
factors plus 
smoking 
status, BMI, 
regular 
exercise, 
family history 
of breast 
cancer, age 
at menarche, 
parity, HRT 
use, and mode 
of referral to 
hospital

Limited information 
about selection 
of hospital-based 
controls 
Alcohol consumption 
data were collected 
before cancer 
diagnosis 
No adjustment for 
amount of alcohol 
consumed 
95% of women 
completed 
questionnaires; 
response rate not 
reported for cases and 
controls separately

Never 286 1.0 (ref)
Former 8 1.17 (0.48–2.83)
Current
Light 73 0.92 (0.67–1.26)
Moderate 50 0.95 (0.65–1.39)
Heavy 36 1.33 (0.84–2.11)

Zhang and 
Holman 
(2011) 
China 
2004–2005

Women 
(n = 1009) aged 
20–87 yr with 
histologically 
confirmed 
invasive ductal 
or in situ breast 
carcinoma; 
identified from 
4 teaching 
hospitals in 
Zhejiang; 98.8% 
participation 
rate

Hospital-based 
outpatient 
controls 
(n = 1009 
women) 
matched on 
outpatient 
clinic of case 
hospital and 
age (± 5 yr); 
response rate 
98.7%

Interviewer-
administered 
questionnaire 
Drinking status: 
reference period 
was 1 yr before 
diagnosis in cases 
or interview in 
controls; abstain, 
ex, and current 
drinking were not 
defined

Drinking status All Age, 
education, 
BMI, oral 
contraceptive 
use, HRT 
use, first-
degree family 
history of 
breast cancer, 
total energy 
intake, folate 
intake, tea 
drinking, and 
menopausal 
status

Limited information 
about selection 
of hospital-based 
controls 
No adjustment for 
amount of alcohol 
consumed

Abstain 660 1.0 (ref)
Ex 15 1.34 (0.56–3.22)
Current 334 0.63 (0.52–0.76)

Premenopausal
Abstain 416 1.0 (ref)
Ex 10 2.44 (0.71–8.39)
Current 246 0.66 

(0.53–0.84)
Postmenopausal

Abstain 224 1.0 (ref)
Ex 5 0.68 (0.17–2.67)
Current 88 0.55 (0.38–0.78)

Table 2.31   (continued)
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Reference 
Study 
location 
Period

Characteristics 
of cases

Characteristics 
of controls

Alcohol exposure 
assessment and 
definitions

Exposure 
categories

No. of 
cases

Odds ratio 
(95% CI)

Adjustment 
factors

Comments

Qian et al. 
(2014) 
Cameroon, 
Nigeria, 
and 
Uganda 
1998–2013

Women 
(n = 2138; 
mean age, 
47.5 yr; 54.5% 
premeno-
pausal); 
invasive 
breast cancer; 
response rate 
> 90%

Community 
and clinic 
controls 
(n = 2589; mean 
age, 43.1 yr; 
68.7% premeno-
pausal); selected 
from randomly 
approa-ched 
households in 
communities 
the cases 
came from or 
sampled from 
outpatient 
clinics; hospital 
and community 
controls were 
combined; 
response rate 
> 90%

Interviewer-
administered 
questionnaire 
Drinking 
status: alcohol 
consumption 
defined as 
consuming 
alcoholic 
beverages ≥ once 
per week for 
≥ 6 months; never, 
past, and current 
not further 
defined

Drinking status Total Age at 
diagnosis, 
ethnicity, 
education, age 
at menarche, 
number of live 
births, age 
at first birth, 
menopausal 
status, family 
history of 
breast cancer, 
benign breast 
disease, 
hormonal 
contraceptive 
use, BMI, 
height, and 
study sites

No adjustment for 
amount of alcohol 
consumed

Never 1730 1.0 (ref)
Past 193 1.54 (1.19–2.00)
Current 186 1.71 (1.30–2.23)

Nigeria
Never 1546 1.0 (ref)
Past 117 1.88 (1.33–2.67)
Current 68 1.70 (1.13–2.55)
                                     Cameroon
Never 
Past 
Current

94 
17 
80

1.0 (ref) 
1.00 (0.45–2.23) 
2.17 (1.28–3.69)

Uganda
Never 90 1.0 (ref)
Past 59 0.99 (0.57–1.75)
Current 38 1.01 (0.55–1.85)

ACCH, Aichi Cancer Center Hospital; BMI, body mass index; CI, confidence interval; ER, estrogen receptor; EURAMIC, European Study on Antioxidants, Myocardial Infarction and 
Cancer of the Breast; HRT, hormone replacement therapy; ICD, International Classification of Diseases; OMCC, Osaka Medical Center for Cancer and Cardiovascular Diseases; PR, 
progesterone receptor; ref, reference; yr, year or years.

Table 2.31   (continued)
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(95% CI, 1.0–2.6) and for current drinking was 
1.8 (95% CI, 1.2–2.8). [Compared with contin-
uing consumption, the calculated relative risk 
for cessation was 0.89 (95% CI, 0.55–1.45). The 
strengths of this study are that the controls came 
from the same screening population as the cases 
and that cessation was defined as having stopped 
>  2  years before measurement. The limitations 
of this study are that the associations were also 
reported for women aged <  50  years but there 
were few cases in the cessation category (n = 3), 
and therefore they are not shown here (similarly, 
the Working Group considered the results for all 
women combined to be unreliable, and therefore 
they are not shown here) and that the associa-
tions were not adjusted for the amount of alcohol 
consumed.]

Royo-Bordonada et al. (1997) conducted a 
mixed hospital-based and population-based 
case–control study in 1991–1992 that included 
postmenopausal women aged 50–74 years in three 
European countries or regions (the Netherlands, 
Northern Ireland [United Kingdom], and 
Switzerland). The study included 213 cases and 
239 controls frequency-matched to cases on 
5-year age intervals and centre. Compared with 
never drinking, the odds ratios were 1.61 (95% 
CI, 0.90–2.90) for ex-drinking and 0.99 (95% 
CI, 0.48–2.01) for the highest tertile of current 
drinking. [Compared with any amount of 
continuing consumption, the calculated odds 
ratio for cessation was 1.76 (95% CI, 0.86–3.57). 
The strength of this study is that it was multi-
centric. The limitations of this study are that the 
amount of current drinking and the proportion 
of current drinking and ex-drinking varied 
markedly across centres and that the associa-
tions were not adjusted for the amount of alcohol 
consumed.]

A hospital-based case–control study con- 
ducted in Japan included 376 cases of breast can- 
cer (mean age, 51.6  years) newly diagnosed in 
1990–1995. The controls (n  =  430; mean age, 
54.5  years) were women admitted during the 

same time period as the cases (Tung et al., 1999). 
Compared with non-drinking, ex-drinking was 
associated with a lower overall risk of breast 
cancer (OR, 0.42; 95% CI, 0.19–0.95), whereas 
the odds ratio for current drinking was 0.86 (95% 
CI, 0.61–1.22). In the analysis by menopausal 
status, the odds ratios for ex-drinking were 0.43 
(95% CI, 0.15–1.26) for postmenopausal breast 
cancer and 1.09 (95% CI, 0.22–5.36) for premen-
opausal breast cancer. [Compared with contin-
uing consumption, the calculated odds ratios 
for the association between cessation and risk of 
breast cancer were 0.49 (95% CI, 0.21–1.12) for 
breast cancer overall, 0.38 (95% CI, 0.12–1.16) 
for postmenopausal breast cancer, and 1.49 (95% 
CI, 0.30–7.47) for premenopausal breast cancer. 
The strength of this study is that the categories 
of drinking status were well defined. The limita-
tions of this study are that the analysis by meno-
pausal status had few cases in the ex-drinking 
category for both premenopausal women (n = 5) 
and postmenopausal women (n = 6) and that the 
associations were not adjusted for the amount of 
alcohol consumed.]

A population-based case–control study 
conducted in Finland (Männistö et al., 2000) 
included women aged 25–75  years who were 
referred to the hospital for a breast examina-
tion between October 1990 and December 1995, 
among whom 301 were diagnosed with breast 
cancer. The controls (n  =  443) were selected 
from the National Population Register and were 
individually matched with the cases on area of 
residence (rural or urban) and age (±  5  years). 
Compared with non-drinking, the odds ratios 
for ex-drinking were 1.4 (95% CI, 0.3–6.2) among 
premenopausal women and 0.6 (95% CI, 0.2–1.7) 
among postmenopausal women. The odds ratios 
for the groups with the highest amount of current 
drinking were 1.0 (95% CI, 0.4–2.2) among 
premenopausal women and 0.8 (95% CI, 0.4–1.6) 
among postmenopausal women. [Compared 
with any amount of continuing consumption, the 
calculated odds ratios for cessation were 1.59 (95% 
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CI, 0.38–6.70) for premenopausal breast cancer 
and 0.77 (95% CI, 0.26–2.29) for postmenopausal 
breast cancer. The strengths of this study are that 
it was population-based, that the associations 
were reported separately for premenopausal and 
postmenopausal breast cancer, and that alcohol 
consumption data for cases were collected before 
any diagnostic procedure. The limitations of this 
study are that the analysis by menopausal status 
had few cases in the ex-drinking category for 
both premenopausal women (n  =  5) and post-
menopausal women (n = 8), and that the associa-
tions were not adjusted for the amount of alcohol 
consumed.]

A population-based case–control study of 
postmenopausal women aged 65–79  years, was 
conducted within a large health-care system 
in the USA (Li et al., 2003). The cases (n = 975 
cases) were women newly diagnosed with breast 
cancer from April 1997 to May 1999. The controls 
(n = 1007) were women from the same geograph-
ical area, selected from Health Care Financing 
Administration records, who were frequen-
cy-matched to cases on age. The association 
between former drinking compared with never 
drinking and risk was reported for breast cancer 
overall (OR, 1.1; 95% CI, 0.8–1.7), by histology 
(OR, 1.0; 95% CI, 0.6–1.5 for ductal carcinoma 
and OR, 1.5; 95% CI, 0.8–2.8 for lobular carci-
noma), and by hormone receptor status (ER+ 
OR, 1.1; 95% CI, 0.8–1.7; ER− OR, 1.1; 95% CI, 
0.5–2.5; PR+ OR, 1.2; 95% CI, 0.8–1.8; PR− OR, 
1.0; 95% CI, 0.6–1.8). The odds ratio for current 
versus never drinking was 1.3 (95% CI, 1.0–1.6) 
for breast cancer overall. [The calculated odds 
ratios for cessation compared with continuing 
consumption were 0.85 (95% CI, 0.57–1.25) for 
breast cancer overall, 0.83 (95% CI, 0.53–1.31) 
for ductal carcinoma, 0.83 (95% CI, 0.43–1.61) 
for lobular carcinoma, 0.85 (95% CI, 0.58–1.23) 
for ER+ breast cancer, 1.0 (95% CI, 0.44–2.28) for 
ER− breast cancer, 0.86 (95% CI, 0.57–1.29) for 
PR+ breast cancer, and 0.91 (95% CI, 0.52–1.60) 
for PR− breast cancer. The strengths of this study 

are that it was population-based and that the 
associations were reported by histological and 
hormone receptor subtypes. The limitations of 
this study are that there were few ER− cases in 
the former-drinking category (n = 8) and that the 
associations were not adjusted for the amount of 
alcohol consumed.]

A second hospital-based case–control study 
conducted in Japan included 456 women (mean 
age, 52.8  years) with histologically confirmed 
breast cancer and 912 controls (2 controls per 
case) matched on age (± 3 years) and menopausal 
status (Kawase et al., 2009). Compared with never 
drinking, the odds ratio for former drinking was 
1.17 (95% CI, 0.48–2.83) and for current heavy 
drinking was 1.33 (95% CI, 0.84–2.11). [Compared 
with any amount of continuing consumption, 
the calculated odds ratio for cessation was 1.17 
(95% CI, 0.48–2.87). The strength of this study 
is that self-reported alcohol consumption data 
were collected before cancer diagnosis. The limi-
tations of this study are that there was limited 
information about selection of hospital-based 
controls, that there were few cases in the former-
drinking category (n = 8), and that the associa-
tions were not adjusted for the amount of alcohol 
consumed.]

A hospital-based case–control study 
conducted in China included 1009 cases, aged 
20–87 years, diagnosed with breast cancer 
between July 2004 and September 2005, and 
1009 outpatient controls from the same hospitals 
as the cases matched on age (± 5 years) (Zhang 
and Holman, 2011). Overall, compared with life-
time abstention, the odds ratio for ex-drinking 
was 1.34 (95% CI, 0.56–3.22) and for current 
drinking was 0.63 (95% CI, 0.52–0.76). The odds 
ratio for ex-drinking was 2.44 (95% CI, 0.71–8.39) 
for premenopausal breast cancer and 0.68 (95% 
CI, 0.17–2.67) for postmenopausal breast cancer. 
[The calculated odds ratio for cessation compared 
with continuing consumption was 2.13 (95% CI, 
0.88–5.12) for breast cancer overall, 3.70 (95% 
CI, 1.07–12.75) for premenopausal breast cancer, 
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and 1.24 (95% CI, 0.31–4.97) for postmeno-
pausal breast cancer. The strength of this study 
is that the associations were reported separately 
for premenopausal and postmenopausal breast 
cancer. The limitations of this study are that there 
was limited information about selection of hospi-
tal-based controls, that there were few women in 
the ex-drinking category among premenopausal 
controls (n = 4), postmenopausal cases (n = 5), 
and postmenopausal controls (n  =  6), and that 
the associations were not adjusted for the amount 
of alcohol consumed.]

A mixed population-based and hospital- 
based multicentre case–control study in 
Cameroon, Nigeria, and Uganda, conducted 
between March 1998 and July 2013, included 
2138 cases of breast cancer and 2589 controls 
aged ≥ 18 years (Qian et al., 2014). Overall, both 
past drinking (OR, 1.54; 95% CI, 1.19–2.00) and 
current drinking (OR, 1.71; 95% CI, 1.30–2.23) 
were associated with a higher risk of breast cancer 
compared with never drinking. In analyses strat-
ified by country, past drinking was not associated 
with risk of breast cancer in Cameroon (OR, 1.00; 
95% CI, 0.45–2.23) or in Uganda (OR, 0.99; 95% 
CI, 0.57–1.75), but it was associated with higher 
risk in Nigeria (OR, 1.88; 95% CI, 1.33–2.67). [The 
calculated odds ratios for cessation compared 
with continuing consumption were 0.90 (95% 
CI, 0.63–1.29) overall, 0.46 (95% CI, 0.20–1.08) in 
Cameroon, 0.98 (95% CI, 0.50–1.93) in Uganda, 
and 1.11 (95% CI, 0.65–1.87) in Nigeria. The 
strength of this study is that it included multiple 
countries in Africa. The limitations of this study 
are that population-based controls were available 
only for Nigeria and that the associations were not 
adjusted for the amount of alcohol consumed.]

(c) Meta-analyses

[Using a random-effects model and meta-an-
alytic techniques, the Working Group assessed 
the association between cessation of alcoholic 
beverage consumption compared with contin-
uing consumption and risk of breast cancer; 

the summary relative risks were 0.89 (95% CI, 
0.75–1.05) for 10 case–control studies, 0.96 (95% 
CI, 0.89–1.04) for 6 cohort studies of cancer inci-
dence (1 cohort study of cancer mortality was 
excluded), and 0.95 (95% CI, 0.88–1.01) for all 
studies combined (Fig. 2.1).]

2.2.9 Gene-by-environment interactions

Variants in three genes that encode alco-
hol-metabolizing enzymes (i.e. ADH1B, ADH1C, 
and ALDH2) play a role in alcohol-induced 
carcinogenesis in humans – particularly for 
cancers of the upper aerodigestive tract (for more 
details, please refer to IARC, 2012a). Moreover, 
these variants have synergistic effects with 
alcohol consumption. The Working Group iden-
tified three informative case–control studies that 
assessed the joint associations of variants and 
cessation of alcoholic beverage consumption with 
cancer risk; these included one study of oesoph-
ageal SCC (Yokoyama et al., 2002), one study 
of oral and pharyngeal cancer (Asakage et al., 
2007), and one study of breast cancer (Kawase 
et al., 2009). Relevant results of these studies are 
described in Table 2.32. All three studies assessed 
cessation but not alcohol reduction, and none of 
the studies discussed in Sections 2.2.1–2.2.8 that 
assessed reduction and cancer risk examined 
interactions with alcohol-metabolizing genes.

[There are key methodological considera-
tions among the three studies. First, none of the 
studies were specifically designed to assess effect 
modification of the association between alcohol 
cessation and cancer risk by genotype. Two of the 
three studies assessed cancer risk for all drinking 
and genotype strata compared with a single 
reference stratum of the lowest-risk genotype 
and continuing light consumption (Yokoyama 
et al., 2002) or never or rare to light consumption 
(Asakage et al., 2007). The third study assessed 
associations for three categories of continuing 
consumption and for cessation compared with 
abstention within strata of genotype (Kawase 
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Fig. 2.1 Meta-analysis of case–control studies, cohort studies, and all studies combined for the 
association between cessation of alcoholic beverage consumption compared with continuing 
consumption and risk of breast cancer

CI,	confidence	interval;	REML,	restricted	maximum	likelihood;	RR,	relative	risk.
Computed	by	the	Handbook 20A Working Group.
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Table 2.32 Interactions of alcohol-metabolizing gene polymorphisms and cessation of alcoholic beverage consumption and 
risk of cancer

Reference 
Study 
location 
Study type 
Outcome

Study description (cases, 
controls, exposure definition)

Gene 
Alcohol 
exposure 
strata

Genotype Comments

OR (95% CI) OR (95% CI) OR (95% CI)

Yokoyama 
et al. (2002) 
Japan 
Case–
control 
Oesophageal 
SCC

Men (n = 234) aged 40–79 yr 
diagnosed with oesophageal 
SCC within 3 yr before study 
registration (September 2000 
and December 2001) and 
treated at 1 of 4 hospitals in 
Kawasaki, Osaka, or Tokyo; 
99% participation rate 
Controls (n = 634 men) received 
annual health check-ups at 2 
Tokyo clinics from September 
2000 to December 2001; 86% 
participation rate 
Self-administered questionnaire 
Drinking status: current 
consumption was categorized 
as light (1–8.9 units/week), 
moderate (9–17.9 units/week), 
or heavy (≥ 18 units/week), 
where 1 unit = 22 g of ethanol

ADH1Ba *1/*2 + *2/*2 *1/*1 Not applicable 13 cases in ex-drinking category 
For ADH1B, in ex-drinking: 11 
cases with *1/*2 or *2/*2 genotype; 
2 cases with *1/*1 genotype 
For ADH1C, in ex-drinking: 12 
cases with *1/*2 or *2/*2 genotype; 
1 case with *1/*1 genotype 
For ALDH2, in ex-drinking: 0 
cases with *2/*2 genotype; 4 cases 
with *1/*1 genotype; 9 cases with 
*1/*2 genotype 
ORs adjusted for amount and 
duration of smoking, consumption 
of green–yellow vegetables, and age 
Significant linkage disequilibrium 
between ADH1B and ADH1C gene 
polymorphisms among controls 
(P < 0.0001) and cases (P < 0.0001)

Never/rare 0.21 (0.06–0.68) 4.25 (0.41–43.82) –
Light 1.0 (ref) 3.97 (1.01–15.63) –
Moderate 4.09 (2.25–7.42) 33.30 (11.14–99.50) –
Heavy 7.01 (3.77–13.04) 38.64 (13.27–112.55) –
Ex-drinking 5.73 (2.03–16.20) 19.63 (1.65–233.20) –
ADH1Cb *1/*1 *1/*2 + *2/*2 Not applicable
Never/rare 0.23 (0.08–0.68) [no cases] –
Light 1.0 (ref) 0.81 (0.17–3.99) –
Moderate 3.66 (2.04–6.55) 13.32 (5.28–33.63) –
Heavy 6.64 (3.66–12.05) 23.83 (7.67–74.06) –
Ex-drinking 8.44 (2.94–24.25) 1.01 (0.09–11.93) –
ALDH2c *1/*1 *1/*2 *2/*2
Never/rare [no cases] 0.75 (0.14–4.11) 1.44 (0.22–9.54)
Light 1.0 (ref) 5.82 (1.59–21.38) [no cases]
Moderate 5.58 (1.54–20.25) 55.84 (15.40–202.51) –
Heavy 10.38 (2.85–37.84) 88.88 (23.97–329.57) –
Ex-drinking 8.81 (1.53–50.76) 50.50 (9.18–277.95) –
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Table 2.32   (continued)

Reference 
Study 
location 
Study type 
Outcome

Study description (cases, 
controls, exposure definition)

Gene 
Alcohol 
exposure 
strata

Genotype Comments

OR (95% CI) OR (95% CI) OR (95% CI)

Asakage 
et al. (2007) 
Japan 
Case–
control 
Oral 
cavity and 
pharyngeal 
SCC

Men (n = 96) aged 40–79 yr 
with primary oral or 
pharyngeal SCC within 3 yr 
before study registration 
(September 2000 and December 
2003) and treated at 1 of 4 
hospitals in Kawasaki, Osaka, 
or Tokyo 
Controls (n = 642 men) received 
annual health check-ups at 2 
Tokyo clinics from September 
2000 to December 2001; 86% 
participation rate 
Self-administered questionnaire 
Drinking status: never or rare 
to current light was < 9 units/
week (1 unit = 22 g of ethanol); 
current moderate to heavy was 
≥ 9 units/week; ex-drinking was 
not defined

ADH1Ba *1/*2 + *2/*2 *1/*1 Not applicable ORs for hypopharynx and oral 
cavity/oropharynx also reported, 
but the CIs are very wide 
6 oral cavity/oropharyngeal cancer 
cases and 5 hypopharyngeal cancer 
cases in ex-drinking category 
For ADH1B, in ex-drinking: 9 
cases with *1/*2 or *2/*2 genotype; 
2 cases with *1/*1 genotype 
For ADH1C, in ex-drinking: 1 case 
with *1/*2 or *2/*2 genotype; 10 
cases with *1/*1 genotype
For ALDH2, in ex-drinking: 0 
cases with *2/*2 genotype; 4 cases 
with *1/*1 genotype; 7 cases with 
*1/*2 genotype 
ORs adjusted for strong 
alcoholic beverages, smoking, 
consumption of green–yellow 
vegetables, subcategory of alcohol 
consumption, and age 
Significant linkage disequilibrium 
between ADH1B and ADH1C gene 
polymorphisms among controls 
(P < 0.0001) and cases (P = 0.0002)

Never or rare 
to light

1.0 (ref) 1.00 (0.10–10.22) –

Moderate to 
heavy

4.75 (2.44–9.23) 26.40 (9.57–72.84) –

Ex-drinking 16.60 (5.21–52.94) 111.28 (8.23–> 999) –
ADH1Cb *1/*1 *1/*2 + *2/*2 Not applicable
Never or rare 
to light

1.0 (ref) 2.34 (0.58–9.48) –

Moderate to 
heavy

5.64 (2.82–11.31) 17.93 (6.43–50.00) –

Ex-drinking 35.89 (10.74–119.9) 4.81 (0.38–60.77) –
ALDH2c *1/*1 *1/*2 *2/*2
Never or rare 
to light

1.0 (ref) 0.56 (0.20–1.59) [no cases]

Moderate to 
heavy

2.29 (0.94–5.57) 8.26 (3.30–20.68) –

Ex-drinking 5.41 (1.09–26.75) 32.39 (6.83–153.70) –
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Table 2.32   (continued)

Reference 
Study 
location 
Study type 
Outcome

Study description (cases, 
controls, exposure definition)

Gene 
Alcohol 
exposure 
strata

Genotype Comments

OR (95% CI) OR (95% CI) OR (95% CI)

Kawase et al. 
(2009) 
Japan 
Case–
control 
Breast 
cancer

Women (n = 456, mean age 
52.8 yr) newly diagnosed with 
histologically confirmed breast 
cancer at ACCH from January 
2001 to June 2005 
Controls (n = 912) matched to 
cases (2:1) on age (± 3 yr) and 
menopausal status, randomly 
selected from ACCH 
Self-administered questionnaire 
Drinking status: never was 
self-reported; former was quit 
≥ 1 yr before the survey; light 
was < 5 g/day, moderate was 
5–< 15 g/day, and heavy was 
≥ 15 g/day

ADH1B *2/*2 *1/*2 *1/*1 8 cases in former drinking 
category 
For ADH1B, in former drinking: 0 
cases with *1/*1 genotype; 2 cases 
with *1/*2 genotype; 6 cases with 
*2/*2 genotype 
For ALDH2, in former drinking; 0 
cases with *2/*2 genotype; 3 cases 
with *2/*1 genotype; 5 cases with 
*1/*1 genotype 
Adjusted for age, menopausal 
status, alcohol consumption, 
smoking status (never, former, 
current < 20 pack-years, current 
≥ 20 pack-years), BMI, regular 
exercise, family history of breast 
cancer, age at menarche, parity, 
HRT use, and mode of referral to 
hospital

Never 1.0 (ref) 1.0 (ref) 1.0 (ref)
Former 1.78 (0.59–5.34) 0.91 (0.16–5.11) [no cases]
Light 0.93 (0.61–1.43) 0.85 (0.5–1.45) 0.82 (0.21–3.25)
Moderate 1.06 (0.66–1.72) 0.88 (0.45–1.71) 0.59 (0.09–3.93)
Heavy 1.61 (0.85–3.02) 1.12 (0.52–2.4) 1.7 (0.16–17.69)
Ptrend 0.418 0.832 0.887
ALDH2 *1/*1 *1/*2 *2/*2
Never 1.0 (ref) 1.0 (ref) [no cases]
Former 1.03 (0.34–3.16) 1.94 (0.4–9.27) –
Light 0.88 (0.57–1.36) 0.97 (0.57–1.67) –
Moderate 0.98 (0.61–1.59) 0.85 (0.41–1.76) –
Heavy 1.21 (0.7–2.11) 1.82 (0.52–6.36) –
Ptrend 0.887 0.892 –

ACCH, Aichi Cancer Center Hospital; BMI, body mass index; CI, confidence interval; HRT, hormone replacement therapy; OR, odds ratio; ref, reference; SCC, squamous cell carcinoma; 
yr, year or years.
a ADH1B allele *1 = slow and *2 = rapid; ADH1B*1/*1 high-risk genotype; ADH1B referred to by previous name (ADH2) in Yokoyama et al. (2002).
b ADH1C allele *1 = rapid and *2 = slow; ADH1C*1/*1 high-risk genotype; ADH1C referred to by previous name (ADH3) in Yokoyama et al. (2002).
c ALDH2 allele *1 = active and *2 = null; ALDH2*1/*2 high-risk genotype.
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et al., 2009). Second, the estimates of cessation 
were not directly compared with categories of 
continuing consumption. Given the very small 
numbers of cases in each alcohol cessation/geno-
type stratum, the Working Group did not recal-
culate associations to compare cessation with 
continuing consumption. Third, overall, none of 
the three studies had a sufficient number of cases 
in the alcohol-cessation stratum (range, 8–13) to 
provide reliable estimates for an association with 
cancer risk. When further stratified by genotype 
status, the number of cases within each alcohol 
cessation/genotype stratum was even smaller 
(range, 0–11). Because of the limited sample size 
and the need to adjust for potential confounding 
variables, odds ratios resulting from multivari-
able regression were imprecise. Finally, there was 
no control for the amount of alcohol consumed, 
which could confound associations.]
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3.1 Overview of the mechanisms of 
alcohol-induced carcinogenesis 
among humans

3.1.1 Absorption, distribution, and 
metabolism of ethanol

After a sip of an alcoholic beverage, ethanol 
is rapidly absorbed from the upper aerodigestive 
tract. Within 30  minutes of consumption, it is 
evenly distributed to the aqueous phase of the 
human body, including the saliva, sweat, gastric 
juices, colonic contents, blood, and urine. The 
bulk of ethanol elimination (~90%) takes place 
in the liver, where it is oxidized mainly by alcohol 
dehydrogenase (ADH) enzymes to acetaldehyde 
(Cederbaum, 2012; IARC, 2012). Oxidation of 
acetaldehyde to acetate by hepatic aldehyde 
dehydrogenase (ALDH) enzymes is so effective 
that among individuals with the active ALDH2 
enzyme variant, acetaldehyde cannot be detected 
in the peripheral venous blood (DeMaster 
et al., 1983; Lindros, 1983). However, signifi-
cantly elevated acetaldehyde concentrations may 
be detectable in the hepatic venous blood after 
alcohol ingestion, especially among individuals 
with alcohol use disorder (AUD) (DeMaster et al., 
1983; Nuutinen et al., 1984). Acetate is oxidized 
in the peripheral tissues to carbon dioxide and 
water.

At high ethanol concentrations (>  10  mM), 
some ethanol is metabolized in the liver to acet-
aldehyde by the cytochrome P450-dependent 
ethanol-oxidizing system (cytochrome P450 
2E1 [CYP2E1]) (Lieber, 1999; Cederbaum, 2012). 
Hepatic catalase is an insignificant (~2%) pathway 
for ethanol oxidation, as is excretion of un- 
changed ethanol in breath, sweat, or urine. 
Many microorganisms in the gastrointestinal 
tract can metabolize ethanol. In the oral cavity, 
oropharynx, and oesophagus, oxidation of 
ethanol is essentially mediated by the respective 
microbiomes, which may lead to high exposure 
of the local mucosa to acetaldehyde (Fig.  3.1). 
In addition, up to 10% of ingested ethanol is 
oxidized in the large intestine by the bacterioco-
lonic pathway (Salaspuro, 2003).

Chronic alcohol consumption increases the 
rate of ethanol elimination in both experimental 
animals and humans by attenuating the etha-
nol-induced change in the hepatic ratio of nico-
tinamide adenine dinucleotide, reduced form 
(NADH) to NAD and inducing the microsomal 
ethanol-oxidizing system CYP2E1 (Salaspuro 
and Kesänimi, 1973; Salaspuro et al., 1981; Lieber, 
1999). The ethanol-induced CYP2E1 fades away 
within 8–15  days after the cessation of alcohol 
consumption (Oneta et al., 2002). The speed of 
ethanol-induced changes in the hepatic NADH/
NAD ratio after cessation of or reduction in 
alcohol consumption is unknown.

3. MECHANISTIC DATA
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(a) Genetic polymorphisms

Several gene polymorphisms in the alcohol 
metabolic pathway modify the amount of ethanol 
or acetaldehyde to which an organ is exposed 
when an individual consumes alcohol. Genetic 
susceptibility has been demonstrated for ADH, 
polymorphic at the ADH1B and ADH1C loci, 
and for polymorphic variants of the gene that 
encodes mitochondrial ALDH2.

(i) ADH1B
ADH1B has three variants: ADH1B*1, ADH1B*2, 

and ADH1B*3. ADH1B*1 is the most common 
allele among individuals of European ancestry, 
whereas ADH1B*2 is frequent among individuals 

of East Asian ancestry (Eng et al., 2007; Li 
et al., 2007; Edenberg and McClintick, 2018). 
ADH1B*3 is mainly found among individuals 
of African ancestry (McCarthy et al., 2010). The 
ADH1B*2 gene encodes the ADH1B2 enzyme, 
which has a 40-fold higher in vitro activity than 
the ADH1B1 enzyme encoded by ADH1B*1 
(Yin et al., 1984). Individuals with the ADH1B*2 
alleles are more likely to abstain from alcohol or 
to consume less alcohol and have a reduced risk 
of developing AUD, although the exact mecha-
nism of action is still unknown. Studies among 
individuals without AUD have failed to demon-
strate any effects of the ADH1B genotype on the 
rate of ethanol elimination, blood acetaldehyde 

Fig. 3.1 Major role of local acetaldehyde in alcohol-induced carcinogenesis

Ethanol

↑Acetaldehyde
in saliva, mucosal linings, 

colonic contents

Oral cavity and pharynx Oesophagus ColonLarynx* Breast Liver

Cirrhosis

Acetaldehyde in tobacco smoke

Ethanol and tobacco smoke
Changes in upper GI tract microbiome

Poor oral hygiene 
Changes in upper GI tract microbiome

Microbial
ADHs

Genetic variants
ADH1C*1
ADH1B*1
ALDH2*2

Ethanol or acetaldehyde present in 
fermented or cooked foods

Free acetaldehyde in alcoholic beverages

Genotoxicity

Cancer

Direct and systemic  distribution Systemic distribution
Systemic 

distribution

The red boxes indicate organs known to be exposed to high local acetaldehyde concentrations via saliva or colon contents. The red arrows 
indicate well-described mechanisms. The dotted red arrow indicates other mechanisms of carcinogenesis. The yellow boxes indicate additional 
factors that can increase local concentrations of acetaldehyde or duration of acetaldehyde exposure. The grey boxes indicate organs in which 
local levels of acetaldehyde are unlikely to be high. The dashed grey arrows indicate mechanisms of carcinogenesis that are currently unknown 
or hypothetical.
ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; GI, gastrointestinal.
* The magnitude of laryngeal exposure to acetaldehyde via saliva is unknown.
Prepared by the Working Group.
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concentrations, or psychological responses to 
ethanol (Mizoi et al., 1994; Peng and Yin, 2009; 
Chen et al., 2021); however, among individuals 
with ADH1B*2 who develop AUD, the rate of 
ethanol elimination is greater than that among 
individuals with ADH1B*1 who develop AUD 
(Yokoyama et al., 2016). Therefore, individuals 
with an ADH1B*1 genotype have a compara-
tively higher risk of alcohol dependence and of 
alcohol-related upper aerodigestive tract cancer 
(Thomasson et al., 1991; Higuchi et al., 1996, 
2004; Yang et al., 2010; Guo et al., 2012).

(ii) ADH1C
The ADH1C*1 allele encodes a hepatic ADH 

enzyme that metabolizes ethanol 2.5  times as 
fast in vitro as the ADH enzyme encoded by the 
ADH1C*2 allele (Bosron and Li, 1986). However, 
the rate of ethanol elimination is not correspond-
ingly increased, because it presumably is limited 
in the liver by the reoxidation rate of NADH 
(Cederbaum, 2012).

(iii) ALDH2
A single point mutation in the ALDH2*1 gene 

results in the replacement of glutamate at position 
487 with lysine in the ALDH2 subunit protein, 
which is expressed predominantly in the liver 
(Yoshida et al., 1984). This ALDH2*2 allele causes 
dominantly inherited ALDH2 enzyme deficiency, 
with zero in vitro activity among individuals who 
are homozygous for the allele and ~17% activity 
among individuals who are heterozygous for the 
allele (Lai et al., 2014). This allele is limited to 
individuals of East Asian ancestry.

Among individuals who are carriers of the 
ALDH2*2 allele, consuming alcohol results in 
facial flushing, tachycardia, palpitation, and 
dose-dependent increases in blood acetaldehyde 
concentrations. These individuals are more likely 
to abstain from alcohol or to consume less alcohol 
and are less likely to develop AUD or alcohol-re-
lated health problems, especially if they are 
homozygous for this allele (Harada et al., 1983; 

Crabb et al., 1989; Higuchi et al., 1996; Peng et al., 
1999; Koyanagi et al., 2020; Chen et al., 2021).

3.1.2 Local exposure of target organs to 
acetaldehyde

Exposure to high concentrations of acetalde-
hyde, a potent genotoxic metabolite of ethanol, is 
a major determinant of alcohol-related carcino-
genesis, at least in the upper aerodigestive tract 
(Fig. 3.1; see Section 3.1.3). Exposure to acetalde-
hyde is markedly enhanced by genetic polymor-
phism of the genes that encode the ADH and 
ALDH2 enzymes; additional sources of exposure 
include acetaldehyde in tobacco smoke, ethanol 
or acetaldehyde present in fermented or cooked 
food, acetaldehyde present in alcoholic bever-
ages, and changes in the oral microbiome induced 
by chronic smoking, chronic heavy alcohol 
consumption, or poor oral hygiene (Fig.  3.1; 
Salaspuro, 2017, 2020; Nieminen and Salaspuro, 
2018). Sections (a)–(f) below review the avail-
able evidence on the role of local acetaldehyde 
in the development of cancer at those sites that 
have been identified as being linked to alcohol 
consumption, i.e. oral cavity, pharynx, larynx, 
oesophagus, colorectum, liver, and breast.

(a) Oral cavity and pharynx

The oral microbiome, present in the oral 
cavity and pharynx, contains many bacteria 
and yeasts that can effectively oxidize ethanol to 
acetaldehyde both in vitro and in vivo (Homann 
et al., 1997; Tillonen et al., 1999a; Muto et al., 
2000; Kurkivuori et al., 2007; Uittamo et al., 2009; 
Nieminen et al., 2009; Moritani et al., 2015). This 
microbiome includes a variety of ADH enzymes 
with different activities and variations in their 
Michaelis constant (KM) values; in vitro salivary 
formation of acetaldehyde has been shown to 
vary over a 30-fold range, depending on an indi-
vidual’s oral microbiome (Yokoyama et al., 2018). 
Acetaldehyde accumulates in the saliva because 
of the very low ALDH activity in both the oral 
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mucosa and the oral microbiome (Dong et al., 
1996; Pavlova et al., 2013).

High salivary acetaldehyde concentrations 
produce dose-dependent acetaldehyde–DNA ad- 
ducts in the oral mucosa of humans and rhesus 
monkeys (Balbo et al., 2012, 2016; Guidolin et al., 
2021). [On the basis of the results from Homann 
et al. (1997), Väkeväinen et al. (2000), Salaspuro 
and Salaspuro (2004), and Balbo et al. (2012), the 
Working Group estimated that salivary acetalde-
hyde concentrations as low as 10 µM can lead to 
acetaldehyde–DNA adducts in the oral mucosa.] 
A positive linear correlation (r = 0.86) has been 
demonstrated between local exposure to acetal-
dehyde via the saliva and the risk of oropharyn-
geal cancer (Salaspuro and Lachenmeier, 2020).

Acetaldehyde production in the saliva after a 
sip of an alcoholic beverage can be described as 
an instant phase and a long-term phase, as shown 
in a schematic representation in Fig. 3.2.

