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This report is dedicated to Richard Doll (1912-2005), one of the epidemiologists who, around the middle of the 20th 
century, showed that smoking was 'а  cause, and a major cause' of lung cancer, and helped identify the other main 
diseases caused by smoking. He was also the founding editor of Cancer in Five Continents, the periodic 
International Agency for Research 0f Cancer ('ARC) publication that documents the worldwide variation in cancer 
incidence rates. The final results from his 50-year prospective study (1951-2001) of smoking and death among 
British doctors showed that about half of all smokers are eventually killed by their habit, that smokers lose about 
10 years of life expectancy, and that stopping smoking at ages 60, 50, 40 or 30 gains respectively about 3, 6, 9 or 
almost the full 10 years of life expectancy. Richard Doll smoked for 20 years, stopping at age 37 when his first clear 
results emerged, and is pictured here at age 91, at the press conference where he announced the 50-year results. 
During his final year he travelled widely and lectured, on cancer, in five continents. 

Source: Michael Crabtree, copyright Troг ka Photos 
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Why а  Handbook on Reversal ®f Risk After Quitting Sm®king? 

The International Agency for Research 
on Cancer ('ARC) Handbooks of Cancer 
Prevention have added Tobacco Control 
as a new area of prevention for their 
reviews. Tobacco use is a preponderant 
risk factor in the causation of many can-
cer types, and numerous scientific and 
public health responses have evolved to 
address this hazard. 

Tobacco smoking causes cancer of 
the lung, oral cavity, nasal cavity and 
nasal sinuses, pharynx, larynx, oeso-
phagus, stomach, pancreas, liver, 
rinary bladder, kidney and uterine cervix, 
and myeloid leukaemia (IARC, 2004). In 
addition to cancer, smoking causes 
cardiovascular diseases (coronary heart 
disease, cerebrovascular disease, 
atherosclerosis, and abdominal aortic 
aneurysm), 	respiratory 	diseases 
(chronic obstructive pulmonary disease, 
acute respiratory illnesses including 
pneumonia, respiratory effects in utero 
aid during childhood and adolescence), 
reproductive effects (reduced fertility, 
pregnancy complications, fetal death 
and stillbirths, low birth weight) and other 
morbid conditions (US Department of 

Health and Human Services, 2004). 
Despite these known health effects, 
about 1.3 billion people worldwide smoke 
(WHO, 2006), making tobacco use the 
single major avoidable cause of disease 
and mortality worldwide. Irrefutably, the 
potential for prevention is vast. 

Given the number of current smokers 
worldwide, promoting tobacco absti-
nence becomes paramount. To this end, 
characterizing the changes in morbidity 
and mortality risks occurring after cessa-
tion provides valuable support. This 
body of knowledge has been already 
covered in part by several publications 
(U.S. surgeon General's Report, 1990; 
'ARC Monograph 83, 2004). Why, then, 
revisit the argument? 

Cancer, chronic obstructive pul-
monary disease and vascular diseases 
represent the three main causes of 
smoking-attributable deaths worldwide. 
The Handbook will review and assess 
the scientific literature to generate an 
updated, more complete characteriza-
tion of the changes in risk of cancer, 
cardiovascular and chronic obstructive 
lung diseases following smoking  

cessation by asking specific questions to 
drive the review: Does the risk of 
developing or dying from each of these 
diseases decrease after smoking cessa-
tion? What is the time course of the 
change in risk? Does the risk return to 
that of never smokers with long durations 
of cessation? The volume will also 
identify instances when no data are 
available to respond to these queries. 

The main goal of the Handbook is to 
provide scientific evidence critically 
appraised on the health benefits of 
smoking cessation for public health and 
public policy decisions. We hope its 
evaluation will help promote and support 
widespread efforts leading to tobacco 
abstinence. The Handbook Meeting and 
the concomitant evaluation of the 
evidence took place in Lyon in March of 
2006, in a year that saw the WHO 
Framework Convention on Tobacco 
Control's first Conference of the Parties in 
Geneva in February and the Tobacco or 
Health Conference in Washington DC in 
July, all laudable efforts on different fronts 
with the common objective of arresting 
the tobacco epidemic. 
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Introduction and Overview 

Cigarette smoking is responsible for 
more than four million deaths each year 
worldwide ('ARC, 2004). Cigarette 
smoking causes lung cancer, bladder 
cancer, cervical cancer, esophageal 
cancer, kidney cancer, laryngeal cancer, 
leukemia, oral cancer, pancreatic can-
cer, and stomach cancer. It also causes 
abdominal aortic aneurysm, peripheral 
vascular disease, atherosclerosis, 
cerebrovascular disease, coronary heart 
disease, chronic obstructive pulmonary 
disease, fetal deaths and stillbirths, low 
birth weight and complications of 
pregnancy ('ARC, 2004; USDHHS, 2004). 

Prevention of tobacco use, particu-
larly smoking initiation among adoles-
cents, is the only way to completely 
eliminate tobacco-related morbidity and 
mortality. However, there is a long lag 
time between the onset of smoking and 
manifestation of the diseases which 
result from smoking, other than those 
associated with pregnancy. Sо, even if 
no individual began smoking from this 
point forward, it would still require 
several decades before these prevention 
efforts would result in reduced death 
rates from tobacco related diseases. 

Cessation of cigarette smoking by 
those who are currently smoking 
cigarettes does offer the prospect of 
reducing tobacco-related deaths and 
disease morbidity in the near term, and 
this effect has been recognized for  

several decades. With prolonged absti-
nence, most of the increased risk that 
would have accrued with continuing 
smoking is avoidable, even for smokers 
who have three or more decades of 
smoking history. 

This International Agency for 
Research on Cancer ('ARC) Handbook 
reviews in detail the evidence that exists 
to define and quantify the changes in risk 
following cessation for many of the 
diseases caused by smoking. It also 
identifies gaps in our understanding of 
the benefits of cessation for specific 
diseases and where new opportunities 
for productive research exist. Perhaps 
most importantly, information presented 
in this Handbook identifies that declines 
in lung cancer death rates currently 
occurring in developed countries may 
slow or even stop unless increased rates 
of cessation can be achieved among 
current populations of smokers. 

The differences in risk that occur with 
smoking cessation and continued 
abstinence for the most common can-
cers and lung and vascular diseases 
associated with smoking are described 
in this volume. It examines the biological 
changes in disease mechanisms that 
follow cessation and how the timing of 
these changes might be expected to 
translate into changes in rates of disease 
occurrence, understanding that this 
translation is likely to be different for 
cancers, vascular diseases and chronic 
obstructive pulmonary disease (COPD). 

Difficulties in measuring cessation and 
abstinence in epidemiological studies, 
and how these difficulties can bias the 
observations of disease rates in former 
smokers, are also considered. 

The scientific evidence for each dis-
ease is examined in detail in order to 
answer three questions: 

1. Is the risk of disease lower in former 
smokers than in current smokers? 

2. What is the time course of the reduc-
tion in risk with continued abstinence? 

3. Does the risk return to that of never 
smokers after long periods of 
abstinence? 

This handbook attempts to present a 
comprehensive review of the evidence 
on the changes in disease risks following 
cessation, but it does not attempt to 
exhaustively list or discuss every study 
which has published data on former 
smokers. Where large numbers of 
studies are available, as in the case of 
studies which examine lung cancer in 
former smokers, representative studies 
are cited to support the conclusions; 
other studies are cited when they 
contribute substantively to expanding the 
understanding of the questions being 
discussed. This approach avoids 
repetitive discussion of similar findings 
and hopefully will result in a more 
readable and understandable volume. 