(i) Instant phase of acetaldehyde formation  
in saliva

In the absence of alcohol consumption or 
exposure to tobacco smoke, endogenous sali-
vary acetaldehyde concentrations are <  1  µM 
(Fig. 3.2). After each sip of 5 mL of 40% alcohol 
(v/v), ethanol remains in the saliva, gradually 
decreasing in concentration from ~800  mM at 
30  seconds to 6 mM at 15 minutes (Helminen 
et al., 2013). The instant phase of microbial 
acetaldehyde formation starts immediately, and 
the concentration peaks at ~260  µM within 
2  minutes. The instant phase (mean concen-
tration, ~150  µM) lasts for ~10  minutes and 
represents ~70% of the total acetaldehyde expo-
sure of the oropharynx. Acetaldehyde remains 
detectable in the saliva for up to 20  minutes 
after a single ethanol exposure (Nieminen and 
Salaspuro, 2018) (Fig. 3.2).

The strong positive correlation between 
ethanol and acetaldehyde concentrations in the 
saliva (Homann et al., 1997; Linderborg et al., 
2011; Helminen et al., 2013; Tagaino et al., 2021) 

may explain the higher risk of head and neck 
cancer among individuals who consume liquor 
than among individuals who consume beer 
(Huang et al., 2017).

Alcoholic beverages may contain free acetal- 
dehyde as a contaminant (see also Section 1.1.2). 
Ingestion of alcoholic beverages with high con- 
centrations of free acetaldehyde (474–15 197 µM) 
has been found to result in a transitory peak 
in salivary acetaldehyde concentration up to 
> 1000 µM, which lasts for 1–2 minutes (Yoko-
yama et al., 2008; Lachenmeier and Monakhova, 
2011; Linderborg et al., 2011).

(ii) Long-term phase of acetaldehyde 
formation in saliva

Long-term salivary acetaldehyde is derived 
from the ethanol that diffuses back to the saliva 
from the blood after systemic distribution. The 
long-term phase of acetaldehyde formation 
lasts for as long as ethanol stays in the human 
body and therefore depends on the total dose of 
alcohol consumed. During this phase, the mean 
salivary acetaldehyde concentration among indi-
viduals with the active ALDH2 enzyme variant 
is ~25 µM (Fig. 3.2; Lachenmeier and Salaspuro, 
2017).

Daily exposure of the mucosa to acetalde-
hyde among individuals with moderate alcohol 
consumption (defined as 3 doses of alcohol per 
day) is proportionately less than exposure among 
individuals with heavy alcohol consumption 
(defined as 7 doses of alcohol per day), because 
individuals with moderate alcohol consumption 
take fewer sips of alcohol (hence, fewer instant 
phases of acetaldehyde formation) and ethanol is 
present in their bloodstream for a shorter period 
of time (hence, shorter long-term phases of acet-
aldehyde formation) (Nieminen and Salaspuro, 
2018).
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(iii) Effects of ADH and ALDH2 gene 
polymorphisms

Ethanol elimination is faster among indi-
viduals with the high-activity ADH1B*2 allele 
than among individuals with the low-activity 
ADH1B*1 genotype. As a result, individuals with 
the low-activity ADH1B*1 genotype are exposed 
to higher salivary acetaldehyde concentrations 
for longer periods of time (Yokoyama et al., 
2016), and these individuals have a higher risk of 
squamous cell carcinomas of the upper aerodi-
gestive tract cancer compared with individuals 
with the high-activity ADH1B enzyme (Higuchi 

et al., 2004; Yang et al., 2010; Ji et al., 2011; Chang 
et al., 2012; Guo et al., 2012).

Although the ADH1C*1 allele is not asso-
ciated with faster alcohol elimination (see 
Section 3.1.1(a)(ii)), individuals who are homozy-
gous for the ADH1C*1 allele have significantly 
higher concentrations of acetaldehyde in their 
saliva in the presence of ethanol compared with 
individuals who are heterozygous or homozygous 
for the ADH1C*2 allele (Visapää et al., 2004). As 
a result, individuals who are homozygous for 
ADH1C*1 and have heavy alcohol consumption 
have a significantly higher risk of head and neck 
cancer compared with individuals with other 

Fig. 3.2 Schematic representation of acetaldehyde concentrations in the saliva after a dose of 
alcohol
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In the absence of alcohol intake or tobacco smoking, salivary acetaldehyde concentrations are < 1 μM.
In the instant phase, after a sip of 40% alcohol (5 mL kept in the mouth for 5 seconds), ethanol is distributes rapidly to the aqueous phase of the 
oral cavity and remains there at high concentrations for up to 20 minutes. Simultaneously, microbial production of acetaldehyde from ethanol 
occurs, reaching high concentrations (with a peak at ~260 μM) and lasting for 15–20 minutes. The ALDH2 genotype has no effect on this phase.
In the long-term phase, alcohol is distributed evenly to the water phase of the body, including saliva, within 30 minutes after its ingestion. 
Among individuals with the active ALDH2 enzyme variant, this results in average acetaldehyde concentrations of ~25 μM, whereas among 
individuals with the ALDH2 variant with reduced activity, Acetaldehyde concentrations are twice as high (mean, ~53 μM). The long-term phase 
lasts as long as ethanol is present in the body and depends on the total amount of alcohol ingested.
The light blue represents the acetaldehyde produced by the microbial oxidation of ethanol; the dark blue represents excess acetaldehyde derived 
from salivary glands.
ALDH, aldehyde dehydrogenase.
Reproduced from Salaspuro (2020). Copyright © 2020 Karger Publishers, Basel, Switzerland.
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genotypes (Visapää et al., 2004; Homann et al., 
2006).

Among individuals with reduced ALDH2 
activity (individuals who are heterozygous for 
ALDH2*2), the mean salivary acetaldehyde 
concentration during the long-term phase of 
ethanol-derived acetaldehyde formation is 
2.1 times that among individuals with active 
ALDH2 (Väkeväinen et al., 2000; Yokoyama 
et al., 2008). These individuals are unable to effi-
ciently eliminate the excess acetaldehyde formed 
in their salivary glands (Väkeväinen et al., 2001). 
Among individuals with heavy alcohol consump-
tion, the excess acetaldehyde exposure associated 
with the reduced ALDH2 activity has been asso-
ciated with a 7-fold higher risk of head and neck 
cancer (Lachenmeier and Salaspuro, 2017).

Individuals who are heterozygous for 
ALDH2*2 provide a good human cancer model 
for local acetaldehyde exposure, underscoring 
the positive correlation between the risk of alco-
hol-related upper aerodigestive tract cancer and 
the elevated acetaldehyde exposure via saliva 
during the long-term phase of acetaldehyde 
formation from systemic distribution of ethanol. 
It should be noted that the ALDH2 genotype has 
no effect on salivary acetaldehyde concentrations 
if ethanol is not present in the systemic circula-
tion (Helminen et al., 2013). Consequently, the 
low concentrations of alcohol that are present in 
many “non-alcoholic” beverages and foods do 
not result in greater local acetaldehyde exposure 
in the upper aerodigestive tracts of individuals 
who are deficient in ALDH2 than in those of 
individuals with active ALDH2. This provides 
a logical explanation for the absence of associ-
ations between ALDH2 genotype and cancer 
among individuals who do not consume alcohol 
(Wu et al., 2014; Im et al., 2022).

(iv) Tobacco and poor oral hygiene
Alcohol consumption, tobacco use, and poor 

oral hygiene are synergistic risk factors for head 
and neck cancer (Hashibe et al., 2009; IARC, 

2012; Hsiao et al., 2018). Chronic smoking, heavy 
alcohol consumption, and poor oral hygiene 
modify the oral microbiome, which results in 
enhanced local acetaldehyde exposure from 
ethanol (Fig. 3.1). How quickly the upper aerodi-
gestive tract microbiome may return to normal 
after cessation of heavy alcohol consumption 
and/or smoking is currently unknown. For 
more details about the mechanistic interactions 
between tobacco smoking and alcohol consump-
tion, see Section 3.1.4.

(b) Larynx

The risk of alcohol-related laryngeal cancer 
has been shown to be highest among individuals 
with the low-activity ADH1B*1 genotype and 
slow or non-functional ALDH2 genotypes, which 
leads to exposure of the upper aerodigestive tract 
mucosa to elevated local acetaldehyde concentra-
tions for extended periods of time (Huang et al., 
2017). However, no data exist about local acetal-
dehyde concentrations in the larynx after alcohol 
consumption.

(c) Oesophagus

Consumption of alcoholic beverages is caus-
ally related to squamous cell carcinoma of the 
oesophagus; there is no or little association with 
adenocarcinoma of the oesophagus (IARC, 2010). 
The ADH activity of the oesophageal mucosa is 
7–12 times that of the oropharyngeal mucosa (Yin 
et al., 1993; Dong et al., 1996). Individuals who 
are homozygous for the highly active ADH1C*1 
allele and have heavy alcohol consumption have 
a significantly higher risk of oesophageal squa-
mous cell carcinoma compared with individuals 
with other ADH1C genotypes (Visapää et al., 
2004; Homann et al., 2006). In addition, ALDH 
activity in the oesophageal mucosa is 1/35th of 
that in the liver (Yin et al., 1993; Yao et al., 1997). 
ALDH2 deficiency markedly increases the risk 
of oesophageal squamous cell carcinoma in a 
dose-dependent manner among individuals with 
heavy alcohol consumption (Yang et al., 2010). 
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Furthermore, CYP2E1 is induced in the oesoph-
ageal mucosa by alcohol consumption (Millonig 
et al., 2011). These data are consistent with a role 
for increased local exposure to acetaldehyde in 
the genesis of oesophageal cancer; however, the 
concentrations of ethanol and acetaldehyde in 
the oesophagus after alcohol consumption are 
unknown.

(d) Colorectum

Both the mucosal and microbial oxida-
tion of ethanol to acetaldehyde provide poten-
tial mechanisms for ethanol-related colorectal 
carcinogenesis.

(i) Bacteriocolonic oxidation of ethanol
The human colon can be inhabited by > 400 

species of bacteria and ~1014 individual bacteria 
(Luckey, 1977; Maier et al., 2014; Sender et al., 
2016). The characteristics of these bacteria and 
their living environment determine their func-
tions in ethanol and acetaldehyde metabolism 
(Fig. 3.3; Salaspuro, 2003). The ADH activity of 
colonic bacteria varies greatly, as do their KM 
values, which range from 0.06 mM to 29.9 mM 
(Jokelainen et al., 1996a; Nosova et al., 1997). In 
anaerobic conditions, anaerobic and facultative 
anaerobic bacteria that have the ADH enzyme 
produce endogenous ethanol from glucose. In the 
aerobic or microaerobic conditions that prevail 
close to mucosal surfaces, the bacteria produce 
acetaldehyde from endogenous or exogenous 
ethanol (Salaspuro et al., 1999).

The human colonic microbiome also has 
catalase activity, which probably is of bacte-
rial origin (anaerobic and facultative anaerobic 
bacteria) and suggests that acetaldehyde also 
can be produced by catalase from intracolonic 
ethanol (Tillonen et al., 1998).

The colonic mucosal and bacterial ALDH 
enzymes have a limited capacity to eliminate 
acetaldehyde. As a result, acetaldehyde accu-
mulates in the colon at ethanol concentrations 
known to be present in the large intestine after 

normal alcohol consumption (Yin et al., 1994; 
Koivisto and Salaspuro, 1996; Nosova et al., 
1996, 1998).

Alcohol administration results in signif-
icantly elevated acetaldehyde concentrations 
in the colonic mucosa of naive rats compared 
with germ-free animals (Seitz et al., 1990). In 
piglets, intracolonic acetaldehyde concentrations 
increased linearly (peak, 271 µM; r = 0.85) with 
increasing intracolonic ethanol levels (Jokelainen 
et al., 1996b). In rats, mean intracolonic acetal-
dehyde concentrations were 387 ± 185 µM after 
alcohol administration (intracolonic ethanol 
concentration, 28  ±  5  mM) (Homann et al., 
2000b). Inhibition of ALDH2 in rats provokes 
a marked increase in intracolonic acetaldehyde 
concentration (8-fold increase vs blood concen-
trations) after an alcohol challenge (Visapää et al., 
2002). [This supports the role of colonic mucosal 
ALDH2 in the regulation of intracolonic acetal-
dehyde levels.]

Reducing the colonic aerobic bacteria lowers 
the rate of ethanol elimination by ~9% in both 
rats and humans (Jokelainen et al., 1997; Nosova 
et al., 1999; Tillonen et al., 1999b). In rats, this 
results in almost total inhibition of the etha-
nol-induced increase in intracolonic acetalde-
hyde levels (Visapää et al., 1998). In contrast, 
reducing the colonic anaerobic bacteria induced 
a 5-fold increase in intracolonic acetaldehyde 
levels (Tillonen et al., 2000).

(ii) Genetic polymorphism
Human colonic mucosa expresses the ADH 

and ALDH enzymes (Yin et al., 1994; Seitz 
et al., 1996), and polymorphisms in these genes 
affect ethanol oxidation and elimination. ADH 
enzyme activity in rectal mucosa is 87% higher 
among individuals who are homozygous for 
ADH1C*1 compared with individuals who are 
heterozygous (ADH1C*1/*2 genotype); also, the 
activity of low-KM enzymes (largely ALDH2) is 
33% higher among individuals with the active 
ALDH2 phenotype than among individuals 
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with the low-activity ALDH2 phenotype (Chiang 
et al., 2012). Individuals with heavy alcohol 
consumption who are deficient in ALDH2 have 
a risk of colorectal cancer that is 3.4 times that 
among individuals with the active ALDH2 
enzyme (Yokoyama et al., 1998; Murata et al., 
1999; Matsuo et al., 2002). Also, the highly active 
ADH1C*1/*1 genotype is more common (odds 
ratio, 1.67) in patients with colorectal neoplasia 
who have heavy alcohol consumption than in 
cancer-free controls (Homann et al., 2009). These 
observations support a causal role for acetalde-
hyde in alcohol-related colorectal carcinogenesis.

(e) Liver

Chronic alcohol consumption is a risk factor 
for hepatocellular carcinoma (HCC), which is 
associated mainly with cirrhosis of the liver  
(IARC, 2012). Several studies have reported 
higher ALDH2*1 allele frequency among 

individuals of Asian ancestry who have alco-
hol-related cirrhosis compared with healthy 
controls, suggesting that the inactive ALDH2*2 
allele does not predispose individuals with heavy 
alcohol consumption to HCC (Wang et al., 2020). 
Studies of the polymorphisms of ALDH2 and 
CYP2E1 indicate that acetaldehyde plays an insig-
nificant role in hepatocellular carcinogenesis 
(Zhou et al., 2012; Chen et al., 2020). However, 
among individuals with hepatitis B virus-related 
cirrhosis and heavy alcohol consumption, those 
with the ALDH2*2 allele have a significantly 
higher risk of HCC compared with individuals 
with the fully active ALDH2*1 phenotype (Tsai 
et al., 2022).

In addition to promoting cirrhosis, alcohol 
probably increases the risk of HCC by mech-
anisms that are not mediated by local levels of 
acetaldehyde (Fig. 3.4; Section 3.1.3).

Fig. 3.3 Schematic representation of microbial production of acetaldehyde in the intestine
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The characteristics of the microbiome and its living environment determine its functions regarding ethanol and acetaldehyde metabolism. Many 
bacteria and yeasts present in the normal intestinal microbiome contain alcohol dehydrogenase (ADH) enzymes with a variety of different values 
of the maximum velocity (Vmax) and the Michaelis constant (KM). Under anaerobic conditions, anaerobic and facultative anaerobic bacteria 
ferment glucose via pyruvate and acetaldehyde to ethanol. The second part of the reaction is catalysed by reversible ADH enzyme. Under the 
aerobic and microaerobic conditions that prevail in the mucosal surfaces, ethanol (endogenous or exogenous) is oxidized to acetaldehyde. 
The capacity of the microbiome and the mucosa to eliminate acetaldehyde is limited, which may lead to accumulation of acetaldehyde in the 
gastrointestinal tract.
Courtesy of Ville Salaspuro.
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(f) Breast

Although breast cancer is one of the most 
prevalent alcohol-related cancers, mechanisms 
of ethanol-induced breast cancer are hypo-
thetical and largely unclear (Seitz et al., 2012; 
Castro and Castro, 2014; Ugai et al., 2019; Park 
et al., 2020; Mori et al., 2023). Human mammary 
tissue contains a class of ADH that has a limited 
potential to transform ethanol to acetaldehyde 
(Triano et al., 2003). There is no evidence that 

ALDH2 is active in human breast tissue. Breast 
milk from women who are lactating does not 
contain measurable levels of acetaldehyde after 
they consume alcohol (Kesäniemi, 1974). Genetic 
polymorphism of ethanol- or acetaldehyde-me-
tabolizing enzymes has not been shown to modify 
alcohol-related breast cancer risk (Freudenheim, 
2020). An increased risk of breast cancer has 
been demonstrated among individuals who are 
homozygous for the ALDH2*2 allele (Ugai et al., 
2019); however, no evidence has been observed of 

Fig. 3.4 Mechanisms for alcohol-induced carcinogenesis among humans
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Prepared by the Working Group.
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an interaction between the ALDH2*2 genotype 
and alcohol consumption.

The CYP2E1 protein is expressed in both 
normal human breast and breast tumour 
tissues, and levels are higher in breast tumours 
(Kapucuoglu et al., 2003). However, no signifi-
cant relationship has been found between the 
CYP2E1 polymorphism and risk of breast cancer 
(Lu et al., 2017). Thus, the higher risk of breast 
cancer among women who consume alcohol 
does not appear to be mediated by local exposure 
to acetaldehyde.

Potential mechanisms of alcohol-related 
breast carcinogenesis possibly mediated by 
ethanol or acetaldehyde metabolism include 
oxidative stress, increased cell proliferation, 
effects on the intestinal microbiome, effects 
on sex and steroid hormones, and effects on 
one-carbon metabolism (see Section 3.1.3).

3.1.3 Alcohol-related mechanisms of 
carcinogenesis

Alcohol consumption leads to many disrup-
tive changes in the human body, and several 
mechanisms have been described that could 
potentially be involved in alcohol-related carcino-
genesis (Fig.  3.4). These have been discussed 
in many reviews (e.g. Rodriguez and Coveñas, 
2021; Rumgay et al., 2021). A brief overview is 
presented here.

The genotoxic effects of alcohol have been 
comprehensively reviewed in several IARC Mono- 
graphs volumes (IARC, 1988, 2010, 2012). The 
genotoxicity of ethanol is mediated mainly by 
its metabolism to acetaldehyde (discussed in 
Section  3.1.1). Acetaldehyde reacts with DNA, 
resulting in DNA damage that includes DNA 
adducts, chromosomal aberrations, and muta-
tions (Guidolin et al., 2021; Hoes et al., 2021). 
The ethanol-inducible CYP2E1 enzyme (see 
Section  3.1.1) produces various reactive oxygen 
species, which lead to the formation of lipid 
peroxidation products such as malondialdehyde, 

and to oxidative stress, which can also lead to 
DNA damage and perturbation of DNA repair 
(Linhart et al., 2014). Moreover, acetaldehyde 
and malondialdehyde can react synergistically 
with proteins to form hybrid protein adducts, 
designated as malondialdehyde–acetaldehyde–
albumin adducts, which are very immunogenic 
and have pro-inflammatory and fibrogenic 
properties. These adducts have been detected in 
patients with liver cirrhosis and hepatitis and may 
contribute to the development of alcohol-related 
liver damage (Rolla et al., 2000; Tuma, 2002). By 
inducing CYP2E1, alcohol also stimulates the 
metabolism of pro-carcinogens into carcinogens 
(Gao et al., 2018; Song et al., 2019).

Chronic alcohol consumption has a strong 
impact on both the oral microbiome and the 
intestinal microbiome. Alcohol consumption 
alters the composition of the intestinal micro-
biome, enhancing local levels of acetaldehyde 
production (discussed in Section 3.1.2(d)). High 
concentrations of acetaldehyde have a direct 
inhibitory effect on proteins involved in the 
formation of adherens junctions and tight junc-
tions, which leads to epithelial barrier dysfunc-
tion and intestinal permeability. This results in 
increased translocation of microbiota and endo-
toxins (microbial products and lipopolysaccha-
ride [LPS]) across the mucosa (Rao, 2009). The 
intestines and the liver are directly connected 
via the portal vein; microbial translocation 
from the intestines to the liver elicits chronic 
hepatic inflammation, severe hepatic injury such 
as cirrhosis, and eventually HCC (Giraud and 
Saleh, 2021; Ohtani and Hara, 2021; Petagine 
et al., 2021). Microbial translocation and endo-
toxaemia also trigger systemic inflammation, 
with increased risk of cancer through the effects 
of oxidative stress, changes in cytokine levels, 
and impaired anti-tumour immune systems 
(Greten and Grivennikov, 2019). In the oesoph-
agus, chronic alcohol consumption could cause 
an inflammatory process known as pyroptosis, 
which may contribute to the development of 
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oesophageal cancer (Wang et al., 2018). Alcohol 
consumption also increases the permeability of 
the oral mucosa (Howie et al., 2001), possibly 
rendering the mouth more sensitive to the effects 
of other carcinogens, such as those found in 
tobacco smoke (Feller et al., 2013).

Additional mechanisms of alcohol-related 
carcinogenesis include reduction of folate 
concentrations in the colonic mucosa by 
local acetaldehyde generation. Heavy alcohol 
consumption reduces adsorption of folate, 
enhances urinary excretion of folate, and 
inhibits enzymes that are pivotal for one-carbon 
metabolism. Aberrant DNA methylation due 
to a deficiency in methyl donors is a common 
effect of alcohol-related folate deficiency (Sharma 
and Krupenko, 2020). Among women, alcohol 
consumption also increases the concentrations 
of estradiol, testosterone, and several other sex 
hormones in the circulation and decreases the 
concentration of sex hormone-binding globulin 
(SHBG), and these changes are hypothesized to 
be related to risk of breast cancer (Key et al., 2011; 
Freudenheim, 2020). Recently, an association 
between alterations in the intestinal microbiome 
and breast cancer has been reported, suggesting 
that the microbiome may play a role in regulating 
estrogen levels (Kwa et al., 2016; Parida and 
Sharma, 2019). In addition, consumption of alco-
holic beverages leads to concentrations of estra-
diol that are 3-fold higher among women who are 
taking oral estrogen and progestin as postmeno-
pausal hormone therapy (Ginsburg et al., 1996). 
Furthermore, in the Women’s Alcohol Study, a 
controlled feeding trial conducted among healthy 
non-smoking postmenopausal women in the 
USA, direct assessments were performed of the 
impact of 1 or 2 drinks per day versus no drinks 
per day, and the participants served as their own 
controls in this feeding study. Changes in several 
end-points, including biomarkers of estrogen 
metabolism, oxidative stress, and inflammation, 
were measured, providing valuable insights into 
the effects of ethanol on mechanistic pathways 

relevant to cancer (Dorgan et al., 2001; Laufer 
et al., 2004; Mahabir et al., 2004, 2017; Hartman 
et al., 2005; Stote et al., 2016).

3.1.4 Mechanistic interactions between 
alcohol consumption and tobacco 
smoking

Epidemiological studies have provided 
consistent evidence for a synergistic interac-
tion between alcohol consumption, tobacco 
smoking, and risk of cancers at several sites, 
including squamous cancers of the head and 
neck and the oesophagus (Hashibe et al., 2009; 
Anantharaman et al., 2011; Radoï et al., 2013). 
Data suggest several possible mechanisms asso-
ciated with more risk than the effects of the two 
carcinogenic exposures combined:

(i) Alcohol may have a local permeabilizing 
effect on penetration of the oral mucosa by 
tobacco carcinogens (Du et al., 2000).
(ii) Induction of CYP2E1 by ethanol increas- 
es metabolic activation of tobacco carcino-
gens, leading to enhanced formation of reac-
tive chemical species at target sites (IARC, 
2012).
(iii) Ethanol also acts as a competitive inhib-
itor of CYP enzymes (e.g. CYP2E1, CYP1A1, 
2B6, and 2C19). Direct inhibition of CYPs by 
ethanol in target tissues may increase expo-
sure to genotoxic tobacco carcinogens that 
are substrates for these CYP enzymes (IARC, 
2012).
(iv) Chronic smoking combined with chronic 
heavy alcohol consumption induces changes 
in the oral microbiome, especially in microbial 
strains that have high acetaldehyde formation 
activity (Homann et al., 2000a). Salaspuro and 
Salaspuro (2004) demonstrated that tobacco 
use modifies the efficiency of conversion of 
ethanol to acetaldehyde in the oral cavity, by 
measuring salivary acetaldehyde concentra-
tions among individuals during controlled 



238

IARC HANDBOOKS OF CANCER PREVENTION – 20A

exposures to ethanol and cigarette smoke 
(Fig.  3.5). Compared with individuals who 
do not smoke, individuals who smoke had an 
approximately 2-fold higher level of acetalde-
hyde in their saliva (~25 µM vs ~50 µM), even 
when they were not currently smoking, and 
this difference persisted for hours (Fig. 3.5A). 
After an ethanol challenge, salivary acetal-
dehyde concentrations during concomitant 
smoking among individuals who smoke were 
7-fold higher than those among individuals 
who did not smoke, reaching 350–400  µM 
(Fig.  3.5B). Acetaldehyde is also a compo-
nent of tobacco smoke, and smoking a single 
cigarette – without concomitant alcohol 

consumption – results in a rapid increase in 
salivary acetaldehyde concentrations (up to 
250 µM), followed by a rapid decrease within 
5–10  minutes (Salaspuro and Salaspuro, 
2004). These data imply that in organs that 
have direct contact with saliva, exposure to 
tobacco and alcohol together results in more 
local acetaldehyde than the sum of the two 
exposures alone.

Fig. 3.5 Synergistic effect of alcohol consumption and tobacco smoking on salivary acetaldehyde 
concentration

Acetaldehyde is present in tobacco smoke; without concomitant ethanol intake, salivary acetaldehyde concentration immediately increases on 
tobacco smoking to ~260 μM, and decreases within 10 minutes.
(A) After ethanol ingestion but without concomitant smoking, salivary acetaldehyde concentrations among individuals who smoke (smokers) are 
2 times those among individuals who do not smoke (non-smokers). Differences between acetaldehyde concentrations were significant at all time 
points (P < 0.05).
(B) After an ethanol challenge (0.8 g of ethanol per kg of body weight), salivary acetaldehyde levels (area under the curve) among participants 
who were actively smoking (smokers) and who concomitantly smoked (i.e. 1 cigarette every 20 minutes) were 7 times those among individuals 
who did not smoke (non-smokers). Each peak corresponds to one cigarette smoked.
In both (A) and (B), the peak that would correspond to the instant phase of alcohol consumption alone (as shown in Fig. 3.2) does not appear, 
because in these experiments acetaldehyde was first measured 40 minutes after ethanol intake.
Adapted from Salaspuro and Salaspuro (2004). Copyright © 2004, John Wiley and Sons.
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3.2 Cancer-related mechanistic 
changes after cessation of 
alcohol consumption

3.2.1 Study designs and limitations of the 
available studies

Section 3.2 reviews and assesses mechanistic 
data related to the effect of alcohol cessation 
on risk of cancer. No mechanistic studies of 
reduction in alcohol consumption (rather than 
cessation) were available to the Working Group. 
Several limitations of the available studies 
pertain to the different sections and are summa-
rized here. First, several studies evaluated a rela-
tively small number of individuals. A common 
research design was to examine changes in 
biomarkers among individuals at entry into a 
treatment programme for AUD and at intervals 
after cessation of alcohol consumption, and a 
comparison may have been made with healthy 
individuals in a control group or with clinically 
normal ranges for values, if available. In other 
studies, the comparison was between individuals 
with AUD who had become abstinent years before 
and individuals in a control group, meaning that 
the comparisons were between different groups 
of individuals. A small number of studies tested 
the effect of short-term alcohol exposure in a 
controlled setting.

In many studies, reporting of duration and 
intensity of previous alcohol consumption was 
lacking and participants were categorized as 
entering rehabilitation treatment or having 
AUD. It is worth noting that alcohol dependence 
and AUD were distinctly used in the Diagnostic 
and Statistical Manual of Mental Disorders, 
4th edition (DSM-IV; American Psychiatric 
Association, 1994), whereas the 5th edition 
(DSM-5; American Psychiatric Association, 
2013) conserved only the AUD terminology, 
which encompasses both alcohol dependence 
and AUD of DSM-IV (NIAAA, 2021). When 
information on previous alcohol consumption 

was provided, classification of levels of alcohol 
consumption varied (e.g. excessive vs non-exces-
sive; mild, moderate, or heavy based on units of 
alcohol consumed per day); proof of abstinence 
in long-term studies was not always provided, 
and often the level of alcohol consumption 
among participants in the control group was not 
stated (e.g. not consuming alcohol vs consuming 
alcohol at a low level).

The demographic makeup of the studies was 
in many cases predominantly men and often only 
people of European ancestry. Sometimes, poten-
tial confounders (other medical illnesses, espe-
cially the presence of subclinical liver disease, 
smoking, nutritional status, and obesity) were 
not controlled for. It was difficult to appreciate 
the effect of the stress of alcohol withdrawal 
itself on the outcome measures, and the poten-
tial effects of pharmacological treatments used 
during rehabilitation or of compensatory behav-
iours (e.g. increase in cigarette smoking). Given 
the critical role of the alcohol–tobacco interac-
tion in cancer etiology, lack of control for tobacco 
use and changes in use over the time course of 
these studies is a major limitation. Studies of 
inpatients in rehabilitation treatment centres 
did not take into account the change, and often 
improvement, in their dietary intake while they 
were hospitalized.

There were few studies on the target tissues 
of alcohol-related carcinogenesis, and surrogates 
such as circulating white blood cells may not 
reflect changes in the target organ. Given the 
known long period of persisting increased risk 
of cancer after cessation of alcohol consump-
tion, few studies were of sufficient duration to 
evaluate for full resolution of the effects under 
consideration.

3.2.2 Genotoxicity

Studies investigating the genotoxic effects 
of alcohol consumption have focused mainly 
on measuring and quantifying chromosomal 
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aberrations and micronuclei. Several studies 
have focused more specifically on measuring 
covalent modification of DNA (DNA adducts). 
A few studies have investigated mitochondrial 
DNA deletions. Most of the studies measured 
DNA damage in peripheral blood mononuclear 
cells [a surrogate sample with cells characterized 
by type of exposure and turnover quite different 
from those characterizing the target tissues].

The body of literature that addressed the 
reversibility of ethanol-related DNA-damaging 
effects is summarized below. Detailed informa-
tion about each study is given in Table 3.1. When 
assessing long periods of abstinence, most of the 
studies included groups of individuals with AUD, 
individuals who ceased consuming alcohol, and 
controls. Studies assessing the change in DNA 
damage among individuals with AUD who cease 
consuming alcohol are limited to observations 
during a period of at most 1 year. Some studies 
investigated the effects of alcohol ingestion by 
comparing the DNA damage before and after 
consumption of a specific dose of alcohol.

A first set of studies compared DNA damage 
among individuals who currently consume 
alcohol and among individuals who formerly 
consumed alcohol and had abstained for a certain 
period of time.

Castelli et al. (1999) compared the frequency 
of peripheral blood cells with chromosomal 
aberrations (percentage of aberrant cells) and of 
micronuclei (number of micronuclei per 1000 
binucleated cells) among 3 groups composed of 
11 participants with AUD, 9 participants with 
AUD who abstained from alcohol consumption 
for ≥ 1 year, and 10 healthy controls. All study 
participants, except for 3 individuals among the 
group with AUD and 4 individuals among the 
group that abstained, smoked heavily. The group 
with AUD had a significantly higher frequency 
of chromosomal aberrations (mean  ±  standard 
deviation [SD]), 4.00% ± 2.27%) than the group 
that abstained (no frequency provided) and 
the healthy controls (0.90% ± 0.74%) (P < 0.01). 

Similarly, the group with AUD had a higher 
frequency of micronuclei (11.00% ± 4.11%) than 
the group that abstained (no frequency provided) 
and the healthy controls (5.11%  ±  2.60%) 
(P  <  0.05). [The frequencies for the group that 
abstained were not reported; there was a lower 
percentage of individuals who smoked heavily in 
this group (5 of 9 individuals who abstained vs 8 
of 11 individuals with AUD).]

Maffei et al. (2002) analysed the same markers 
in peripheral blood lymphocytes from 20 people 
with AUD, 20 people with AUD who abstained 
(for ≥  1  year), and 20 controls who did not 
consume alcohol, with comparable composition 
for sex, age, and smoking status. The group with 
AUD had a significantly higher frequency of 
structural chromosomal aberrations (chromatid 
breaks and exchanges and chromosome breaks 
and exchanges) (mean  ±  SD, 4.35%  ±  2.06%) 
than the group that abstained (2.00%  ±  1.21%; 
P  =  0.001) and the controls (1.45%  ±  0.83%; 
P = 0.001). The group with AUD had a signifi-
cantly higher frequency of binucleated cells with 
micronuclei (mean ± SD, 12.05% ± 5.43%) than the 
group that abstained (7.15% ± 2.64%; P = 0.001) 
and the controls (7.60% ± 1.57%; P = 0.001). The 
frequencies for the group that abstained were 
similar to those for the controls. A multiple 
regression analysis was performed to investi-
gate whether the duration of AUD or of absti-
nence was correlated with either the frequency 
of chromosomal aberrations or the frequency of 
micronuclei, but none of these analyses resulted 
in significant findings.

Another set of studies monitored changes in 
DNA damage among individuals with AUD who 
abstained from consuming alcohol for various 
durations of time.

In a study in Japan, Matsushima (1987) 
compared the frequencies of chromosomal aber-
rations in lymphocytes from 25 participants who 
formerly consumed alcohol and reported varying 
periods of abstinence (<  5  years, 5–10  years, 
>  10  years) with those among 17 participants 
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Table 3.1 Effects of cessation of alcohol consumption on genotoxicity

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Matsushima 
(1987) 
Japan

17 individuals with 
chronic AUD (ages, 
22–74 years) 
25 individuals with AUD 
who abstained (ages, 39–
69 years), divided into 
3 groups according to 
duration of abstinence: 
< 5 years, 5–10 years, 
and > 10 years 
Controls: 10 healthy 
volunteers, all women 
(ages, 19–21 years)

Controls were 
not matched 
All women, 
younger, non-
drinkers, and 
non-smokers

All individuals 
with chronic AUD 
except 1 had been 
drinking heavily 
for > 10 years 
Individuals 
with AUD who 
abstained had 
been drinking 
heavily for 
> 20 years

Peripheral 
lymphocytes 
Chromosomal 
aberrations

Values are mean ± SD 
Chromosome profiles (%) 
Abnormal metaphases 
Individuals with chronic AUD: 20.6 ± 6.5 
Individuals with AUD who abstained: 11.1±3.9*** 
Controls: 10.2 ± 3.1*** 
Gaps 
Individuals with chronic AUD: 14.4 ± 6.0 
Individuals with AUD who abstained: 8.0 ± 3.4*** 
Controls: 6.9 ± 2.7*** 
Breaks
Individuals with chronic AUD: 6.1 ± 3.2 
Individuals with AUD who abstained: 2.7 ± 2.4*** 
Controls: 3.8 ± 2.2 
Dicentric chromosomes 
Individuals with chronic AUD: 1.2 ± 1.0 
Individuals with AUD who abstained: 0.4 ± 0.5*** 
Controls: 0.2 ± 0.6** 
Rings
Individuals with chronic AUD: 1.1 ± 1.2 
Individuals with AUD who abstained: 0.2 ± 0.5*** 
Controls: 0.2 ± 0.6* 
Interchanges 
Individuals with chronic AUD: 0.2 ± 0.5 
Individuals with AUD who abstained: 0.0 
Controls: 0.0 
*P < 0.05, **P < 0.01, ***P < 0.001 vs individuals with 
chronic AUD
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Gattás and 
Saldanha 
(1997) 
Brazil

55 individuals with AUD 
who abstained (45 men; 
ages, 24–70 years; 10 
women; ages, 29–
63 years); mostly heavy 
smokers 
Controls: 55 healthy 
volunteers (31 men; ages, 
23–56 years; 24 women; 
ages, 19–47 years)

Sex and age 
Controls were 
not screened 
for alcohol 
consumption or 
smoking 
Smoking, drug 
use, and sex 
were considered 
in the statistical 
analysis

Individuals with 
AUD had been 
drinking heavily 
for > 10 years 
before abstinence 
Duration of 
abstinence: 
range, 1 month to 
32 years (average, 
46 months)

Peripheral 
lymphocytes 
Chromosomal 
aberrations

Cells with structural aberrations (%) 
Individuals with AUD who abstained: 7.1 
Controls: 2.4 
P < 0.0001

Castelli 
et al. (1999) 
Italy

11 individuals with 
chronic AUD (4 women, 
7 men; ages 29–63 years) 
9 individuals with 
AUD who abstained 
(2 women, 7 men; ages 
31–69 years) 
Controls: 10 healthy 
individuals (4 women, 6 
men; ages 30–60 years) 
All individuals were in 
a fair state of general 
nutrition

All individuals 
with AUD 
except 3 and 
all individuals 
with AUD 
who abstained 
except 4 were 
heavy smokers 
(> 20 cigarettes 
per day); all 
controls were 
heavy smokers 
Sex and age

Alcohol 
consumption: 
> 120 g per day 
Duration 
of alcohol 
consumption: 
average, 19 years 
(range, 3–30 years) 
Duration of 
abstinence: 
≥ 1 year

Peripheral 
lymphocytes 
Chromosomal 
aberrations and 
micronuclei score

Values are mean ± SD 
Aberrant cells (%) 
Individuals with chronic AUD: 4.00 ± 2.27 
Controls: 0.90 ± 0.74 
Individuals with AUD who abstained: similar to controls 
PAUD vs controls < 0.01 
Micronuclei/1000 binucleated cells 
Individuals with chronic AUD: 11.00 ± 4.11 
Controls: 5.11 ± 2.60 
Individuals with AUD who abstained: similar to controls 
PAUD vs controls < 0.05

Hüttner 
et al. (1999) 
Germany

31 individuals with 
chronic AUD (26 men; 
ages, 23–59 years; 
5 women; ages, 36–
48 years) 
Controls: 31 healthy 
non-drinking volunteers 
(26 men, 5 women; ages, 
24–60 years)

Drinking 
status, smoking 
status, sex, and 
age

Alcohol 
consumption: 
120–400 g per day 
Duration of AUD: 
5–37 years

Peripheral 
lymphocytes 
Samples collected 
after abstinence 
for 1 week (31 
participants), 
3 months (8 
participants), 
and 1 year (14 
participants) 
Chromosomal 
aberrations

Values are mean ± SD (range) 
Aberrant cells (%) 
Controls: 1.28 
Individuals with chronic AUD 
First week of abstinence: 3.01 ± 1.17 (0.50–5.50) 
Pfirst week vs controls ≤ 0.001 
After 3 months of abstinence: 3.81 ± 1.16 (2.50–6.00) 
After 1 year of abstinence: 4.61 ± 2.14 (1.50–9.00) 
Pfirst week vs 1 year of abstinence < 0.001

Table 3.1   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Tsuchishima 
et al. (2000) 
Japan

4 healthy volunteers 
56 individuals with ALD 
who abstained (mean 
age ± SD, 57 ± 11 years) 
Controls: 106 healthy 
individuals without 
chronic AUD (mean 
age ± SD, 54 ± 18 years)

Age Healthy volunteers 
abstained 
from alcohol 
for ≥ 1 month 
and were then 
administered 
23 g of ethanol 
every night until 
white blood cell 
mitochondrial 
DNA 
heteroplasmy was 
detected 
Individuals 
with ALD had 
consumed > 80 g 
of ethanol per day 
for > 5 years

White blood cells 
For individuals 
with ALD who 
abstained, samples 
collected after 
abstinence for 3 days 
(56 individuals) 
and 4 weeks (18 
individuals) 
Mitochondrial 
DNA heteroplasmy 
within the ATPase 
region (PCR and 
fluorography)

Number of individuals with heteroplasmy/total number 
of individuals (%) 
Controls: 0/106 (0%) 
Healthy volunteers 
4 days after start of alcohol intake: 4/4 (100%) 
7 days after alcohol cessation: 0/4 (0%) 
Individuals with ALD who abstained 
After 3 days of abstinence: 38/56 (68%) 
After 4 weeks of abstinence: 8/18 (44%)

Maffei et al. 
(2002) 
Italy

20 individuals 
with chronic AUD 
(mean age ± SD, 
49.9 ± 9.9 years) 
20 individuals with 
AUD who abstained 
(mean age ± SD, 
52.2 ± 10.6 years) 
Controls: 20 
(mean age ± SD, 
47.5 ± 10.2 years) 
13 men and 7 women 
in each group

Sex, age, and 
smoking status

Alcohol 
consumption 
for 4–40 years, 
> 120 g per 
day. Abstainers 
had the same 
consumption for 
≥ 5 years (range, 
12–60 years), 
were abstinent for 
≥ 1 year (range, 
12–60 years)

Peripheral 
lymphocytes 
Chromosomal 
aberrations and 
micronuclei

Values are mean ± SD 
Aberrant cells (%) 
Individuals with chronic AUD: 4.10 ± 1.94 
Individuals with AUD who abstained: 1.95 ± 1.10 
Controls: 1.45 ± 0.83
PAUD vs abstaining AUD and controls = 0.001 
Structural chromosomal aberrations (%) 
Individuals with chronic AUD: 4.35 ± 2.06 
Individuals with AUD who abstained: 2.00 ± 1.21
Controls: 1.45 ± 0.83
PAUD vs abstaining AUD and controls = 0.001
Binucleated cells with micronuclei (%)
Individuals with chronic AUD: 12.05 ± 5.43 
Individuals with AUD who abstained: 7.15 ± 2.64 
Controls: 7.60 ± 1.57
PAUD vs abstaining AUD and controls = 0.001

Table 3.1   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Maffei et al. 
(2002) 
(cont.)