The handbook also does not examine 
many of the diseases or conditions 



IАFС  Handbooks of Cancer Prevention 

where injury or death has been estab- entity or closely related diseases. For the 	Data from the British Physicians 
fished as causally related to smoking, 	smokers who quit in these studies, 	Study have been used to estimate the 
most notably complications of pregnancy. 	however, it is important to note that the 	lifetime risks of smoking and the amount 
In addition, we do not examine issues of benefits of cessation are not limited to 	of that risk that can be avoided by 
improved quality of life or prolongation of the single disease being examined but 	cessation and continued abstinence at 
survival following cancer diagnosis, both 	are spread across all of the diseases 	different ages (Doll et at, 2004). Figure 1 
of which have been demonstrated to be caused by cigarette smoking. Thus, the presents the data from these analyses 
positively associated with smoking cessa- examination of changes in disease- which estimate the cumulative mortality 
tion (Gritz et at, 2005). 	 specific risks contained in this volume for smokers and never smokers begin- 

are accurate descriptions of the changes 	ping at different ages. These cumulative 
Changes in overall mortality 	in risk for that individual disease, but 	mortality curves describe the fraction of 
following cessation 

	

	 they dramatically underestimate the total those alive at given ages who survive at 
benefit of cessation, the sum of the risk each older age up to age 100 years. The 

Most of the studies discussed in this 	reductions for each of the specific 	survival of smokers is contrasted with 
handbook examine a single disease diseases caused by tobacco smoking, 	that estimated for smokers who quit at 
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Dotted line corresponds to the survival of those stopping smoking 

Reproduced with permission from Doll et a1., BMJ 2004; 328: 1519-1527 
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Heath  benefits  of stopping smoking 

the age where the curves begin; thus the 
curve for former smokers, (dotted line) 
describes amount of smoking-related 
mortality that the smoker can avoid by 
quitting at that age. 

Figure 1 makes the value of cessation 
clear and demonstrates that the vast 
majority of smoking-caused mortality is 
avoidable by quitting prior to age 45 
years. Even at older ages, a substantial 
fraction of the excess mortality due to 
smoking can be avoided by quitting. 

Examining the differences in mortality 
from all causes among smokers and 
never smokers offers the most inclusive 
estimate of the magnitude of the risks 
associated with smoking and, corres-
pondingly, the proportion of that risk that 
can be avoided by quitting. Overall 
mortality, however, also includes causes 
of death that result from lifestyles or 
behavioral traits found more commonly 
among smokers than among non-
smokers, rather than being caused by 
smoking directly. Smokers have higher 
cause-specific death rates from cirrhosis 
of the liver, accidents and homicides 
than do nonsmokers, but these 
increases are felt to be largely or entirely 
caused by factors other than smoking. 
Cirrhosis may be more common in 
smokers because smokers are more 
likely to be heavy consumers of alcohol 
than nonsmokers. These associated, but 
not caused, excess deaths lead to a 
small overestimate of the excess 
mortality caused by smoking. 

Alcohol use, risk-taking and other 
disease-causing behaviors do net 
necessarily change following cessation, 
and therefore estimation of the 
reductions in risk with cessation would 
seem to be less likely to be influenced by 
these factors. However, former smokers 
may also differ from current smokers in 
these lifestyle and risk-taking behaviors, 
raising the possibility that the slight 
overestimate of the risk of smoking may 
also be accompanied by a slight 
overestimate of the benefits of cessation  

when all-cause mortality rates are 
examined. 

Even when the concerns about over 
estimation of the smoking risks and 
benefits of cessation with all-cause 
mortality are considered, change in 
all-cause mortality remains the best sum-
mary measure of the benefits of cessation. 

Defining cessation 

According to results of the Current 
Population Surveys (CPS) carried out 
in the United 5tates between 1992 and 
1999 and reported by Burns et aI. (2003), 
thirty to forty percent of those who were 
daily smokers one year prior to the 
survey report making a serious attempt 
to quit in the past year, about 8 percent 
of all those who were daily smokers one 
year ago currently report being abstinent 
at the time of the survey, about 5% 
report being abstinent for 3 or more 
months, and about 2-3% of all smokers 
achieve long-term abstinence in any 
given year (Burns et al., 1997). Many 
smokers who successfully quit smoking 
have made multiple unsuccessful 
attempts to quit in the past. These 
observations suggest that cessation is a 
process rather than a point in time, and 
smokers may act repetitively on a desire 
to quit by making a cessation attempt, 
but they may have intervals between 
attempts where they are less interested 
in cessation. An important corollary of 
these observations is that smoking 
status defined at a specific point in time 
is not a uniformly accurate measure of 
subsequent smoke exposure. Current 
smokers may quit and former smokers 
may relapse. The inaccuracy of former 
smoking status assessment is greatest 
for recent quitters, and the inaccuracy of 
current smoking status assessment is 
greatest for those who are farthest from 
their last assessment of smoking status. 
For smokers who are within several 
years of their date of cessation, regular 

assessment of their smoking status is 
needed during follow-up to confirm 
whether they have remained abstinent 
or relapsed back to smoking since their 
smoking status was last recorded. 
Current smokers also need regular 
assessment of their smoking status to 
assess whether they have quit. It is only 
after smokers have been abstinent for 
long durations that their likelihood of 
relapse becomes small. 

In 	prospective 	epidemiological 
analyses, cessation is usually defined as 
a single point in time, and that point in 
time is conceptualized as the point when 
all cigarette smoking exposures 
stopped. The observed rates of disease 
for former smokers are then often 
presented with the assumption that 
smoking exposure stopped for all individ-
uals in the group and therefore the rates 
in that group accurately reflect what 
happens to risk when smokers become 
abstinent. The time point for cessation is 
usually self-reported, and the individual 
is assumed to have remained abstinent 
unless evidence to the contrary is 
available. This set of observations and 
assumptions is likely to be valid for 
individuals with long durations of 
abstinence, but it is in conflict with what 
is known about cessation behavior for 
shorter durations of abstinence. 

Among smokers with long periods of 
continued abstinence, the date of last 
smoking regularly can be used as a 
measure of the point where exposure 
changed. However, when examining the 
effects of shorter-term cessation, the 
problems of assessing the end of expo-
sure for prospective epidemiological 
studies are more complicated. In any 
baseline evaluation of smoking status, 
those who have recently quit are at high 
likelihood of relapsing back to smoking, 
and that likelihood persists with a 
declining probability for several years 
following cessation. In following a group 
of recent quitters for disease outcomes, 
it is then reasonable to assume that 
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Figure 2. stages of the tobacco epidemic 

Death rates from tobacco related disease vary markedly from country to country. These 
differences are largely determined by differences in the rates of smoking initiliation two to seven decades 
earlier and rates of cessation five and more years prior to the year of the death rate. As a result, 
differences in current smoking prevalence far a given year in different countries may not match differ-
ences in lung cancer rates in the same year. These differences have been described as falling into four 
stages of the tobacco epidemic (Reproduced with permission from Lopez et al., 1994). 
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some substantial fraction of those 
defined as former smokers by the base-
line evaluation will relapse back to active 
smoking early in the follow-up. 
Continued inclusion of these relapsed 
smokers in the former smoker category 
will lead to an underestimate of the 
benefits of quitting, since the former 
smoker group on which the estimate is 
based is composed of both relapsed cur-
rent smokers and abstinent former 
smokers. The longer the follow-up period 
without interval re-evaluation of smoking 
status, the larger will be the misclassifi-
cation of the smoking status of those 
who had quit in the few years preceding 
the baseline evaluation. 

Misclassification of smoking status for 
recent former smokers leads to an 
overestimate of the risk of disease  

among recent former smokers, just as 
continuing cessation activity after the 
baseline evaluation leads to an under-
estimate of the risks of continuing 
smoking. The magnitude of these 
mis-estimations increases as the interval 
between evaluations of smoking status 
increases. It is still possible to assess 
whether rates are lower among former 
smokers even with the misclassification, 
since the former smoker category will 
still contain a higher fraction of abstinent 
former smokers than the continuing 
smoker category. Misclassification is 
largely a problem in assessing the timing 
of the decline, and the magnitude of the 
decline in the first few years following 
cessation, in prospective studies which 
have infrequent or absent interval 
evaluation of smoking status. 

An additional problem in defining 
cessation for epidemiological analyses 
is that cessation attempts and cessation 
success are not uniformly spread 
through the population. They vary with 
age, education and income, race/ 
ethnicity and a variety of other individual 
characteristics that also influence 
disease outcomes. The relationship of 
these factors to cessation attempts may 
also be different from the relationship 
with cessation success. For example, 
some surveys show that cessation 
attempts decline with age (Burns, 2000), 
but that long-term cessation success 
increases with age (Burns et al., 1997). 

Differences between countries in 
the disease burden of the tobacco 
epidemic 

Death rates from tobacco related 
disease vary markedly from country to 
country. These differences are largely 
determined by differences in the rates of 
smoking initiation two to seven decades 
earlier and rates of cessation five and 
more years prior to the year of the death 
rate. As a result, differences in current 
smoking prevalence for a given year in 
different countries may not match 
differences in lung cancer rates in the 
same year. These differences have been 
described as falling into four stages of 
the tobacco epidemic (Lopez et al., 
1994) (Figure 2). The pattern of smoking 
behavior common in most developed 
countries of the Americas and northern 
Europe is one in which smoking initiation 
increased rapidly in men in the early 
decades of the last century and in 
women a few decades later. Cessation 
began to occur during the second half of 
the last century. Lung cancer rates are 
now falling for men in these countries 
and the increase in rates for women is 
leveling off or also falling (represented by 
the United Kingdom at Stage 4 in Figure 
2). In the eastern European countries, 
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smoking prevalence remains high for men 
because there are lower rates of cessa-
tion, and women are either continuing 
heavy smokers or increasing in preva-
lence. Lung cancer rates are continuing to 
rise among both males and females in 
these countries (Stage 3 in Figure 2). 

Earlier stages in the tobacco 
epidemic are also reflected by patterns 
of use in Asia, Latin America and some 
countries in southern Europe (Stage 2 in 
Figure 2). Smoking is high among men 
and until recently was low among 
women. Aggressive marketing of 
cigarettes to women has led to a rela-
tively recent rapid rise in female smoking 
prevalence. The net result of this pattern 
is a high rate of lung cancer in men with 
a much lower rate of lung cancer among 
women in comparison to men and in 
comparison to that which one would 
expect i€ current female smoking 
prevalence rates had existed over the 
past several decades. In these areas, 
an epidemic of lung cancer among 
women will begin to appear in the next 
decades. 

The earliest stage in the tobacco epi-
demic is represented by countries in 
sub-Saharan Africa (Stage 1 in Figure 
2), where tobacco use was uncommon 
among both men and women until 
recently. The rates of lung cancer and 
other tobacco related diseases are low 
due to both the low prevalence of 
smoking in the past and the low life 
expectancy of the population. As ciga-
rette marketing and smoking prevalence 
increase, these countries are likely to 
begin down the path of the tobacco-
related disease epidemic observed over 
the last century in the developed world. It 
is hoped that the recent adoption and 
entry into force of the international 
Framework Convention on Tobacco 
Control may enable these countries, and 
others around the world, to avoid the 
tragic experiences of the developed 
world with tobacco use and its subse-
quent disease burden. 

The stage of the tobacco epidemic in 
a specific country is an important 
consideration when examining evidence 
on disease risks produced by smoking 
and correspondingly the benefits of 
cessation for the population of that 
country. For countries where the 
epidemic is in an early stage, prevalence 
may have increased but the disease 
risks will not be evident, and there will 
therefore be little demonstrable benefit 
of cessation at a population level. Even 
when the tobacco epidemic is well 
underway, the magnitude of the damage 
caused by smoking and the magnitude 
of the benefits of cessation are likely to 
be substantially underestimated. This 
reality has important public policy 
considerations. For very legitimate 
reasons, policymakers in a country 
prefer to have risk data that have been 
developed based on studies of popula-
tions of that country. However, when a 
country is in the early stages of the 
tobacco epidemic, studies done in the 
country will substantively underestimate 
the damage that will be caused in the 
near future in the population of that 
country. These studies will also under-
estimate the benefits of cessation for 
future population risks. Both of these 
underestimates may lead to poorly 
informed decisions on the appropriate 
allocation of scarce public health 
resources to tobacco control programs. 

The evidence presented in this 
volume expands the understanding of 
the phases of the tobacco epidemic by 
examining the timing of the changes in 
rates of initiation and cessation for 
several countries and the impact of 
differences in the timing on lung cancer 
rates. In the United States and the 
United Kingdom, reductions in the rate of 
smoking initiation occurred roughly 
simultaneously with increases in rates of 
smoking cessation. That is, as the peak 
prevalence of smoking by birth cohort 
began to decline in sequential birth 
cohorts, rates of smoking cessation  

began to increase in the same calendar 
year periods. However, for other 
countries such as Japan, a decline in 
peak prevalence has not occurred, and 
cessation has increased modestly or not 
at all. These differences in cessation 
help explain some of the differences 
between Japan and the USA in lung 
cancer death rates that are not 
explained by the differences in peak 
prevalence. Consideration of differences 
in both rates of initiation and rates of 
cessation, rather than simply current 
smoking prevalence, may improve our 
understanding of what determines the 
differences in observed lung cancer 
rates between men and women, and 
between countries. 

Describing changes in risk 
following cessation 

Changes in risk following cessation can 
be examined using a variety of metrics 
and comparison groups. Relative risks 
(RR) are the ratio of the rates of disease 
in two groups. The likelihood of develop-
ing or dying of disease for populations of 
former smokers can be compared either 
to current smokers or to never smokers. 
When risks for former smokers are 
compared to current smokers, the 
numerical value of the relative risk ratio 
declines to below 1.0 as a demonstration 
of lower risk for former smokers com-
pared with current smokers. When risks 
for former smokers are compared with 
never smokers, the numerical value of 
the relative risk ratio commonly remains 
above 1.0 as a demonstration that the 
risk in former smokers remains elevated 
compared to never smokers. It is the 
same experience in former smokers that 
is compared to current and to never 
smokers, but the difference given by this 
comparison offers different insights 
about the risk that remains following 
cessation. 
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Actual rates of disease, either age-
specific or age-standardized rates, in 
populations of former smokers can also 
be compared to those of current or never 
smokers. The rates can be compared 
directly (for example, rates of disease in 
former smokers compared to current 
smokers) or the rate of disease in never 
smokers can be subtracted from that of 
current smokers to calculate the excess 
rate of disease caused by smoking in the 
smokers. Disease rates in former 
smokers can also be expressed as an 
excess rate by subtracting the rate of 
disease occurring in never smokers of 
similar ages. The excess rate in former 
smokers can be compared with that of 
continuing smokers to examine the 
fraction of the excess disease rate pro-
duced by smoking that remains after 
specified durations of cessation. 

Rates of disease in smokers can also 
be expressed as a cumulating fraction of 
the population of smokers who develop  

or die from all causes or from a specific 
disease. The cumulative risk of disease 
for those who quit at different ages can 
then be compared to the cumulative risk 
for continuing smokers. This comparison 
allows a better understanding of the 
amount of smoking-related disease that 
is avoidable with cessation at different 
ages. This form of comparison also 
provides a clearer picture of the burden 
of disease occurring in populations of 
current and farmer smokers. 

While all of these ways of describing 
the changes following cessation are 
expressing the same observed change 
in risk, each is capable of enhancing in 
different ways our understanding of the 
reality of disease risk for former 
smokers. 

Comparisons with continuing smokers 
have particular re{evance for individuals 
who are considering quitting smoking or 
who are currently abstinent, since they 
reflect the choice actually available to  

the smoker: to stop or to continue 
smoking. The comparison of former 
smoker risk to that of continuing smok-
ers defines the alternative pathways of 
future risk available to the smoker con-
templating cessation. For this compari-
son to be an accurate depiction of the 
alternative risks, the former smokers 
must be compared to continuing 
smokers with similar ages and 
intensities of smoking, and the duration 
of smoking for the current smokers 
should equal the sum of the duration of 
smoking of the former smokers plus the 
duration of abstinence; that is, the 
duration is that which would occur if the 
smoker continues to smoke. 

In contrast, if the question being 
considered is how long the risk pro-
duced by smoking remains elevated for 
former smokers or how large is the 
persistent excess risk, then it is easier to 
consider the evidence as a comparison 
of the risks for former smoker to those 
of never smokers. 

Because relative risks are the ratio of 
disease frequencies in two populations, 
they are powerfully influenced by the 
rates of disease in the reference popula-
tion. With diseases such as coronary 
heart disease (CID), where multiple 
factors can independently cause the 
disease, observed rates of disease may 
be high among never smokers and 
increase steeply with age. This effect of 
the disease rate in the reference popula-
tion on relative risk means that the same 
burden of disease caused by smoking 
will generate a larger relative risk when 
the rate of disease occurrence among 
never smokers is law, as it is for lung 
cancer, than it will when the rate of 
disease occurrence among never 
smokers is high, as it is for CII. As a 
result, relative risks must be considered 
carefully or they may present a distorted 
picture of the relationship between 
smoking behavior and disease risk. For 
example, smoking-related relative risks 
for CID decline with advancing age, as 
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depicted by the vertical bars in Figure 3 
(Thun et a1., 1997). These relative risks 
are greatest at younger ages and 
decline steeply with advancing age. In 
contrast, the actual excess death rate 
(the death rate in smokers minus the 
death rate in never smokers) increases 
with age as depicted in the solid line in 
Figure 3. Both the decline in relative risk 
with age and the increase in excess risk 
with age are accurate descriptions of the 
change in risk with age, but they 
describe different aspects of that change 
in risk. 