NDI 
Individuals with chronic AUD: 1.38 ± 0.16 
Individuals with AUD who abstained: 1.44 ± 0.13 
Controls: 1.37 ± 0.05 
Mean NDI values were similar in the 3 groups

Burim et al. 
(2004) 
Brazil

29 individuals with 
chronic AUD (23 men, 
6 women; 20 smokers, 9 
non-smokers) 
11 individuals with AUD 
who abstained (9 men, 
2 women; 4 smokers, 7 
non-smokers) 
Controls: 10 healthy 
volunteers (9 men, 1 
woman; 5 smokers, 5 
non-smokers)

Not reported Individuals with 
chronic AUD: 
> 60 g of alcohol 
consumption per 
day for ≥ 3 years 
Individuals 
with AUD 
who abstained: 
3 months to 
4 years of 
abstinence

Peripheral 
lymphocytes 
Chromosomal 
aberrations 
(mitotic indexes, 
proliferation 
indexes); genomic 
translocation (FISH)

Chromosomal aberrations (per 100 cells), mean ± SEM 
Individuals with chronic AUD: 5.15 ± 0.37* 
Individuals with AUD who abstained: 3.87 ± 0.34* 
Controls: 1.72 ± 0.52 
*Significantly different from controls, P < 0.001 
Genomic frequency of translocations (FG/100) 
Individuals with chronic AUD: 0.790
Individuals with AUD who abstained: 0.577 
Controls: 0.198 
PAUD vs controls < 0.05 
Chromosomal aberration frequency and duration of 
abstinence: direct association 
Chromosomal aberration frequency and increased 
periods of dependence: no association

Balbo et al. 
(2012) 
USA

10 healthy volunteers 
with moderate alcohol 
consumption (5 men, 5 
women; ages 21–31 years) 
with no history of AUD 
Controls: baseline 
samples from the same 
participants serve as 
their own controls

Sex and age; all 
non-smokers

Increasing doses 
of alcohol to 
target blood 
alcohol levels of 
0.03% (~1 drink) 
(week 1), 0.05% 
(~2 drinks) 
(week 2), and 
0.07% (~3 drinks) 
(week 3), based on 
body weight and 
sex

Oral cell DNA 
Samples collected 
1 week before 
consumption of 
the first dose, and 
also before and 2, 
4, 6, 24, 48, and 
120 hours after each 
dose of alcohol 
Acetaldehyde-
derived DNA adduct 
N2-ethylidene-dGuo 
(LC/MS)

N2-ethylidene-dGuo 
Increased up to 100-fold above baseline within 4 hours 
after each dose in a dose-dependent manner 
Returned to baseline concentrations within 24 hours after 
alcohol intake 
P = 0.001

ALD, alcohol-related liver disease; ATPase, adenosine triphosphatase; AUD, alcohol use disorder; FG, genomic frequency of translocations; FISH, fluorescence in situ hybridization; 
LC, liquid chromatography; MS, mass spectrometry; N2-ethylidene-dGuo, N2-ethylidenedeoxyguanosine; NDI, nuclear division index; PCR, polymerase chain reaction; SD, standard 
deviation; SEM, standard error of the mean.

Table 3.1   (continued)
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with AUD and 10 healthy controls. The indi-
viduals with AUD had a significantly higher 
frequency of abnormal metaphases (mean ± SD, 
20.6% ± 6.5%) than the individuals who formerly 
consumed alcohol (11.1% ± 3.9%; P < 0.001) and 
the controls (10.2% ± 3.1%; P < 0.001). No signif-
icant correlation was found between the number 
of years of abstinence and the frequency of chro-
mosomal aberrations. The frequency of chro-
mosomal aberrations in the three groups with 
varying durations of abstinence was comparable 
to that observed among the controls. [The control 
group included only women, of much younger age 
and non-smoking, whereas among the groups of 
individuals who currently or formerly consumed 
alcohol, all participants except for one were men 
and all smoked.]

Gattás and Saldanha (1997) compared the 
frequencies of structural or numerical chro-
mosomal aberrations in lymphocytes from 55 
participants with AUD who had been absti-
nent for from 1  month to 32  years with those 
among 55 healthy controls. The participants 
with AUD who abstained had an almost 3-fold 
higher frequency of structural chromosomal 
aberrations in peripheral blood lymphocytes 
compared with the controls (P  <  0.0001), and 
aberrations such as breaks, gaps, and rearrange-
ments were more prevalent among the partici-
pants with AUD. The frequency of structural 
chromosomal aberrations did not change with 
increased duration of abstinence; the frequency 
(mean ± SD) was 10.23% ± 1.5% for the individ-
uals with AUD who had abstained for > 5 years 
and 9.17% ± 1.7% for those who had abstained for 
< 5 years (P = 0.7). [Controls were not screened for 
alcohol consumption, and comparisons were not 
made with a group of participants who currently 
consume alcohol, resulting in some limita-
tions in this study. As the period of abstinence 
gets longer, other factors and exposures could 
contribute to these aberrations. Specifically, 
they could be affected by smoking (in particular, 
when smoking intensity increases to make up for 

the abstinence from alcohol consumption) and 
ageing.]

Hüttner et al. (1999) investigated the frequen- 
cy of structural chromosomal aberrations in 
peripheral blood lymphocytes from 31 indi-
viduals with chronic AUD at the beginning of 
a treatment programme and then repeated the 
analysis on a subset of participants at 3 months 
and 12  months after the start of the sobriety 
programme. Most individuals recruited into the 
study smoked. The mean frequency of chromo-
somal aberrations among the individuals with 
AUD during the first week of abstinence (3.01%) 
was significantly higher than that among the 31 
controls who did not consume alcohol (1.28%; 
P  ≤  0.001). The mean frequency of chromo-
somal aberrations was 3.81% among the group 
of 8 individuals with AUD who were re-analysed 
after 3 months of abstinence, and it increased to 
4.61% after 12 months of abstinence. This increase 
from the first sample to the third was significant 
(P  <  0.001). [The increase over time was attri-
buted to an increase in smoking (documented 
by measurement of carboxyhaemoglobin) in 
compensation for alcohol abstinence.]

Burim et al. (2004) compared the frequency 
of chromosomal aberrations in lymphocytes 
from 29 individuals with chronic AUD, 11 indi-
viduals with AUD who abstained (over a dura-
tion of 3 months to 4 years), and 10 controls. The 
frequencies of chromosomal aberrations among 
the individuals with chronic AUD (5.15%) and 
among the individuals who abstained (3.87%) 
were higher than those among the controls 
(1.72%). Chromosomal translocations for chro-
mosomes 1, 3, and 6 were analysed in a subset 
of samples from 6 individuals with AUD, 6 
individuals with AUD who abstained, and 6 
controls, using a fluorescence in situ hybridiza-
tion method. The calculated genomic transloca-
tion frequencies were not significantly different 
between individuals with AUD and individ-
uals with AUD who abstained, suggesting that 
DNA damage may persist for a long time. [The 
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measurement of translocation frequency was 
performed on samples from 6 individuals per 
group only. The group with AUD who abstained 
was older, on average, than the group with AUD 
who did not abstain.]

Another set of studies focused on quantifying 
acetaldehyde-derived DNA adducts in genomic 
DNA isolated from samples collected from indi-
viduals with AUD and compared with controls 
(Fang and Vaca, 1995; Matsuda et al., 2006).

A specific investigation of the effects 
of alcohol abstinence on the levels of these 
adducts is currently missing from the litera-
ture. However, Balbo et al. (2012) measured 
the levels of the major acetaldehyde-derived 
DNA adduct, N2-ethylidenedeoxyguanosine 
(N2-ethylidene-dGuo), in oral cell DNA isolated 
from healthy participants who were exposed to 
three increasing doses of alcohol administered 
once a week for 3 weeks in a controlled clinical 
setting and resulting in a blood alcohol level 
of 0.03% ± 0.01% for week 1, 0.05% ± 0.01% for 
week 2, and 0.07% ± 0.01% for week 3. Oral cell 
samples were collected 1 week before ingestion of 
the first dose and 2, 4, 6, 24, 48, and 120 hours after 
each dose. A significant increase in the levels of 
N2-ethylidene-dGuo was detected after ingestion 
of the lowest dose (comparable to ~1 standard 
alcoholic drink). The adduct levels increased 
significantly, as much as 100-fold from baseline, 
within 4  hours after each dose among all the 
participants and in a dose-dependent manner. 
The adduct levels returned to baseline within 
24 hours after each dose was administered.

Tsuchishima et al. (2000) investigated the 
DNA-damaging effects of alcohol consumption 
on mitochondrial DNA. Heteroplasmy (the pres-
ence of ≥ 2 mitochondrial DNA variants within 
the same cell, usually due to de novo mutations 
in the germline or somatic tissues) in periph-
eral blood mitochondrial DNA was assessed 
by using polymerase chain reaction (PCR) to 
amplify the adenosine triphosphatase region 
with a 491-base pair deletion. Healthy volunteers 

(n = 4) were exposed to alcohol for several days 
until heteroplasmy was detected (shortly before 
the beginning of day  4); then participants 
abstained from alcohol and were followed up 
for several days by collecting daily samples from 
them. Mitochondrial DNA heteroplasmy was no 
longer detected in any of the participants 7 days 
after they became abstinent. [Only 4 volunteers 
were included in the alcohol dosing part of the 
study.] The same assessment was performed on 
blood collected from patients with alcohol-re-
lated liver disease (ALD) who had abstained for 
4 weeks. Among 10 of the 18 patients tested, the 
mitochondrial DNA heteroplasmy disappeared 
within 4 weeks of abstinence.

3.2.3 Epigenetics

Alcohol-induced epigenetic modifications 
have been implicated in variations in ethanol 
consumption (Wolstenholme et al., 2011), addic-
tion (Berkel and Pandey, 2017), and mediation 
of physiological responses to alcohol exposure, 
and they may serve as biomarkers of exposure 
(Liu et al., 2018). Mechanistic studies of alcohol 
withdrawal have reported a range of effects of 
epigenetic modifications, with most studies 
examining methylation, including global DNA 
hypomethylation and hypermethylation of 
individual gene promoters. Chronic alcohol 
exposure can reduce folate availability, which 
deprives enzymes of the methyl groups that 
process methylation changes to DNA. Ethanol 
and acetaldehyde alter the activity of methionine 
synthase, methionine adenosyltransferase, and 
DNA methyltransferase (Varela-Rey et al., 2013). 
Detailed studies have catalogued the epigenetic 
modifications associated with alcohol exposure 
in cancers of the upper aerodigestive tract, liver, 
colorectum, and breast (Varela-Rey et al., 2013). 
A few studies have examined how a reduction in 
alcohol exposure modulates these mechanisms 
with or without abstinence (Table 3.2).
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Table 3.2 Effects of cessation of alcohol consumption on epigenetic modifications

Reference 
Study 
location

Setting, study design, number, age, 
sex, ethnicity, and health status of 
exposed and control groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point (test used)

Resultsa

Heberlein 
et al. (2015) 
Germany

99 men with AD (mean age ± SD, 
42.90 ± 9.01 years) admitted for 
detoxification treatment 
Controls: 33 healthy men (mean 
age ± SD, 42.2 ± 10.32 years) 
All individuals who participated in this 
study were active smokers 
Exclusion criteria: psychiatric illness, 
substance abuse other than alcohol 
or nicotine, severe somatic illnesses, 
known autoimmune diseases, known 
HPA axis deregulations, and history of 
cerebral damage

Age 
Adjusted for 
carbama-
zepine and 
clomethiazole 
dose and for 
thrombocyte 
count for 
BDNF

Consumption 
(mean ± SD) of 
195.43 ± 81.61 g 
of alcohol 
per day for 
a duration 
(mean ± SD) of 
9.79 ± 7.67 years

Blood DNA and serum 
Samples collected at 
abstinence and on days 1, 7, 
and 14 
CpG methylation within 
the promoter regions of 
BDNF exon IV (bisulfite 
sequencing); serum BDNF 
concentration (ELISA)

Significant change in mean overall 
and BDNF promoter methylation 
during alcohol withdrawal 
(P < 0.001) 
Significant association between 
BDNF promoter methylation and 
duration of abstinence on day 14 
(P < 0.001) 
BDNF serum concentrations 
were not correlated with mean 
methylation (P = 0.170) or 
methylation of individual CpG 
dinucleotides (P = 0.322)

Witt et al. 
(2020) 
Germany

99 men with AUD (mean age ± SD, 
47.6 ± 9.1 years), of which 80% were 
smokers, with severe withdrawal 
symptoms upon abstinence 
Controls: 95 healthy men (mean 
age ± SD, 47.4 ± 8.9 years), of which 
19% were smokers 
Exclusion criteria: mental illness, severe 
physical illness, other dependence 
syndromes according to DSM-IV

Age 
Comparison 
adjusted for 
technical 
quality and 
batch effects, 
cell type 
distribution, 
and smoking

NR Blood DNA 
For individuals with AUD, 
samples collected 1–3 days 
after admission (time 
point 1) and after 2 weeks 
(time point 2). For controls, 
samples collected within first 
week 
Epigenome-wide methylation 
analysis at 710 944 CpG sites; 
single-site analysis as well as 
an analysis of differentially 
methylated regions and gene 
ontology analysis

Number of differentially methyl-
ated CpG sites: 
2876 in participants with AUD 
at time point 1 vs after 2 weeks, 
FDR < 0.05 
9845 in participants with AUD at 
time point 1 vs controls, FDR < 0.05 
6094 at time point 2 vs controls, 
FDR < 0.05 
Most significant single-site 
difference at SCAP 
Top differentially methylated region 
at TRIM39
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Reference 
Study 
location

Setting, study design, number, age, 
sex, ethnicity, and health status of 
exposed and control groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point (test used)

Resultsa

Dugué et al. 
(2021) 
Australia

5606 people (68% men; median age, 
61 years; IQR, 54–65 years) selected for 
inclusion in 1 of 7 previously conducted 
nested case–control studies of DNA 
methylation 
At follow-up, participants who reported 
weekly or current consumption > 200 g 
per day

Age, sex, 
smoking 
status, BMI, 
country of 
birth, sample 
type and white 
blood cell 
composition, 
and batch 
effects

Alcohol use 
questionnaire at 
baseline in 5606 
participants, 
and 11 years 
later in 1088 
participants

DNA from blood spots stored 
on Guthrie cards or from 
frozen buffy coats 
Epigenome-wide methylation 
analysis to detect the 
methylation status of 485 577 
CpGs; single-site analysis 
as well as an analysis of 
differentially methylated 
regions

Number of differentially methyl-
ated CpG sites: 
1414 CpGs associated with alcohol 
consumption at P < 10−7, with 1078 
replicated in 2 independent data sets 
530 of the 1414 CpGs were 
differentially methylated for former 
vs current drinking using nominal P 
values (P < 0.05) 
513 of the 1414 CpGs were 
differentially methylated with a 
change in alcohol consumption, 
some of which were replicated in  
1 independent data set

Proskynito-
poulos et al. 
(2021) 
Germany

34 men with AUD (mean age ± SD, 
53 ± 8.8 years) 
Controls: 43 healthy men (mean 
age ± SD, 36 ± 17.0 years) 
Exclusion criteria: psychiatric illness, 
substance abuse other than alcohol or 
nicotine, cerebral ischaemia, cerebral 
haemorrhage, epilepsy, cardiovascular 
disease, and renal disease

None 
Measurements 
adjusted 
for multiple 
comparisons

Alcohol 
use severity 
(assessed by 
questionnaire): 
mean ± SD: 
2.3 ± 1.3

Blood DNA 
For individuals with AUD, 
samples collected 1, 2, 3, 4, 
and 7–10 days after alcohol 
withdrawal. For controls, 
samples collected at baseline 
ANP and VP promoter region 
methylation (bisulfite DNA 
sequencing)

No significant difference in mean 
methylation for VP or ANP across 
time points for AUD 
Methylation of ANP at CpG 114 site: 
lower in AUD at baseline vs controls 
(P = 0.000) 
Methylation of VP at 5 CpG sites 
(CpG 033, CpG 064, CpG 103, 
CpG 118, and CpG 194): higher 
in AUD at baseline vs controls 
(P < 0.05) 
Methylation of VP at 3 CpG sites 
(CpG 053, CpG 060, and CpG 214): 
lower in AUD at baseline vs controls 
(P < 0.05)

Table 3.2   (continued)



249

Reduction or cessation of alcoholic beverage consum
ption

Table 3.2   (continued)

Reference 
Study 
location

Setting, study design, number, age, 
sex, ethnicity, and health status of 
exposed and control groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point (test used)

Resultsa

Soundara- 
rajan et al. 
(2021) 
India

52 men with AUD (mean age ± SD, 
33.98 ± 4.3 years) 
Controls: 52 healthy men (mean 
age ± SD, 32.17 ± 4.9 years) 
Exclusion criteria: use of any substance 
other than nicotine or any major 
psychiatric and medical disorders, 
based on clinical history and diagnosis

Age 
Ruled out the 
need to adjust 
for white blood 
cell count, age, 
BMI, FTND, 
medication, 
and dose of 
medication 
used during 
treatment

Duration 
of AUD 
(mean ± SD): 
8.27 ± 5.4 years 
Alcohol 
consumption 
(mean ± SD): 
12.87 ± 6.2 units 
per day 
43 individuals 
were smokers 
Abstinence 
was defined as 
alcohol-free 
during ≥ 80% 
of the follow-up 
period

Blood (leukocyte) DNA and 
RNA 
Samples collected at baseline 
(T1), after detoxification (T2; 
mean ± SD of 7.81 ± 2.0 days), 
and after 3 months (T3) 
CpG-site DNA methylation in 
the 5′ regions of the ALDH2 
and MTHFR genes, and 
global LINE-1 methylation

Participants with AUD vs controls: 
At baseline (T1): 
Significantly higher in ALDH2 
(P < 0.001) 
Significantly higher in MTHFR 
(P = 0.001) 
Significantly lower in LINE-1 
(P = 0.004) 
The significant differences persisted 
at T2 and T3 for ALDH2, MTHFR, 
and LINE-1

AD, alcohol dependence; ALDH2, aldehyde dehydrogenase gene; ANP, atrial natriuretic peptide gene; AUD, alcohol use disorder; BDNF, brain-derived neurotrophic factor 
gene; BMI, body mass index; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edition; ELISA, enzyme-linked immunosorbent assay; FDR, false discovery 
rate; FTND, Fagerström Test for Nicotine Dependence; HPA, hypothalamic–pituitary–adrenal; IQR, interquartile range; LINE-1, long interspersed element 1 gene; MTHFR, 
methylenetetrahydrofolate reductase gene; NR, not reported; SCAP, sterol regulatory element-binding protein cleavage-activating protein gene; SD, standard deviation; TRIM39, 
tripartite motif-containing 39 gene; VP, vasopressin gene.
a https://www.genecards.org/

https://www.genecards.org/
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Heberlein et al. (2015) performed hypoth-
esis-driven analyses of targeted epigenomic 
modifications that may affect continuing ethanol 
consumption, among 99 men with alcohol 
dependence and 33 age-matched healthy men 
as controls, and measured promoter methyla-
tion in the brain-derived neurotrophic factor 
(BDNF) gene using DNA extracted from whole 
blood. BDNF, a gene that encodes a neurotrophic 
growth factor that has previously been linked 
to addictive behaviour, has significantly higher 
methylation in its promoter region among indi-
viduals with alcohol dependence than among 
controls. The level of methylation decreased 
significantly (P < 0.001) from day 1 to day 7 after 
the individuals with alcohol dependence under-
went withdrawal treatment, and was similar to 
that among controls on day 14. Compared with 
controls, the difference in the means was 0.063 
on day 1, 0.033 on day 7, and 0.005 on day 14. 
The return of methylation state to control levels 
after the 14-day abstinence was not reflected in 
the serum concentration of the BDNF protein.

Witt et al. (2020) conducted an epigenome- 
wide analysis of blood DNA methylation among 
99 men with alcohol dependence, when they 
were admitted for treatment and 2  weeks after 
they stopped consuming alcohol, with additional 
comparisons with 95 age-matched healthy men 
as controls. Abstinence resulted in widespread 
changes in patterns of methylation at indi-
vidual CpG dinucleotides and in differentially 
methylated regions. Increases and decreases 
in methylation were observed at many indi-
vidual sites and differentially methylated regions 
across many chromosomes. These included 
changes in promoters of withdrawal-associated 
genes (e.g. SLC29A1, FYN). The most significant 
single-site difference (false discovery rate [FDR], 
P = 2.0 × 10−19) in the longitudinal comparison 
was in sterol regulatory element-binding protein 
chaperone (SCAP), an escort protein required 
for cholesterol synthesis and lipid homeostasis. 
Analysis of differentially methylated regions 

showed the largest effect at tripartite motif 
containing 39 (TRIM39), an E3 ubiquitin ligase 
gene in the major histocompatibility complex 
(MHC) class I region, which is involved in 
inflammatory processes. [The study was under-
sized for a full genomic analysis, but many find-
ings remained significant using FDR P values.]

Dugué et al. (2021) conducted an epige-
nome-wide analysis of the effect of alcohol 
exposure on blood DNA methylation among 
5606 participants in the Melbourne Collaborative 
Cohort Study (MCCS) overall, which included 
1088 participants who had alcohol consumption 
recorded at baseline and 11 years later. The longi-
tudinal analysis focused on the subset of CpG 
sites (n = 1414) that were significantly associated 
(P < 10−7) with alcohol consumption at baseline, 
and the authors extracted similar results from an 
available data set from the Cooperative Health 
Research in the Augsburg Region (KORA) study, 
in which alcohol consumption was measured 
7  years apart (Wilson et al., 2017). A change 
in alcohol consumption was associated with 
changes in methylation at 267 CpGs in the MCCS 
study cohort and at 331 CpGs in the KORA study 
cohort, and 92 CpGs were different in both study 
cohorts. [Only 88 individuals in the MCCS 
became abstinent during the 11-year interval 
between measurements, limiting the strength of 
the results when accounting for multiple compar-
isons. Also, residual confounding by other key 
personal exposures, such as tobacco smoking 
and body mass index, could not be ruled out.]

Proskynitopoulos et al. (2021) studied 34 
men with AUD and 43 healthy men as controls. 
They studied promoter methylation changes in 
atrial natriuretic peptide (ANP) and vasopressin 
(VP), two genes associated with alcohol cravings 
and withdrawal symptoms. Although there were 
significant differences in methylation patterns 
at baseline, there were no changes over the first 
7–10 days after treatment started.
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Soundararajan et al. (2021) studied promoter 
methylation in ALDH2 and methylenetetrahy-
drofolate reductase (MTHFR), two genes rele-
vant to alcohol-induced carcinogenesis, as well 
as long interspersed element 1 (LINE-1) repeti-
tive element methylation, a proxy for global DNA 
methylation. They recruited 52 men with AUD 
and 52 age-matched healthy men as controls and 
measured blood DNA methylation at baseline and 
after the men with AUD had stopped consuming 
alcohol for 3  months. There were significant 
differences at baseline between men with AUD 
and controls, and none of the measures changed 
after 3 months of abstinence.

Several groups have investigated the effect 
of alcohol withdrawal on epigenetic changes in 
genes associated with alcohol cravings. [Although 
these hypotheses have not been directly linked 
to mechanisms associated with cancer in alcohol 
target organs, this work is included to show the 
breadth of studies investigating the impact of 
alcohol cessation on epigenetic modifications.]

3.2.4 Endocrine system

Mechanistic studies of the physiological 
impact of alcohol withdrawal on the endocrine 
system are confined to the effects of ethanol 
exposure or to the effects of withdrawal among 
individuals with alcohol dependence. The 
clearest link that has been described between 
alcohol modulation of the endocrine system and 
cancer is for breast cancer.

(a) Sex hormones

(i) Among humans
Endocrine mechanisms linking alcohol to 

breast cancer include induction of higher serum 
estrogen and dehydroepiandrosterone sulfate 
concentrations (Liu et al., 2015) and enhanced 
estrogen receptor activity (Dumitrescu and 
Shields, 2005); modulation of SHBG also may 
be involved (Assi et al., 2020). Among women, 
alcohol consumption increases the concentrations 

of estradiol, testosterone, and several other sex 
hormones in the circulation and decreases the 
concentration of SHBG, and these changes are 
hypothesized to be related to risk of breast cancer 
(Key et al., 2011). Alcohol consumption increases 
the risk of both premenopausal and postmeno-
pausal breast cancer, and the risk is higher for 
estrogen receptor-positive tumours than for 
estrogen receptor-negative tumours (Sun et al., 
2020). Studies on reduction or cessation of alcohol 
consumption are presented below, and detailed 
data among humans are given in Table 3.3.

Välimäki et al. (1982) studied 29 men with 
chronic AUD, including 13 with cirrhosis and 16 
without cirrhosis. Blood samples were collected 
after 1–2  weeks of abstinence. Compared with 
the participants without cirrhosis, those with 
cirrhosis had significantly lower levels of serum 
testosterone and significantly higher levels of 
luteinizing hormone, prolactin, and estrone, but 
there were no differences in levels of estradiol or 
SHBG. [The effects of alcohol withdrawal were 
not ascertained, because the measurements were 
at the end of the observation period. However, 
these findings suggest that liver damage modu-
lates the effects of alcohol withdrawal on circu-
lating levels of sex hormones.]

Välimäki et al. (1984) studied 32 men with 
AUD and without cirrhosis at admission and 
after 1–2 weeks of alcohol withdrawal. The mean 
serum testosterone concentration increased by 
19%, and among 4 men who had low testosterone 
concentrations at admission, the values returned 
to the normal range.

Iturriaga et al. (1995) studied 30 men with 
AUD at admission and at discharge after an 
average of 11  days in the treatment unit. They 
also recruited 15 healthy volunteers as controls. 
They measured levels of testosterone, estra-
diol, follicle-stimulating hormone, luteinizing 
hormone, and SHBG at both time points among 
the participants being treated and once among 
the controls. At discharge among the treatment 
group, levels of testosterone, estradiol, and 
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Table 3.3 Effects of cessation of alcohol consumption on the endocrine system

Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Välimäki 
et al. (1982) 
Finland

29 men with chronic AUD (ages, 
28–58 years), 13 with cirrhosis 
and 16 without cirrhosis 
15 healthy controls (ages, 
25–53 years) after ≥ 1 week of 
abstinence 
Exclusion criteria: use of certain 
pharmaceuticals

Drinking 
history

NR Blood 
Samples collected after 
abstinence for 7–14 days 
Hormonal status 
Reference values correspond 
to the normal range of 
concentrations in men aged 
20–60 years

Values are mean ± SEM 
Testosterone (nmol/L) 
Reference values: 14–38 
With cirrhosis: 11.7 ± 2.2*** 
Without cirrhosis: 25.2 ± 1.5 
LH (IU/L) 
Reference values: 10–20 
With cirrhosis: 31.2 ± 6.0* 
Without cirrhosis: 17.0 ± 2.7 
Prolactin (mU/L) 
Reference values: 120–220 
With cirrhosis: 478 ± 72** 
Without cirrhosis: 251 ± 31 
Estrone (pmol/L) 
Reference values 110–210 
With cirrhosis: 464 ± 59*** 
Without cirrhosis: 229 ± 25 
*P < 0.05, **P < 0.01, ***P < 0.001

Loosen et al. 
(1983) 
USA

29 participants with chronic 
AUD (men aged 30–66 years) 
who had abstained for ≥ 2 years 
17 healthy controls (men aged 
37–55 years) 
None of the participants were 
taking medication

Age Duration of 
abstinence: 
range, 2–29 years 
before baseline

Blood 
Samples collected at baseline 
and after injection of 0.5 mg 
of TRH 
TSH, T3, T4, prolactin, 
cortisol, testosterone, 
thyroid-binding globulin 
The differences (∆) in T3, T4, 
TSH, and prolactin levels 
were calculated between 
value after injection and 
baseline value

Values are mean ± SE 
∆TSH (μU/mL) 
Chronic AUD during abstinence: 8.3 ± 0.9 
Controls: 12.3 ± 1.5 
P < 0.02 
∆T3 (ng/dL) 
AUD during abstinence: 51 ± 6 
Controls: 36 ± 9 
P: NS 
∆Total T4 (μg/dL) 
AUD during abstinence: 1.2 ± 0.2 
Controls: 1.0 ± 0.2 
P: NS
∆Prolactin (ng/mL) 
AUD during abstinence: 24.9 ± 3.6 
Controls: 25.8 ± 2.6
P: NS
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Loosen et al. 
(1983) 
(cont.)

Cortisol (μg/dL) 
AUD during abstinence: 10.6 ± 0.7 
Controls: 10.7 ± 1.2
P: NS 
Testosterone (ng/mL) 
AUD during abstinence: 5.2 ± 0.4 
Controls: 5.1 ± 0.4 
P: NS 
Thyroid-binding globulin (μg/mL) 
AUD during abstinence: 17.7 ± 0.6 
Controls: 15.7 ± 0.5 
P < 0.01

Välimäki 
et al. (1984) 
Finland

32 men (ages, 28–51 years) with 
AUD and without cirrhosis 
who volunteered for withdrawal 
therapy 
Exclusion criteria: use of certain 
pharmaceuticals

Drinking 
history

7–30 years of 
drinking history 
before admission

Blood 
Samples collected at 
admission and after 1 week 
and 2 weeks of abstinence 
Plasma testosterone and 
serum cortisol and ACTH

Values are mean ± SEM 
Testosterone (nmol/L) 
Reference range: 14–38 
1 day of abstinence: 21.6 ± 1.3 
8 days of abstinence: 25.8 ± 1.6** 
15 days of abstinence: 24.0 ± 1.8 
Serum cortisol (nmol/L) (morning) 
Reference range: 200–800 
1 day of abstinence: 590 ± 27 
8 days of abstinence: 481 ± 25** 
15 days of abstinence: 479 ± 34**
Serum cortisol (nmol/L) (evening) 
Reference range: 100–400 
1 day of abstinence: 224 ± 18 
8 days of abstinence: 185 ± 16 
15 days of abstinence: 152 ± 21*** 
ACTH (ng/L) 
Reference range: 10–80 
1 day of abstinence: 148 ± 32 
8 days of abstinence: 86 ± 24** 
15 days of abstinence: 82 ± 27* 
*P < 0.05, **P < 0.01, ***P < 0.001 vs day 1

Table 3.3   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Marchesi 
et al. (1992) 
Italy

11 individuals with AUD (ages, 
29–51 years) who had been 
abstinent for 4 weeks 
9 men (ages, 31–66 years) with 
AUD who had been abstinent for 
≥ 1 year 
9 healthy controls (ages, 
28–58 years)

Age Among the 
participants with 
AUD: 
Duration of AUD 
(mean ± SD): 
22.7 ± 10.3 years 
Duration of 
abstinence 
(mean ± SD): 
3.7 ± 0.8 years 
before baseline

Blood 
Samples collected just before 
(time 0) and 10, 20, 30, 45, 
and 60 minutes after injection 
of TRH 
TSH and prolactin levels 
after TRH stimulation 
were evaluated with a 
specific double-antibody 
radioimmunoassay 
The differences (∆) in TSH 
and prolactin levels were 
calculated between value 
after injection and baseline 
value

Values are mean ± SD 
∆TSH (mU/L) 
Abstinence (4 weeks): 10.4 ± 17.31 
Abstinence (≥ 1 year): 8.05 ± 5.14 
Controls: 7.83 ± 3.58 
PANOVA = 0.54 
∆Prolactin (ng/mL) 
Abstinence (4 weeks): 50.60 ± 26.78 
Abstinence (≥ 1 year): 33.75 ± 19.55 
Controls: 27.46 ± 7.4 
PANOVA = 0.043 
AUD with 4-week abstinence had 
significantly higher prolactin response 
to TRH vs other 2 groups (at time 
10 minutes, PANOVA < 0.01)

Iturriaga 
et al. (1995) 
Chile

30 men with chronic AUD 
(ages, 24–51 years) and without 
liver failure and without severe 
systemic illness 
Controls: 15 healthy volunteers

NR Alcohol 
consumption 
> 150 g per day 
for 2−33 years 
Duration of 
abstinence 
(mean ± SD): 
1.9 ± 1.7 days

Blood 
For participants with 
AUD, samples collected at 
admission and at discharge 
(mean ± SD, 11.1 ± 4.7 days 
after admission). For 
controls, samples collected at 
baseline 
Hormonal status

Values are mean ± SD 
Testosterone (ng/mL) 
Controls: 8.2 ± 1.4 
AUD at admission: 6.9 ± 2.5 
AUD at discharge: 6.2 ± 2.6† 
Estradiol (pg/mL) 
Controls: [ND] 
AUD at admission: 10.5 ± 6.8 
AUD at discharge: 10.1 ± 5.6
FSH (mIU/mL) 
Controls: 10.8 ± 2.7 
AUD at admission: 7.7 ± 4.0† 
AUD at discharge: 8.0 ± 4.3 
LH (mIU/mL)
Controls: 13.5 ± 4.1 
AUD at admission: 12.9 ± 4.1 
AUD at discharge: 8.2 ± 5.3††*

Table 3.3   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Iturriaga 
et al. (1995) 
(cont.)

SHBG (mmol/L) 
Controls: 32.5 ± 39.0 AUD at admission: 
117.2 ± 33.3††† 
AUD at discharge: 65.4 ± 21.6†††** 
*P < 0.001, **P < 0.0001 for discharge vs 
admission 
†P < 0.01, ††P < 0.02, †††P < 0.0001 vs 
controls

Rajzer et al. 
(1997) 
Poland

50 men (ages, 25–45 years) who 
met the DSM-III-R criteria for 
alcohol abuse and volunteered 
to stop drinking and undergo 
detoxification

NR Alcohol 
consumption: 
500–1500 mL 
(mean, 860 mL) 
of 40% ethanol 
per day for 
a duration 
(mean ± SD) of 
12.4 ± 3.3 years

Blood samples collected 
2–7 days and 4 weeks after 
abstinence 
Serum glucose and insulin 
measurement after an 
overnight fast and during 
a standard oral glucose 
tolerance test

Values are mean ± SD 
Natural log of sum of secreted insulin 
(mU/L per minute) 
After 2–7 days: 8.957 ± 0.474 
After 4 weeks: 8.558 ± 0.651 
P < 0.0001 
Serum glucose levels not significantly 
different between 4 weeks and 2–7 days

Ozsoy et al. 
(2006) 
Türkiye

39 men (ages, 20–55 years) 
treated as inpatients for AD and 
alcohol withdrawal, divided into 
subgroups by aggression level, 
age at onset of AUD, and family 
history 
Controls: 28 healthy men (ages, 
20–55 years) 
Exclusion criteria: any 
psychiatric disease, substance 
abuse other than alcohol or 
cigarette, any significant medical 
and endocrine disorder, and liver 
disease

Age and 
smoking status

Duration 
of alcohol 
consumption: 
9–35 years 
Amount 
of alcohol 
consumed: 
150–630 g 
per day

Blood 
Samples collected for 
early withdrawal (1 day 
after cessation) and late 
withdrawal (day 28 of 
cessation). For controls, 
samples collected at baseline 
Levels of fT4, fT3, and TSH

Values are mean ± SD 
fT3 and fT4 (pg/mL) 
fT3controls: 3.32 ± 0.41 
fT4controls: 11.95 ± 1.49 
fT31-day cessation: 3.18 ± 0.72 
fT41-day cessation: 12.68 ± 2.50 
fT328-day cessation: 2.71 ± 0.56* 
fT428-day cessation: 10.80 ± 1.86* 
TSH (uIU/mL) 
TSHcontrols: 1.48 ± 0.71 
TSH1-day cessation: 1.93 ± 1.83 
TSH28-day cessation: 1.61 ± 0.86 
*P < 0.05 vs controls and early withdrawal 
(1-day cessation)

Table 3.3   (continued)
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Table 3.3   (continued)

Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Ozsoy et al. 
(2007) 
Türkiye

22 men (ages, 25–55 years) 
treated as inpatients for AD, 
divided into subgroups based 
on their withdrawal symptom 
severity scores on day 21 of 
alcohol cessation: continuing 
withdrawal symptoms (n = 8) 
and no withdrawal symptoms 
(recovered withdrawal group; 
n = 14) 
Exclusion criteria: some medical 
and endocrinological disorders 
Controls: 23 healthy men (ages, 
25–55 years)

Age, BMI, and 
smoking status 
Individuals 
received 
diazepam and 
multivitamins 
for up to 
3 weeks

NR Blood 
Samples collected on 
day 21 of abstinence from 
individuals with AD and 
from controls 
GH level (baclofen challenge 
test); 20 mg of baclofen 
was given orally to the 
participants, and blood 
samples were collected every 
30 minutes for the next 
150 minutes

Values are mean ± SD 
Basal GH (mIU/mL) 
Controls: 0.06 ± 0.03 
Participants who abstained: 0.18 ± 0.15* 
∆GH (µIU/mL) 
Controls: 0.53 ± 0.84 
Recovered withdrawal group: 0.80 ± 1.78 
Continuing withdrawal group: 
0.11 ± 0.27* 
*P < 0.05 vs controls

Alvisa-
Negrín et al. 
(2009) 
Spain

48 participants with AUD (3 
women), 28 who abstained and 
20 who did not abstain 
28 healthy controls (3 women) 
who did not consume alcohol 
heavily

Age and BMI Alcohol 
consumption: 
mean ± SD, 
204 ± 82 g per 
day 
Duration of 
consumption: 
mean ± SD, 
28.4 ± 11.4 years 
Controls were 
people who 
consumed < 10 g 
of ethanol per 
day, as assessed 
at baseline

Bone and blood 
Bone mineral content, bone 
mineral density (dual-energy 
X-ray absorptiometry of 
lumbar spine and hip, and 
whole body) 
Serum osteocalcin 
(immunometric 
chemiluminescence assay) 
Serum telopeptide (1-step 
ELISA)

AUD with continuing alcohol 
consumption after 6 months: 
Loss of bone mass 
Decrease in osteocalcin 
Increase in telopeptide 
AUD after 6 months of abstinence: 
No change or increase in bone mass 
Increase in osteocalcin 
Increase in telopeptide
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Mehta et al. 
(2018) 
United 
Kingdom

94 participants who abstained (43 
men, 51 women; mean age ± SD, 
45.5 ± 1.2 years) who completed 
1 month with no alcohol 
consumption 
Controls: 47 participants (22 
men, 25 women; mean age ± SD, 
48.7 ± 1.8) who continued their 
usual alcohol consumption 
Individuals were not randomized 
to these groups 
Exclusion criteria: > 3 days of 
abstinence from alcohol before 
study start, presence of known 
liver disease, AD, and diabetes 
requiring treatment

Abstinence 
outcome 
models were 
controlled 
for diet and 
exercise

Previous alcohol 
consumption 
was > 64 g per 
week (men) or 
> 48 g per week 
(women)

Blood 
Samples collected at baseline 
and after 1 month from 
abstinence group and from 
controls 
Insulin resistance as HOMA 
score

HOMA score, median (IQR) 
Baseline: 1.4 (1.0–2.1) 
1-month abstinence: 1.0 (0.7–1.4); mean 
decrease of 25% 
P < 0.001 
No significant change in controls 
A multivariate model including changes 
in diet and exercise over the month 
showed that abstinence was associated 
with a significant improvement in HOMA 
score (P = 0.002) but changes in lifestyle 
were not

Uribe et al. 
(2018) 
USA

25 Latino adults (60% men; ages, 
25–65 years), 17 without and 8 
with hepatitis C virus infection 
Exclusion criteria: previous 
diagnosis of diabetes or use of 
antidiabetic agents, presence 
of cirrhosis, HIV, or chronic 
hepatitis B virus

Drinking 
history

NR Blood 
Samples collected at baseline 
and 6 weeks after alcohol 
discontinuation 
Peripheral insulin resistance 
(steady-state plasma glucose); 
hepatic insulin resistance 
(2-step, 240-minute insulin 
suppression test); insulin 
secretion rate (graded glucose 
infusion test)

Hepatic insulin resistance, mean ± SD 
Baseline: 13.9 ± 5.7 
Follow-up: 16.5 ± 5.8 
P = 0.014 
Peripheral insulin resistance and insulin 
secretion rates remained unchanged

Table 3.3   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol 
exposure and 
duration of 
abstinence

Sampling matrix 
End-point biomarker (test 
used)

Results

Price and 
Nixon 
(2021) 
USA

12 men (mean age ± SD, 
43.42 ± 10.54 years) and 7 
women (mean age ± SD, 
39.57 ± 15.12 years) with 
moderate to severe AUD who 
sought treatment 
Exclusion criteria: use of steroidal 
inhalers or injections

Age, education 
level, monthly 
alcohol 
consumption, 
< 6 weeks of 
abstinence, and 
smoking habits

NR Hair 
Samples collected at 
~6 weeks after start 
of treatment (alcohol 
abstinence) 
Segment (proximal, mid-
segment, and distal) hair 
cortisol concentrations 
(testing of neuroendocrine 
hormones) 
Proximal: representing 
sustained alcohol abstinence 
Mid-segment: representing 
the previous month, in which 
abstinence was attained 
Distal: representing the 
previous 2 months of active 
drinking

Mean difference in cortisol (pg/mg) 
Distal vs mid-segment: 
Not provided 
P = 0.51 
Proximal vs distal: 
0.200 (95% CI, 0.076–0.325) 
P = 0.004 
Proximal vs mid-segment: 
0.175 (95% CI, 0.100–0.249) 
P < 0.001

ACTH, adrenocorticotropic hormone; AD, alcohol dependence; ANOVA, analysis of variance; AUD, alcohol use disorder; BMI, body mass index; DSM-III-R, Diagnostic and Statistical 
Manual of Mental Disorders, 3rd revised edition; ELISA, enzyme-linked immunosorbent assay; FSH, follicle-stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; GH, 
growth hormone; HOMA, homeostatic model assessment; IQR, interquartile range; LH, luteinizing hormone; ND, not detected; NR, not reported; NS, not significant; SD, standard 
deviation; SEM, standard error of the mean; SHBG, sex hormone-binding globulin; T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating 
hormone.

Table 3.3   (continued)
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follicle-stimulating hormone were unchanged, 
but levels of luteinizing hormone and SHBG were 
significantly lower. The SHBG levels remained 
elevated, twice as high as among the controls.

(ii) Among experimental animals
Forquer et al. (2011) studied changes in concen- 

trations of testosterone and 17β-estradiol during 
ethanol intoxication and ethanol withdrawal 
among male and female WSR and WSP mice. 
Among the WSP strain, compared with controls, 
ethanol intoxication led to significantly higher 
testosterone concentrations among females and 
significantly lower testosterone concentrations 
among males. Compared with controls, neither 
male nor female WSR mice had a significant 
change in total testosterone concentrations after 
chronic intoxication. Changes after ethanol 
withdrawal were strain-specific among both 
male and female mice. Among male WSP mice, 
testosterone concentrations began to normalize 
24 hours after withdrawal and had returned to 
normal after 21  days; among male WSR mice, 
there was a similar but amplified pattern, with 
higher testosterone levels after 21 days compared 
with controls. In both strains, among female mice 
there was a reduction in testosterone concen-
trations during the first 24  hours after ethanol 
withdrawal. After 21  days, among female WSP 
mice testosterone concentrations had returned 
to normal levels, whereas in female WSR 
mice testosterone concentrations were signifi-
cantly increased compared with controls. [The 
strain-specific effects make direct extrapolation 
to humans difficult, but the findings among 
female mice showed that altered testosterone 
concentrations persist for ≥ 3 weeks after alcohol 
exposure ends.] Concentrations of 17β-estradiol 
were only modestly changed by ethanol with-
drawal among both strains and sexes of mice.

(b) Insulin

Insulin, insulin resistance, and diabetes 
have been widely studied for their relevance to 
cancer in many organs (Pearson-Stuttard et al., 
2021). Peripheral insulin concentrations may be 
elevated during chronic heavy alcohol consump-
tion (Piccardo et al., 1994). In contrast, moderate 
alcohol consumption has been linked to reduced 
fasting insulin concentrations and insulin resis-
tance among postmenopausal women (Davies 
et al., 2002). Only one study examined the effects 
of abstinence on these end-points.

Rajzer et al. (1997) recruited 50 men who met 
the Diagnostic and Statistical Manual of Mental 
Disorders, third revised edition (DSM-III-R) 
criteria for alcohol abuse (American Psychiatric 
Association, 1987) and who volunteered to 
stop consuming alcohol. Blood was collected 
2–7 days and again 4 weeks after the men became 
abstinent, which was verified by blood anal-
ysis and self-reporting. The authors measured 
serum glucose and insulin after fasting and 
during standard oral glucose tolerance tests 
and calculated a variety of insulin-resistance 
indices based on these measures. They reported 
a significant reduction in the sum of the insulin 
secreted during the test, 8.558 ± 0.651 mU/L per 
minute versus 8.957  ±  0.47  mU/L per minute 
(P < 0.0001), which is an improvement in insulin 
resistance but not a normalization. They reported 
no differences in the other markers and indices, 
including serum insulin, glucose, the sum of 
glucose measured during the test, and the ratio 
of glucose to insulin.

Uribe et al. (2018) studied 25 Latino adults (10 
women and 15 men) without diabetes or cirrhosis 
and with a history of moderate alcohol consump-
tion, which was defined among the women as 
no more than 3  drinks in any day or 7  drinks 
in a week and among the men as no more than 
4 drinks in a day or 14 drinks in a week. In addi-
tion to assessing body size, the authors performed 
a variety of standard serum measurements (e.g. 
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alanine transaminase, aspartate aminotrans-
ferase) and assessed the insulin secretion rate 
and peripheral and hepatic insulin resistance at 
baseline and after a median of 7 weeks of absti-
nence. Body mass index, alanine transaminase, 
aspartate aminotransferase, fasting glucose, 
and fasting insulin levels and peripheral insulin 
resistance and insulin secretion rates remained 
unchanged. In contrast, hepatic insulin resis-
tance was significantly higher among the indi-
viduals after they abstained from alcohol.

Mehta et al. (2018) recruited healthy individ-
uals with regular alcohol consumption of > 64 g 
per week for men or > 48 g per week for women 
and asked them to indicate whether they would 
abstain from alcohol for 1  month or continue 
their usual consumption. A total of 77 partici-
pants completed the abstinence protocol and 
returned for the second visit, and 40 continued 
their usual consumption and returned for the 
second visit. The primary aim was to measure 
insulin resistance using homeostatic model 
assessment (HOMA). After 1 month, the HOMA 
score was reduced by a mean of 25% in the group 
that abstained from alcohol (P < 0.001), whereas 
there was no significant change (P = 0.42) in the 
group that continued their usual consumption. 
To account for other changes in lifestyle that the 
participants may have undertaken, the authors 
measured changes in diet and exercise using a 
questionnaire. In a multivariate model, only 
abstinence was associated with improvement in 
the HOMA score. [Participants who abstained 
from alcohol also showed improvement in blood 
pressure, weight, cholesterol, alanine transami-
nase and aspartate aminotransferase levels, and 
other markers, whereas among the controls, the 
only significant difference was higher aspartate 
aminotransferase levels.]

(c) Other hormones

The human hormonal system includes a 
wide array of messengers and targets and may 
contribute to many health outcomes associated 

with alcohol exposure, but much of the current 
body of research has been directed towards 
understanding human craving, addiction, and 
withdrawal symptoms, with little information 
directly relevant to cancer target organs. Alcohol 
consumption has been shown to affect the 
activity of the hypothalamic–pituitary–adrenal 
axis, including levels of adrenocorticotropic 
hormone (ACTH) and cortisol and other related 
hormones (Gianoulakis et al., 2003). Thyroid 
hormones also have been investigated alone or in 
combination with ACTH. Many of the hormonal 
responses that have been studied were in path-
ways that may not yet be tied directly to cancer in 
a specific organ. In many instances, the studies 
have focused on how the hormonal responses 
are associated with alcohol cravings and other 
aspects of addiction. Hormone studies also have 
included vitamin D, a fat-soluble secosteroid 
hormone that has been studied extensively with 
regard to risk of breast cancer (Visvanathan 
et al., 2023), colorectal cancer (McCullough et al., 
2019), and other cancer types.

(i) Among humans
Thyroid hormones are reactive to illness and 

have been studied in the earliest days (Melander 
et al., 1982) and weeks (Välimäki et al., 1984) 
after individuals become abstinent, but these 
short-term changes probably do not reflect their 
hormonal status after the initial treatment period.

Loosen et al. (1983) studied 29 men who had 
been abstinent for ≥ 2 years and 17 healthy men 
as controls. They compared levels of triiodothy-
ronine (T3), thyroxine (T4), thyrotropin (or 
thyroid-stimulating hormone [TSH]), and several 
other related hormones and calculated indices at 
study baseline and after injection with thyrotro-
pin-releasing hormone (TRH). Several param-
eters, such as T3, T3:T4 ratio, TSH at baseline, 
and TSH and T4 after administration of TRH, 
were significantly different. Basal cortisol, basal 
testosterone, and prolactin levels at baseline and 
after TRH treatment did not differ. There was 
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also a significant increase in thyroid-binding 
globulin among participants who were abstinent.

Marchesi et al. (1992) studied 11 individuals 
with AUD who had abstained for 4 weeks, 9 men 
with AUD who had abstained for ≥ 1 year, and 
9 age-matched healthy controls. There was no 
difference in the TSH levels among the groups 
after administration of TRH, but there was a 
marginally significant increase in prolactin 
response in the group that had abstained for 
4 weeks.

Ozsoy et al. (2006) studied 39 men who were 
being treated for AUD and 28 healthy men as 
controls. Concentrations of free thyroxine, free 
triiodothyronine, and TSH were measured once 
among the controls and on day 2 and day 28 of 
withdrawal among the individuals with AUD. 
On day 2, the concentrations of the three thyroid 
hormones did not differ from those among 
the controls. On day 28, the levels of both free 
thyroxine and free triiodothyronine were signifi-
cantly lower among the individuals being treated 
for AUD than among the controls (measured at 
the first time point). Subanalyses by age at onset 
of AUD, family history, and aggressiveness 
showed that all factors modified these changes.

Ozsoy et al. (2007) assessed gamma-amino-
butyric acid (GABA) dysfunction by measuring 
growth hormone responses to oral baclofen treat-
ment among 22 men with alcohol dependence 
after they had abstained for 21  days compared 
with 23 healthy men as controls. The participants 
with AUD were divided into two groups on the 
basis of their withdrawal symptom severity 
scores on day 21 of alcohol cessation: those with 
continuing withdrawal symptoms, and those 
with no withdrawal symptoms (recovered with-
drawal group). As expected, baclofen treatment 
significantly increased growth hormone respon-
siveness among the participants in the control 
group, but not among the men with AUD who 
had abstained. This impairment was evident only 
among the men with continuing withdrawal 
symptoms, whereas responsiveness had been 

restored among those in the recovered with-
drawal group.

Alvisa-Negrín et al. (2009) studied levels of 
osteocalcin, vitamin D, and other bone health 
markers among individuals with AUD before 
and after alcohol withdrawal. They enrolled 77 
participants with AUD (68 men and 9 women) 
at baseline; 48 (including 3 women) were evalu-
ated 6 months later, when 28 were abstinent and 
20 were not abstinent. After 6 months, the indi-
viduals who continued to consume alcohol had 
lost bone mass, whereas those who abstained had 
either no change or an increase in bone mass. 
The participants who abstained had a signif-
icant increase in osteocalcin, whereas there 
was a decrease among those who continued to 
consume alcohol. Changes in serum telopeptide 
levels were similar among the two groups. In 
a subset of participants, serum levels of insu-
lin-like growth factor 1 (IGF-1), vitamin D, and 
parathyroid hormone were measured at entry 
and after 6  months. IGF-1 concentrations were 
unchanged, vitamin D levels increased, and 
parathyroid hormone levels increased non-sig-
nificantly [quantitative data for these changes 
were not reported].

Price and Nixon (2021) used segmental 
hair analysis among individuals (12 men and 7 
women) with AUD ~6 weeks after alcohol with-
drawal to study changes in cortisol concentra-
tions over time. Cortisol accumulated in hair 
during alcohol consumption, and abstinence led 
to significantly lower cortisol concentrations; 
there were no differences between men and 
women.

(ii) Among experimental animals
Although their relevance to humans and 

to carcinogenesis is currently unknown, the 
few available studies in experimental animals 
about the effects of alcohol withdrawal on other 
hormones are summarized below.

Rasmussen et al. (2000) examined the effects 
 of ethanol withdrawal on the hypothalamic– 
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pituitary–adrenal axis in male Sprague-Dawley 
rats and pair-fed and ad libitum-fed controls. 
The animals were administered ethanol over a 
3-week gradual introduction to a 5% weight by 
volume diet, then 4 weeks of continuing admin-
istration, and then ethanol withdrawal over a 
3-week period. After the 3-week withdrawal 
period, anterior pituitary pro-opiomelanocortin 
(POMC) messenger RNA (mRNA) concentra-
tions were significantly suppressed among the 
exposed group compared with the pair-fed and 
ad libitum-fed control groups; thymus and spleen 
weights were also higher among the exposed rats.

Li et al. (2010) examined whether alcohol 
withdrawal could reverse alcohol-induced 
exocrine pancreatic insufficiency, which is 
more common among individuals with alcohol 
dependence. They used male Wistar rats, among 
which ethanol alone cannot induce chronic 
pancreatitis but is known to alter markers of 
sufficiency. A total of 48 rats were divided evenly 
into 4 groups: a group exposed at final exposure 
(incremental exposure over 4  weeks) to 25% 
ethanol (v/v) for 6 months; a group exposed to 
25% ethanol for 6 months, followed by 3 months 
of enforced abstinence; a 6-month distilled water 
control group; and a 9-month distilled water 
control group. Ethanol exposure for 6  months 
led to significantly reduced levels of amylase and 
lipase, and the levels in the group with ethanol 
exposure followed by enforced abstinence were 
not restored to those among the paired control 
group. A similar irreversible effect was noted 
for cholecystokinin, measured by radioimmu-
noassay in pancreatic acinar cells and small 
intestinal cells. Ethanol administration had no 
effect on cholecystokinin A receptors.

Allen et al. (2018) assessed ACTH and cortisol 
levels in a study in which adult male experi-
mentally naive rhesus macaques were exposed 
to ethanol for 14  months, followed by periods 
of enforced abstinence that lasted ~3  months. 
Exposed animals (n = 8) had ethanol and water 
available from two different bottles, and they 

developed a wide array of patterns of voluntary 
ingestion. Yoked-control animals (n  =  4) had 
water available from both bottles. Serum cortisol 
and ACTH concentrations were measured during 
the three periods of enforced abstinence. During 
the first period of abstinence, a sharp increase 
and subsequent decrease in cortisol concen-
trations were seen in all groups. During the 
second period, cortisol concentrations remained 
higher among the animals with heavy ethanol 
consumption. During the third period, cortisol 
concentrations increased, and they remained 
elevated among all three groups. ACTH concen-
trations were more variable than those of cortisol 
and were not correlated to the alternating phases 
of exposure and enforced abstinence.

3.2.5 Microbiome

The human microbiome may play roles in 
alcohol-induced cancer. The oral microbiome 
plays an important role in the metabolism of 
alcohol in the mouth, and alcohol consump-
tion can induce changes in the composition 
and abundance of the oral microbiome (see 
Section 3.1). Chronic alcohol consumption also 
has an impact on the intestinal microbiome; this 
may act through metabolism, inflammation, 
and intestinal permeability, including translo-
cation of microbes (see Section  3.2.6). Studies 
assessing the effects of alcohol cessation on the 
oral and intestinal microbiomes are described in 
Table 3.4.

(a) Oral microbiome

Heavy alcohol consumption has been shown 
to decrease secretion of saliva, change the elec-
trolyte concentration in saliva, and decrease 
protein synthesis in the salivary glands; this 
suggests an impact on the oral microbiome 
(Inenaga et al., 2017). Furthermore, it has been 
suggested that alcohol influences the inflam-
matory effect of the oral microbiota or facil-
itates enhanced pathogenicity of commensal 
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Table 3.4 Effects of cessation of alcohol consumption on the oral and intestinal microbiome

Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Oral microbiome
Yokoyama 
et al. (2007) 
Japan

80 men with AUD who were 
admitted to a 3-week treatment 
programme for alcoholism. 
Among the 34 individuals 
tested after 3 weeks, 12 were 
heterozygous for ALDH2

67 smokers 
and 13 non-
smokers 
All partici-
pants 
continued 
drinking until 
the day before 
admission to 
the hospital, 
had never 
used alcohol-
aversive drugs, 
and had 
no signs or 
symptoms of 
liver cirrhosis

NR Saliva 
Acetaldehyde 
production 
capacity measured 
at admission and 
after 3 weeks 
(n = 34); bacteria 
and yeast counts

Values are median (Q1, Q3) 
Acetaldehyde production (µM) 
AUD at baseline: 270 (179, 397) 
AUD after abstinence (3 weeks): 132 (82, 195) 
Pabstinence vs baseline < 0.0001 
Salivary bacteria and yeast counts (log10 CFU/mL) 
Total salivary bacteria and yeast counts 
AUD at baseline: 7.45 (7.32, 7.78) 
AUD after abstinence (3 weeks): 7.04 (6.81, 7.30) 
Pabstinence vs baseline = 0.0002 
Correlated decreases in total salivary bacteria and 
yeast counts and acetaldehyde production (r = 0.35; 
P = 0.042)
Stomatococcus species 
AUD at baseline: 5.60 (< DL, 6.26) 
AUD after abstinence (3 weeks): 5.30 (< DL, 6.15) 
Pabstinence vs baseline = 0.96 
Corynebacterium spp. 
AUD at baseline: 6.00 (< DL, 6.53) 
AUD after abstinence (3 weeks): 5.26 (< DL, 6.26) 
Pabstinence vs baseline = 0.58 
α-Haemolytic Streptococci 
AUD at baseline: 7.20 (6.96, 7.62) 
AUD after abstinence (3 weeks): 6.70 (6.38, 7.04) 
Pabstinence vs baseline < 0.0001
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

van Zyl 
and Joubert 
(2015) 
South 
Africa

30 men with AUD (median age, 
42 years; IQR, 29–48 years) 
who were admitted to a 21-
day inpatient rehabilitation 
programme followed by 9 weeks 
of observation (total of 12 weeks 
of observation) 
Racial distribution: 15 Black, 11 
White, and 4 mixed race 
A smaller pilot study was 
conducted among 7 men from 
the treatment centre who were 
compared with 7 men from the 
general population 
Exclusion criteria: antibiotic 
use during the previous month 
and dependence on drugs 
other than alcohol, nicotine, or 
marijuana

Sex The 30 study 
participants 
included 10 who 
consumed > 60 units 
per week, 4 who 
consumed 40–
59 units per week, 
13 who consumed 
15–39 units per 
week, and 3 who 
consumed < 15 units 
per week 
During the 
12 weeks, 16 
participants 
remained abstinent 
and 13 participants 
resumed drinking

Saliva 
Acetaldehyde 
production 
capacity measured 
2, 4, 11, and 18 days 
after admission to 
the programme

Values are median (Q1, Q3) 
Salivary acetaldehyde production capacity 
(µmol/L) 
AUD after abstinence (18 days): 178 (172, 188) 
AUD resumed drinking (18 days): 168 (161, 180) 
Pabstinence vs drinking = 0.02 
The difference between the 2 groups was not 
statistically significant on days 2, 4, and 11

Intestinal microbiome
Leclercq 
et al. (2014) 
Belgium

60 participants with AUD 
(47 men, 13 women) entering 
an inpatient rehabilitation 
programme for 19 days. 
Participants were tested on the 
day after admission and divided 
into 2 groups: with high IP 
and with low IP. Among the 
44 individuals who remained 
abstinent during the 19 days, 
13 (8 men, 5 women) were 
tested for intestinal microbiota 
composition and functionality 
before and after abstinence 
15 healthy controls who 
consumed < 20 g of alcohol per 
day

Age, sex, and 
BMI

AUD was diagnosed 
according to DSM-
IV

Faecal samples 
Intestinal 
microbiota analysis 
(pyrosequencing 
and qPCR of 16S 
rDNA in faecal 
samples) 
Intestinal 
permeability 
(51Cr-EDTA)

Microbial composition 
AUDhigh-IP at baseline 
Family level 
Decreased Ruminococcaceae and Incertae Sedis XIII 
vs AUDlow-IP and controls 
P < 0.05 
Increased Lachnospiraceae and Incertae Sedis XIV 
vs AUDlow-IP and controls 
P < 0.05 
Genus level 
Decreased Ruminococcus, Faecalibacterium, 
Subdoligranulum, Clostridia, and Oscillibacter vs 
AUDlow-IP and controls 
P < 0.05
Decreased Anaerofilum vs AUDlow-IP and controls 
P: NR

Table 3.4   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Leclercq 
et al. (2014) 
(cont.)

Exclusion criteria: BMI 
> 30 kg/m2, diabetes, 
inflammatory bowel disease, 
other chronic inflammatory 
diseases such as rheumatoid 
arthritis, cancer, or use 
of antibiotics, probiotics, 
glucocorticoids, or non-
steroidal anti-inflammatory 
drugs in the 2 months before 
admission

Increased Dorea, Blautia, and Megasphaera vs 
AUDlow-IP and controls 
P < 0.05 
AUDhigh-IP after abstinence (19 days)
Increased Ruminococcaceae 
P19-day abstinence vs baseline < 0.05 
Decreased family Erysipelotrichaceae and genus 
Holdemania 
P19-day abstinence vs baseline < 0.05
Increased genera Ruminococcus and 
Subdoligranulum 
P19-day abstinence vs baseline = 0.11 (NS) 
AUDlow-IP after abstinence (19 days) 
Decreased family Erysipelotrichaceae and genus 
Holdemania 
P19-day abstinence vs baseline < 0.05 
Microbial abundance, log10 (bacterial cells/g 
faeces) 
AUDhigh-IP at baseline 
Decreased total amount of bacteria vs AUDlow-IP and 
controls 
P < 0.01
Decreased Faecalibacterium prausnitzii and 
Bifidobacterium spp. vs AUDlow-IP and controls 
P < 0.05 
Decreased Lactobacillus spp. vs AUDlow-IP and 
controls 
P > 0.05, NS 
AUDhigh-IP after abstinence (19 days) 
Increased total amount of bacteria, Bifidobacterium 
spp., and Lactobacillus spp. 
P19-day abstinence vs baseline < 0.05 
Faecalibacterium prausnitzii: no change

Table 3.4   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Ames et al. 
(2020) 
USA

22 participants with AUD 
entering a 4-week inpatient 
detoxification programme 
(14 men, 8 women; average 
age ± SD, 45.82 ± 13.0 years) 
Racial distribution: 13 White, 
6 Black, 2 mixed race, 1 of 
unknown race

16/22 
participants 
smoked, 8/22 
used illicit 
substances, and 
10/22 tested 
positive for 
cannabinoids 
in urine. 
None of the 
participants 
had cirrhosis 
or liver failure. 
86% of the 
participants 
were 
diagnosed with 
periodontal 
disease. 3 
participants 
were taking 
antibiotics

Participants were 
divided into 2 
groups: VHD 
(≥ 10 drinks per 
day) and LHD 
(< 10 drinks per day) 
They were followed 
up during 3 weeks 
of abstinence

Stool 
homogenization 
and oral tongue 
brushings analysed 
with a microbiome 
sequencing kit to 
examine 6 of the 
9 hypervariable 
regions of the 16S 
gene

Microbial composition, average relative 
abundance (%) 
Erysipelotrichaceae 
LHD at baseline: 13 
VHD at baseline: 0.01–0.05 
P: NR 
Lachnospiraceae 
LHD at baseline: 13 
VHD at baseline: 0.01–0.05 
P: NR 
After abstinence (3 weeks), greater changes in VHD 
group than in LHD group 
Shannon diversity index 
No significant difference between LHD and VHD 
groups at baseline or after abstinence (3 weeks)
1/8 LHD and 4/14 VHD participants: significant 
linear diversity changes from baseline to after 
abstinence (3 weeks) 
P: NR  
BSDD 
Average BSDD values across the 2 groups were 
analysed using pairwise comparisons between 
day 1 and day 5 (P = 0.03) and day 1 and week 3 
(P = 0.02) 
Between-group differences were significant: values 
0.10 higher in VHD group than in LHD group 
Average BSDD range after abstinence (3 weeks) 
LHD: 0.1–0.2 
VHD: 0.13–0.43 
PVHD vs LHD = 0.02

Table 3.4   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Gao et al. 
(2020) 
Belgium

30 participants with AUD (23 
men, 7 women; median age, 
42 years; range, 27–59 years) 
entering a 3-week detoxification 
programme 
Participants were divided 
into 2 groups: with high CAP 
(> 300 dB/m) and with low CAP 
(< 300 dB/m) 
Controls: 8 healthy volunteers 
(6 men, 2 women; median age, 
52 years; range, 37–71 years) 
who consumed < 20 g of alcohol 
per day, defined as social 
drinking

Age, sex, and 
BMI

Participants with 
AUD had consumed 
60 g of alcohol per 
day for ≥ 1 year 
Detoxification 
programme for 
participants with 
AUD: 1 week 
of inpatient 
detoxification, 
followed by 1 week 
of outpatient care 
and 1 week of 
inpatient treatment

Stool samples 
(collected from 
first bowel 
movement 
after each 
hospitalization) 
Microbial 
composition 
and microbial 
pathways (shotgun 
metagenomic 
sequencing) 
Liver steatosis 
(transient 
elastography 
combined 
with CAP 
measurements) 
LDA effect size 
used to identify 
the features most 
likely to account 
for between-group 
differences

LDA score (log10) (LDA threshold: > 2.0) 
All participants with AUD after abstinence 
(2 weeks) 
Isoprene biosynthesis I 
Pabstinence vs baseline < 0.05 
Pabstinence vs controls < 0.01 
Phytol degradation 
Pabstinence vs baseline < 0.05 
Pabstinence vs controls < 0.05 
l-isoleucine biosynthesis II 
Pabstinence vs baseline < 0.05 
Pabstinence vs controls: NS 
Superpathway of geranylgeranyl diphosphate 
biosynthesis II 
Pabstinence vs baseline < 0.01 
Pabstinence vs controls: NS 
NAD salvage pathway II
Pabstinence vs baseline < 0.01 
Pabstinence vs controls: NS 
Glutaryl-coenzyme A degradation 
Pabstinence vs baseline < 0.05 
Pbaseline vs controls < 0.05 
Pabstinence vs controls < 0.05 
Superpathway of geranylgeranyl diphosphate 
biosynthesis I
Pabstinence vs baseline < 0.05 
Pabstinence vs controls < 0.05 
AUDhigh-CAP after abstinence (2 weeks) 
l-isoleucine biosynthesis II, superpathway of 
β-d-glucuronosides degradation, superpathway 
of hexuronide and hexuronate degradation, 
superpathway of geranylgeranyl diphosphate 
biosynthesis II (via MEP), and glutaryl-coenzyme A 
degradation: LDA > 2.0
Heterolactic fermentation: LDA < −2.0

Table 3.4   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Gao et al. 
(2020) 
(cont.)

AUDlow-CAP after abstinence (2 weeks) 
Adenosine nucleotides degradation II, guanosine 
nucleotides degradation III, superpathway of 
pyrimidine ribonucleosides degradation, purine 
nucleotides degradation II (aerobic), and ppGpp 
biosynthesis: LDA > 2.0

Maccioni 
et al. (2020) 
Belgium

106 individuals with AUD 
(78 men; mean age ± SEM, 
46 ± 9.2 years) entering 
a 3-week detoxification 
programme 
Participants were divided into 
2 groups, with high IP and with 
low IP 
Controls: 24 healthy volunteers 
(14 men, 10 women; mean 
age ± SEM, 42 ± 11 years) who 
consumed < 20 g of alcohol per 
day, defined as social drinking

Age, sex, and 
BMI (1 to 4 
ratio)

Participants with 
AUD who had 
consumed > 60 g of 
alcohol per day for 
≥ 1 year 
Participants with 
AUD admitted to 
a detoxification 
programme 
consisting of 
1 week of inpatient 
detoxification 
followed by 1 week 
of outpatient care 
and 1 week of 
inpatient treatment

Blood, urine, and  
faecal samples 
collected at the 
beginning of the 
programme and 
after 2 weeks of 
abstinence 
Microbial 
translocation 
(measuring 
Gram-negative 
and Gram-positive 
serum markers by 
ELISA); microbiota 
(16S rRNA 
sequencing) 
IP (urinary 
excretion of 51Cr-
EDTA), faecal 
albumin content, 
and immunohisto- 
chemistry in distal 
duodenal biopsies

sCD14 
AUD after abstinence (2 weeks): decrease 
Pabstinence vs baseline = 0.0001 
Lipopolysaccharide binding protein 
AUD after abstinence (2 weeks): no change 
Peptidoglycan recognition proteins 
AUD after abstinence (2 weeks): no change 
α-diversity (Shannon diversity index) 
AUDhigh-IP after abstinence (2 weeks): increase 
Pabstinence vs baseline = 0.076 
AUDlow-IP after abstinence (2 weeks): no change
Pabstinence vs baseline = 0.6 
AUDprogressive ALD after abstinence (2 weeks): no 
change 
Pabstinence vs baseline = 0.8 
AUDnon-progressive ALD after abstinence (2 weeks): 
increase 
Pabstinence vs baseline = 0.15 
α-diversity (Simpson diversity index) 
AUDhigh-IP after abstinence (2 weeks): increase 
Pabstinence vs baseline = 0.065
AUDlow-IP after abstinence (2 weeks): no change 
Pabstinence vs baseline = 0.8 
AUDprogressive ALD after abstinence (2 weeks): no 
change 
Pabstinence vs baseline = 0.8 
AUDnon-progressive ALD after abstinence (2 weeks): 
increase 
Pabstinence vs baseline = 0.15 
β-diversity 
AUD after abstinence (2 weeks): no change

Table 3.4   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Hartmann 
et al. (2021) 
Belgium

66 participants with AUD 
(47 men; average age ± SD, 
45 ± 12 years) entering a 3-week 
detoxification programme 
Controls: 18 healthy volunteers 
(14 men, 4 women; average 
age ± SD, 41 ± 12 years) who 
consumed < 20 g of alcohol per 
day, defined as social drinking

Age, sex, and 
BMI 
80% of 
participants 
with AUD and 
20% of controls 
were smokers

Participants with 
AUD had consumed 
> 60 g of alcohol per 
day for ≥ 1 year 
Participants with 
AUD admitted to 
a detoxification 
programme 
consisting of 
1 week of inpatient 
detoxification, 
followed by 1 week 
of outpatient care 
and 1 week of 
inpatient treatment

Blood and stool 
samples (collected 
from first bowel 
movement 
after each 
hospitalization) 
DNA from 
faecal samples 
characterized 
using fungal 
metagenomic 
sequencing 
and internal 
transcribed spacer 
2 amplicon 
Principal 
coordinate 
analyses performed 
to summarize 
outcomes of the 
relative abundance 
of all fungal 
genera between the 
different groups 
LDA effect size 
used to identify 
the features most 
likely to account 
for between-group 
differences

Principal coordinate analyses 
Pbaseline vs controls = 0.001 
Pabstinence vs baseline = 0.001 
LDA score (log10) 
Participants with AUD after abstinence (2 weeks) 
vs participants with AUD at baseline 
Genus level 
Candida, Malassezia, Pichia, Kluyveromyces, 
Issatchenkia, Claviceps, Cyberlindnera, and 
Hanseniaspora: LDA < −2 
Trichosporon: LDA > 2 
Species level 
C. albicans, C. zeylanoides, I. orientalis, and 
Cyberlindnera jadinii: LDA < −2 
Family level 
Saccaromycodaceae, Malasseziaceae, 
Cystostereaceae, Didymellaceae, and 
Clavicipitiaceae: LDA < −2 
Metschnikowiaceae and Trichosporonaceae: 
LDA > 2

Table 3.4   (continued)
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Reference 
Study 
location

Setting, study design, number, 
age, sex, ethnicity, and health 
status of exposed and control 
groups

Matching 
factors 
Covariates 
controlled for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point  
(test used)a

Results

Hsu et al. 
(2022) 
Belgium

62 participants with AUD 
(44 men; average age ± SD, 
44.4 ± 11.9 years) entering 
a 3-week detoxification 
programme 
Controls: 16 healthy volunteers 
(13 men, 3 women; average 
age ± SD, 40.8 ± 12.3 years) who 
consumed < 20 g of alcohol per 
day, defined as social drinking

Age, sex, and 
BMI

Participants with 
AUD who had 
consumed > 60 g of 
alcohol per day for 
≥ 1 year 
Detoxification 
programme 
consisting of 
1 week of inpatient 
detoxification, 
followed by 1 week 
of outpatient care 
and 1 week of 
inpatient treatment

Blood and stool 
samples (collected 
from first bowel 
movement 
after each 
hospitalization) 
Viral nucleic 
acid analysis 
(metagenomic 
sequencing) 
Principal 
coordinate 
analyses performed 
to identify 
differences in the 
relative abundance 
of all phages 
grouped according 
to their hosts 
LDA effect size 
used to identify 
the features most 
likely to account 
for between-group 
differences

Principal coordinate analyses 
Participants with AUD after abstinence (2 weeks) 
vs controls and participants with AUD at baseline: 
P = 0.027 
LDA effect size 
Participants with AUD at baseline 
Decreased % of individuals with bacteriophages 
targeting Propionibacterium vs controls: 
Pbaseline vs controls < 0.001 
Participants with AUD after abstinence (2 weeks): 
Pabstinence vs baseline 
Increased phages targeting Lactococcus: P = 0.020 
Increased phages targeting Leuconostoc: P = 0.016
Increased phages targeting Streptococcus: P = 0.077 
Increased phages targeting Propionibacterium: 
P = 0.030 
Increased phages targeting Lactobacillus: P = 0.007 
Increased % of individuals with bacteriophages 
targeting Lactobacillus: P < 0.001 
Increased % of individuals with bacteriophages 
targeting Propionibacterium: P = 0.005 
Relative abundance of Propionibacterium phages 
in participants with AUD at baseline and after 
abstinence vs controls: PKruskal–Wallis = 0.002

a % 51Cr-EDTA is the percentage of the ingested dose of 51Cr-EDTA found in urine, normalized for creatinine.
16S rDNA, 16S ribosomal DNA subunit; ALD, alcohol-related liver disease; ALDH2, aldehyde dehydrogenase gene; AUD, alcohol use disorder; BMI, body mass index; BSDD, binary 
Sørensen–Dice dissimilarity coefficient; CAP, controlled attenuation parameter; CFU, colony-forming unit; DL, detection level (1.30 log10 CFU/mL for bacteria); DSM-IV, Diagnostic 
and Statistical Manual of Mental Disorders, 4th edition; EDTA, ethylenediaminetetraacetic acid; ELISA, enzyme-linked immunosorbent assay; IP, intestinal permeability; IQR, 
interquartile range; LDA, linear discriminant analysis; LHD, less heavy drinking; MEP, methyl-d-erythritol 4-phosphate; NAD, nicotinamide adenine dinucleotide; NR, not reported; 
NS, not significant; ppGpp, guanosine 3′,5′-bis(diphosphate); Q1, first quartile; Q3, third quartile; qPCR, quantitative polymerase chain reaction; sCD14, soluble CD14; SD, standard 
deviation; SEM, standard error of the mean; VHD, very heavy drinking.