Relative risk helps us understand the 
fraction of disease attributable to 
smoking in a population With an 
increasing rate of OlD among never 
smokers as they age, the proportion of 
all CHD caused by smoking makes up a 
smaller fraction of the total Cl-ID 
occurring in the population. 

Excess rates of disease help us 
appreciate the absolute magnitude of 
the disease burden produced by 
smoking. As smokers age, the cumula-
tive damage caused by smoking grows 
and is manifest as an increasing excess 
death rate. 

The different considerations for 
relative and absolute risks are important 
in considering the studies of former 
smokers presented in this volume. The 
relative risks for former smokers with 
increasing durations of abstinence 
cannot reasonably be expected to 
exceed the risks for continuing smokers 
or to drop below the risks for never 
smokers. With relative risks of 3 for con-
tinuing smokers, as are commonly found 
in studies of CID, the relative risks for 
former smokers compared to never 
smokers can only vary between 2.99 
and 1, and the relative risks compared to 
continuing smokers cannot drop below 
0.33. For a disease like lung cancer 
where the relative risks in continuing 
smokers commonly exceed 10, the 
range of relative risks expected in 
comparisons with never smokers is  

larger (e.g. 9.99 to 1.0) and for compar-
isons with continuing smokers the rela-
tive risks could drop as low as 0.1. Thus 
the same reduction in burden of disease 
following cessation might give the 
appearance of a smaller change in rela-
tive risk for OlD than for lung cancer. 

Additionally, trying to define whether 
a residual increased risk remains follow-
ing long durations of abstinence is likely 
to be more difficult for CII than for lung 
cancer due to the differences in the 
magnitude of the relative risks. For 
example, if ten percent of the risk 
produced by smoking remains after long 
durations of abstinence, the expected 
relative risk for lung cancer would still be 
2.0, whereas the expected relative risk 
for CID would be 1.2, a level that might 
be difficult to define with confidence. Th is 
may be true, even though the absolute 
decline in death rates for the two 
diseases may be similar and the residual 
risk with long durations of abstinence, in 
absolute rates of disease occurrence, 
could also be similar for the two 
diseases. This reality of risk estimation 
could create a circumstance where it is 
possible to define whether there is a 
persistent elevated risk of lung cancer 
for former smokers of long duration, 
while the same magnitude of disease 
burden for lID was difficult to separate 
from the risk of never smokers with 
confidence. 

Comparisons of relative risks may 
also be potentially misleading when two 
studies of the same disease in former 
smokers are compared with one another 
if the populations of former smokers 
differ in age. Relative risks for active 
smokers are lower at older ages for most 
smoking-related diseases (Thun et. al., 
1997). The same lowering of relative 
risks with increasing age will occur for 
former smokers since they are the result 
of the same rising rate of disease with 
age among never smokers. Therefore, 
one would expect a lower relative risk for 
both current and former smokers in  

studies of individuals with higher mean 
ages, and care should be taken when 
examining the results for former smokers 
from different studies of the same 
disease to carefully consider the effects 
of differences in age of the population 
examined on both relative and absolute 
disease risks. 

Shоrt-term changes following 
cessations exposure treasure and 
physiological responses 

Considerable attention is paid in this 
volume to the biological changes that 
occur with cessation and which underlie 
the changes in observed risk. The 
inhalation, 	deposition, 	absorption, 
metabolism and excretion of the several 
thousand constituents of smoke produce 
both acute and, if the exposure is 
sustained, chronic changes in human 
physiology, metabolism, organ structure, 
and biochemical and cellular function 
that reflect the gradual progression 
toward disease manifestation. In a 
similar fashion, once the exposure stops, 
there is clearance of smoke constituents 
from the body with reversal of their acute 
effects, slowing of the progression and 
potential reversal of the damage at the 
cellular and organ level. These changes 
underlie the changes in risk that occur 
following cessation. 

The disappearance of smoke 
constituents from the body differs by 
constituent. Nicotine is rapidly metabo-
lized within minutes and even its meta-
bolic products are largely gone within 
days. Carbon monoxide disappears even 
more rapidly. it is exhaled as it becomes 
unbound from hemoglobin and clears 
with a half-life of hours. Most of the 
carcinogens present in smoke require 
metabolic activation to be toxic, while 
other constituents such as free radicals 
may be present only for short periods of 
time. Hemoglobin-carcinogen adducts, 
which are suggested markers of 
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carcinogen exposure, are cleared slowly, 
consistent with turnover of the red cells 
and the hemoglobin they contain. This 
raises a concern that DNA adducts may 
persist for long periods of time in cells 
that continue replicating indefinitely, 
such as the basal cell layer of the 
respiratory epithelium. Persistence of 
these adducts may offer continued 
opportunity for replicative errors and pro-
gression of the carcinogenic process 
even after cessation of smoke exposure. 

Oxidation and inflammation are 
injuries that have been broadly impli-
cated in the mechanistic pathways of 
many diseases including cancer, vascu-
lar disease and chronic lung disease. 
While the exposures that cause these 
changes will disappear rapidly following 
cessation, the consequences of those 
exposures persist. The time course of 
the reversal of oxidation and inflamma-
tion following cessation are not well 
described, and the factors that lead to 
persistence of these processes once the 
exposure ceases are also not well 
understood. Factors that seem important 
include the extent and duration of the 
resultant injury. For example, changes in 
small airway function of the lung, a 
marker of inflammation in those airways, 
reverse within a year of smoking cessa-
tion among individuals with short 
smoking histories (USDHHs, 1984). 
1-lowever, once inflammation has been 
present for longer durations or has 
caused structural changes in the lung, it 
may not fully averse even with long 
durations of abstinence. A similar pic-
ture is beginning to emerge with the 
endothelial changes that are important 
parts of the mechanism of vascular 
injury and disease, and which are 
described in the section on vascular 
mechanisms in this volume. Changes 
occur rapidly with smoke exposure and 
are present at very low exposure doses; 
but when they are due to short-term 
exposure, they also reverse rapidly. The 
extent of injury that can be present and  

still reverse is not clear, and the poten-
tial of significant injury to partially or fully 
heal following cessation is also 
uncertain at this point. 

Pr®biems in measuring change in 
risks following cessation for 
different diseases 

With perhaps the exception of complica-
tions of pregnancy which appear to 
disappear if smoking stops by the end of 
the first trimester, increased risk of 
incidence and death from the major dis-
eases caused by smoking persists for 
multiple years following cessation. While 
we treat the initial manifestation of new 
disease as if it were an acute event, it is 
usually the result of a process of 
progressive injury and organ change 
over several decades. The underlying 
level of injury present at cessation, and 
the momentum of the process of injury, 
defines the rate of disease manifestation 
following cessation, in contrast to the 
absence of new disease observed with 
acute infectious diseases once exposure 
to the agent ceases. One should expect 
that the timing and extent of reductions 
in the risk of a given disease following 
cessation might thin differ for the differ-
ent disease processes. 

The defining event for a cancer is 
likely to be the transformation of an indi-
vidual cell into a cancer cell, and there is 
little evidence to suggest that cessation 
can reverse that transformation as 
opposed to reducing the rate at which 
such transformations occur in the future. 
A substantial interval, likely several 
years, is then required before the single 
cell can divide and grow into a tumor 
large enough to be detected; an 
additional interval is usually present 
between detection and death from the 
tumor. One would not expect a difference 
between smokers and former smokers in 
the rate of lung cancer incidence or 
death until at least the most rapidly  

growing lung cancers present at time of 
cessation had time to complete the 
process of growth to detection or death. 
Once the most rapidly growing tumors 
had fully manifested, and assuming a 
reduced rate of new carcinogenic trans-
formation following cessation, lung 
cancer rates in continuing smokers and 
former smokers would begin to diverge. 
Cancers present at the time of cessation 
would continue to manifest with a declin-
ing frequency over time as slower-
growing tumors reach a size where they 
are detected. Thus, one would not 
expect a difference in lung cancer risk 
between smokers and former smokers 
until twO or more years following 
cessation. The subsequent risk would be 
a mix of the rate of new carcinogenic 
transformation and a declining contribu-
tion of cancers present at the time of 
cessation as ones with slower doubling 
times eventually become manifest. 

The pathophysiological processes by 
which smoking causes vascular disease 
would be expected to result in a very 
different time course of changing risk 
following cessation compared to 
cancers. Smoking causes atherogenesis 
with chronic progressive development of 
plaque and other changes in the 
vascular wall. It also is a powerful deter-
minant of the endothelial and thrombotic 
processes that cause acute infarction. 
The endothelial and thrombotic 
processes can reverse relatively rapidly, 
and this rapid reversal would be 
expected to result in a rapid decline in 
the risk of acute events. The excess 
atherosclerosis produced by smoking 
would contribute to an increased risk of 
acute events for a more prolonged 
period, as other factors will continue to 
promote atherogenesis as the individual 
ages. This bimodal mechanistic effect 
would also be expected to produce more 
rapid and dramatic benefits in those with 
pre-existing disease, since they have 
atherosclerotic change sufficient to 
cause 	disease 	without 	further 
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progression and the predominant effect 
would be the reversal of endothelial 
changes and thrombosis. 

The pattern of change following ces-
sation with COPD is again different. 
COPD is a disease where substantial 
lung injury is present before the disease 
can be detected and where the disease 
progresses slowly over many years 
before causing death. The later stages of 
the disease involve structural remodel-
ing of the lung, much of which is 
irreversible. Cessation can slow disease 
progression, but does not lead to lung 
regeneration. In this setting, the greatest 
opportunity to alter disease risk is for 
those with mild disease, where slowing 
of lung function decline may prevent the 
development of disease symptoms. In 
those with extensive disease, slowing of 
disease progression may be less evident 
since so little lung function remains to be 
preserved. 

An additional concern in measuring 
the change in risk following cessation is 
that cessation may occur due to the 
presence of disease symptoms or 
following disease diagnosis. This 
phenomenon is often referred to as 
reverse causality and is one reason why 
lung cancer death rates are higher 
among former smokers than among con-
tinuing smokers for the first few years 
after cessation. Reverse causality 
results when the population of recent 
quitters is enriched with patients with 
lung cancer who quit following diagnosis. 
This group of smokers who quit following 
diagnosis with lung cancer will obviously 
have a very high lung cancer death rate 
in the next few years. Combining them 
with smokers who quit prior to develop-
ing lung cancer will spuriously elevate 
the rate of disease in former smokers 
above that of continuing smokers for the 
first few years after cessation. 

Since survival with lung cancer is 
relatively short among those who die of 
the disease, the overestimate of lung 
cancer rates among former smokers э s  

evident for only a few years following 
cessation. However, both COPD and 
CID have many patients who are alive 
for a decade or more following onset of 
their disease. Most of these individuals 
will have been advised to quit following 
diagnosis, and many have followed that 
advice. Once again, individuals who quit 
following onset of disease enrich the 
population of former smokers with 
individuals who have evident disease 
and who will have a relatively high mor-
tality from that disease. Because survival 
with CID or COPD is relatively long, the 
effect of this enrichment on disease 
rates is likely to persist for much longer 
and lead to an overestimate of disease 
rates among former smokers even ten or 
more years after cessation. Retrospec-
five studies of first onset of disease in 
relation to the timing of quitting smoking 
may be less influenced by these biases. 

The effects of reverse causation are 
likely to be present for many cancers and 
may persist in analyses of the first 
several years of cessation. Some studies 
examine cessation with categories of 
duration of abstinence that are very 
broad—for example those who have 
been abstinent for 10 years or less and 
10 years or more. In a category of absti-
nence this broad, the effect of reverse 
causation may be masked because the 
risk for all of the individuals in the 
category is less than that of continuing 
smokers. Combining the first few years 
of abstinence, where reverse causation 
is present, with a an interval of 5 to 10 
years of abstinence, where reverse 
causation is not likely to be a problem, 
does not eliminate the effect of reverse 
causation, it only masks it and underes-
timates the benefits of cessation for 
those who do not have a diagnosis at the 
time of cessation. 

Defining the questions 

The three questions addressed for each 
disease are intended to highlight 

different aspects of the risks following 
cessation. 

1. Is the risk of disease lower in 
former smokers than in otherwise 
similar current smokers? 

This question is the most general and 
the one where most of the diseases 
examined will have some evidence. In 
examining that evidence, particularly in 
comparing across studies, it is impor-
tant to carefully weigh the factors that 
influence the metric used to assess 
risk in former smokers. Comparisons of 
former smokers must adjust for the 
intensity and duration of smoking prior 
to cessation in order to make compar-
isons with smokers or across studies. It 
is less commonly recognized that 
mean duration of abstinence, and the 
distribution of the duration of 
abstinence, are critical characteristics 
of former smokers that define risk, and 
that vary dramatically across studies of 
different populations or of the same 
population at different points in time. 

If the relative risk of a disease for 
smokers is low in the population 
examined, the decline in relative risk 
must also be smaller. This is a factor 
when comparing studies of populations 
in countries that are in different stages of 
the tobacco epidemic, studies where 
there are different levels of other causes 
of smoking related diseases, and studies 
where the age distribution of the former 
smokers examined are substantively 
different. 

2. What is the time course of the 
reduction in risk with continued 
abstinence or, among otherwise 
similar former smokers, does the 
risk of disease lower with more 
prolonged abstinence? 

How soon a change in risk is evident, 
and how rapid the decline in risk relative 
to continuing smokers occurs, are impor- 
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tant concerns of smokers who are 
quitting and are common questions 
asked by smokers of their care 
providers. They are also important ques-
tions for health care planning and cost 
effectiveness analyses of tobacco 
control activities. 

3. Does the risk return to that of 
never smokers after long periods 
of abstinence? 

For many diseases, only a modest 
amount of data is available to address 
this question because of the long 
durations of abstinence required to 
examine the question and the large 
sample sizes needed to define with pre-
cision low levels of risk. It addresses 
whether the damage caused by smoking 
persists forever, or whether the acceler-
ated progression toward disease 
produced by smoking is reversjble or can 
be overtaken by other exposures and 
injuries as individuals age. As those 
smokers who quit in response to the 
tobacco control interventions of the 
1970s and 1980s achieve periods of 
abstinence of 20 years and more, 
answering questions 0f the risk that 
remains for this group becomes more 
important. However, answering the 
question is complicated by the reality 
that the only way that one can have a 
longer duration of abstinence is to have 
a shorter duration of smoking. Long 
durations of smoking preclude long 
durations of abstinence and vice versa. 
The relative and excess risks of disease 
produced by smoking increase dramati-
саllу  as the duration of smoking 
increases, but it is difficult to demon-
strate increased levels of risk for 
durations of smoking less than 10-15 
years. This raises a concern in evalua-
tions of long durations of abstinence. 
The low levels of risk observed with long 
durations of abstinence may be due to 
short durations of smoking rather than 
long durations of abstinence. 

Interpretation of the Absence of Data 
For many of the questions raised and 
the diseases examined, there are scant 
data to examine. It would be Inappropri-
ate to suggest that, in the absence of 
data, no statement can be made about 
the benefits of cessation for that disease. 
Demonstration of а  causal link between 
smoking and a given disease carries with 
it the strong presumption that stopping 
smoking will alter the smoker's subse-
quent risk. In the absence of evidence to 
the contrary, it would seem reasonable 
that diseases with similar mechanisms 
would respond to cessation with a similar 
time course and residual risk. The pur-
pose of examining each question for 
each disease is to stimulate research 
and analyses on cessation, and the gaps 
identified should not be mistaken for a 
statement that cessation is without bene-
fit for those diseases where gaps in the 
evidence exist. 

Summary and assesment of the 
evidence 

When assessing risk reduction within 
the first two years after smoking cessa-
tion, certain methodological issues of 
particular concern, including reverse 
causation and constancy of smoking 
habits, complicate interpretation of the 
data. Assessment of risk reduction 
following long term abstinence is less 
subject to these methodological con-
cerns and can rely more on the very 
large observational cohort studies avail-
able to shed light on the issue. These 
methodological challenges in studying 
the effects of cessation are pertinent to 
all of the diseases covered in the 
Handbook and were acknowledged 
when examining the available evidence. 