Table 3.4   (continued)
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microorganisms. A potential interaction between 
alcohol and the oral microbiome, leading to a 
malignant transformative event, also has been 
suggested, which supports the hypothesis that 
the microbiome could influence the level of acet-
aldehyde, mediating its genotoxic effects. The 
interaction between the oral microbiome and 
ethanol metabolism is a complex and widely 
unexplored process, with numerous possible 
genus- or species-related outcomes. One of the 
main links between alcohol consumption and 
the oral microbiome is the enzyme ADH. It is 
found in several species of commensal bacteria 
(e.g. Neisseria mucosa and Streptococcus species) 
and the fungus Candida albicans, which have the 
potential to produce genotoxic levels of acetalde-
hyde (Nieminen and Salaspuro, 2018; Yokoyama 
et al., 2018; O’Grady et al., 2020). In addition, 
alcohol consumption (along with other exoge-
nous factors, e.g. tobacco smoking) can alter the 
composition of the oral microbiome and change 
its metabolic contributions (Hsiao et al., 2018). 
Details about the role of the microbiome in 
ethanol metabolism are provided in Section 3.1. 
Host genetics also was found to have an impact 
on the microbiome in a comparison of data from 
the Human Microbiome Project in hosts for 
which a genome-wide association study (GWAS) 
analysis was performed (Blekhman et al., 2015). 
This could imply that different genetic back-
grounds may lead to variations in the oral micro-
biome that could ultimately affect its influence 
on acetaldehyde production and metabolism (see 
Section 3.1).

To characterize changes in the oral micro-
biome associated with abstinence, studies have 
measured the impact of abstinence on the capacity 
of salivary microbes to metabolize ethanol to 
acetaldehyde, by collecting saliva samples and 
exposing them ex vivo to ethanol (Homann et al., 
2001). These studies are described below and in 
Table 3.4.

In a study in Japan, Yokoyama et al. (2007) 
measured the salivary microbiome as bacteria 

and yeast counts in saliva samples collected 
from 80 men with AUD who entered a rehabil-
itation treatment programme. Saliva specimens 
were collected immediately after admission and 
3 weeks later from 34 participants. Acetaldehyde 
production capacity was significantly correlated 
with the number of microorganisms measured 
in the saliva. The number of salivary bacteria 
and yeasts decreased after 3 weeks of abstinence 
and correlated with a decrease in acetalde-
hyde production in saliva (r = 0.35; P = 0.042). 
Specifically, the prevalence and number of 
α-haemolytic Streptococci, Stomatococcus sp., 
and Corynebacterium sp. were very high at 
admission, and the number of α-haemolytic 
Streptococci, which are known to be associated 
with increased salivary acetaldehyde production, 
was significantly reduced after 3 weeks of absti-
nence (P < 0.001).

van Zyl and Joubert (2015) investigated acet-
aldehyde production capacity in saliva samples 
collected from 30 individuals 2, 4, 11, and 18 days 
after they were admitted to a rehabilitation 
programme. Among the selected participants, 
16 remained abstinent during the 12  weeks of 
observation, and 13 resumed alcohol consump-
tion. No differences in the levels of acetaldehyde 
production were detected between the samples 
collected at baseline and those collected at the 
later time points. Statistically significant differ-
ences were found in the acetaldehyde production 
after 12 weeks between the group that remained 
abstinent and the group that resumed alcohol 
consumption. [These results are of limited signif-
icance because acetaldehyde production capacity 
is an indirect measurement of bacterial function, 
which is potentially influenced by an individual’s 
endogenous acetaldehyde production and is also 
likely to be affected by other major sources of acet-
aldehyde exposure, such as tobacco smoking.]

[These studies underscore the complexity of 
the influence of alcohol on the oral microbiome. 
Consumption of alcohol influences the compo-
sition and abundance of the oral microbiome, 
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which in turn may affect local metabolism of 
ethanol and, consequently, the effects of alcohol 
mediated by acetaldehyde. These particular 
interactions in the oral cavity support the need 
to consider the oral microbiome separately from 
the intestinal microbiome.]

(b) Intestinal microbiome

Chronic alcohol consumption changes the 
composition and abundance of the intestinal 
microbiome, which results in an insult to the 
intestinal mucosal barrier, compromising intes-
tinal homeostasis and leading to an imbalance in 
the microbiota with loss of beneficial microbes 
and expansion of pathogenic ones, also known 
as intestinal dysbiosis. AUD further increases 
intestinal mucosal damage and intestinal perme-
ability, causing an increase in the translocation 
of microbial products into peripheral circulation 
(Donnadieu-Rigole et al., 2018; see Section 3.2.6). 
Recently, an association between alterations in 
the intestinal microbiome and breast cancer has 
been reported, suggesting that the microbiome 
may play a role in regulating estrogen levels 
(Parida and Sharma, 2019). However, this area 
of research is only in its infancy. Changes in 
the intestinal microbiome are considered a risk 
factor for the progression of ALD, which ulti-
mately may develop into HCC (Hsu et al., 2022).

Bajaj et al. (2014) compared stool samples 
from individuals with alcohol-related cirrhosis 
with those from individuals with cirrhosis with 
etiologies other than solely alcohol. Among the 
individuals with alcohol-related cirrhosis, the 
beneficial taxa of the phyla Firmicutes, such as 
Lachnospiraceae and Ruminococcaceae, were 
less abundant, whereas organisms in the phyla 
Proteobacteria, including Enterobacteriaceae, 
were drastically increased in abundance (all vari-
ations were significant at P  <  0.05). In another 
study, an even greater significance (P < 0.0001) 
for differences in abundance was reported when 
comparing individuals with cirrhosis with 

healthy controls (Qin et al., 2014). These studies 
are described below and in Table 3.4.

Leclercq et al. (2014) assessed the effects of 
AUD on intestinal permeability and micro-
biome composition among individuals entering 
a detoxification programme at baseline and 
19 days after abstinence, and among individuals 
in a control group. (Results for intestinal perme-
ability are presented in Section 3.2.6 and Table 
3.4.) Among a subset of 13 participants, intes-
tinal microbiome composition and functionality 
were assessed. Non-metric multidimensional 
scaling revealed that the bacterial profiles of the 
participants with AUD who had high intestinal 
permeability differed from those of the partic-
ipants with low intestinal permeability and the 
controls. Specifically, at the family level, bacteria 
from Ruminococcaceae and Incertae Sedis XIII 
were less abundant (P < 0.05), whereas bacteria 
from Lachnospiraceae and Incertae Sedis XIV 
were more abundant (P  <  0.05) among indi-
viduals with high intestinal permeability than 
among those with low intestinal permeability 
and the controls. When the effects of absti-
nence were considered, a significant increase 
in Ruminococcaceae was observed among 
participants with high intestinal permeability 
(P < 0.05). In addition, bacteria from the family 
Erysipelotrichaceae and the genus Holdemania 
decreased significantly among all participants 
with AUD (P < 0.05) after they abstained. Alcohol 
withdrawal had no impact on the abundance 
of the other families or genera that were found 
to be modified among the participants with 
high intestinal permeability at entry into the 
programme. However, quantitative PCR anal-
ysis revealed that the total amount of bacteria, 
as well as the levels of Bifidobacterium spp. and 
Lactobacillus spp., increased significantly during 
alcohol withdrawal among individuals with high 
intestinal permeability and returned to the levels 
of controls (P  <  0.05). [The number of partici-
pants with AUD was very small, with <  7 per 
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group when investigating the effects of alcohol 
withdrawal on the microbiome.]

Ames et al. (2020) collected samples from 
22 individuals with AUD who were classified as 
having “less heavy drinking” (LHD) (< 10 drinks 
per day, n = 8) or “very heavy drinking” (VHD) 
(≥  10  drinks per day, n  =  14) and entered an 
inpatient treatment programme for 28  days. 
Homogenized whole stool was analysed using 
a microbiome sequencing kit to examine 6 of 
the 9 hypervariable regions of the 16S gene. The 
average relative microbial abundance for each 
time point showed some genera specificity for 
each group (LHD vs VHD). Erysipelotrichaceae 
and Lachnospiraceae were significantly more 
abundant at the first time point in the LHD 
group than in the VHD group. Changes in the 
intestinal microbiota among the LHD and VHD 
groups differed significantly from day 1 to day 5 
(P = 0.03) and from day 1 to week 3 (P = 0.02). 
The VHD group had a greater change from base-
line than the LHD group. The Shannon diver-
sity index of the intestinal microbiome changed 
significantly during abstinence among 5 partic-
ipants, and among 4 individuals there was a 
significant increase in diversity over time. [The 
analyses over time of abstinence were performed 
on an extremely small number of samples, in 
some cases only 2 or 3 samples.]

A series of studies performed with partic-
ipants from a cohort in Belgium reported on 
changes in the intestinal microbiome after absti-
nence (Gao et al., 2020; Maccioni et al., 2020; 
Hartmann et al., 2021; Hsu et al., 2022). In these 
studies, participants with AUD entered a 3-week 
detoxification and rehabilitation programme in 
which 2 weeks of inpatient treatment (week 1 and 
week 3) were separated by 1 week of outpatient 
care. Stool samples were collected from each 
participant’s first bowel movement after hospital 
admission, i.e. at the beginning of week  1 and 
week  3 (reflecting 2  weeks of abstinence). 
[Abstinence during the week of outpatient 

treatment (week 2) was not confirmed with any 
specific testing.]

In the first study (Gao et al., 2020), shotgun 
metagenomic sequencing was used to assess the 
reversibility of functional alterations in the intes-
tinal microbiota among individuals with AUD 
when they were abstinent for 2 weeks. Samples 
from 30 participants with AUD and 8 controls 
without AUD were compared. Seven microbial 
pathways were found to be sensitive to abstinence, 
with a linear discriminant analysis score > 2.0; 
all of them were enriched in the sample at week 3 
[after 2  weeks of abstinence]. These pathways 
were isoprene biosynthesis I, phytol degradation, 
l-isoleucine biosynthesis II, superpathway of 
geranylgeranyl diphosphate biosynthesis II (via 
methyl-d-erythritol 4-phosphate), NAD salvage 
pathway II, glutaryl-coenzyme A degradation, 
and superpathway of geranylgeranyl diphosphate 
biosynthesis I (via mevalonate). Among these, 
four pathways were different when comparing 
the participants with AUD with the controls at 
week 1 or week 3. In particular, the relative abun-
dance of the glutaryl-coenzyme A degradation 
gene was lower among the participants with AUD 
at week 1 compared with the controls, and it was 
higher at week  3 than at week  1 but remained 
lower at week  3 compared with the controls. 
Furthermore, the link between functional altera-
tions in the intestinal microbiota and alcohol-as-
sociated steatosis was investigated. The microbial 
functional responses were assessed by charac-
terizing microbial composition and controlled 
attenuation parameter (CAP). Participants 
with AUD were divided into two groups: high 
CAP (> 300 dB/m) and low CAP (< 300 dB/m). 
Functional microbial responses to abstinence 
were found to vary among individuals with 
AUD depending on the degree of hepatic stea-
tosis. Among the high-CAP group, five microbial 
pathways were enriched at week 3: l-isoleucine 
biosynthesis II, the superpathway of β-d-glu-
curonosides degradation, the superpathway of 
hexuronide and hexuronate degradation, the 
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superpathway of geranylgeranyl diphosphate 
biosynthesis II (via methyl-d-erythritol 4-phos-
phate), and glutaryl-coenzyme A degradation. 
One microbial pathway was enriched at week 1: 
heterolactic fermentation. Among the low-CAP 
group, five microbial pathways were enriched 
at week  1: adenosine nucleotides degradation 
II, guanosine nucleotides degradation III, the 
superpathway of pyrimidine ribonucleosides 
degradation, purine nucleotides degradation II 
(aerobic), and guanosine 3′,5′-bis(diphosphate) 
(ppGpp) biosynthesis.

In the second study (Maccioni et al., 2020), 
samples were collected from 106 individuals 
with AUD and 24 healthy controls. Intestinal 
permeability was measured among 86 individ-
uals. Among the participants who had both 
high urinary excretion of 51Cr-labelled ethyl- 
enediaminetetraacetic acid (51Cr-EDTA) and 
high faecal albumin content, values at week 3 had 
returned to those observed among the controls, 
whereas levels of intestinal permeability remained 
low among the participants with AUD who had 
normal levels at admission (see Section  3.2.6). 
Microbial translocation was assessed with serum 
levels of three markers: the Gram-negative 
markers soluble CD14 (sCD14) and LPS binding 
protein (LBP) and the Gram-positive marker 
peptidoglycan recognition proteins (PGRPs). 
Serum sCD14 levels decreased significantly upon 
abstinence (P = 0.0001). In contrast, neither LBP 
nor PGRP levels were modified by alcohol cessa-
tion, supporting the observations that increased 
intestinal permeability is not an absolute require-
ment for microbial translocation. The microbial 
composition in the stool was also assessed at the 
end of the 2-week detoxification programme 
among participants with AUD, who were 
subdivided according to both intestinal perme-
ability and stage of ALD. The authors found an 
increased evenness among species, as expressed 
by the Shannon and Simpson diversity indexes, 
only among the participants with AUD who 
had high intestinal permeability; the number of 

observed species remained the same. In contrast, 
α-diversity indexes (richness and evenness) did 
not change among participants with AUD who 
had normal intestinal permeability. In addi-
tion, a minor change in α-diversity indexes was 
observed among participants with AUD who had 
non-progressive ALD but not among those who 
had progressive ALD. [However, these results 
were not significant.] Overall, microbial profile 
(β-diversity) did not change with abstinence. 
[These results support the concept of a possible 
link between faecal microbiota dysbiosis and 
leaky intestines but not with ALD progression 
among humans.]

The third study (Hartmann et al., 2021) 
focused on investigating changes in the fungal 
microbiome in faecal samples from 66 partic-
ipants with AUD and 18 healthy controls. 
Principal coordinate analysis of the myco-
biome among participants with AUD who 
were consuming alcohol (n  =  63) and paired 
samples from individuals after 2 weeks of absti-
nence showed a significant difference between 
the two groups (P  =  0.001). Specifically, at the 
genus level, the relative abundance of Candida, 
Malassezia, Pichia, Kluyveromyces, Issatchenkia, 
Claviceps, Cyberlindnera, and Hanseniaspora 
was significantly reduced after abstinence, 
whereas Trichosporon was significantly enriched 
after abstinence compared with during alcohol 
consumption. Abstinence among participants 
with AUD was associated with significantly 
lower proportions of the species C. albicans, C. 
zeylanoides, I. orientalis, and Cyberlindnera jadi- 
nii than before abstinence. In addition, the relative 
abundance of the families Saccaromycodaceae, 
Malasseziaceae, Cystostereaceae, Didymellaceae, 
and Clavicipitiaceae was significantly more 
depressed among participants with AUD after  
abstinence compared with during alcohol con- 
sumption; participants with AUD who abstained 
had significantly higher levels of the families 
Metschnikowiaceae and Trichosporonaceae. The 
specific anti-C. albicans immunoglobulin G 
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(IgG) and IgM serum levels were significantly 
higher among participants with AUD compared 
with controls, whereas anti-C. albicans IgA levels 
were similar between the groups. Abstinence 
resulted in a significant decrease in anti-C. albi-
cans IgG levels, whereas the anti-C. albicans IgM 
and IgA levels were not significantly different. 
[Significance was defined as P < 0.05.]

Finally, the effects of abstinence on the intes-
tinal virome were investigated (Hsu et al., 2022). 
Stool samples from 62 participants with AUD and 
16 healthy controls were analysed. Significant 
differences in the faecal virome, specifically 
in the composition of bacteriophage species, 
were observed when comparing the controls 
with the participants with AUD, regardless of 
alcohol consumption status. The faecal virome 
was significantly different among participants 
with AUD after 2  weeks of abstinence. Phages 
targeting specific Lactococcus, Leuconostoc, 
and Streptococcus species and those targeting 
Propionibacterium and Lactobacillus species as a 
whole were more abundant. Significantly fewer 
individuals who were actively consuming alcohol 
than who were abstinent had bacteriophages 
targeting Lactobacillus bacteria. Furthermore, 
in a set of samples collected from participants 
with AUD entering the programme at week 1, the 
proportion of samples with Propionibacterium 
phages was significantly smaller than among the 
samples collected from the controls and from 
participants after 2 weeks of abstinence. The rela-
tive abundance of Propionibacterium phages also 
differed significantly across these three groups 
(P = 0.002, Kruskal–Wallis test), with significantly 
lower abundance among individuals with AUD 
who were actively consuming alcohol compared 
with the controls (P  <  0.001) and participants 
with AUD who abstained (P = 0.005).

[All these studies are characterized by small 
sample sizes and unclear descriptions of whether 
the results obtained are from sample sets from 
the same participants with AUD and controls, 
because they all originate from the same cohort. 

Also, the Working Group noted that the relatively 
short duration of the abstinence period and the 
parallel drastic change in dietary and lifestyle 
habits due to the inpatient nature of the rehabili-
tation programme limit the strength of the find-
ings about the beneficial effects of abstinence.]

3.2.6 Inflammatory and immune responses

The tumour microenvironment comprises 
stromal cells (e.g. fibroblasts and endothe-
lial cells) and immune cells (e.g. resident 
macrophages and lymphocytes), blood vessels, 
and the extracellular matrix (Anderson and 
Simon, 2020). Inflammation in the microen-
vironment contributes to oncogenesis through 
the production of reactive chemical species, 
which in turn contribute to DNA mutations (see 
Sections 3.1.3 and 3.2.1). Stromal cells may also 
provide survival signals that promote tumour 
cell growth in primary or metastatic cancer sites 
(Inamura et al., 2022).

Alcohol consumption can alter the microen-
vironment of the gastrointestinal tract by 
increasing microbial translocation. This can 
result from generation of acetaldehyde (which 
affects paracellular permeability), direct epithe-
lial damage by high concentrations of alcohol (as 
encountered in oropharyngeal and oesophageal 
mucosa, causing increased transcellular perme-
ability), and other mechanisms that are less well 
characterized (Maccioni et al., 2020). Alcohol 
consumption alters the intestinal microbiome 
(see Section  3.2.5) and the mucosal immune 
system, inducing a local inflammatory state 
and altering the mucosal-associated invariant T 
(MAIT) cells (Li et al., 2019). Microbial trans-
location to the portal vein activates hepatic 
inflammation, a critical step in the development 
of alcohol-related hepatitis (ARH) and cirrhosis, 
which is a well-known precursor of HCC devel-
opment. Levels of other microbial products, such 
as LPS, also are increased in peripheral blood 
(Liangpunsakul et al., 2017), and inflammatory 
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changes have been found in the adipose tissue 
of people with liver disease who have heavy 
alcohol consumption (Voican et al., 2015). As a 
result, the blood levels of numerous cytokines 
and circulating immune cells are altered among 
individuals with heavy alcohol consumption, 
contributing to a chronic inflammatory state and 
potentially impairing tumour immune surveil-
lance (Greten and Grivennikov, 2019). The time 
course of reversal of alcohol-initiated activation 
of the innate immune system varies, and it may 
be prolonged among individuals with ARH. 

The available studies assessing the effects of 
alcohol cessation on intestinal permeability and 
levels of translocation markers and on changes 
in cytokines are described below, and details are 
given in Table 3.5.

(a) Intestinal permeability and microbial 
translocation in the gastrointestinal 
microenvironment

The upper gastrointestinal tract is exposed to 
very high molar concentrations of alcohol, which 
may have effects not seen in tissues exposed to 
systemic alcohol concentrations; these tissues are 
also exposed to high concentrations of locally 
generated acetaldehyde or acetaldehyde present 
in beverages or tobacco smoke (see Section 3.1).

A study among 40 individuals with alcohol 
dependence (Leclercq et al., 2012) found increases 
in intestinal permeability (measured by absorp-
tion of 51Cr-EDTA from the intestines) and 
associated increases in plasma LPS levels, which 
resolved by 19 days of abstinence (consisting of 
hospitalization for 1 week, outpatient treatment 
for 1 week, and inpatient care for 1 week). Direct 
assessment of intestinal permeability among 60 
individuals with alcohol dependence showed 
that 26 (43%) of them exhibited increased intes-
tinal permeability (Leclercq et al., 2014). The 
change in intestinal permeability was more 
marked in the small intestine than in the colon 
and was trending towards normal by 19 days of 

abstinence, although it did not normalize in all 
participants.

In a group of individuals entering alcohol 
treatment (Maccioni et al., 2020), intestinal 
permeability was measured among 86 individ-
uals using urinary excretion of 51Cr-EDTA, and 
among 78 individuals using faecal albumin 
content (a measure of capillary leakiness). At 
admission, two thirds of the participants with 
AUD had intestinal permeability measurements 
close to those of the controls, whereas 36–40% 
had high intestinal permeability. This led to a 
separation of participants into two categories: 
high and low intestinal permeability. Among 
individuals with both high urinary excretion 
of 51Cr-EDTA (P = 0.0036 vs controls) and high 
faecal albumin content (P = 0.0025 vs controls), 
the intestinal permeability returned to values 
observed among the controls over the 3-week 
period of abstinence. However, the two measures 
of intestinal barrier function were not correlated 
with each other. Intestinal injury, assessed by 
measuring serum levels of intestinal fatty acid 
binding protein (I-FABP), a marker of entero-
cyte death, was not seen (Leclercq et al., 2014; 
Maccioni et al., 2020).

In a study in Brazil, Varella Morandi Jun- 
queira-Franco et al. (2006) reported improve-
ment in intestinal permeability measured using 
urinary excretion of 51Cr-EDTA [and oxidative 
stress (see Section 3.2.7)] among 10 individuals 
with alcohol-related pellagra who had heavy 
alcohol consumption (> 90 g per day) after hospi-
talization for 27  days for abstinence and treat-
ment with the antioxidant niacin (100  mg per 
day). The percentage of urinary excretion of 51Cr-
EDTA (mean  ±  SD) was 4.29%  ±  1.92% before 
abstinence and 1.90%  ±  1.19% after abstinence 
(P < 0.05). [This study did not have any compar-
ison with control samples, and any positive 
effects resulting from abstinence remain unclear 
because participants had daily administration 
of niacin. The participants probably also bene-
fited from an improved diet. Because alcohol is 
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Table 3.5 Effects of cessation of alcohol consumption on the immune system

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Maier et al. 
(1999) 
Germany

21 participants with AUD 
who were abstinent for 
< 5 days (group A1); 
6 participants with AUD 
who were abstinent for 
5–10 days (group A2) 
25 healthy controls

Unknown Participants who 
consumed ≥ 80 g 
of alcohol per day 
for > 2 years

Endoscopic biopsy 
of the duodenum 
Quantitative 
immunohisto-
chemistry

Group A1 vs controls: 
37% increase in B lymphocytes 
P < 0.005 
50% decrease in CLA-positive interepithelial leukocytes 
P < 0.05 
54% decrease in macrophages 
P < 0.025 
These differences were not seen in group A2

González-
Quintela et 
al. (2000) 
Spain

29 participants (6 women, 
23 men; median age, 
47 years) who were 
admitted for AWS after 
abstaining from drinking 
for 24–48 hours. Many 
participants had liver 
disease 
Controls: 5 healthy men

None Average alcohol 
consumption 
in participants: 
> 120 g per day for 
≥ 5 years

Serum samples 
collected at 
admission and 
after a median 
of 6 days (range, 
2–15 days) of 
hospital stay 
and subsequent 
alcohol abstinence 
Enzyme 
immunoassay

At baseline: participants with AWS vs controls 
IL-6 and IL-10 increased 
P ≤ 0.0007 
IL-8 and IL-12 increased 
P = 0.1, NS 
After a median of 6 days of abstinence 
IL-6 and IL-10 decreased 
Pabstinence vs baseline ≤ 0.004 
IL-8 and IL-12 did not change significantly

Varella 
Morandi 
Junqueira-
Franco 
et al. (2006) 
Brazil

10 men (average age, 
35 years) with alcohol-
related pellagra who 
had heavy alcohol 
consumption and 
were entering a 27-day 
inpatient detoxification 
programme 
Exclusion criteria: 
previously treated with 
vitamins

No 
information 
reported 
about age, 
BMI, or 
smoking 
status

Alcohol 
consumption: 
> 90 g of ethanol 
per day 
Participants were 
given 100 mg of 
niacin per day

Urine 
IP (51Cr-EDTA)

IP (% 51Cr-EDTA), mean ± SD 
Baseline: 4.29 ± 1.92 
After 27-day abstinence: 1.90 ± 1.19 
Pabstinence vs baseline < 0.05



278

IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 20A

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Leclercq 
et al. (2012) 
Belgium

52 individuals with AD 
admitted for alcohol 
detoxification (40 at 
18–19 days of abstinence) 
(81% men; average 
age ± SD, 47 ± 11 years) 
16 controls

Age and BMI 
Screened for 
liver disease; 
none had 
advanced 
fibrosis

Abstinence for 
18–19 days

Plasma and urine 
IP (51Cr-EDTA); 
CRP (multiplex 
immunoassay)

IP (% 51Cr-EDTA) 
Small intestine 
Increased in AD vs controls at baseline 
PAD vs controls < 0.05 
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline < 0.001
Same levels in AD and controls after abstinence
PAD vs controls = 0.32
Colon 
Increased in AD vs controls at baseline 
PAD vs controls: NS
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline < 0.05 
Same levels in AD and controls after abstinence 
PAD vs controls: NR 
Total IP 
Increased in AD vs controls at baseline 
PAD vs controls: NS 
Decreased in AD after abstinence vs baseline
Pabstinence vs baseline < 0.01 
Same levels in AD and controls after abstinence: 
PAD vs controls: NR 
LPS (EU/mL) 
Increased in AD vs controls at baseline 
PAD vs controls < 0.05 
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline < 0.05 
Same levels in AD and controls after abstinence 
PAD vs controls: NS 
TNF-α (pg/mL)
Increased in AD vs controls at baseline 
PAD vs controls < 0.001 
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline: NS 
Increased in AD vs controls after abstinence
PAD vs controls < 0.01

Table 3.5   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Leclercq 
et al. (2012) 
(cont.)

IL-6 (pg/mL)
Increased in AD vs controls at baseline
PAD vs controls < 0.05 
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline: NS 
Increased in AD after abstinence vs controls 
PAD vs controls < 0.05 
hsCRP (mg/dL)
Increased in AD vs controls at baseline 
PAD vs controls < 0.05 
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline: NS
But still increased in AD vs controls after abstinence 
PAD vs controls < 0.01 
IL-10 (pg/mL) 
Increased in AD vs controls at baseline 
PAD vs controls: NR 
Decreased in AD after abstinence vs baseline 
Pabstinence vs baseline < 0.001 
Same levels in AD and controls after abstinence 
PAD vs controls: NR

Leclercq 
et al. (2014) 
Belgium

60 participants with AD 
entering a detoxification 
programme (47 men, 13 
women) and 15 HC
Exclusion criteria: 
obesity, diabetes, chronic 
inflammatory conditions, 
liver fibrosis or cirrhosis, 
and resumption of 
drinking during follow-up 
Participants with AD 
were divided into high-IP 
and low-IP groups

Age, sex, and 
BMI

Abstinence for 
19 days

Plasma and urine 
IP (51Cr-EDTA)

IP (% 51Cr-EDTA), mean ± SD 
Small intestine: 0–4 hours 
Controls: 2.36 ± 0.87 
At baseline: 
ADhigh-IP: 7.81 ± 5.46 
ADlow-IP: 2.58 ± 0.79 
PAD high-IP vs low-IP < 0.001 
PAD high-IP vs controls < 0.001 
Abstinence for 19 days: 
ADhigh-IP: 3.26 ± 2.54 
ADlow-IP: 1.93 ± 1.11 
PAD high-IP vs low-IP < 0.05

Table 3.5   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Leclercq 
et al. (2014) 
(cont.)

Colon: 4–24 hours 
Controls: 1.08 ± 0.37
At baseline: 
ADhigh-IP: 2.79 ± 1.73 
ADlow-IP: 0.90 ± 0.26 
PAD high-IP vs low-IP < 0.001
PAD high-IP vs controls < 0.001 
Abstinence for 19 days: 
ADhigh-IP: 1.46 ± 1.01 
ADlow-IP: 1.00 ± 0.63 
Total: 0–24 hours
Controls: 1.34 ± 0.43 
At baseline:
ADhigh-IP: 3.71 ± 2.15
ADlow-IP: 1.22 ± 0.28
PAD high-IP vs low-IP < 0.001
PAD high-IP vs controls < 0.001
Abstinence for 19 days:
ADhigh-IP: 1.86 ± 1.34
ADlow-IP: 1.23 ± 0.75
TNF-α (pg/mL)
At baseline: 
Increased in ADhigh-IP vs controls 
P < 0.01 
Increased in ADlow-IP vs controls 
P < 0.05 
Abstinence for 19 days: 
Increased in ADhigh-IP vs controls 
P < 0.01 
Increased in ADlow-IP vs controls 
P < 0.05 
IL-6 (pg/mL)
At baseline:
Increased in ADhigh-IP vs controls 
P < 0.10
ADlow-IP vs controls: no significant change

Table 3.5   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Leclercq 
et al. (2014) 
(cont.)

Abstinence for 19 days: 
Increased in ADhigh-IP vs controls 
P < 0.05 
Increased in ADlow-IP vs controls 
P < 0.05
IL-10 (pg/mL)
At baseline: 
Increased in ADhigh-IP vs controls 
P < 0.001
Increased in ADlow-IP vs controls 
P < 0.001
Abstinence for 19 days:
Increased in ADhigh-IP vs controls
P < 0.01
Increased in ADlow-IP vs controls
P < 0.001 
IL-8 (pg/mL) 
At baseline: 
Increased in ADhigh-IP vs controls 
P < 0.001
Increased in ADlow-IP vs controls 
P < 0.05 
Increased in ADhigh-IP vs ADlow-IP 
P < 0.05 
Abstinence for 19 days: 
Increased in ADhigh-IP vs controls 
P < 0.001
Increased in ADlow-IP vs controls
P < 0.05
IL-1β (pg/mL)
At baseline:
ADhigh-IP or ADlow-IP vs controls: no significant change
Abstinence for 19 days: 
ADhigh-IP or ADlow-IP vs controls: no significant change
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Leclercq 
et al. (2014) 
(cont.)

hsCRP (mg/mL) 
At baseline: 
ADhigh-IP or ADlow-IP vs controls: no significant change 
Abstinence for 19 days: 
Increased in ADhigh-IP vs controls 
P < 0.05 
ADlow-IP vs controls: no significant change

Voican et al. 
(2015) 
France

47 participants with ALD 
(38 men, 9 women) 
Participants divided into 
2 groups: mild ALD (35 
participants) and severe 
ALD (12 participants)

NR Participants had 
drinking history of 
50 g per day during 
the previous 
year and had not 
stopped drinking 
before admission 
Alcohol 
withdrawal 
was started at 
admission under 
strict medical 
surveillance

Blood and liver 
and subcutaneous 
adipose tissue 
Samples collected 
at 1 week of 
abstinence 
Cytokines and 
fibrosis markers 
(mRNAs); 
macrophage 
marker (real-time 
qPCR)

Mild ALD (abstinence vs admission) 
Decreased expression of macrophage markers in adipose 
tissue 
P < 0.05 
Decreased mRNA expression of cytokines/chemokines 
(IL-18, CCL2, osteopontin, semaphorin 7A) and macrophage 
marker CD68 
Severe ALD (abstinence vs admission) 
Increased expression of macrophage marker CCL18 
P < 0.01

Donnadieu-
Rigole et al. 
(2016) 
France

Longitudinal study of 40 
participants with AUD 
who were admitted for 
detoxification and 20 
matched HC (85% men)

Age and sex Participants with 
AUD consumed 
mean ± SD of 
202 ± 125 g of pure 
alcohol per day, 
and 87.5% were 
active tobacco 
smokers 
2 weeks of 
abstinence

Blood 
(monocytes) 
Flow cytometry

Values are mean ± SD 
CD14+CD16− cells (%) 
Controls: (median, 86.5) 
AUD at baseline: 75.3 ± 11.9 (median, 78.6) 
AUD after abstinence (2 weeks): 78.1 ± 13.4 
Pbaseline vs controls < 0.0001 
Pabstinence vs baseline = 0.09 
CD14dimCD16+ cells (%) 
Controls: (median, 2.5) 
AUD at baseline: 10.3 ± 7.7 (median, 8.6) 
AUD after abstinence (2 weeks): 6.7 ± 6.4 
Pbaseline vs controls < 0.0001 
Pabstinence vs baseline < 0.01

Table 3.5   (continued)



283

Reduction or cessation of alcoholic beverage consum
ption

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

García-
Marchena 
et al. (2017) 
Spain

85 participants with AUD 
who were abstinent and 
55 HC (65% men; mean 
age, 46.6 years) from an 
outpatient psychiatry 
clinic

BMI, sex, and 
age 
Participants 
with AUD 
included 
individuals 
with 
pancreatic 
disease

Average duration 
of alcohol 
consumption, 
13 years 
Mean duration 
of abstinence, 
9 months; 
minimum, 4 weeks

Plasma 
Cytokines/
chemokines 
(multiplex 
immunoassay)

Values are mean (95% CI) 
CXCL12 (pg/mL) 
Controls: 349.95 (319.15–384.59) 
Abstinent with AUD: 285.76 (266.07–307.61) 
P < 0.001 
CX3CL1 (pg/mL) 
Controls: 5.689 (4.966–6.516) 
Abstinent with AUD: 4.592 (4.140–5.105) 
P < 0.05 
IL-8, MCP1, and MIP1α: no significant change 
[Levels of cytokines before abstinence not reported]

Li et al. 
(2017) 
USA

Longitudinal 12-month 
study 
68 individuals with ARH 
(61% men; average age, 
44 years) 
65 HDC without liver 
disease (57% men; average 
age, 43 years) 
20 HC (55% men; average 
age, 38 years)

Age, sex, 
and alcohol 
consumption 
for HDC 
Age and sex 
for HC

The HDC group 
had consumed 
significantly more 
drinks in the 
30 days before 
enrolment than the 
ARH group

Plasma 
Multiplex 
immunoassay, 
ELISA

Values are median (IQR)
TNF-α (pg/mL)
HC: 6.5 (4.8–10)
ARH at baseline: 17.9 (12.5–35.8)
HDC at baseline: 10.2 (6.8–19.2)
PARH vs HC < 0.001
PARH vs HDC < 0.001
ARH after abstinence (180 days): 27.7 (15.5–32.0)
HDC after abstinence (180 days): 8.3 (5.6–13.4)
PARH vs HDC < 0.01
ARH after abstinence (360 days): 27.3 (21.8–45.0)
HDC after abstinence (360 days): 11.9 (5.1–17.9)
PARH vs HDC < 0.01
IL-6 (pg/mL)
HC: 1.4 (0.9–3.3)
ARH at baseline: 13.5 (6.6–36.2)
HDC at baseline: 2.6 (0.9–6)
PARH vs HC < 0.001
PARH vs HDC < 0.001
ARH after abstinence (180 days): 7.3 (4.9–19.3)
HDC after abstinence (180 days): 4.2 (0.9–7.8)
PARH vs HDC < 0.05
ARH after abstinence (360 days): 6.2 (4.0–8.5)
HDC after abstinence (360 days): 2.4 (1.4–5.7)
PARH vs HDC: NS

Table 3.5   (continued)



284

IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 20A

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Li et al. 
(2017) 
(cont.)

IL-8 (pg/mL) 
HC: 6.9 (4.9–16.7)
ARH at baseline: 314.2 (117.9–608.4)
HDC at baseline: 8.0 (4.7–15.2)
PARH vs HC < 0.001
PARH vs HDC < 0.001
ARH after abstinence (180 days): 40.4 (23.5–65.2)
HDC after abstinence (180 days): 8.3 (5.8–47.6) 
PARH vs HDC < 0.05
ARH after abstinence (360 days): 44.2 (25.7–111.4)
HDC after abstinence (360 days): 9.4 (5.4–22.8)
PARH vs HDC < 0.01 
IP-10 (pg/mL)
HC: 507 (344–610)
ARH at baseline: 1144 (767–1531) 
HDC at baseline: 629 (429–847)
PARH vs HC < 0.001 
PARH vs HDC < 0.001
ARH after abstinence (180 days): 1317 (882–1764) 
HDC after abstinence (180 days): 648 (324–1041)
PARH vs HDC < 0.01 
ARH after abstinence (360 days): 1169 (861–1274)
HDC after abstinence (360 days): 689 (472–1214) 
PARH vs HDC: NS 
IL-4 (pg/mL)
HC: 4.5 (4.5–14.7)
ARH at baseline: 4.5 (4.5–17)
HDC at baseline: 4.5 (4.5–7.1)
PARH vs HC: NS
PARH vs HDC < 0.05
ARH after abstinence (180 days): 8.5 (4.5–18.4)
HDC after abstinence (180 days): 4.5 (4.5–8.1)
PARH vs HDC: NS
ARH after abstinence (360 days): 8.7 (4.5–31.7)
HDC after abstinence (360 days): 4.5 (4.5–8.7)
PARH vs HDC: NS
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Li et al. 
(2017) 
(cont.)

IL-9 (pg/mL)
HC: 1.4 (1.2–5.7)
ARH at baseline: 1.4 (1.2–5.8)
HDC at baseline: 1.2 (0.6–3.6)
PARH vs HC: NS
PARH vs HDC < 0.05
ARH after abstinence (180 days): 2.8 (1.2–5.6)
HDC after abstinence (180 days): 1.9 (1.2–4.0) 
PARH vs HDC: NS
ARH after abstinence (360 days): 4.1 (1.2–15.3)
HDC after abstinence (360 days): 1.2 (0.9–1.9)
PARH vs HDC: NS 
IL-10 (pg/mL) 
HC: 2.7 (1.6–5.6)
ARH at baseline: 14.3 (6.4–35.2) 
HDC at baseline: 5.6 (1.8–10.3) 
PARH vs HC: NS 
PARH vs HDC < 0.001 
ARH after abstinence (180 days): 10.9 (2.8–27.4) 
HDC after abstinence (180 days): 8.3 (1.1–11.4)
PARH vs HDC: NS
ARH after abstinence (360 days): 17.5 (7.6–34.2)
HDC after abstinence (360 days): 9.3 (7.6–11.7)
PARH vs HDC: NS
FGF-2 (pg/mL)
HC: 81.6 (54.1–133.1)
ARH at baseline: 66.3 (49.3–136.7) 
HDC at baseline: 56 (26.4–95.9)
PARH vs HC: NS
PARH vs HDC < 0.05
ARH after abstinence (180 days): 102.8 (66.3–122) 
HDC after abstinence (180 days): 91.9 (62.4–104.3)
PARH vs HDC: NS 
ARH after abstinence (360 days): 109.1 (83.6–225.3)
HDC after abstinence (360 days): 83.6 (58.2–91.9) 
PARH vs HDC < 0.05 
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Table 3.5   (continued)

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Li et al. 
(2017) 
(cont.)

IL-7 (pg/mL)
HC: 1.4 (1.4–3.3) 
ARH at baseline: 8.1 (1.4–15.2) 
HDC at baseline: 2.1 (1.4–9.7) 
PARH vs HC < 0.05 
PARH vs HDC < 0.05
ARH after abstinence (180 days): 7.2 (4.7–10.9) 
HDC after abstinence (180 days): 5.5 (1.4–10.1)
PARH vs HDC: NS
ARH after abstinence (360 days): 12 (8.4–18.9) 
HDC after abstinence (360 days): 7.4 (1.4–8.7)
PARH vs HDC < 0.05 
IL-15 (pg/mL) 
HC: 4.0 (2.1–8.1)
ARH at baseline: 14.5 (8.5–23.7) 
HDC at baseline: 5.2 (2–9.3)
PARH vs HC < 0.001
PARH vs HDC < 0.001
ARH after abstinence (180 days): 10.7 (5.3–23.1) 
HDC after abstinence (180 days): 6.4 (1.3–17.9)
PARH vs HDC: NS
ARH after abstinence (360 days): 6.5 (3.5–27.6) 
HDC after abstinence (360 days): 4.5 (2.4–13.3)
PARH vs HDC: NS
TGF-α (pg/mL)
HC: 1.7 (1.2–4.6)
ARH at baseline: 5.8 (2.9–12.4) 
HDC at baseline: 2.4 (1–5.1)
PARH vs HC < 0.05 
PARH vs HDC < 0.01
ARH after abstinence (180 days): 4.7 (2.7–13) 
HDC after abstinence (180 days): 2.5 (0.8–16.1) 
PARH vs HDC: NS 
ARH after abstinence (360 days): 4.0 (2–40.3) 
HDC after abstinence (360 days): 5.1 (2.2–13.6) 
PARH vs HDC: NS
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Yen et al. 
(2017) 
Taiwan 
(China)

Longitudinal study 
78 men with AD 
(mean age, 40.3 years) 
admitted into a 4-week 
detoxification programme 
Controls: 86 healthy men 
(mean age, 38.8 years)

Liver disease, 
age, and BMI

4 weeks of 
abstinence 
Only 48 men with 
AD completed the 
4-week abstinence

Plasma 
Samples collected 
at baseline and 
after abstinence 
Multiplex 
immunoassay

Values are mean ± SD 
IL-2 (pg/mL) 
Controls: 1.26 ± 0.89 
AD at baseline: 4.56 ± 2.84 
AD after abstinence (4 weeks): 1.83 ± 1.47 
Pbaseline vs controls < 0.001 
Pabstinence vs controls = 0.022 
Pabstinence vs baseline < 0.001 
IFN-γ (pg/mL) 
Controls: 1.36 ± 1.10 
AD at baseline: 4.73 ± 3.87
AD after abstinence (4 weeks): 2.66 ± 1.89 
Pbaseline vs controls < 0.001 
Pabstinence vs controls < 0.001 
Pabstinence vs baseline < 0.001
TNF-α (pg/mL)
Controls: 2.12 ± 1.68 
AD at baseline: 8.49 ± 5.41 
AD after abstinence (4 weeks): 3.35 ± 2.19 
Pbaseline vs controls < 0.001 
Pabstinence vs controls < 0.001 
Pabstinence vs baseline < 0.001
IL-4 (pg/mL) 
Controls: 4.76 ± 4.07
AD at baseline: 23.86 ± 17.08
AD after abstinence (4 weeks): 6.09 ± 4.08
Pbaseline vs controls < 0.001 
Pabstinence vs controls = 0.031
Pabstinence vs baseline < 0.001
IL-5 (pg/mL)
Controls: 1.06 ± 0.95
AD at baseline: 3.45 ± 2.16
AD after abstinence (4 weeks): 2.56 ± 1.59
Pbaseline vs controls < 0.001 
Pabstinence vs controls < 0.001 
Pabstinence vs baseline = 0.011
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Yen et al. 
(2017) 
(cont.)

IL-6 (pg/mL)
Controls: 0.99 ± 0.82 
AD at baseline: 3.43 ± 2.76 
AD after abstinence (4 weeks): 1.98 ± 1.74 
Pbaseline vs controls < 0.001 
Pabstinence vs controls < 0.001 
Pabstinence vs baseline = 0.001 
IL-10 (pg/mL)
Controls: 1.51 ± 1.22 
AD at baseline: 4.42 ± 2.93 
AD after abstinence (4 weeks): 2.78 ± 2.58 
Pbaseline vs controls < 0.001 
Pabstinence vs controls < 0.001 
Pabstinence vs baseline < 0.001
IL-1β (pg/mL) 
Controls: 0.19 ± 0.20 
AD at baseline: 0.89 ± 0.98
AD after abstinence (4 weeks): 0.63 ± 0.62 
Pbaseline vs controls < 0.001
Pabstinence vs controls < 0.001 
Pabstinence vs baseline = 0.02
IL-8 (pg/mL)
Controls: 2.26 ± 2.17
AD at baseline: 12.28 ± 10.54 
AD after abstinence (4 weeks): 5.04 ± 4.78
Pbaseline vs controls < 0.001
Pabstinence vs controls < 0.001 
Pabstinence vs baseline < 0.001 
GM-CSF (pg/mL) 
Controls: 1.01 ± 0.71
AD at baseline: 3.82 ± 3.06 
AD after abstinence (4 weeks): 0.97 ± 0.49 
Pbaseline vs controls < 0.001
Pabstinence vs controls = 0.731
Pabstinence vs baseline < 0.001
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Donnadieu-
Rigole et al. 
(2018) 
France

41 participants with 
AUD (30 men, 11 women; 
average age, 48.2 years) 
entering a 6-week 
treatment programme 
Controls: 100 heathy 
volunteers from blood 
donation banks usually 
characterized by a 
population of 51% women 
and aged 44–55 years
Exclusion criteria: 
history of chronic 
inflammation diseases, 
current infections, 
HIV, or undergoing 
immunomodulatory 
or immunosuppressive 
treatments

Controls not 
matched

NR Blood 
IP assessed 
indirectly by 
measuring 
I-FABP or zonulin 
(ELISA) 
Microbial 
translocation 
monitored by 
measuring serum 
levels of LBP and 
sCD14 (ELISA) or 
plasma 16S or 23S 
rDNA (qPCR)

Values are mean ± SD 
I-FABP (µg/mL) 
Controls: 310.5 ± 196.7 
AUD at baseline: 944.1 ± 442.5 
AUD after abstinence (6 weeks): 1151.4 
Pbaseline vs controls < 0.001 
Pabstinence vs baseline = 0.21 
AUD with heavy alcohol consumption at baseline: higher 
I-FABP vs AUD with less alcohol consumption
P = 0.03
AUD with heavy alcohol consumption after abstinence 
(6 weeks): smaller decrease in I-FABP vs AUD with less 
alcohol consumption 
P = 0.02 
Zonulin (µg/mL) 
Controls: 36.0 ± 17.02 
AUD at baseline: 46.47 ± 16.82 
AUD after abstinence (6 weeks): 34.2
Pbaseline vs controls: NS 
Pabstinence vs baseline = 0.639
AUD with high BMI at baseline: higher zonulin vs AUD with 
low BMI
P = 0.0001
AUD with high BMI after abstinence (6 weeks): larger 
decrease in zonulin vs AUD with low BMI
P = 0.005
LBP (µg/mL)
Controls: 5.3 ± 6.2 
AUD at baseline: 41 ± 13.3 
AUD after abstinence (6 weeks): 39 
Pbaseline vs controls < 0.001 
Pabstinence vs baseline = 0.043
Cannabis-smoking AUD after abstinence (6 weeks): smaller 
decrease in LBP vs non-cannabis-smoking AUD
P = 0.04
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Donnadieu-
Rigole et al. 
(2018) 
(cont.)

16S rDNA (copies/µL)
Controls: 9.2 ± 1.9 
AUD at baseline: 13.9 ± 4.6
AUD after abstinence (6 weeks): 13.9 
Pbaseline vs controls < 0.001 
Pabstinence vs baseline: NS 
sCD14 (µg/mL) 
Controls: 5.2 ± 1.6 
AUD at baseline: 5.9 ± 1.6 
AUD after abstinence (6 weeks): 5.1 
Pbaseline vs controls = 0.024 
Pabstinence vs baseline = 0.001 
Cannabis-smoking AUD after abstinence (6 weeks): smaller 
decrease in sCD14 vs non-cannabis-smoking AUD 
P = 0.008

Girard et al. 
(2019) 
France

115 participants with 
AD admitted for 
detoxification (88 men; 
average age, 47 years) 
27 individuals relapsed 
(no abstinence at all), 
44 relapsed at least 
once during the first 
6 months after withdrawal 
(14 abstinent again 
at 6 months), and 30 
remained abstinent 
at all follow-up visits 
(abstainers)

No control 
group 
No comment 
on presence 
of liver 
disease 
Variable 
periods of 
abstinence 
during 
6 months 
All of the 
participants 
were smokers

Follow-up 
during 6-month 
abstinence 
Average duration 
of AD, 9.7 years

Serum 
Samples collected 
at 48 hours and 1, 
2, 4, and 6 months 
after admission 
Multiplex 
immunoassay

Values are mean ± SD 
TNF-α (pg/mL) 
AD at baseline: 1.35 ± 4.11 
AD after abstinence (1 month): 0.63 ± 1.36 
P = 0.002 
IL-6 (pg/mL) 
AD at baseline: 2.76 ± 3.49 
AD after abstinence (1 month): 2.16 ± 3.31 
P = 0.01
IL-8 (pg/mL) 
AD at baseline: 21.47 ± 32.42 
AD after abstinence (1 month): 11.98 ± 17.23 
P < 0.001
IL-10 (pg/mL)
AD at baseline: 0.58 ± 0.91 
AD after abstinence (1 month): 0.58 ± 1.07 
P = 0.408
MCP1 (pg/mL)
AD at baseline: 433.29 ± 266.24
AD after abstinence (1 month): 382.47 ± 161.77 
P = 0.054
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Girard et al. 
(2019) 
France
(cont.)

IL-1β (pg/mL)
AD at baseline: 0.45 ± 0.83
AD after abstinence (1 month): 0.28 ± 0.58 
P < 0.001
IFN-γ (pg/mL) 
AD at baseline: 0.07 ± 0.22 
AD after abstinence (1 month): 0.09 ± 0.24 
P = 0.489 
IL-12 (pg/mL) 
AD at baseline: 17.85 ± 70.78 
AD after abstinence (1 month): 15.16 ± 62.23 
Pabstinence vs baseline = 0.035

Li et al. 
(2019) 
USA

56 participants with ARH, 
45 HDC without overt 
liver disease, and 59 HC

Age, sex, 
race, and 
alcohol 
consumption

NR Blood 
Samples collected 
at baseline and 
6-month and 
12-month follow-
up 
MAIT cells (flow 
cytometry)

Values are median (Q1, Q3) 
MAIT cells (% of T cells) 
HC: 1.25 (0.63, 2.32) 
ARH at baseline: 0.16 (0.09, 0.34) 
HDC at baseline: 0.56 (0.23, 1.41) 
PARH vs HC < 0.001 
PARH vs HDC < 0.001 
PHC vs HDC < 0.01 
ARH after abstinence (180 days): increase 
HDC after abstinence (180 days): increase 
PARH abstinence vs ARH baseline: NS 
PHDC abstinence vs HDC baseline: NS 
ARH after abstinence (360 days): 0.31 (0.14, 0.61) 
HDC after abstinence (360 days): 0.63 (0.17, 1.26) 
PARH abstinence vs ARH baseline < 0.01 
PHDC abstinence vs HDC baseline: NS

Table 3.5   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Chaturvedi 
et al. (2020) 
India

17 men with AUD 
admitted for 7-day 
inpatient detoxification 
programme (average age, 
32 years;) 
Controls: 12 men (average 
age, 34 years) with normal 
liver function tests and 
no known psychiatric or 
physical illnesses

Age and sex Average duration 
of AUD, 6 years 
7-day inpatient 
abstinence; 
patients followed 
up for 1 month 
after treatment

Serum 
CD200, a 
suppressor of 
inflammation 
(ELISA)

Values are mean ± SD 
CD200 (pg/mL) 
Controls: 23.30 ± 6.41 
AUD at baseline: 16.25 ± 5.03 
AUD after abstinence (1 week): 17.02 ± 4.16 
AUD after abstinence (1 month): 17.83 ± 5.36 
Pbaseline vs controls = 0.003 
P1-month abstinence vs baseline = 0.677 
Pall time points vs controls < 0.05

García-
Marchena 
et al. (2020) 
Spain

85 abstinent participants 
with AUD and 55 HC 
(65% men; mean age, 
46.6 years) 
Participants with AUD 
included individuals with 
pancreatic disease

BMI, sex, and 
age

Average duration 
of AUD, 13 years 
Mean duration 
of abstinence, 
9 months; 
minimum, 4 weeks

Plasma 
Multiplex 
immunoassay

Abstinent AUD vs HC 
Increased IL-1β and IL-6 
P < 0.001 
Increased TNF-α 
P < 0.01 
Decreased IL-4 and IL-17A 
P < 0.001 
Decreased IFN-γ 
P < 0.05

Maccioni 
et al. (2020) 
Belgium

106 individuals with AUD 
(78 men; mean age ± SEM, 
46 ± 9.2 years) entering 
a 3-week detoxification 
programme 
Controls: 24 healthy 
volunteers (14 men, 10 
women; mean age ± SEM, 
42 ± 11 years) who 
consumed < 20 g of 
alcohol per day, defined as 
social drinking

Age, sex, and 
BMI (1 to 4 
ratio) 
Stratified 
based on 
degree of 
liver injury 
and IP

Individuals 
with AUD had 
consumed > 60 g of 
alcohol per day for 
≥ 1 year 
Detoxification 
programme 
consisted of 
1 week of inpatient 
detoxification, 
followed by 1 week 
of outpatient care 
and 1 week of 
inpatient treatment

Urine and stool 
IP (51Cr-EDTA); 
faecal albumin 
content (ELISA)

IP (% 51Cr-EDTA) after 3 weeks of abstinence 
Decreased in AUDhigh-IP 
Pabstinence vs baseline = 0.0036 
AUDlow-IP: no change 
Faecal albumin content (3 weeks abstinence) 
(µg/g of stool) 
Decreased in AUDhigh-IP 
Pabstinence vs baseline = 0.0025 
AUDlow-IP: no change

Table 3.5   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Chaturvedi 
et al. (2020) 
India

17 men with AUD 
admitted for 7-day 
inpatient detoxification 
programme (average age, 
32 years;) 
Controls: 12 men (average 
age, 34 years) with normal 
liver function tests and 
no known psychiatric or 
physical illnesses

Age and sex Average duration 
of AUD, 6 years 
7-day inpatient 
abstinence; 
patients followed 
up for 1 month 
after treatment

Serum 
CD200, a 
suppressor of 
inflammation 
(ELISA)

Values are mean ± SD 
CD200 (pg/mL) 
Controls: 23.30 ± 6.41 
AUD at baseline: 16.25 ± 5.03 
AUD after abstinence (1 week): 17.02 ± 4.16 
AUD after abstinence (1 month): 17.83 ± 5.36 
Pbaseline vs controls = 0.003 
P1-month abstinence vs baseline = 0.677 
Pall time points vs controls < 0.05

García-
Marchena 
et al. (2020) 
Spain

85 abstinent participants 
with AUD and 55 HC 
(65% men; mean age, 
46.6 years) 
Participants with AUD 
included individuals with 
pancreatic disease

BMI, sex, and 
age

Average duration 
of AUD, 13 years 
Mean duration 
of abstinence, 
9 months; 
minimum, 4 weeks

Plasma 
Multiplex 
immunoassay

Abstinent AUD vs HC 
Increased IL-1β and IL-6 
P < 0.001 
Increased TNF-α 
P < 0.01 
Decreased IL-4 and IL-17A 
P < 0.001 
Decreased IFN-γ 
P < 0.05

Maccioni 
et al. (2020) 
Belgium

106 individuals with AUD 
(78 men; mean age ± SEM, 
46 ± 9.2 years) entering 
a 3-week detoxification 
programme 
Controls: 24 healthy 
volunteers (14 men, 10 
women; mean age ± SEM, 
42 ± 11 years) who 
consumed < 20 g of 
alcohol per day, defined as 
social drinking

Age, sex, and 
BMI (1 to 4 
ratio) 
Stratified 
based on 
degree of 
liver injury 
and IP

Individuals 
with AUD had 
consumed > 60 g of 
alcohol per day for 
≥ 1 year 
Detoxification 
programme 
consisted of 
1 week of inpatient 
detoxification, 
followed by 1 week 
of outpatient care 
and 1 week of 
inpatient treatment

Urine and stool 
IP (51Cr-EDTA); 
faecal albumin 
content (ELISA)

IP (% 51Cr-EDTA) after 3 weeks of abstinence 
Decreased in AUDhigh-IP 
Pabstinence vs baseline = 0.0036 
AUDlow-IP: no change 
Faecal albumin content (3 weeks abstinence) 
(µg/g of stool) 
Decreased in AUDhigh-IP 
Pabstinence vs baseline = 0.0025 
AUDlow-IP: no change

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Jung et al. 
(2021) 
Austria and 
Germany

37 participants with 
AUD (26 men, 11 women; 
average age, 49 years) 
entering an inpatient 
alcohol rehabilitation 
programme 
17 controls (10 men, 7 
women; average age, 
45.1 years) who consumed 
< 10 g per day of alcohol

Sex and age Participants 
had ALD (24 
low fibrosis, 12 
advanced fibrosis 
based on transient 
elastography) 
1-week inpatient 
abstinence

Serum 
I-FABP (western 
blot); LPS (limulus 
amoebocyte lysate 
assay); LBP and 
zonulin (ELISA); 
TLR2 and TLR4 
ligands (reporter 
gene assays)

LPS (EU/mL) 
Controls: 1 
AUD at baseline: 1.6 
AUD after abstinence: 1.4 
PAUD vs abstinent < 0.05 
PAUD vs controls: NS 
LBP (µg/mL) 
Controls: 25
AUD at baseline: 40 
AUD after abstinence: 45 
PAUD baseline or AUD abstinent vs controls< 0.05 
PAUD vs abstinent: NS 
Zonulin (ng/mL) 
Controls: 2.25 
AUD at baseline: 1.8 
AUD after abstinence: 2.0 
PAUD vs abstinent < 0.05 
PAUD baseline or AUD abstinent vs controls: NS
I-FABP (intensity units) 
Controls: 2.3 M
AUD at baseline: 1.7 M 
AUD after abstinence: 2 M 
PAUD vs abstinent < 0.05 
PAUD baseline or AUD abstinent vs controls: NS
TLR4 ligands (fold over controls) 
AUD at baseline: 2.5 
AUD after abstinence: 2.0 
All comparisons: P < 0.05 
TLR2 ligands (fold over controls) 
AUD at baseline: 4.5 
AUD after abstinence: 3.0 
All comparisons: P < 0.05 
[Levels before and after 1-week abstinence were estimated 
from figures]

Table 3.5   (continued)



294

IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 20A

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching 
factors 
Covariates 
controlled 
for

Alcohol exposure 
and duration of 
abstinence

Sampling matrix 
End-point 
biomarker (test 
used)a

Results

Shiba et al. 
(2021) 
Japan

Inpatient alcohol 
rehabilitation treatment 
72 men with AD (average 
age, 52 years) 
13 men without AD as 
controls

Sex Participants 
consumed > 60 g 
per day; 8 with 
cirrhosis (none 
with Child–Pugh 
score of C) 
4-week inpatient 
treatment ensuring 
abstinence

Circulating blood 
mononuclear cells 
Cytokine release 
(flow cytometry) 
after ADH1B 
and ALDH2 
genotyping (PCR)

CD14+CD16− cells (% of PBMC) 
Controls: 19 
AD at baseline: 11 
AD after abstinence: 15 
PAD baseline vs controls < 0.05 
PAD baseline vs AD abstinence < 0.05 
PAD baseline vs controls: NS 
CD14intCD16+ or CD14−CD16+ cells (% of PBMC) 
No difference for either subset between controls, AD at 
baseline, or AD after abstinence 
TNF-α after LPS stimulation of CD14+CD16− cells (pg/nL) 
Controls: 400 
AD at baseline: 100 
AD after abstinence: 200 
All comparisons: P < 0.05 
IL-6 after LPS stimulation of CD14+CD16− cells (pg/nL) 
Controls: 6000 
AD at baseline: 1000 
AD after abstinence: 2000 
All comparisons: P < 0.05

Yang et al. 
(2021) 
USA

79 participants with ARH, 
66 HDC without liver 
disease, and 46 HC

Sex and 
alcohol 
consumption 
for HDC; age 
and sex for 
HC

Follow-up of 
abstinence at 
6 months and 
12 months

Plasma 
REG3α and TFF3 
(specific ELISA 
kits)

Baseline: increased TFF3 and REG3α in ARH vs HC and 
HDC 
P < 0.001 
The elevated levels persisted at 6 months and 12 months after 
abstinence

a % 51Cr-EDTA is the percentage of the ingested dose of 51Cr-EDTA found in urine, normalized for creatinine.
16S rDNA, 16S ribosomal DNA subunit; AD, alcohol dependence; ADH1B, alcohol dehydrogenase 1B gene; ALD, alcohol-related liver disease; ALDH2, aldehyde dehydrogenase 
gene; ARH, alcohol-related hepatitis; AUD, alcohol use disorder; AWS, alcohol withdrawal syndrome; BMI, body mass index; CCL2, C–C motif chemokine ligand 2; CLA, common 
leukocyte antigen; CRP, C-reactive protein; CX3CL1, chemokine C–X3–C motif ligand 1; CXCL12, chemokine C–X–C motif ligand 12; EDTA, ethylenediaminetetraacetic acid; ELISA, 
enzyme-linked immunosorbent assay; EU, endotoxin unit; FGF-2, fibroblast growth factor 2; GM-CSF, granulocyte macrophage colony-stimulating factor; HC, healthy controls; 
HDC, heavy drinking controls; hsCRP, high-sensitivity C-reactive protein; I-FABP, intestinal fatty acid binding protein; IFN-γ, interferon γ; IL, interleukin; IP, intestinal permeability; 
IP-10, IFN-γ-induced protein 10; IQR, interquartile range; LBP, lipopolysaccharide binding protein; LPS, lipopolysaccharide; MAIT, mucosal-associated invariant T; MCP1, monocyte 
chemoattractant protein 1; MIP1α, macrophage inflammatory protein 1 alpha; mRNA, messenger RNA; NR, not reported; NS, not significant; PBMC, peripheral blood mononuclear 
cells; PCR, polymerase chain reaction; Q1, first quartile; Q3, third quartile; qPCR, quantitative polymerase chain reaction; rDNA, ribosomal DNA; REG3α, regenerating islet-derived 
protein 3α; sCD14, soluble CD14; SD, standard deviation; SEM, standard error of the mean; TFF3, trefoil factor 3; TGF-β, tumour growth factor β; TLR, toll-like receptor; TNF-α, 
tumour necrosis factor α.

Table 3.5   (continued)
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known to cause oxidative stress, the correlation 
between improved oxidative stress measures (see 
Section  3.2.7) and improved intestinal perme-
ability points towards a decrease in cancer risk 
upon cessation of alcohol consumption.]

In a study in France, Donnadieu-Rigole et al. 
(2018) assessed the beneficial effects of alcohol 
withdrawal on intestinal permeability and 
microbial translocation among 41 individuals 
(mostly men) with AUD. Intestinal permeability 
was assessed indirectly by measuring levels of 
I-FABP or zonulin, a modulator of intestinal 
tight junctions. In addition, plasma levels of three 
microbial translocation markers were measured: 
LBP, the LPS co-receptor sCD14, and the 16S or 
23S ribosomal DNA subunits (16S or 23S rDNA). 
Levels of these markers were compared with those 
among controls (blood samples from 100 healthy 
women aged 40–55  years) and with samples 
collected again from the same individuals with 
AUD at 3 weeks and 6 weeks after alcohol with-
drawal. At baseline, levels of the markers LBP, 
16S rDNA, and sCD14 were significantly higher 
among the individuals with AUD than among 
the controls. The mean plasma levels of I-FABP 
were significantly higher among the individuals 
with AUD than among the controls; no signifi-
cant difference was found in the zonulin levels. 
At 6 weeks after alcohol withdrawal, the plasma 
levels of sCD14 and LBP decreased significantly, 
but the mean levels of 16S rDNA remained 
unchanged. [Although these changes were statis-
tically significant, they were numerically small 
and may not be clinically significant.] The levels 
of the intestinal permeability markers I-FABP 
and zonulin did not change significantly after 
6  weeks of alcohol withdrawal. [These results 
could have been affected by cannabis use, high 
body mass index, and use of women as controls 
for men.]

Jung et al. (2021) examined the effect of 
1  week of abstinence on markers of intes-
tinal injury and microbial translocation. They 
compared 37 participants with heavy alcohol 

consumption and ALD (ranging from fatty liver 
without fibrosis to cirrhosis) with 17 age- and 
sex-matched individuals with very light alcohol 
consumption (< 10 g per day). Circulating levels 
of I-FABP and zonulin were not significantly 
lower among the participants with heavy alcohol 
consumption and increased after 1  week of 
abstinence. LPS levels among the participants 
with ALD were not significantly higher than 
those among the controls, because 24 of the 37 
participants with ALD did not have elevated 
LPS levels at admission. LBP levels were higher 
at admission and remained higher after 1 week 
of abstinence. A novel method was used to assess 
bacterial translocation: cell lines expressing 
reporter genes responding to ligands of toll-like 
receptor 2 (TLR2) (lipoteichoic acid, from Gram-
positive bacteria) and TLR4 (LPS, from Gram-
negative bacteria). The levels of these ligands 
were significantly higher among the participants 
with heavy alcohol consumption and decreased 
significantly after 1 week of abstinence, although 
they remained significantly higher than those 
among the controls.

Yang et al. (2021) conducted a longitudinal 
study of 79 individuals with ARH, 66 individuals 
with heavy alcohol consumption and without 
overt liver disease at baseline, and 46 healthy 
controls. The levels of regenerating islet-derived 
protein 3α (REG3α) and trefoil factor 3 (TFF3) 
(identified as biomarkers for intestinal injury) at 
baseline were significantly higher only among 
the individuals with ARH compared with the 
controls, and the elevated levels persisted at 
6  months and 12  months of follow-up upon 
abstinence.

(b) Mucosal immune cells in the 
gastrointestinal environment

A potential consequence of the changes in the 
microbiome, increased permeability, and micro-
bial translocation is intestinal inflammation 
(Bishehsari et al., 2017), which is modulated by 
the effects of alcohol on mucosal immune cells.



296

IARC HANDBOOKS OF CANCER PREVENTION – 20A

In the study of Maccioni et al. (2020), there 
were no overt histological features of inflamma-
tion in duodenal biopsies from the participants 
with AUD; in fact, there were fewer haemato-
poietic cells (CD45+), macrophages (CD68+), and 
T cells (CD3+) compared with controls. Assays 
of mRNA levels of interleukin-17 (IL-17), IL-1β, 
interferon γ (IFN-γ), and IL-22 showed increases 
only in the IL-1β transcripts.

A small study (Maier et al., 1999) compared 
duodenum samples from participants who 
consumed ≥ 80 g of alcohol per day for > 2 years 
and healthy controls. In the samples taken within 
5 days of abstinence from the individuals with 
heavy alcohol consumption, increased numbers 
of B lymphocytes and decreased numbers of 
common leukocyte antigen (CLA)-positive inter-
epithelial lymphocytes and of macrophages were 
seen compared with controls. These changes 
were no longer seen after 5–10  days of absti-
nence among a small subset of the cohort. [The 
Working Group noted that this was a very small 
study, with a very short abstinence period and 
little control for other variables.]

(c) Effects on circulating markers of immune 
activation

Translocation of microbial products to the 
liver via the portal vein is thought to play a 
central role in the pathogenesis of ALD. The 
resident macrophages (Kupffer cells) are acti-
vated (especially via TLR4-mediated pathways), 
causing the release of numerous cytokines and 
increasing the generation of reactive chemical 
species. Microbial LPS levels also are increased 
in peripheral circulation, potentially stimu-
lating immune responses in distant organs 
(Liangpunsakul et al., 2017). The understanding 
of the extent and time course for resolution 
of these effects is based largely on measuring 
changes in circulating cytokines and the proper-
ties of cells obtained from individuals who have 
heavy alcohol consumption and are entering a 
treatment programme for AUD or ALD, or from 

comparisons of individuals who have heavy 
alcohol consumption with individuals who are 
abstinent. These results are discussed below and 
summarized in Table 3.5.

(i) Cytokines and chemokines and circulating 
markers of inflammation

The immune system is sensitive to even 
short-term exposure to alcohol. Acute admin-
istration of 60  g of alcohol to 5 healthy volun-
teers caused an increase in IL-8 concentrations 
(González-Quintela et al., 2000). Among 221 
individuals who never consumed alcohol, 140 
who had light alcohol consumption, 53 who had 
moderate alcohol consumption, and 45 who 
had heavy alcohol consumption, the percentage 
of individuals with high IL-8 concentrations 
(defined as > 10 pg/mL) increased from 5.9% in 
those who never consumed alcohol to 10.7% in 
those with light alcohol consumption, 13.2% in 
those with moderate alcohol consumption, and 
17.8% in those with heavy alcohol consumption 
(Gonzalez-Quintela et al., 2007). Increases in 
concentrations of IL-2, IL-4, IL-10, and IFN-γ 
were reported after 30  days of consumption 
of moderate amounts of beer by a group of 57 
healthy adults who abstained for 30 days before 
this exposure period (Romeo et al., 2007). Walline 
et al. (2018) compared cytokine concentrations 
among 22 individuals who had heavy alcohol 
consumption with those among 20 individuals 
who had lower alcohol consumption and found 
increased LPS levels but no difference in IL-6 or 
IL-10 levels. Elevations in levels of the inflamma-
tory cytokines IFN-γ-induced protein 10 (IP-10), 
monocyte chemoattractant protein 1 (MCP1) 
(Manzardo et al., 2016; Bjørkhaug et al., 2020), 
and IL-17 (Xu et al., 2020) have been observed 
among individuals with heavy alcohol consump-
tion compared with individuals who are absti-
nent. [The effect of abstinence on these cytokines 
was not reported.]

One approach to understanding the effect 
of abstinence on alcohol-induced inflammation 
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is to compare cytokine concentrations among 
individuals who recently abstained with those in 
controls. In one study (García-Marchena et al., 
2017), the concentrations of the chemokines 
CXCL12 and CX3CL1 were found to be reduced 
among 85 individuals who formerly had heavy 
alcohol consumption and had abstained for 
≥  4  weeks (average, 9  months) compared with 
55 healthy controls. [The wide range of duration 
of abstinence is somewhat problematic, and it is 
not understood why the chemokine levels would 
remain persistently low or whether they would 
increase with even longer abstinence. The pres-
ence of other disease was not discussed.]

García-Marchena et al. (2020) also reported 
higher levels of inflammatory cytokines (IL-1β, 
IL-6, and tumour necrosis factor α [TNF-α]) and 
decreased levels of potentially anti-inflammatory 
cytokines (IL-4 and IL-17) among 85 individ-
uals who formerly had heavy alcohol consump-
tion and were now abstinent compared with 55 
healthy controls [probably the same participants 
as in the study of García-Marchena et al. (2017)]. 
[Among the participants who formerly had heavy 
alcohol consumption and abstained, those with 
liver and pancreatic disease had higher IL-6 levels 
and lower IL-17 levels than the other participants 
who abstained, underscoring the importance of 
recognizing the presence of co-existing alco-
hol-related organ injury in any such studies.]

A more informative way of determining 
the effect of abstinence has been to measure 
cytokine concentrations at admission for reha-
bilitation treatment and at various durations of 
abstinence thereafter. [A common confounder in 
these studies is the stress of withdrawal on the 
markers under investigation, and the presence or 
absence of liver disease among the participants 
undergoing treatment.] González-Quintela et al. 
(2000) studied cytokine levels among 29 partic-
ipants hospitalized for rehabilitation treatment 
and reported higher IL-6 and IL-10 concentra-
tions at admission, which decreased after 6 days 
of abstinence but remained substantially higher 

than those among the controls. The levels of IL-8 
and IL-12 did not differ from those among the 
controls and they did not change significantly 
with abstinence. [The Working Group noted that 
6 days is a short duration of abstinence and that 
the control group was only 5 individuals.]

In the study of Leclercq et al. (2012) described 
previously, plasma levels of IL-6, TNF-α, and 
C-reactive protein (CRP) were significantly 
increased at the initial and final measurements 
among individuals with alcohol dependence 
compared with controls. Half of the participants 
had a decrease in IL-6 levels and two thirds had 
a decrease in TNF-α levels after 19 days of absti-
nence. IL-10 levels were higher at entry compared 
with controls and decreased significantly with 
abstinence. Compared with controls, the partic-
ipants with alcohol dependence had significantly 
higher concentrations of high-sensitivity CRP 
(hsCRP) and LPS at entry; hsCRP levels remained 
significantly higher after abstinence.