Lung Cancer 
A large number of epidemiologic studies 
have compared lung cancer risk in per-
sons who stop smoking with the risk of 
those who continue. The major pub- 

lished studies show lower lung cancer 
risk in former than in current smokers. 
The absolute annual risk of developing 
or dying from lung cancer does not 
decrease after stopping smoking. 
Rather, the principal benefit from cessa-
tion derives from avoiding the much 
steeper increase in risk that would result 
from continuing to smoke. Within five to 
nine years after quitting, the lower lung 
cancer risk in former compared with 
otherwise similar current smokers 
becomes apparent and diverges pro-
gressively with longer time since cessa-
tion. There is a persistent increased risk 
of lung cancer in former smokers сoт  
pared to never smokers of the same age, 
even after a long duration of abstinence. 
stopping smoking before middle age 
avoids much of the lifetime risk incurred 
by continuing to smoke. stopping 
smoking in middle or old age confers 
substantially lower lung cancer risk 
compared with continuing smokers. 

The full benefits of smoking cessation 
and hazards of continued smoking are 
underestimated, at least in absolute 
terms, in studies of populations where 
the maximum hazards of persistent life-
time smoking have not yet emerged. 
Individuals and policymakers who live in 
countries where lung cancer risk is still 
increasing should recognize that the 
maximum hazard from continuing to 
smoky and the maximum benefits from 
cessation—have not yet been reached. 
Studies of cessation in these circum-
stances will seriously underestimate the 
long-term benefits of cessation. 

Laryngeal Cancer 
Four cohort studies and at least 15 
case-control studies have reported 
information on smoking cessation and 
laryngeal cancer. These studies indicate 
that the risk of laryngeal cancer is 
considerably reduced in former smokers 
compared with current smokers. The 
relative risk steeply decreases with time 
since stopping smoking, with reductions 
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of about 60% after 10 tо  15 years since 
cessation, and even larger after 20 
years. The favourable effect of stopping 
smoking is already evident within a few 
years after cessation. However, after 
stopping smoking, former smokers still 
have elevated risks of laryngeal cancer 
as compared to never smokers for at 
least twenty years. 

Oral Cancer 
The results of four cohort studies and at 
least 25 case-control studies on oral and 
pharyngeal cancers have shown the risk 
for former smokers to be intermediate 
between those of never smokers and 
current smokers. In studies where risks 
were analysed by duration of 
abstinence, there was generally a 
decreasing relative risk with increasing 
duration of abstinence compared with 
continuing smokers. In several studies, 
the risk remained elevated compared 
with never smokers during a second 
decade of abstinence, but reached the 
level of never smokers thereafter. 

Oesophageal Cancer 
The results from at least 10 cohort and 
10 case-control studies indicate that 
former smokers have a lower risk than 
current smokers of squamous-cell oeso-
phageal cancer. Most investigations have 
shown that the risk of oesophageal 
cancer remains elevated many years (at 
least 20) after cessation of smoking. After 
10 years since cessation of smoking, for-
mer smokers still have twice the 
oesophageal cancer risk of never smokers. 

A few studies have investigated the 
effect of smoking cessation on adenocar-
cinoma, indicating no clear reduction of 
risk. The data on oesophageal adenocar-
cinoma are too limited, however, to pro-
vide adequate inference on the relation 
with time since smoking cessation. 

Stomach Cancer 
Epidemiological studies show that 
former smokers have a lower risk for 

stomach cancer than do current 
smokers. Increasing number of years 
since cessation and younger age at 
cessation were associated with decreasing 
risk in comparison with continuing 
smokers in most studies. 

Liver Cancer 
The risk of cancer of the liver appears to 
be lower in former than in current 
smokers, but the data are inconsistent 
across geographic areas. There is inade-
quate information to assess the effect of 
time since cessation. 

Pancreatic Cancer 
The risk of pancreatic cancer is lower in 
former than in current smokers. Based 
on the limited evidence, the risk declines 
with time since cessation compared to 
continuing smokers, but remains higher 
than that in never smokers for at least 15 
years after cessation. 

Bladder Cancer 
The risk of cancer of the bladder is lower 
in former than in current smokers. The 
relative risk declines with time since 
cessation in comparison with continuing 
smokers, but remains higher than that 
for never smokers for at least 25 years 
after cessation. 

Renal Cell Cancer 
The risk of renal cell cancer is lower in 
former than in current smokers. Based 
0f limited evidence, the relative risk 
declines with time since cessation in 
comparison with continuing smokers, 
but remains higher than that for never 
smokers for at least 20 years after ces-
sation. 

Cervical Cancer 
The risk of squamous cell carcinoma of 
the cervix is lower in former smokers 
than in current smokers. Following 
cessation, the risk in former smokers 
rapidly decreases to the level of never 
smokers. 

Myeloid Leukemia 
The risk of myeloid leukemia may be 
lower in former smokers than in current 
smokers, but available data are inconsis-
tent. There is inadequate information to 
assess the effect of duration of 
abstinence. 

Nasopharyn geai and Binonasal Cancer 
The risk in former smokers seems to be 
lower than in current smokers for 
nasopharyngeai carcinoma. There is 
inadequate information to assess the 
effects of duration of abstinence. 

For sinonasal carcinoma as well 
there is inadequate information to 
assess the effect of abstinence. 

Coronary Heart Disease (CHI) 
Cigarette smoking is a major cause of 
coronary heart disease. The risk is 
manifest both as an increased risk for 
thrombosis and as an increased degree 
of atherosclerosis in coronary vessels. 
The cardiovascular risk caused by 
cigarette smoking increases with the 
amount smoked and with the duration of 
smoking. Former smokers have 
considerably reduced risk of CHD 
compared to smokers. 

Evidence from studies of patients 
with manifest CID paint toward a rela-
tive risk reduction in the order of 35% 
compared with continued cigarette 
smokers of similar accumulated 
exposure within the first two to four 
years of smoking cessation. Findings 
from case-control studies and cohort 
studies of subjects without diagnosed 
CII are compatible with this conclu-
sion and point toward a similar relative 
risk reduction following smoking 
cessation. 

5оте  studies of prolonged 
abstinence find the risk to be similar to 
never smokers after 10 to 15 years of 
abstinence, whereas others find a 
persistent increased risk of 10-20% 
even after 10 to 20 years. The main 
methodological issue in this type of 
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study is misclassification of both 
current and former smoking status with 
prolonged follow-up without re-assess-
ment if smoking status. An additional 
issue is self-selection of former 
smokers. Taking these methodological 
issues into account, the body of evi-
dence suggests that the risk of CID 
with long-term abstinence approaches 
the risk of never smokers asympto-
tically. The risk reduction is observed 
after controlling for other major risk 
factors. 

Cerebrovascular Disease 
smoking is a cause of stroke. Data from 
large prospective studies revealed that 
current smokers have a relative risk of 
1.5 to 4 for stroke compared with never-
smokers. Former smokers have 
markedly lower risk compared to current 
smokers. 

Studies that have assessed the effect 
of duration of abstinence on stroke risk 
report a marked risk reduction by two to 
five years after cessation, and the 
relative risk decreases for up to 15 years 
after cessation. In some studies, the risk 
returns to that of never smokers by five 
to ten years, but other studies report 
small increased risks even after 15 years 
of abstinence; all of these studies show a 
lower risk for former smokers than for 
continuing smokers.The risk reduction is 
observed after controlling for other major 
risk factors. 

There is inadequate evidence to 
assess the effect of smoking cessation 
on the long-term prognosis among 
cerebrovascular disease patients. 

Abdominal Aortic Aneurysm (AАA) 
Prospective cohort and screening 
studies show that the risk of death from, 
and prevalence of, AAA is large (RA: 4.0-
8.0) in current smokers compared with 
never smokers. The magnitude of this rel-
ative risk is greater than that observed in 
other forms of CVD for current smokers. 
Former smokers have a lower risk of AAA 

than do continuing smokers. The limited 
data that address the relationship 
between the duration of cessation and 
risk of AAA suggest that cessation is 
associated with a slow decline in risk that 
continues for at least 20 years after stop-
ping smoking. The risk remains greater 
than that of a never smoker, even after a 
prolonged duration of abstinence. This 
pattern is different from that observed in 
patients with coronary heart disease and 
cerebrovascular disease in that the risk 
remains significantly higher than that of 
never smokers. In patients with an estab-
lished diagnosis of AAA, the single pub-
lished intervention study concludes that 
former smoking status is associated with 
reduced all-cause mortality and AAA rup-
ture compared with continued smoking. 

Peripheral Artery Disease (PAD) 
Data that address the time course of the 
change in risk with cessation are very 
limited, and the time course is different 
for populations with and without clinically 
evident disease. 

In populations without clinically 
evident disease 
Current smoking is a major cause of PAD. 
Former smokers have a reduced risk 
compared with current smokers. 1n for-
mer smokers without clinical evidence of 
disease, the reduction in risk of develop-
ment of disease occurs over an extended 
period (at least 20 years), but the time 
course of reduction in risk is poorly 
characterized. Prospective cohort studies 
suggest that the relative risk of PAD in 
former smokers remains greater than that 
of never smokers even after long duration 
of abstinence (at least 20 years). 

in populations with clinically evident 
disease 
In patients with clinical evidence of PAD, 
the evidence suggests an improvement 
in clinical outcomes among former 
smokers compared to continuing 
smokers. PAD patients who stop smok 

ing experience complication rates that 
are similar to those who are classified as 
nonsmokers in the studies in a relatively 
short period of time following cessation 
(within one to five years), and the rates 
are substantially below those of continuing 
smokers. However, studies in patients 
with clinically evident PAD often classify 
smoking status as current smoker, 
ex-smoker and `non-smoker', with 
non-smokers including never smokers 
and smokers who stopped before the 
beginning of follow-up. The evidence as 
a whole suggests there are important 
benefits of smoking cessation for 
patients with established PAD. 

Chronic Obstructive Pulmonary Disease 
(COPD) 
Former smokers have lower risk of 
accelerated loss of lung function and 
COPD-related morbidity and mortality 
than do continuing smokers. 

Evidence from cross-sectional and 
longitudinal studies shows that symp-
toms of chronic bronchitis (chronic 
cough, mucus production and wheeze) 
decrease rapidly within a few months 
after smoking cessation. Prevalence of 
these symptoms is the same as that 
reported by never smokers within five 
years of sustained smoking abstinence. 
With respect to lung function loss, 
cohort studies of the general population 
show that the accelerated decline in 
FEV1 observed in current smokers 
reverts to the age-related rate of decline 
seen in never smokers within 5 years of 
smoking cessation. In people diagnosed 
with mild to moderate COPD, an 
increase in FEV1 during the first year 
after smoking cessation has been 
observed; in following years, the rate of 
decline in FEV1 in sustained quitters 
has been half the rate of that observed 
in continuing smokers. 

Data on lung capacity and hospital 
admission for patients with severe 
COPD are limited, but available evi-
dence suggests that smoking cessation 
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results in a reduction in excess lung 
function lass and a decrease in risk of 
hospitalization for COPD in comparison 
with continuing smokers. Evidence from 
several long-term studies indicates a 
substantial reduction in mortality risk in 
former smokers compared with continu-
ing smokers. Assessment of risk 
reduction for COPD mortality following 
smoking cessation is complex because 
of reverse causality. For example, there 
is a persistent increased risk of COPD 
mortality with long duration of absti-
nence. 

COPD iп  China 
China is the world's largest producer of 
tobacco and cigarettes, with the world's 
largest number of smokers and largest 
number of tobacco deaths (about 1 
million per year). Of all the diseases 
contributing to tobacco-related mortality, 
the most numerically significant is 
COPD, constituting 45% of tobacco-
related deaths. Hence, China has the 
world's largest number of COPD deaths 
due to smoking, about 450 000 per year. 

Evidence from 17 studies in the 
Chinese medical literature on the effects 
of cessation in COPD, though limited in 
quality and quantity, supports the finding 
that among middle-aged asymptomatic 
subjects, smoking cessation delayed the 
decline of FEV1 when compared with 
continuing smokers. The decline 
became similar to that in never smokers 
after cessation for six years or more. In 
young and healthy smokers, the benefits 
of smoking cessation (improvements in 
FEV1, or decline relative to continuing 
smokers) can be observed after cessa-
tion for a few months. Among subjects 
with chronic cough and phlegm but no 
COPD, cessation for at least one month 
to eight years delayed decline of FEV1 
and reduced the risk of developing 
COPD compared with that of continuing 
smokers. Whereas smoking can clearly 
increase the risk of COPD deaths, the  

benefits of cessation on COPD mortality 
have net been observed in the Chinese 
population. Instead, studies found 
excess risk among older quitters, proba-
bly due to reverse causality. It is not clear 
why Chinese never smokers have a 
much higher prevalence of COPD than 
those in North America; possible 
explanations are poor indoor air quality 
from burning of biomass and/or genetic 
differences. In addition, there is a 
common belief among the Chinese 
public that smoking cessation may be 
harmful in smokers with COPD. Smokers 
who already have serious COPD, diag-
nosed or undiagnosed by a doctor, may 
appear to die from COPD soon after 
quitting smoking (reverse causality). 
Because of the higher proportion of 
COPD among the total tobacco death 
toll in China, smoking cessation on a 
large scale is likely to result in greater 
long-term effects on COPD morbidity 
and mortality than for other diseases, 
such as lung cancer and ischaemic 
heart disease. 
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Is There 5ufficient Evidence to Address Questions on the Effects o# Smoking Cessation on Risk of Disease? 
1. Risk for Former Smokers: Is there sufficient evidence to determine whether the risk of disease is lower in former smokers than in 

otherwise similar current smokers? 

2. Risk with Prolonged Abstinence: Is there sufficient evidence to determine whether, among otherwise similar former smokers, the risk of dis 
ease is lower with more prolonged abstinence? 

3. Residual Increased Risk: Is there sufficient evidence to determine whether the risk returns to that of never smokers after long periods of abstinence? 

Disease 	 Risk for Former Smokers (1) Risk with Prolonged Abstinence (2) 	Residual Increased Risk (3) 

Cancers 
Lung cancer ■ ■ ■ 

Laryngeal cancer ® ■ ■ 

Oral cancer ■ ■ ■ 

squamous celesophageal cancer ■ ■ ■ 

Esophageal adenbcaro noma ❑ ❑ ❑ 

Stomach cancer ❑ 

Liver cancer ® ❑ ❑ 

Pancreatic cancer ® ■ ❑O 
Bladder cancer ■ ■ ■ 

Renal cancer ■ D ❑ 

Cervcal cancer ■ ■ ■ 

Myeloid eukemia +1- ❑ д  
Nasopharyngeal cancer ® ❑ ❑ 

Sinonasal cancer ❑ ❑ ❑ 

Vascular Disease 
Cl-ID incidence and death in subjects without ■ ■ ■ 

established disease 
CHD incidence and death in those with clinical ■ ■ Not applicable 
evident disease 
Cerebrovascular disease incidence and death ■ ■ Cк7 
for those without es ablished disease 
Cerebrovascular disease incidence and death ❑ ❑ Not applicable 
for those with clinical disease 
Aortic aneurysm incidence and death for those ■ 0 O 
without established disease 
Aortic aneurysm incidence and death for those ■ ❑ Not applicable 
with clinical disease 
PAD 'ncidence and death for those without ® 11 ❑D 

estab ished disease 
PAD incidence and death for those with 151 Not applicable 
clinical disease 

Lung Disease 

Cough and phlegm production ■ ■ ■ 

Decline in FEV1 in healthy subjects ■ ■ ■ 

Decline in FEV1 for those with mild/ ■ ■ Not applicable 
moderate disease 
Decline in FEV1 for those with severe ■ ■ Not applicable 
disease/Morbidity 
Mortality from COPD ■ ■ 151 

Level of evidence to address questions: 
® Adequate: The evidence is adequate to draw a clear conclusion on the question; ❑D Limited: The evidence to answer the question is suggestive; the 
interpretation is considered by the Working Group to be credib e but chance, bias, confounding or other factors cannot be adequately evaluated; 
+1- Conflicting: The data provide conflicting answers to the question; D Absence ii Observations: There is an absence of data or data are inadequate to address 
he question. 
FEV1 : Forced exp ratory volurrie in one second; CHI: Coronary Heart Disease; PAD: Peripheral Artery Disease 
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The Hazards of Smoking and the Benefits of Mopping: 
Cancer Mortality and Overall Mortality 

This Handbook is concerned with the 
health benefits of smoking cessation 
and, in particular, with the full eventual 
effects of cessation on life expectancy. It 
is chiefly concerned not with how to 
achieve cessation, but merely with the 
health benefits that smokers can expect 
if they do stop—and stay stopped—in 
comparison with the hazards that they 
would face if they were to continue. In 
general, for smokers who stop before 
middle age the resulting difference in life 
expectancy is about 10 years. This 
conclusion comes chiefly from studies of 
males in populations where the full 
hazards if smoking are already appar-
ent, but it is likely to apply approximately 
equally to females and to populations 
where the hazards are not yet fully 
apparent, as young smokers in those 
populations will eventually experience 
substantial hazards if they continue. 