In the subsequent study (Leclercq et al., 
2014), plasma levels of TNF-α, IL-8, and IL-10 
were increased (and there was a non-significant 
increase in IL-6 levels) among individuals with or 
without high intestinal permeability at baseline; 
after 19 days of abstinence, the levels remained 
elevated compared with controls. Also, IL-1β 
levels were slightly elevated at both time points. 
Plasma hsCRP concentrations were increased 
after abstinence only among the subset of partic-
ipants with high intestinal permeability.

Girard et al. (2019) followed up a cohort of 
115 individuals with AUD after admission for 
detoxification for up to 6  months. The degree 
of abstinence was assessed at each time point 
using the timeline follow-back method, and the 
participants served as their own controls. Of 
the participants, 26% abstained completely for 
6 months, 38% had at least one relapse, and 23% 
were not abstinent at any time during follow-up. 
The concentrations of TNF-α, IL-6, IL-8, IL-12, 
and IL-1β decreased after 1  month; levels of 
MCP1 decreased and then plateaued at a lower 
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concentration at 2 months of abstinence. There 
were no changes in levels of IL-10, IL-12, or IFN-γ. 
Otherwise, there was no difference in cytokine 
concentration at the later time points between 
the individuals who abstained and those who did 
not abstain. [There was no control group, only 
the cytokine levels at the beginning of detoxifica-
tion, and the data were combined for individuals 
who were abstinent, who were not abstinent, and 
who had a relapse. Not all cytokines were detect-
able in all participants at admission, except for 
MCP1 and IL-8, and they became detectable or 
undetectable at various time points, leading to 
large standard deviations.]

Yen et al. (2017) studied 78 men with AUD, at 
entry into detoxification treatment and 4 weeks 
later, for a panel of cytokines (IL-2, IFN-γ, TNF-α, 
IL-4, IL-5, IL-6, IL-10, IL-1β, IL-8, and granu-
locyte macrophage colony-stimulating factor 
[GM-CSF]). The control group was 86 healthy 
individuals. All cytokine concentrations were 
higher at admission among the individuals with 
AUD than among the controls. Within 4 weeks, 
all of the concentrations had decreased signif-
icantly in the 48 participants who abstained; 
the level of GM-CSF decreased to the control 
levels, whereas levels of the other cytokines 
were still significantly higher than the control 
levels [although, in most cases, quite close to the 
control levels].

Liangpunsakul et al. (2017) studied 97 indi-
viduals with excessive alcohol consumption 
and 51 individuals without excessive alcohol 
consumption. They found that the individuals 
with excessive alcohol consumption had higher 
concentrations of LPS, sCD14, and sCD163 (a 
marker of macrophage activation) than those 
without excessive alcohol consumption, and 
the concentrations correlated with the quantity 
of alcohol consumed in the previous 30  days. 
In a separate cohort, 31 individuals in reha-
bilitation treatment were studied for changes 
in these immune markers over 12  weeks. The 

concentrations decreased to normal after 4 weeks 
and remained low for 12 weeks.

A consortium evaluating the pathogenesis 
of ARH (Li et al., 2017) studied an array of 38 
cytokines among 20 healthy controls, 65 indi-
viduals with heavy alcohol consumption but 
without liver disease (ascertained by serum liver 
tests), and 68 individuals with ARH. There was 
no difference in cytokine concentrations between 
the participants with heavy alcohol consump-
tion and the controls. There was an increase in 
11 inflammatory cytokines, anti-inflammatory 
cytokines, and growth factors, including TNF-α, 
IL-6, IL-8, IP-10, IL-10, IL-7, IL-15, and tumour 
growth factor α (TGF-α), among the individuals 
with ARH compared with the individuals with 
heavy alcohol consumption but without liver 
disease, and some of the changes persisted for 
12 months (Li et al., 2017). [This study reinforces 
the caveat that studies of the effect of alcohol 
among individuals with heavy alcohol consump-
tion must consider the possibility that there is 
occult liver disease confounding the conclusions, 
because histological alcohol-related steatohepa-
titis can be present among individuals who have 
only mild abnormalities in aminotransferases 
(Seitz et al., 2018).]

Voican et al. (2015) studied 47 individuals 
with ALD at baseline and at 1 week after with-
drawal of alcohol. They measured mRNA expres-
sion levels in blood samples and subcutaneous fat 
biopsies for a host of adipokines and cytokines, 
including IL-1β, IL-18, caspase-1, C–C motif 
chemokine ligand 2 (CCL2), osteopontin, and 
semaphorin 7A. The levels of these chemokines 
and inflammasome components were correlated 
with liver damage at baseline. After 1  week of 
abstinence, macrophage infiltration of subcuta-
neous fat decreased and the macrophages were 
reoriented towards an anti-inflammatory M2 
phenotype.

Chaturvedi et al. (2020) examined the effect 
of alcohol consumption on the concentration 
of neuroimmune regulators (molecules in the 
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nervous system that can silence innate immune 
responses and suppress inflammation). The 
concentration of the neuroimmune regulator 
CD200 was lower among the individuals with 
AUD at baseline compared with the controls, 
and no significant improvement was reported at 
1 month of abstinence.

(ii) Circulating immune cells
Donnadieu-Rigole et al. (2016) studied flow 

cytometric characteristics of peripheral blood 
mononuclear cells among individuals with AUD 
at admission for detoxification and after 2 weeks 
of abstinence. At admission, an altered distribu-
tion of circulating monocytes was found among 
the participants with AUD, with a decrease in 
the classical CD14+/CD16− monocyte subset and 
an increase in the non-classical CD14dim/CD16+ 
subset compared with healthy controls. These 
changes improved partially during abstinence.

In another study (Li et al., 2019), individuals 
with heavy alcohol consumption had reduced 
numbers of MAIT cells (expressed as a percentage 
of T cells) of 0.56% compared with individuals 
who were abstinent (1.25%), and individuals with 
ARH had even lower levels (0.16%). Among the 
individuals with ARH, the cells were hyperac-
tivated, which was associated with increased 
plasma levels of IL-7, IL-15, IL-17, IL-18, IL-23, 
IFN-γ, and TNF-α. No changes were observed 
in the levels of other circulating innate T cells, 
including natural killer (NK) T cells, invariant 
NK T cells, and γδ T cells. The numbers of 
MAIT cells increased among individuals with 
heavy alcohol consumption and among individ-
uals with ARH after 6  months and 12  months 
of abstinence but remained significantly lower 
than those among healthy controls. [The activa-
tion of the MAIT cells may have resulted from 
the changes in the intestinal mucosa discussed 
previously, ultimately leading to activation-in-
duced cell death.]

Shiba et al. (2021) studied 72 men with 
alcohol dependence who were admitted to the 

hospital for inpatient treatment for 4  weeks. 
They examined changes in levels of LPS and 
responsiveness to LPS stimulation of circulating 
blood monocytes, and the interaction between 
these changes and the genotypes of the individ-
uals at the ADH1B and ALDH2 loci. The control 
group consisted of 13 healthy men. There were 
lower percentages of CD14+CD16− cells at entry 
among the participants with alcohol dependence 
compared with the controls; these increased at 
4 weeks but not to control levels. There was no 
difference in the levels of CD14intCD16+ or CD14− 
CD16+ subtypes, nor were there changes in the 
levels of other circulating cells (plasmacytoid 
dendritic cells, NK cells, or NK T cells). When 
the CD14+CD16− cells were incubated with LPS 
overnight, they produced less TNF-α and IL-6 
than control cells, and this difference partially 
reverted at 4  weeks. CD14+CD16− cells from 
individuals with alcohol dependence who were 
heterozygous for ALDH2*2 had an even more 
suppressed response to LPS, which was poten-
tiated by the presence of an ADH1B*2 allele, 
compared with cells from participants who were 
homozygous for ADH1B*1. [This suggests that the 
concentrations of acetaldehyde reached during 
heavy alcohol consumption contributed to this 
effect.] Incubation of the CD14+CD16− cells with 
malondialdehyde–acetaldehyde–albumin adducts 
attenuated the response of the cells to a second 
stimulation with LPS after an initial 24-hour 
exposure, again supporting a role for acetalde-
hyde in this effect on the circulating monocytes. 
The mechanism for this effect was suggested to 
involve induction of IL-1 receptor-associated 
kinase M, which regulates the response to LPS, 
in the cells from the individuals with alcohol 
dependence.

Shiba et al. (2021) extended their study 
to mice that were fed ethanol by gavage for 
42  days, mice that were fed ethanol and then 
had ethanol withdrawn for 21 days, and control 
mice. Hepatic macrophages (CD11b+ cells) were 
isolated and stimulated with LPS. Intracellular 
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TNF-α expression was reduced in the cells from 
the ethanol-fed animals and returned to normal 
21  days after withdrawal of ethanol. Finally, 
the authors compared the responses of hepatic 
CD11b+ cells from wild-type and ALDH2*2 
transgenic mice that were fed ethanol and found 
that the ALDH2*2 mice had lower levels of 
LPS-stimulated TNF-α.

3.2.7 Oxidative stress

Ethanol oxidation, especially via CYP2E1, is 
associated with the generation of reactive oxygen 
species. CYP2E1 is considered a “leaky” enzyme, 
which can readily transfer electrons from NAD 
phosphate to oxygen rather than to ethanol, 
generating hydroxyl radicals, superoxide anions, 
and hydrogen peroxide (IARC, 2010); in addi-
tion, the activity of CYP2E1 is induced by alcohol 
consumption. Reactive oxygen species are detox-
ified by superoxide dismutase, the selenoprotein 
glutathione peroxidase (GPx), glutathione reduc-
tase, and catalase, and by reaction with retinol, 
carotene, and vitamin E. Increased production 
of reactive oxygen species can lead to increased 
breakdown products of lipid peroxides. Evidence 
of oxidative stress and of impaired ability to 
detoxify reactive oxygen species has been found 
among individuals with chronic heavy alcohol 
consumption; five studies have assessed the time 
course for resolution of these effects (Table 3.6).

D’Antonio et al. (1986) measured carotene, 
retinol, and α-tocopherol on day  0 and day  5 
among 192 men with AUD admitted for detox-
ification. Plasma carotene levels were somewhat 
low at admission (94 µg/dL among 149 partici-
pants) and increased by 30% by day 5. Dietary 
history suggested an intake of carotene ~1 unit 
lower than that considered normal. Retinol and 
α-tocopherol levels were normal at admission 
and on day 5. Among a subset of 19 participants, 
carotene levels increased after 33 days of absti-
nence to 190  µg/dL. [The increase in carotene 

levels could have resulted from abstinence or 
improved dietary intake.]

Girre et al. (1990) assessed selenium, vitamin 
E (α-tocopherol measurement), and GPx levels 
among 25 individuals with AUD and 25 age- 
and sex-matched controls. The plasma and 
erythrocyte levels of GPx and α-tocopherol and 
the plasma and whole-blood levels of selenium 
were reduced among the participants with AUD 
compared with the controls. After 14  days of 
abstinence in hospital (and no dietary supple-
mentation), plasma levels of selenium remained 
low but whole-blood levels increased. Plasma 
levels of GPx were unchanged after abstinence, 
whereas erythrocyte enzyme activity increased 
significantly (not reaching the normal level). 
Plasma and erythrocyte levels of α-tocopherol 
remained low with abstinence.

Lettéron et al. (1993) measured exhaled 
ethane as a measure of oxidative stress among 
42 healthy individuals who were controls, 52 
participants with liver disease other than ALD 
who were controls, and 89 participants who had 
heavy alcohol consumption and were admitted 
to the hospital for alcohol withdrawal and liver 
disease assessment. Among the participants with 
heavy alcohol consumption, 73 had advanced 
liver disease (ARH, cirrhosis, or both). Samples 
of breath were obtained from the participants at 
various times after admission to the hospital. The 
level of exhaled ethane was 5 times as high among 
the individuals with heavy alcohol consumption 
and ALD as among the controls or the partic-
ipants without ALD. The participants without 
ALD served as a control for the effect of liver 
disease. In a small subset of that group (9 partic-
ipants followed up over time), there was a slow 
resolution towards normal with abstinence, over 
a period of weeks. The level of exhaled ethane 
was positively but weakly correlated with levels 
of daily alcohol consumption before admission.

In Taiwan (China), Peng et al. (2005) inves-
tigated the activity of antioxidant enzymes and 
malondialdehyde in plasma from 29 participants 
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Table 3.6 Effects of cessation of alcohol consumption on oxidative stress

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching factors 
Covariates controlled for

Alcohol exposure and 
duration of abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

D’Antonio 
et al. 
(1986) 
USA

192 participants (men) 
with AUD (126 White, 
66 Black; average age, 
40 years) entering 
a 4-day inpatient 
treatment followed by 
a 28-day outpatient 
detoxification 
programme

No control group 
(population data) 
Dietary survey done at 
admission

Total pure alcohol per 
day (mL), mean ± SD: 
341 ± 353 
149 participants (96 
White, 53 Black) 
completed the 4-day 
inpatient programme. 
Among them, 19 
patients (16 White, 
3 Black) completed 
the 28-day outpatient 
programme

Blood 
Plasma 
concentration 
of carotene 
(colorimetry); 
serum retinol 
and α-tocopherol 
(HPLC)

Carotene (µg/dL) 
At baseline: 94 
After 4-day abstinence: 145 (comparable to 
“non-alcoholic population”) 
After 33-day abstinence: 190 (within normal 
range) 
Retinol (µg/dL) and α-tocopherol (µg/10 mL) 
At baseline: within normal range 
After 4-day abstinence: no change 
After 33-day abstinence: no change 
[Levels were estimated from figures]

Girre et al. 
(1990) 
France

25 participants (20 
men, 5 women; mean 
age, 40 years) entering 
a 14-day inpatient 
detoxification 
programme 
Controls: 25 healthy 
hospital staff members 
(mean age, 39 years) 
who consumed alcohol 
occasionally (weekly 
consumption < 100 g)

Sex and age 
No patients with cirrhosis; 
no dietary supplements

Alcohol consumption: 
mean, 253 g per day for 
a duration (mean ± SD) 
of 11.8 ± 8.1 years 
14 days of inpatient 
abstinence

Blood 
Plasma and whole-
blood selenium 
(atomic absorption 
spectrometry), 
GPx (enzyme 
assay), 
α-tocopherol 
(HPLC)

Values are mean ± SD 
Plasma selenium (µmol/L) 
Baseline: 0.92 ± 0.20 
Abstinence: 0.88 ± 0.21 
Controls: 1.15 ± 0.20 
Pbaseline vs controls < 0.001 
Pabstinence vs baseline < 0.001 
Whole-body selenium (µmol/L)
Baseline: 0.90 ± 0.26 
Abstinence: 1.09 ± 0.31 
Controls: 1.33 ± 0.29 
Pbaseline vs controls < 0.001 
Pabstinence vs baseline < 0.025 
Pabstinence vs controls < 0.001 
Plasma GPx (U/L) 
Baseline: 292.1 ± 102.2 
Abstinence: 281.2 ± 63.9 
Controls: 328.3 ± 51.4
Pbaseline vs controls < 0.05
Pabstinence vs baseline: NS
Erythrocyte GPx (U/g Hb)
Baseline: 28.2 ± 4.7
Abstinence: 31.09 ± 5.62
Controls: 34.1 ± 3.1



302

IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 20A

Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching factors 
Covariates controlled for

Alcohol exposure and 
duration of abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Girre et al. 
(1990) 
(cont.)

Pbaseline vs controls < 0.001
Pabstinence vs baseline < 0.001
Plasma α-tocopherol (mg/L) 
Baseline: 10.36 ± 3.06 
Abstinence: 10.86 ± 3.29
Controls: 14.63 ± 4.21 
Pbaseline vs controls < 0.005 
Pabstinence vs baseline: NS 
Erythrocyte α-tocopherol (mg/L) 
Baseline: 2.29 ± 0.69 
Abstinence: 2.38 ± 0.69 
Controls: 3.25 ± 0.95 
Pbaseline vs controls < 0.001 
Pabstinence vs baseline: NS

Lettéron 
et al. 
(1993) 
France

89 HD participants 
(45 men, 44 women; 
average age, 49 years) 
admitted to a hospital 
for alcohol withdrawal 
and assessment of liver 
disease 
Control group 1: 42 
healthy laboratory or 
clinical staff members 
(22 men, 20 women; 
average age, 40 years) 
Control group 2: 52 
patients with liver 
disease other than 
ALD (29 men, 23 
women; average age, 
49 years)

Liver conditions in HD 
participants and controls: 
HD participants: 10 with 
hepatic steatosis, 6 with 
ARH, 29 with cirrhosis 
without ARH, 34 with 
hepatic cirrhosis and ARH, 
and 4 with alcohol-related 
cirrhosis and hepatocellular 
carcinoma 
Control group 2: 2 with 
liver transplants, 6 with 
acute hepatitis, 11 with 
chronic hepatitis, 17 with 
viral cirrhosis, 1 with 
liver polyadenomatosis, 5 
with non-alcohol-related 
hepatocellular carcinoma, 
2 with liver metastases, 5 
with sclerosing cholangitis, 
1 with biliary cirrhosis, and 
2 with extrahepatic bile 
duct obstruction

Varying times after 
admission; 9 HD 
participants studied 
serially

Exhaled breath 
Ethane (gas-liquid 
chromatography)

Exhaled ethane (pmol/L) 
HD: ~800 
Control group 1: ~200 
Control group 2: ~200 
P < 0.0001 
[Levels were estimated from figures] 
Positively correlated with previous daily 
alcohol consumption (r = 0.275; P = 0.009) 
Inversely correlated with duration of 
abstinence (r = 0.235; P = 0.026) 
Serially studied HD participants had variable 
rates of normalization

Table 3.6   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching factors 
Covariates controlled for

Alcohol exposure and 
duration of abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Peng et al. 
(2005) 
Taiwan 
(China)

29 participants with 
AUD (28 men, 1 
woman; average age, 
43.81 years) admitted 
for detoxification 
Controls: 19 healthy 
participants (11 men, 
8 women; average age, 
30.33 years)

Participants with AUD: 
HBsAg-negative and no 
liver cirrhosis

Alcohol consumption 
(mean ± SD): 
271.2 ± 123.6 g per 
day for a duration 
(mean ± SD) of 
22.2 ± 10.5 years 
14 days of abstinence

Blood (serum) 
MDA (thiobar-
bituric acid assay); 
CAT, GPx, and GR 
(enzyme assay); 
SOD (ELISA)

Values are mean ± SD 
MDA (μM) 
24 hours after admission AUD: 6.50 ± 2.14 
Controls: 3.96 ± 0.86 
P < 0.05 
Normalized after 7 days and 14 days of 
abstinence 
SOD (ng/mL) 
24 hours after admission AUD: 0.10 ± 0.05 
Controls: 0.80 ± 0.53 
P < 0.05 
Remained low during up to 14 days of 
abstinence 
P < 0.05 
GPx (nmol/min/mL) 
24 hours after admission AUD: 156.46 ± 73.79 
Controls: 205.08 ± 44.71 
P < 0.05
Remained low after 7 days and 14 days of 
abstinence 
P < 0.05 
CAT (U/mL) 
24 hours after admission: no significant 
difference between AUD and controls 
Lower after 14 days of abstinence vs controls 
and baseline 
P < 0.05 
GR (nmol/min/mL) 
24 hours after admission: no significant 
difference between AUD and controls 
Higher after 7 days of abstinence vs controls 
and baseline 
P < 0.05 
Lower after 14 days of abstinence (similar to 
controls)

Table 3.6   (continued)
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Reference 
Study 
location

Setting, study design, 
number, age, sex, 
ethnicity, and health 
status of exposed and 
control groups

Matching factors 
Covariates controlled for

Alcohol exposure and 
duration of abstinence

Sampling matrix 
End-point 
biomarker (test 
used)

Results

Varella 
Morandi 
Junqueira-
Franco 
et al. 
(2006) 
Brazil

10 participants (men) 
with alcohol-related 
pellagra (average age, 
35 years) entering 
a 27-day inpatient 
detoxification 
programme 
Exclusion criteria: 
not previously treated 
with vitamins

 Not reported Alcohol consumption: 
> 90 g of ethanol per day 
Patients entered 
inpatient treatment 
(abstinence) for 27 days 
and were given 100 mg 
of niacin per day

Urine and blood 
NMN (HPLC); 
vitamin E (HPLC); 
GPx (enzyme 
assay); MDA 
(thiobarbituric 
acid and 
quantified by 
HPLC); protein 
carbonyl levels 
(colorimetric 
assay)

Values are mean ± SD 
NMN (mg/24 hours) 
Baseline: 0.82 ± 1.21 
Treatment: 9.97 ± 9.89 
P < 0.05 
MDA (µmol/L) 
Baseline: 1.19 ± 0.40 
Treatment: 0.89 ± 0.27 
P < 0.05 
Protein carbonyls (nmol/mg protein) 
Baseline: 2.22 ± 0.36 
Treatment: 1.84 ± 0.40 
P < 0.05 
Plasma vitamin E (µmol/L) 
Baseline: 12.66 ± 4.23 
Treatment: 20.49 ± 7.74 
P < 0.05 
GPx (U/g Hb) 
Baseline: 21.70 ± 7.46 
Treatment: 29.54 ± 8.72 
P < 0.05

ALD, alcohol-related liver disease; ARH, alcohol-related hepatitis; AUD, alcohol use disorder; CAT, catalase; ELISA, enzyme-linked immunosorbent assay; GPx, glutathione peroxidase; 
GR, glutathione reductase; Hb, haemoglobin; HBsAg, hepatitis B surface antigen; HD, heavy drinking; HPLC, high-performance liquid chromatography; MDA, malondialdehyde; 
NMN, N1-methylnicotinamide; NS, not significant; SD, standard deviation; SOD, superoxide dismutase.

Table 3.6   (continued)
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with AUD (28 men and 1 woman) and 19 healthy 
controls. None of them were reported to carry 
the ALDH2*2 allele. Concentrations of malon-
dialdehyde were 2-fold higher and levels of GPx 
and superoxide dismutase were lower among the 
participants with AUD at entry compared with 
the controls. Levels of catalase and glutathione 
reductase were not affected. With 14  days of 
abstinence, malondialdehyde levels decreased to 
control levels, whereas superoxide dismutase and 
GPx levels remained low.

In a study in Brazil (Varella Morandi 
Junqueira-Franco et al., 2006), participants 
with AUD who had pellagra were treated with 
niacin for 27  days (niacin is a non-traditional 
antioxidant that affects macrophage func-
tion; Montserrat-de la Paz et al., 2017). There 
was an expected large (10-fold) increase in the 
urinary concentration of the niacin metabolite 
N1-methylnicotinamide, an increase of ~40% in 
erythrocyte GPx activity, an increase of ~60% in 
vitamin E levels (both GPx activity and vitamin 
E level were below reference values before treat-
ment), a decrease of ~20% in plasma carbonyl 
groups (a marker of protein oxidation), and a 
decrease of ~25% in plasma malondialdehyde 
levels. [This study did not have any comparison 
with samples from a control group, and any 
positive effects resulting from abstinence remain 
unclear because the participants experienced it 
together with administration of daily doses of 
niacin and, no doubt, an improved diet.]

Kang et al. (2022) examined the effect of 
3  weeks of abstinence on hepatic markers of 
oxidative stress in a mouse model of ARH. The 
model entailed a ramp-up in alcohol administra-
tion over 5 days, 10 days on the Lieber–DeCarli 
liquid diet, and bolus gavage of ethanol on day 11, 
followed by a return to an alcohol-free diet. [The 
number of animals studied was small, but this was 
a unique assessment of the time course of alcohol 
withdrawal.] The ethanol treatment protocol 
caused an increase in serum and liver triglycer-
ides, serum malondialdehyde levels, and CYP2E1 

mRNA levels, and a 2–3-fold increase in the level 
of alanine transaminase (ALT), which resolved 
by 1–2 weeks after the return to an alcohol-free 
diet. Expression of several genes that encode 
enzymes involved in antioxidant responses was 
decreased with alcohol feeding and increased 
again during abstinence: Nfe2/2, which encodes 
the NRF2 protein; Sod1, which encodes super-
oxide dismutase; and GSHPx, which encodes 
GPx. The mRNA level of Hmox1, which encodes 
haem oxygenase, increased with alcohol feeding 
and decreased during abstinence. mRNA levels 
reflective of macrophage numbers (Adgre1 and 
Cd68 mRNA) and inflammatory cytokine levels 
(Tnf for TNF and Ccl2 for CCL2) increased with 
alcohol feeding and then decreased to normal 
over 3  weeks. [The relevance of these data to 
humans without overt liver disease is unknown.]
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4.1 Alcoholic beverages

4.1.1 Definitions and types of products

Alcoholic beverages are liquids containing 
ethanol that are intended for consumption. The 
main categories of alcoholic beverages are beer, 
wine, and spirits. The ethanol content varies by 
type of beverage and by country, typically ranging 
from 5–15% volume for fermented beverages to 
50% volume or higher for distilled beverages. 
Various types of homemade, artisanal, or locally 
produced alcoholic beverages are relatively more 
common in low- and middle-income countries. 
Alcohol also may be consumed in other products, 
including surrogate alcohol, which is non-bev-
erage alcohol that is not intended for human 
consumption.

In addition to ethanol and acetaldehyde, alco-
holic beverages may contain several toxicants 
that are derived from the raw materials used or 
that may arise during the production process, 
some of which are carcinogenic. Because alcohol 
provides more energy per gram than carbohy-
drates or proteins and almost as much as pure 
fat, alcoholic beverages can contribute signifi-
cantly to total energy intake.

4.1.2 Surveillance, prevalence, trends, and 
determinants of consumption

(a) Monitoring of consumption at the 
population level

Alcohol consumption is monitored in many 
countries, and globally by the World Health 
Organization (WHO). The most important indi-
cator of the level of alcohol consumption in a 
country is adult alcohol per capita (individuals 
aged ≥  15  years) consumption (APC), which is 
defined as the total (sum of recorded and unre-
corded alcohol) amount of alcohol consumed 
per person over a calendar year in litres of pure 
alcohol, adjusted for tourist consumption, and 
which is indicative of the overall level of alcohol 
consumption in a population. This indicator is 
supplemented by information from surveys, 
which enable assessment of the level of alcohol 
consumption among different groups, such 
as adult APC per drinker, or by sex or age. In 
addition, surveys usually contain information 
about abstention (lifetime abstention and former 
alcohol consumption) and about occasions of 
heavy alcohol consumption.

(b) Prevalence of and trends in alcohol 
consumption by WHO region

Overall, the global level of alcohol consump-
tion as measured in adult APC was stable over 
the past two decades, although there are different 

4. SUMMARY
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regional and country-level trends. Often, changes 
in the level of alcohol consumption are associ-
ated with the implementation of alcohol control 
policies. One example is the decrease in alcohol 
consumption in the WHO European Region, 
which was largely a result of tax increases and 
other measures in the eastern part of the region.

Globally in 2019, 44% of adults had consumed 
alcohol in the previous year. In the WHO 
European Region, the WHO Region of the 
Americas, and the WHO Western Pacific Region, 
more than 60% of adults consume alcohol. In 
contrast, in the WHO African Region and the 
WHO South-East Asia Region, less than 30% of 
adults consume alcohol, and in the WHO Eastern 
Mediterranean Region, 4% of adults consume 
alcohol. Adult APC has the same rank order as 
the prevalence of current alcohol consumption.

The adult APC per drinker shows less regional 
variation. However, the APC per drinker is rela-
tively high in the WHO African Region (17  L) 
and the WHO South-East Asia Region (14 L); this 
is much higher than the APC in the population 
for the WHO African Region (4.5  L) and the 
WHO South-East Asia Region (3.8 L). The reason 
is the high prevalence of abstention in these two 
regions.

(c) Determinants of consumption

The prevalence and patterns of alcohol 
consumption vary across subgroups defined by 
sex, age, race, ethnicity, culture, religion, tobacco 
smoking, and socioeconomic status.

Globally, men are more likely than women 
to consume alcohol, to consume greater quan-
tities of alcohol, and to have an alcohol use 
disorder. The difference between sexes in alcohol 
consumption is less pronounced in higher-in-
come countries than in low- and middle-in-
come countries and has narrowed over time. 
In addition to other factors, gendered roles and 
norms contribute to sex differences in alcohol 
consumption. There is currently an evidence gap 

about alcohol consumption among gender-di-
verse populations.

Among individuals who consume alcohol, 
consumption often begins in adolescence or in 
the early 20s, with a peak in the early to mid-20s, 
followed by a decrease and plateau in middle age 
and a further decrease at older ages. In the past 
two decades, younger cohorts in several high-in-
come countries have shown a decrease in alcohol 
consumption relative to older cohorts.

In addition to sex and age, there is substan-
tial variation in alcohol consumption across 
and within races, ethnicities, and cultures. 
These concepts are largely social constructs 
and are dynamic, which precludes a straight-
forward summary of their influence on alcohol 
consumption behaviours. In general, higher 
socioeconomic status is associated with a 
higher prevalence of and more frequent alcohol 
consumption, although individuals who are 
comparatively disadvantaged are at a greater 
risk of alcohol-related harm per litre of alcohol 
consumed. Consumption of counterfeit and 
surrogate alcohol also is associated with lower 
socioeconomic status. Social role transitions such 
as to full-time work, separation or divorce, and 
retirement also are associated with an increase 
in alcohol consumption. Alcohol consumption is 
associated with tobacco smoking, but the extent 
to which the two behaviours overlap differs 
between populations.

(d) Determinants of reduction or cessation

Several factors may contribute to a reduction 
or cessation of alcohol consumption among indi-
viduals or across a population. Alcohol consump-
tion among adolescents and young adults has 
decreased, particularly in high-income countries, 
and there is a tendency for alcohol consumption 
to decrease at older ages. Health-related reasons 
for reducing alcohol consumption fall into 
two broad categories: preserving or improving 
health, and being ill (the “sick quitter” effect). 
Individuals who do not smoke may be more 
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likely to reduce or cease alcohol consumption or 
abstain than individuals who smoke. Social role 
transitions such as getting married, entering 
into a cohabiting relationship, and becoming a 
parent are associated with a decrease in alcohol 
consumption. Social networks also play an 
important role in alcohol consumption behav-
iours; shared norms about alcohol consumption 
and abstention and informal social control can 
influence individuals to reduce their alcohol 
consumption. Periods of religious significance or 
fasting have been linked to a temporary reduc-
tion in alcohol consumption, which sometimes 
leads to abstinence. Unfavourable economic 
conditions have been associated with a shift 
from heavier to lighter consumption of alcohol 
at a population level, although during such times 
certain subpopulations, particularly men, are at 
risk of increased consumption. Survey data also 
confirm that alcohol affordability and availabil- 
ity can be factors in the decision to reduce or 
cease alcohol consumption.

When considering alcohol consumption in 
relation to all of the above-mentioned factors, it 
is important to also consider other issues, such as 
the historical, social, and policy context, globali-
zation and migration, and public health crises 
such as the COVID-19 pandemic.

4.1.3 Population attributable fraction

Globally in 2020, an estimated 741 300 
new cancer cases were attributable to alcohol 
consumption (4.1% of all new cancer cases and 
11.7% of all cases of the seven cancer types asso-
ciated with alcohol consumption). About three 
quarters of those cancers occurred among males, 
resulting in a larger proportion of alcohol-attribu- 
table new cancer cases among males (6.1%) than 
among females (2.0%). The largest proportions of 
alcohol-attributable cancer cases among males 
were in eastern Asia (8.6%), central and eastern 
Europe (7.8%), and parts of sub-Saharan Africa. 
The population attributable fractions among 

females were largest in central and eastern 
Europe, Australia and New Zealand, western 
Europe, and northern Europe (ranging from 
3.0% to 3.4%). Variations in population attribu-
table fractions by sex and region largely reflected 
variations in alcohol consumption.

Globally in 2020, an estimated 31.6% of all 
new cases of oesophageal cancer were attribu-
table to alcohol consumption. This proportion 
was 20.2% for lip and oral cavity cancer, 22.0% 
for pharyngeal cancer, 17.3% for liver cancer, 
15.0% for laryngeal cancer, 8.4% for colorectal 
cancer, and 4.4% for female breast cancer. Among 
the seven cancer types associated with alcohol 
consumption combined, oesophageal cancer 
contributed the most alcohol-attributable cases 
globally in 2020 (189 700 cases, accounting for 
25.6% of all cancer cases attributable to alcohol 
consumption), followed by colorectal cancer 
(156 700 cases; 21.1%), liver cancer (154 700 
cases; 20.9%), female breast cancer (98 300 cases; 
13.3%), lip and oral cavity cancer (74 900 cases; 
10.1%), pharyngeal cancer (39 400 cases; 5.3%), 
and laryngeal cancer (27 600 cases; 3.7%).

4.2 Associations of cancer risk in 
humans

4.2.1 Methodological considerations

There is a limited body of research about 
reduction of alcoholic beverage consumption 
and risk of alcohol-related cancers, but more 
research about cessation. There are no ran- 
domized controlled trials of reduction or cessa-
tion of alcohol consumption and cancer inci-
dence or mortality. The Working Group reviewed 
and evaluated all informative individual cohort 
studies and case–control studies and pooled 
analyses and meta-analyses with available data 
to assess associations of reduction, duration of 
cessation, or cessation and continuing consump-
tion with alcohol-related cancer risk. Individual 
studies included in meta-analyses or pooled 
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analyses, meta-analyses or pooled analyses with 
overlapping studies, studies with fewer than 5 
cancer cases in the cessation category (overall 
or within subgroups), and studies of precursor 
lesions were excluded.

To assess whether cessation of alcohol 
consumption can reduce alcohol-related cancer 
risk requires comparing risks for cessation with 
continuing consumption. However, most studies 
compared risks for cessation with abstention. 
Therefore, when necessary, hazard ratios, relative 
risks, odds ratios, and confidence intervals were 
recalculated to compare risks for alcohol cessa-
tion with continuing consumption (referred to 
below as “calculated” relative risks).

Potential biases must be carefully considered 
when evaluating epidemiological studies about 
reduction or cessation of alcoholic beverage 
consumption and cancer risk. The amount 
of alcohol consumed is a risk factor for alco-
hol-related cancers, and individuals who ceased 
consumption may not have consumed the same 
amount of alcohol as individuals who did not 
cease consumption. Therefore, in observational 
studies comparing cessation with continuing 
consumption and cancer risk, the adjustment 
for or stratification on amount consumed can 
reduce potential confounding. Another concern 
is confounding due to smoking cessation, because 
smoking cessation reverses smoking-related risk 
of cancers of the upper aerodigestive tract (i.e. 
oral cavity, pharyngeal, laryngeal, and oesoph-
ageal cancers) and could result in the appear-
ance of a lower risk of cancer associated with 
reduction or cessation of alcohol consumption. 
Reverse causation could result in the appear-
ance of a higher risk of cancer associated with 
cessation of alcohol consumption if symptoms 
of undiagnosed cancer led to alcohol cessation. 
Reverse causation is a concern in case–control 
studies if alcohol consumption at the time of 
diagnosis is assessed, and in cohort studies that 
did not determine whether to begin follow-up 
time at least 1  year after the measurement of 

alcohol consumption. Assessment of risk reduc-
tion after long-term alcohol cessation is less 
prone to bias due to reverse causation; however, 
few studies assessed associations for duration of 
cessation and even fewer for long-term cessa-
tion. In cohort studies with long follow-up time, 
it is important to collect repeated measures of 
alcohol consumption, as well as information 
about confounders such as tobacco use, to avoid 
potential bias due to misclassification of expo-
sure over time. In hospital-based case–control 
studies, some controls, even those with illnesses 
unrelated to alcohol consumption, may have 
ceased consuming alcohol due to illness, which 
could also result in the appearance of a lower 
risk for cessation. When examining the available 
epidemiological evidence, the Working Group 
acknowledged these, and other, methodological 
considerations.

4.2.2 Associations of reduction, duration 
of cessation, or cessation of alcoholic 
beverage consumption with cancer risk

(a) Oral cancer

Eight informative studies were available to 
assess associations of duration of cessation and 
cessation of alcohol consumption with risk of 
oral cancer. These studies included two cohort 
studies (one in India and one in China), a large 
international pooled analysis of 12 case–control 
studies (n  =  8 hospital-based and n  =  4 popu-
lation-based), and five individual hospital-based 
case–control studies in Brazil, China, Taiwan 
(China) (n  =  2), and Uruguay. No informative 
studies of reduction of alcohol consumption 
were identified.

The international pooled analysis was the 
only study with data about duration of cessation. 
After adjustment for the number of alcoholic 
drinks per day, pack-years of tobacco smoking, 
and other risk factors compared with contin-
uing consumption, long-term alcohol cessation 
(≥  20  years) was associated with a 55% lower 
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relative risk of oral cancer (relative risk [RR], 
0.45; 95% confidence interval [CI], 0.26–0.78). 
The risks for long-term alcohol cessation were 
substantially lower in the 1–2  drinks per day 
stratum (RR, 0.59; 95% CI, 0.22–1.57) and in the 
≥ 3 drinks per day stratum (RR, 0.43; 95% CI, 
0.28–0.67) than in the < 1 drink per day stratum 
(RR, 0.98; 95% CI, 0.54–1.77). The risk for long-
term alcohol cessation compared with continuing 
consumption was lower in the current-smoking 
stratum (RR, 0.40; 95% CI, 0.18–0.88) than in 
all the strata of duration of smoking cessation. 
In a subset of participants with detailed alcohol 
consumption and smoking history data, after 
meta-analytic adjustment for smoking status 
and duration of smoking cessation, the calcu-
lated relative risks were 0.75 (95% CI, 0.57–0.98) 
for 5–19  years of cessation and 0.75 (95% CI, 
0.43–1.33) for long-term cessation.

The risk of oral cancer associated with alcohol 
cessation compared with continuing consump-
tion was assessed in all eight studies. In the 
international pooled analysis, the relative risk for 
cessation was 0.60 (95% CI, 0.43–0.84). Relative 
risks ranged from 0.46 to 0.88 among one cohort 
study and four individual case–control studies. 
In the other cohort study of cancer incidence, 
the relative risk for cessation was 1.28, and in 
the fifth case–control study, the relative risk for 
cessation was 2.55.

(b) Pharyngeal cancer

Nine informative studies were available 
to assess associations of duration of cessation 
and cessation of alcohol consumption with 
risk of pharyngeal cancer (i.e. seven studies of 
oropharyngeal and/or hypopharyngeal cancer 
and two studies of nasopharyngeal cancer). These 
studies included two cohort studies (one in India 
and one in China), a large international pooled 
analysis of 13 case–control studies (n = 9 hospi-
tal-based and n = 4 population-based), and one 
friend- or family-based, one population-based, 
and four hospital-based case–control studies in 

China, Japan, Taiwan (China) (n = 2), Thailand, 
and Uruguay. No informative studies of reduc-
tion of alcohol consumption were identified.

Duration of alcohol cessation and risk of 
pharyngeal cancer were assessed in two studies. 
In the international pooled analysis, compared 
with continuing consumption, the relative risk 
for long-term alcohol cessation (≥  20  years) 
and risk of oropharyngeal and hypopharyngeal 
cancer (combined) was 0.74 (95% CI, 0.50–1.09). 
There were no consistent patterns of association 
for long-term alcohol cessation across strata of 
higher amounts of consumption, or across strata 
of smoking status and duration of smoking cessa-
tion. In a subset of participants with detailed 
alcohol consumption and smoking history data, 
after meta-analytic adjustment for smoking 
status and duration of smoking cessation, the 
calculated relative risk for long-term cessation 
was 0.95 (95% CI, 0.56–1.61). In an individual 
case–control study of hypopharyngeal cancer, the 
relative risk for ≥ 10 years of cessation compared 
with continuing consumption was 2.13 (95% CI, 
0.30–15.12).

In the two cohort studies, compared with 
continuing consumption, the calculated relative 
risk of hypopharyngeal cancer associated with 
alcohol cessation was 0.92 (95% CI, 0.42–2.04) 
and the calculated relative risk of pharyngeal 
cancer associated with alcohol cessation was 
0.88 (95% CI, 0.41–1.88). In the pooled anal-
ysis and four individual case–control studies 
of oropharyngeal and/or hypopharyngeal 
cancer, the calculated relative risks for cessation 
compared with continuing consumption ranged 
from 0.65 to 1.68. In the two individual case–
control studies of nasopharyngeal cancer, which 
is less strongly associated with alcohol consump-
tion, the calculated relative risks for cessation 
were 1.21 (95% CI, 0.90–1.64) and 1.37 (95% CI, 
0.92–2.06).
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(c) Laryngeal cancer

Seven informative studies were available 
to assess associations of reduction, duration of 
cessation, and/or cessation of alcohol consump-
tion with risk of laryngeal cancer. These studies 
included three cohort studies in China, India, 
and the Republic of Korea, a large international 
pooled analysis of nine case–control studies (n = 7  
hospital-based and n  =  2 population-based), 
and three hospital-based case–control studies in 
Taiwan (China) (n = 2) and Uruguay.

Reduction of alcohol consumption and risk 
of laryngeal cancer were assessed in a large 
cohort study with a median follow-up time 
of 6.4  years. Compared with stable moderate 
consumption (15–29.9  g of ethanol per day) or 
stable heavy consumption (≥ 30 g of ethanol per 
day), reduction in consumption to a lower level 
over 2 years was not consistently associated with 
a reduced risk of laryngeal cancer. In the inter-
national pooled analysis, compared with contin-
uing consumption, long-term alcohol cessation 
(≥  20  years) was associated with a 31% lower 
relative risk of laryngeal cancer (RR, 0.69; 95% 
CI, 0.52–0.91); the reduction in risk was greater 
across strata of higher amounts of consumption 
(RR, 0.99; 95% CI, 0.56–1.74 for < 1 drink per day, 
and RR, 0.28; 95% CI, 0.09–0.86 for ≥ 3 drinks 
per day). In a subset of participants with detailed 
alcohol consumption and smoking history data, 
the relative risk for long-term alcohol cessation in 
the current-smoking stratum was 0.74 (95% CI, 
0.46–1.20), and lower risks were also observed 
in most strata of duration of smoking cessation. 
After meta-analytic adjustment for smoking 
status and duration of smoking cessation, the 
association for long-term alcohol cessation was 
weaker (calculated RR, 0.80; 95% CI, 0.56–1.13).

Cessation of alcohol consumption and risk 
of laryngeal cancer were assessed in all seven 
studies. In the pooled analysis, two of the cohort 
studies, and three individual case–control 
studies, the calculated relative risks for cessation 

compared with continuing consumption ranged 
from 0.31 to 0.95. In the large cohort study with 
a median follow-up time of 6.4  years, across 
strata of baseline consumption, the relative risks 
for cessation ranged from 1.10 to 1.65 compared 
with stable consumption.

(d) Oesophageal cancer

Seventeen informative studies were available 
to assess associations of reduction, duration of 
cessation, and/or cessation of alcohol consump-
tion and risk of oesophageal cancer. These studies 
included five cohort studies, one meta-analysis 
(n = 4 hospital-based case–control studies), and 
11 other individual case–control studies (n = 3 
population-based and n = 8 hospital-based) and 
were conducted primarily in eastern Asia, with 
some studies in south America, western Europe, 
and the USA. Although alcohol consumption is 
an established risk factor for the more commonly 
occurring squamous cell carcinoma of the 
oesophagus but not for oesophageal adenocarci-
noma, the few studies of both subtypes combined 
were included in this review when the histolog-
ical type was not clearly defined.

Reduction of alcohol consumption and risk of 
oesophageal cancer were assessed in the cohort 
study with a median follow-up time of 6.4 years. 
Compared with stable moderate consumption 
(15–29.9  g of ethanol per day) or stable heavy 
consumption (≥ 30 g of ethanol per day), reduc-
tion in consumption to a lower level over 2 years 
was associated with a higher risk.

Duration of alcohol cessation and risk of 
oesophageal cancer were assessed in nine studies 
(the meta-analysis, a cohort study of mortality, 
and n = 7 individual case–control studies). In the 
smoking-adjusted meta-analysis of four case–
control studies, two of which also adjusted for the 
amount of alcohol consumed, there was a higher 
risk for <  5  years of cessation compared with 
continuing consumption. In contrast, there was a 
15% lower relative risk for 5–10 years of cessation 
(RR, 0.85; 95% CI, 0.79–0.92) and 10–15 years of 
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cessation (RR, 0.85; 95% CI, 0.79–0.92), and a 
65% lower relative risk for ≥  15  years of cessa-
tion (RR, 0.35; 95% CI, 0.31–0.39). A similar 
pattern was observed in a multicentre case–
control study, which also adjusted for cumulative 
alcohol consumption and cumulative tobacco 
consumption; the relative risk for ≥ 20 years of 
cessation was 0.46 (95% CI, 0.19–1.16). In the 
cohort study of oesophageal cancer mortality, 
compared with continuing consumption, the 
relative risk for ≥ 15 years of cessation was 0.46 
(95% CI, 0.15–1.37). Among three of the other six 
individual case–control studies, compared with 
continuing consumption, the calculated relative 
risks were lower in the longest-term cessation 
category (range, 0.30–0.80).

Among the five cohort studies and 10 case–
control studies of alcohol cessation and risk 
of oesophageal cancer, the calculated relative 
risks for cessation compared with continuing 
consumption were < 1 (range, 0.23–0.92) in four 
cohort studies and four case–control studies and 
≥ 1 (range, 1.00–5.49) in the other cohort studies 
and case–control studies.

(e) Combined cancers of the upper 
aerodigestive tract

Seven informative studies were available 
to assess associations of reduction, duration of 
cessation, and/or cessation of alcohol consump-
tion and risk of combined cancers of the head and 
neck or of all upper aerodigestive tract cancers 
combined (i.e. head and neck and oesophageal 
cancers). These studies included four cohort 
studies in China, Europe (n = 2), and the Republic 
of Korea, a large international pooled analysis 
of 13 case–control studies (n = 9 hospital-based 
and n = 4 population-based), and two individual 
hospital-based case–control studies in Japan and 
Taiwan (China).

Two cohort studies assessed reduction and 
risk. In the cohort study with a median follow-up 
time of 6.4 years, compared with stable moderate 
consumption (15–29.9  g of ethanol per day) or 

stable heavy consumption (≥  30  g of ethanol 
per day), reduction in consumption to a lower 
level over 2 years was not consistently associated 
with a lower risk of oral and pharyngeal cancer 
combined. In a cohort study in Denmark with 
a follow-up time of up to 21  years, the relative 
risk of all upper aerodigestive tract cancers asso-
ciated with reducing consumption by ≥ 7 drinks 
per week compared with stable consumption 
(change of −0.9 to +0.9 drinks per week) was 0.5 
(95% CI, 0.1–2.5).

Duration of cessation and risk were assessed 
in three studies. In the international pooled 
analysis, compared with continuing consump-
tion, long-term alcohol cessation (≥  20  years) 
was associated with a 40% lower relative risk of 
oral cavity, pharyngeal, and laryngeal cancer 
combined (RR, 0.60; 95% CI, 0.40–0.89). In that 
analysis, the relative risks for long-term cessa-
tion were 0.45 (95% CI, 0.25–0.81) in the hospi-
tal-based studies and 0.89 (95% CI, 0.54–1.45) 
in the population-based studies. In a subset of 
participants with detailed alcohol consumption 
and smoking history data, the reduction in risk 
for long-term cessation was greater in the current-
smoking stratum (RR, 0.53; 95% CI, 0.32–0.88) 
than in the strata of duration of smoking cessa-
tion. After meta-analytic adjustment for smoking 
status and duration of smoking cessation, there 
was a 26% lower relative risk of head and neck 
cancer (calculated RR, 0.74; 95% CI, 0.56–0.98). 
In one individual case–control study, ≥ 10 years 
of cessation was associated with a lower risk 
of head and neck cancer (RR, 0.46; 95% CI, 
0.27–0.79), but these results were not adjusted for 
detailed smoking history. In contrast, there were 
consistently higher risks of head and neck cancer 
across three categories of increasing duration of 
cessation (range of calculated RR, 1.42–2.83) in 
another case–control study.

Associations for cessation of alcohol con- 
sumption were assessed in six studies. Compared 
with continuing consumption, alcohol cessation 
was associated with a lower risk of head and neck 
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cancer in one cohort study (calculated RR, 0.84), 
in the pooled analysis (calculated RR, 0.85), and 
in one individual case–control study (calculated 
RR, 0.63). Alcohol cessation was associated with 
a higher risk of head and neck cancer or all upper 
aerodigestive tract cancers in the other studies.

(f) Colorectal cancer

Seventeen informative studies were available 
to assess associations of reduction, duration of 
cessation, and/or cessation of alcohol consump-
tion with risk of colorectal cancer, colon cancer, 
and/or rectal cancer. These studies included 
a pooled analysis of three cohort studies, 10 
individual cohort studies, and six case–control 
studies (n  =  3 hospital-based and n  =  3 popu-
lation-based), which were conducted in eastern 
Asia, Europe, and North America.

Reduction of alcohol consumption and risk 
of colorectal cancer were assessed in three indi-
vidual cohort studies and the pooled analysis. In 
one study, a reduction of 12 g of ethanol per day 
was associated with a 14% lower relative risk of 
colorectal cancer (RR, 0.86; 95% CI, 0.78–0.95). 
In another cohort study with a median follow-up 
time of 14.2 years, the relative risk associated with 
a one-category reduction in consumption was 
0.97 (95% CI, 0.86–1.08). Reduction of alcohol 
consumption was not associated with a lower 
risk of colorectal cancer in the two other studies.

Duration of cessation and risk were assessed 
in two studies. In a hospital-based case–control 
study, compared with continuing consump-
tion, duration of cessation was inversely associ-
ated with risk (RR, 1.37; 95% CI, 0.91–2.06 for 
<  66  months; RR, 0.66; 95% CI, 0.42–1.06 for 
66–180 months, and RR, 0.52; 95% CI, 0.31–0.86 
for >  180  months of cessation); results were 
similar for colon cancer and rectal cancer. In a 
cohort study of cancer mortality, there were no 
clear patterns of reduced risk with longer dura-
tion of cessation for colon cancer or rectal cancer.

Alcohol cessation and risk were assessed in 
15 studies. Among the eight individual cohort 

studies and one pooled analysis, the calculated 
relative risks for alcohol cessation compared 
with continuing consumption and colorectal 
cancer ranged from 0.54 to 1.34 and were < 1 in 
four of five studies of colon cancer and in two of 
four studies of rectal cancer. Among the six case–
control studies of alcohol cessation compared 
with continuing consumption, the calculated 
relative risks were < 1 in three of four studies of 
colorectal cancer (range, 0.27–0.99), two of six 
studies of colon cancer (0.33 and 0.64), and three 
of six studies of rectal cancer (range, 0.23–0.93).

(g) Liver cancer

Twelve informative studies were available 
to assess associations of reduction, duration of 
cessation, and/or cessation of alcohol consump-
tion with risk of liver cancer. These studies 
included nine cohort studies and three hospi-
tal-based case–control studies. Most of the 
studies were conducted in Japan (n  =  7), and 
other studies were conducted in China (n = 1), 
Italy (n = 2), the Republic of Korea (n = 1), and 
Spain (n = 1). Four studies included only popula-
tions with underlying liver disease, either specif-
ically related to alcohol (n = 1) or not specifically 
related to alcohol (n = 3).

In the only study of reduction of alcohol 
consumption, compared with stable moderate 
consumption (15–29.9  g of ethanol per day) or 
stable heavy consumption (≥ 30 g of ethanol per 
day), reduction in consumption to a lower level 
over 2 years was not associated with a reduced 
risk of liver cancer. In the four general population 
studies that assessed duration of cessation and 
risk of liver cancer, relative risks were > 1 (range, 
3.0–8.03) for the shortest durations of cessa-
tion, which ranged from < 5 years to ≤ 10 years, 
and remained near to or greater than 1 (range, 
0.98–8.6) for the longest durations, which ranged 
from > 5 years to ≥ 16 years.

Among the 12 studies of alcohol cessation 
and risk of liver cancer, the relative risk was 
0.80 (95% CI, 0.53–1.19) for the study limited 
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to individuals with alcohol-related liver disease. 
In all other studies, which included individuals 
without alcohol-related liver disease, the calcu-
lated relative risks for cessation were near to or 
greater than 1 (range, 0.99–6.00).

(h) Female breast cancer

Twenty-one informative studies were avail-
able to assess associations of reduction or cessa-
tion of alcohol consumption with risk of breast 
cancer. The 11 cohort studies included data from 
7 countries over a period from 1959 to 2018, and 
the 10 case–control studies (n = 5 hospital-based, 
n = 3 population-based, and n = 2 mixed hospi-
tal-based and population-based) included data 
from 13 countries over a period from 1957 to 2013. 
No informative studies were available to assess 
duration of cessation compared with continuing 
consumption and risk of breast cancer.

Reduction of alcohol consumption and risk 
of breast cancer were assessed in four cohort 
studies. In the study with the longest follow-up 
time (median, 14.2 years), alcohol reduction was 
associated with a lower risk of breast cancer. 
However, no consistent patterns of association 
for alcohol reduction were observed in three 
other cohort studies, in which the follow-up time 
ranged from 6.4 years to 10.8 years.

The Working Group used meta-analytic 
techniques to assess the association of alcohol 
cessation compared with continuing consump-
tion and risk of breast cancer; the summary 
relative risks were 0.89 (95% CI, 0.75–1.05) for 10 
case–control studies, 0.96 (95% CI, 0.89–1.04) for 
six cohort studies of cancer incidence (the cohort 
study of cancer mortality was not included), and 
0.95 (95% CI, 0.88–1.01) for all studies combined. 
In analyses stratified on hormone receptor 
status, the calculated hazard ratios for cessation 
were 0.90 (95% CI, 0.77–1.04) for estrogen and 
progesterone receptor-positive breast cancer and 
1.18 (95% CI, 0.88–1.58) for estrogen and proges-
terone receptor-negative breast cancer in one 
cohort study among postmenopausal women. 

In a population-based case–control study, the 
calculated relative risks were 0.85 (95% CI, 
0.58–1.23) for estrogen receptor-positive breast 
cancer and 1.00 (95% CI: 0.44–2.28) for estrogen 
receptor-negative breast cancer.

(i) Gene-by-environment interactions

The joint associations of alcohol cessation 
and polymorphisms in the ADH1B, ADH1C, 
or ALDH2 genes with cancer risk were assessed 
in three studies – one study each for oral cavity 
and pharyngeal cancer, oesophageal cancer, and 
breast cancer. In all three studies there were 
methodological limitations, and there were too 
few cases in the alcohol cessation category within 
each genotype strata (range, 0–11) to provide 
reliable estimates of association. Therefore, the 
Working Group did not evaluate the modifying 
effects of genetic variability on the association 
between alcohol cessation and cancer risk.

4.3 Mechanistic data

4.3.1 Absorption, distribution, and 
metabolism of ethanol and alcohol-
related mechanisms of carcinogenesis

Upon alcohol consumption, ethanol is oxi- 
dized to acetaldehyde by alcohol dehydrogenase 
(ADH) and then to acetate by aldehyde dehydro-
genase (ALDH). The local oxidation of ethanol to 
acetaldehyde is catalysed mostly by various ADH 
enzymes present in the microbiome. In contrast, 
the capacity of the oral or intestinal microbiome 
and mucosa to eliminate acetaldehyde is limited 
because of reduced ALDH activity, which results 
in accumulation of acetaldehyde at genotoxic 
concentrations in body fluids of the oral cavity, 
stomach, and colon (i.e. saliva, gastric juices, and 
colonic contents). This exposure to acetaldehyde 
is markedly enhanced by two other major risk 
factors for alcohol-related cancers: (i)  genetic 
polymorphism of human ADH and ALDH2 
enzymes, and (ii)  tobacco smoking. Among 
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individuals with reduced ALDH2 activity (indi-
viduals who are heterozygous for ALDH2*2), 
ethanol metabolism results in double the concen-
tration of salivary acetaldehyde as long as ethanol 
stays in the body. Chronic smoking combined 
with chronic heavy alcohol consumption induces 
changes in the oral microbiome, which may 
contribute to the observed synergistic effect of 
alcohol consumption and tobacco smoking on 
oral cancer risk. Also, after an ethanol challenge, 
salivary acetaldehyde concentrations during 
concomitant smoking among individuals who 
are currently smoking are 7 times those among 
individuals who do not smoke.

Genotoxicity is the best-described mechanism 
by which alcohol consumption causes cancer. 
Exposure to high concentrations of acetalde-
hyde, a potent genotoxic metabolite of ethanol, is 
a major determinant of alcohol-related carcino-
genesis, particularly in the upper aerodigestive 
tract. Acetaldehyde – even at low concentrations 
– reacts with DNA, resulting in DNA damage, 
including chromosomal aberrations and DNA 
adducts, which may in turn lead to mutations. 
DNA damage may also result from other geno-
toxic pathways deriving from the ethanol-induc-
ible CYP2E1 enzyme producing various reactive 
oxygen species. These reactive oxygen species 
can lead to lipid peroxidation, oxidative stress, 
and perturbation of DNA repair. Other mecha-
nisms have been proposed, some of which may 
apply to the breast or liver, where local acetal-
dehyde concentrations are unlikely to be high. 
Alcohol consumption alters the composition of 
the intestinal microbiome and leads to epithe-
lial barrier dysfunction and increased intestinal 
permeability, resulting in increased transloca-
tion of microbiota and microbial products across 
the mucosa. Microbial translocation and endo-
toxaemia trigger systemic inflammation, with 
the potential to increase cancer risk through 
oxidative stress, changes in cytokine levels, and 
impaired immune responses. Alcohol consump-
tion also decreases folate absorption and inhibits 

enzymes that are critical for one-carbon metab-
olism and DNA methylation. Among women, 
alcohol consumption increases circulating 
concentrations of estradiol, testosterone, and 
other sex hormones and decreases the concen-
tration of sex hormone-binding globulin; these 
changes may play a role in alcohol-related breast 
carcinogenesis.

4.3.2 Cancer-related mechanistic changes 
after cessation of alcohol consumption

(a) Genotoxicity

The effects of cessation of alcohol consump-
tion on DNA damage have been evaluated 
mostly by measuring and quantifying chromo-
somal aberrations and micronuclei in peripheral 
blood cells. The samples analysed may have a 
different exposure, cell turnover, and efficiency 
of DNA damage repair mechanisms compared 
with the cells in the target organs relevant to 
alcohol carcinogenesis. Seven studies compared 
the frequency of chromosomal aberrations 
among groups of individuals with alcohol use 
disorder, individuals with alcohol use disorder 
who abstained from alcohol consumption for 
periods from a few months to several years, and 
controls without alcohol use disorder. Four of 
these studies found that frequencies were lower 
among individuals with alcohol use disorder who 
abstained than among individuals with alcohol 
use disorder, and that these were comparable to 
those among controls. Two other studies did not 
find a significant difference between individuals 
with alcohol use disorder and abstainers but 
had limitations. In the first study, the frequen-
cies of chromosomal aberrations were measured 
only at a very early stage (1 week) of a detoxifi-
cation programme and baseline levels were not 
provided; the second study included only a small 
number of participants. One study, in which 
most individuals smoked, observed an increase 
in the frequencies of chromosomal aberrations 
at later time points (after 1 year) of the alcohol 
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abstinence programme, which resulted from an 
increase in smoking intensity.

Among the studies considered, four inves-
tigated the effects of duration of abstinence – 
short-term (1–12 months) and long-term (more 
than several years) – on DNA damage and found 
no correlation. Another study quantified the 
levels of the acetaldehyde-derived DNA adduct 
N2-ethylidenedeoxyguanosine in oral cells, 
before and after specific increasing doses of 
alcohol, and observed a return to baseline levels 
within 24 hours upon alcohol cessation. In one 
study, mitochondrial DNA damage measured in 
peripheral blood samples of healthy volunteers 
exposed to a known dose of alcohol was induced 
by alcohol consumption but did not persist after 
4 weeks.

(b) Epigenetics

Regular alcohol consumption induces epige-
netic modifications. One study examined the 
effect of alcohol cessation on the methylation of 
ALDH2 and methylenetetrahydrofolate reduc-
tase (MTHFR), two genes thought to be impor-
tant for alcohol metabolism and carcinogenesis. 
The significantly higher methylation in these 
genes observed at baseline was still evident after 
3 months of rehabilitation; however, some indi-
viduals in the group were not abstinent. The study 
also showed that abstinence was associated with 
significantly lower global DNA methylation of 
long interspersed element 1 (LINE-1), a surrogate 
marker for overall DNA methylation. One study, 
which was an epigenome-wide methylation anal-
ysis to examine the effects of 2  weeks of acute 
withdrawal compared with controls, reported 
changes in methylation patterns both at indi-
vidual CpG sites and in differentially methylated 
regions. The small study size (< 200 participants) 
may affect the robustness of the findings.

(c) Endocrine system

Among women, alcohol consumption increa- 
ses the concentrations of estradiol, testosterone, 
and other sex hormones. All the available 
studies among humans were performed among 
men. Two studies among individuals entering a 
treatment programme for alcohol use disorder 
examined the effects of 1–2  weeks of alcohol 
withdrawal. One reported that serum testos-
terone levels increased compared with base-
line, whereas the other reported that they did 
not. The latter study also reported no change in 
estradiol levels but found a significant decrease 
in levels of sex hormone-binding globulin. Two 
studies examined changes in insulin or insulin 
resistance among individuals with moderate 
alcohol consumption who stopped consuming 
alcohol for 4 weeks or 6 weeks. The results were 
not concordant; one study showed improvement 
through a decrease in peripheral insulin resis-
tance, and another showed that hepatic insulin 
resistance increased. The three available studies 
on the thyroid hormone system were method-
ologically too different to assess replication of 
effects. However, there is some evidence that 
alcohol withdrawal leads to decreased levels of 
triiodothyronine, thyroxine, and related thyroid 
hormones among individuals with alcohol use 
disorder who stop consuming alcohol, but these 
hormones may be sensitive to the acute effects of 
physical dependence. A single study showed that 
6 months of cessation led to increased vitamin 
D levels, no significant increase in parathyroid 
hormone concentrations, and no change in insu-
lin-like growth factor 1 (IGF-1) concentrations. 
The relevance of cortisol to cancer risk is unclear, 
but one study using a time-course analysis of 
concentrations in hair showed that cortisol 
concentrations decrease rapidly after alcohol 
cessation.
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(d) Microbiome

Chronic heavy alcohol consumption induces 
changes in the composition and abundance of 
both the oral and the intestinal microbiome.

Two studies assessed the variations in the 
composition of the oral microbiome of individ-
uals with alcohol use disorder after a period of 
alcohol abstinence. This approach is based on 
evidence showing that the acetaldehyde produc-
tion capacity of the oral microbiome is elevated 
among individuals with heavy alcohol consump-
tion. Therefore, these studies relied on an indi-
rect measurement of the microbiome activity 
by assessing the ability of the bacteria in saliva 
samples to metabolize ethanol ex vivo. One study 
found that the capacity of the oral microbiome 
to produce acetaldehyde from ethanol decreased 
after 3  weeks of abstinence, whereas no differ-
ence was observed in the other study, which 
considered 18 days of abstinence.

The effects of alcohol abstinence on the intes-
tinal microbiota were analysed in six studies; 
four resulted from the analysis of samples from 
the same cohort of individuals with alcohol use 
disorder entering a treatment programme. All of 
these studies focused on the analysis of samples 
collected over a period of abstinence of only a 
few weeks. These studies indicate variations in 
the abundance and composition in the virome 
and in the fungal microbiome upon abstinence.

These studies have major limitations, mostly 
related to small sample sizes, resulting in the 
inability to consider proper adjustments when 
multiple comparisons are performed. In addi-
tion, the effects of abstaining from alcohol 
consumption cannot easily be disentangled from 
the effects that may result from inpatient treat-
ments and changes in lifestyle and diet during 
the abstinence periods considered.

(e) Inflammatory and immune responses

Chronic heavy alcohol consumption increases 
intestinal permeability, and hence microbial 
translocation across the gastrointestinal tract, 
and creates an inflammatory state characterized 
by increased levels of circulating cytokines and 
altered levels of certain immune cells. These 
changes are more pronounced among individ-
uals with alcohol-related hepatitis and cirrhosis.

Cessation of alcohol consumption for 
3–4 weeks resulted in reduced intestinal perme- 
ability, towards normal. Heavy alcohol consump-
tion causes intestinal mucosal cell injury; the 
increased levels of intestinal fatty acid binding 
protein remained elevated after 6 weeks of absti-
nence, and levels of regenerating islet-derived 
protein 3α and trefoil factor 3 also remained 
elevated for at least 12  months of abstinence 
among individuals with alcohol-related hepa-
titis. Microbial translocation results in increased 
circulating bacterial components such as 
lipopolysaccharides, lipopolysaccharide binding 
protein, and peptidoglycan recognition proteins. 
After cessation of alcohol consumption, levels 
of lipopolysaccharide binding protein remained 
elevated for 3–6  weeks, and levels of peptido-
glycan recognition proteins and lipopolysaccha-
ride remained elevated for 2–3 weeks.

With long-term heavy alcohol consumption, 
the translocation of microbial products activates 
the immune system. Elevated levels of soluble 
CD14, a marker of macrophage activation, 
decrease over 10 days to 6 weeks of abstinence.

Levels of cytokines are elevated among indi-
viduals with alcohol use disorder and through 
varying durations of abstinence, including the 
pro-inflammatory cytokines interleukin 6, 
tumour necrosis factor α, and interleukin 1β and 
the anti-inflammatory cytokines interleukin 10 
and interleukin 4. The source of the cytokines is 
not known, but the liver is thought to be a major 
contributor, and one study implicated adipose 
tissue as well. An important confounder of these 
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studies is the presence, known or unknown, of 
alcohol-related liver disease.

Circulating immune cells are altered by heavy 
alcohol consumption. In one study, reduction in 
the levels of CD14+/CD16− monocytes and their 
responsiveness to lipopolysaccharide was more 
pronounced among individuals who were het- 
erozygous for ALDH2*2 and had the ADH1B*2 
allele, implicating acetaldehyde in this effect; the 
changes improved after 4  weeks of abstinence. 
In another study, a shift in the characteristics 
of circulating monocytes was observed within 
2 weeks of abstinence, suggesting a less inflam-
matory and more anti-inflammatory state. 
Circulating levels of mucosal-associated in- 
variant T cells (CD8+ T cells enriched in the intes-
tinal mucosa and liver) were markedly decreased 
among individuals with alcohol-related hepatitis 
and somewhat decreased among individuals with 
heavy alcohol consumption. Over 6–12 months 
of abstinence, these levels increased among both 
groups but did not return to normal.

(f) Oxidative stress

Ethanol oxidation is associated with the 
generation of reactive oxygen species, resulting 
in lipid peroxidation, which is reflected by 
elevated levels of malondialdehyde and increased 
exhalation of ethane. Individuals with chronic 
heavy alcohol consumption show evidence of 
oxidative stress and impaired ability to detoxify 
the reactive oxygen species. The time course 

of resolution has been assessed in five studies 
among individuals with alcohol use disorder 
entering a treatment programme. In two studies, 
the elevated malondialdehyde levels decreased to 
normal levels over 2–4 weeks of abstinence. In 
another study among individuals with alcohol 
use disorder, most of whom had advanced liver 
disease, increased exhalation of ethane appeared 
to decrease over a period of several weeks of 
abstinence, although not returning to normal 
among all participants. Other studies examined 
the plasma levels of enzymes and vitamins that 
detoxify the products of oxidative stress (super-
oxide dismutase, the selenoprotein glutathione 
peroxidase, glutathione reductase, catalase, 
retinol, carotene, and vitamin E). Vitamin E 
levels were low at entry into treatment in two 
studies; the levels increased over 27  days in a 
study in which niacin supplementation was given 
to the participants, but they did not increase 
in a second study of 14  days’ duration without 
niacin treatment. Three studies examined serum 
glutathione peroxidase activity, which was low at 
the beginning of abstinence and increased only 
among the participants in the study with niacin 
supplementation. It was not possible to distin-
guish the effects of niacin, abstinence, improved 
diet, or simply a longer period of abstinence in 
these studies. In three different studies, levels of 
carotene, selenium, and superoxide dismutase 
were low at the beginning of abstinence and only 
carotene levels increased during abstinence.
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5.1 Associations of reduction or 
cessation of alcoholic beverage 
consumption with cancer risk  
in humans

5.1.1 Oral cancer

There is sufficient evidence that reduction 
or cessation of alcoholic beverage consumption 
reduces the risk of oral cancer.

Rationale. In the most influential study, the 
large international pooled analysis, long-term 
cessation was associated with a lower risk of oral 
cancer compared with continuing consumption 
even after adjustment for the amount of alcohol 
consumed, pack-years of smoking, and other 
risk factors. There was consistent evidence of a 
reduced risk for long-term cessation in strata of 
higher amounts of consumption. Furthermore, 
consistent with smoking modifying the carcino-
genic effect of alcohol, the risk for long-term 
alcohol cessation was lower in the current-
smoking stratum than in the other smoking 
strata. The reduced risk for long-term cessation 
overall was weaker but remained after adjustment 
for duration of smoking cessation. Moreover, in 
most other studies reviewed, alcohol cessation 
was associated with a lower risk compared with 
continuing consumption.

5.1.2 Pharyngeal cancer

There is inadequate evidence that reduction 
or cessation of alcoholic beverage consumption 
reduces the risk of pharyngeal cancer.

Rationale. In the most influential study, the 
large international pooled analysis, long-term 
cessation was not associated with a lower risk 
of oropharyngeal and hypopharyngeal cancer 
combined after adjusting for alcohol consump-
tion, smoking status, duration of smoking 
cessation, and other risk factors. These findings 
contrast with that for oral cancer, for which the 
risk was lower. Results from studies of cessation 
and risk of pharyngeal cancer were inconsistent 
within and between pharynx subsites.

5.1.3 Laryngeal cancer

There is limited evidence that reduction or 
cessation of alcoholic beverage consumption 
reduces the risk of laryngeal cancer.

Rationale. Long-term alcohol cessation 
was associated with a lower risk of laryngeal 
cancer in the large international pooled analysis; 
however, this association was not as strong as 
that observed for oral cancer. There was a lower 
risk of laryngeal cancer associated with alcohol 
cessation compared with continuing consump-
tion in the three individual hospital-based 
case–control studies and in two cohort studies, 
but not with alcohol reduction or cessation in 

5. EVALUATIONS
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another large cohort study. Furthermore, given 
the strength of the association between smoking 
and risk of laryngeal cancer, bias due to smoking 
cessation could not be ruled out with reason-
able confidence.

5.1.4 Oesophageal cancer

There is sufficient evidence that reduction 
or cessation of alcoholic beverage consumption 
reduces the risk of oesophageal cancer.

Rationale. In the only study of reduction of 
alcohol consumption, the median follow-up time 
was only 6.4 years, which may not be adequate 
for observing reduced cancer risks. Among six 
of nine studies of duration of cessation, including 
an influential meta-analysis, long-term cessation 
was associated with a substantially lower risk of 
oesophageal cancer. The large number of studies 
supporting an inverse association helps to rule 
out chance. Similarly, consistent results across 
study designs help to rule out selection bias and 
information bias. Furthermore, confounding 
due to smoking and the amount of alcohol 
consumed also could be ruled out with reason-
able confidence.

5.1.5 Colorectal cancer

There is limited evidence that reduction or 
cessation of alcoholic beverage consumption 
reduces the risk of colorectal cancer.

Rationale. In the most influential study, a 
large cohort study in multiple European coun-
tries with two prospective measurements of 
alcohol consumption, reduction of alcohol 
consumption was associated with a lower risk of 
colorectal cancer. Other cohort studies of reduc-
tion of alcohol consumption, one of which used 
retrospective assessment of alcohol consumption 
and one that had assessment only 2 years apart, 
did not show reduced risks. In one case–control 
study, the relative risks of colorectal cancer 
decreased with longer duration of cessation, 

whereas in a cohort study of colon cancer and 
rectal cancer mortality, there was no consistent 
evidence of reduced risk. Overall, there are 
inconsistencies among studies of alcohol reduc-
tion and cessation, and few studies of duration 
of cessation.

5.1.6 Liver cancer

There is inadequate evidence that reduction 
or cessation of alcoholic beverage consumption 
reduces the risk of liver cancer.

Rationale. In the only study of reduction of 
alcohol consumption, no evidence of a lower risk 
of liver cancer was observed. In a cohort study 
of individuals with alcohol-related liver disease, 
compared with continuing consumption, cessa-
tion was associated with a lower risk of liver 
cancer. In contrast, relative risks for duration of 
cessation and cessation were near to or greater 
than 1 in all other studies comprising partici-
pants without alcohol-related liver disease. For 
most of the studies, bias due to reverse causation 
or competing risk could not be ruled out.

5.1.7 Breast cancer

There is limited evidence that reduction or 
cessation of alcoholic beverage consumption 
reduces the risk of breast cancer.

Rationale. The body of evidence suggests 
that cessation of alcohol consumption may be 
associated with a lower risk of breast cancer 
compared with continuing consumption, and a 
lower risk was observed in the Working Group 
meta-analysis. This association may be limited 
to hormone receptor-positive tumours. Given 
the consistent, but modest and imprecise, inverse 
associations between alcohol cessation and risk 
of breast cancer observed, and the few studies 
with analyses by hormone receptor status, chance 
and bias could not be ruled out with reasonable 
confidence.
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5.2 Mechanistic data

There is sufficient evidence from mechanis-
tic studies that alcohol cessation reduces alco-
hol-related carcinogenesis.

This evaluation is based on evidence for the 
three mechanisms listed here.

5.2.1 Local exposure to genotoxic 
concentrations of acetaldehyde  
after ethanol ingestion

There is strong evidence that cessation of alco-
holic beverage consumption results in an imme-
diate reduction or elimination of the ingested 
ethanol and its conversion to acetaldehyde in 
the oral cavity, and subsequent local exposure 
to this carcinogenic metabolite in the upper 
aerodigestive tract and colon. It also reduces or 
eliminates the systemic distribution of ethanol 
and later conversion to acetaldehyde throughout 
the body; this is particularly relevant in the oral 
cavity among individuals with reduced ALDH2 
enzyme activity.

5.2.2 DNA damage

There is strong evidence that cessation of 
alcoholic beverage consumption results in a de- 
crease in acetaldehyde-induced DNA damage – 
although this has only been validated in blood 
and in the context of chronic heavy consump-
tion; a reduction or elimination of acetaldehyde–
DNA adduct formation in the oral cavity has also 
been observed.

5.2.3 Intestinal permeability and microbial 
translocation

There is strong evidence that cessation of alco-
holic beverage consumption reverses changes 
in intestinal permeability and microbial trans-
location in the intestine. However, these data 
were limited to studies among individuals with 
chronic heavy consumption, and the role of 
these changes in alcohol-induced carcinogenesis 
remains unclear.





Worldwide, in 2020, an estimated 741 300 new cancer cases were attributable to 
alcohol consumption. This represents 4.1% of all new cancer cases, 6.1% among men 
and 2.0% among women.

A Working Group of 15 independent international experts, convened by the Interna-
tional Agency for Research on Cancer (IARC) from February to May 2023, evaluated the 
body of literature assessing the effectiveness of reduction or cessation of alcoholic 
beverage consumption in reducing risk of alcohol-related cancers.

The Working Group reviewed and summarized the available epidemiological 
evidence and provided evidence-based evaluations of the effectiveness of reduction 
or cessation of alcohol consumption in reducing risk of cancers of the oral cavity, 
pharynx, larynx, oesophagus, colorectum, liver, and female breast. The Working Group 
also identified and evaluated the mechanisms of alcohol-related carcinogenesis that 
may be reversed upon cessation.

To complement the evaluations, this publication presents background information on 
the alcohol-related cancer burden worldwide, the population attributable fraction of 
alcohol-related cancers, and determinants of cessation.
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