Different sections of the main report 
deal separately (citing full references) 
with the eventual effects of smoking, and 
of smoking cessation, on particular 
conditions such as cancers of the lung, 
mouth, pharynx, larynx, oesophagus, 
stomach, liver, pancreas, kidney, bladder 
or cervix, heart disease, stroke, other 
vascular diseases and chronic obstruc-
tive lung disease. This Introductory 
section, however, stands back from such 
detail and summarises the eventual 
effects of smoking, and the eventual 
effects of smoking cessation, on overall 
mortality and on lung cancer mortality 
(or 0f the total cancer mortality 
attributed to smoking, most of which  

involves lung cancer). As long as due 
allowance is made for the remarkably long 
delay between cause and full effect, reli-
able quantitative conclusions emerge 
about the hazards that will eventually be 
faced by those in their 20s, 30s or 40s 
who have been habitual cigarette smokers 

since early adult life if they continue to 
smoke and, correspondingly, about the 
eventual benefits for such persistent 
smokers of stopping permanently. 

smoking is extraordinarily destructive 
(Table 1). Cigarette smoking is common 
in many populations, and where the 

н 	- 
 

The risk is big 

– About half are eventually killed by smoking, if they continue. 
[Among persistent cigarette smokers, male or female, the overall relative risk 
of death is greater than 2 throughout middle age and well into old age. Thus, 
among smokers of a given age more than half of those who die in the near 
future would not have done so at never smoker death ratеs.j 

– On average, smokers lose about 10 years of life. 
[This average combines a zero loss for those not killed by tobacco, and an 
average loss of much more than 10 years for those who are killed by it.] 

Those killed in middle age (35-69 years of age) can lose many years of life 

– Some of those killed in middle age might have died soon anyway, but others 
might have lived on for another 10, 20, 30 or more good years. 

– On average, those killed in middle age lose about 20 years of never smoker life 
expectancy. 

stopping smoking works 

– Even in early middle age, those who stop (before they have incurable lung cancer 
or some other fatal disease) avoid most of their risk of being killed by tobacco. 

– Stopping before middle age works even better. 

-- Those who have habitually smoked cigarettes since early adult life but stop at 
60, 50, 40 or 30 years of age gain, respectively, about 3, 6, 9 or almost the full 
10 years of life expectancy, in comparison with those who continue to smoke. 

Main reference: Doll et al. (2004) 

15 



'ARC handbooks of Cancer Prevention 

habit has been widespread among 
young adults for many decades, about 
half of all persistent cigarette smokers 
are eventually killed by it, unless they 
stop. Bidi smoking (`bidis' consist of a 
small amount of tobacco wrapped in the 
leaf of another plant), which is common 
in parts of Asia, probably causes similar 
risks (Gajalakshmi et at, 2003). Ciga-
rette smoking causes relatively few 
deaths before about 35 years of age, 
but it causes many deaths in middle 
age (here defined as 35-69 years) and 
at older ages. Although some of those 
killed by tobacco in middle age might 
have died soon anyway, many could 
have lived on for another 10, 20, 30 or 
more good years. Those who stop 

smoking in early middle age, however 
(before they have incurable lung cancer 
or some other fatal disease), avoid 
most of their risk of being killed by 
tobacco, and stopping before middle 
age is even more effective, gaining on 
average about an extra 10 years of life. 

Effects of cessation on lung 
cancer mortality and on all-cause 
mortality in Europe and North 
America 

Lung cancer is one of the main diseases 
caused by smoking. Even though it 
accounts for less than half of all 
smoking-attributed mortality, when the 

lung cancer death rates among persis-
tent cigarette smokers, former smokers 
and never smokers are compared, the 
relative risks are so extreme that the 
long-term hazards of smoking and bene-
fits of stopping can be seen particularly 
clearly. Figures 1-3 compare, for men in 
Western Europe, Eastern Europe and 
North America, the lung cancer rates in 
continuing smokers, never smokers, and 
former smokers who stopped at about 
30, 40 or even 50 years of age (although 
the risks among continuing smokers are 
slightly under-estimated in the North 
American study—see Figure 3). In each 
population the hazards of persistent 
cigarette smoking are substantial, and 
in each population the former smokers 
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Figure 1. Lung cancer mortality (%) in UK males at 1990 death 
rates by smoking status 
Only selected smoking categories are displayed (never, stopped within 5 years 
of stated age, continued), and almost all smokers had used 
cigarettes. 
In each age range the relative risks match those in a case-control study of 
smoking, and an appropriately weighted average of the absolute risks matches 
the national lung cancer death rate. 
Reproduced with permission from Peto et a1. (2000). 

Сопtiпиед  
эпюКing 

stopped 
age 40-49 

Haver 
smoked 

45 	55 	55 	75 
Age 

Figure 2. Lung cancer mortality in Polish males at 1999 death 
rates by smoking status 
Only selected smoking categories are displayed (never, stopped with n 5 
years o1 stated age, continued), and almost all smokers had used 
cigarettes. 
In each age range the relative risks match those in a case-control study of 
smoking, and an appropriately weighted average of the absolute risks matches 
the national lung cancer death rate. 
Reproduced with permission from Brennan et а1. (2006). 
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Figure 3. Lung cancer mortality in U5 males, 1984 91, by smoking status in 1981: АСS 
SPS-11 prospective study 
iniy selected smoking categories are displayed (never, stopped within 5 years of stated age, 
continued), and almost all smokers had used cigarettes. 
From the American Cancer Society (ACS) GPS-ll 10-year prospective study it one million adults, omitting 
the earlier years (1981-83). "Re-survey of a sub-sample suggested that about half of those who were con-
tinuing to smoke in 1981 stopped during the 1980's but that few who had stopped by 1981 would restart. 
Data provided in 2006 by M. Thun, personal communcation. 
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Figure 4. Suгviыal from age 35: continuing cigarette smokers vs never smokers 
50-year prospective follow-up (1951-2001) of mortality in relation to smoking among male British doctors 
born 1900-1930. Men were asked in 1951, and again every few years until 2001, what they smoked. Few 
never smokers or ex-smokers became smokers, but many smokers became ex-srnokers. Analyses are by 
habit last reported. Among men born 1900-1930. the continuing smokers (and ex-smokers) would on aver 
age have started at about 18 years of age, and smoked about 20 cigarettes per day. 
Reproduced with permission from Doll et al. (2004). 

still have some excess risk many years 
after stopping. There is, however, a large 
absolute difference between the 
eventual risks in those who stop at about 
30 to 50 years of age and in those who 
continue smoking. This is true for lung 
cancer, and it is also true for overall 
mortality (see bolow)—indeed, during 
the first decade or two after stopping 
smoking, the absolute mortality 
difference may well be much greater for 
other diseases than for lung cancer. 

British males born in the 20th century 
were the first large population in which 
many began to smoke substantial 
numbers of cigarettes in early adult life, 
and continued to do so. The lifelong 
effects of persistent cigarette smoking, 
and the corresponding benefits of 
stopping, can therefore be illustrated by 
the experience of male British doctors 
born during the first few decades of the 
20th century (1900-1930) and followed 
prospectively throughout the last half of 
it (1951-2001). Their smoking habits 
were ascertained in 1951 and every few 
years thereafter, and their mortality was 
monitored reliably. Figure 4 compares 
cigarette smokers with never smokers, 
showing the 10-year decrease in life 
expectancy. During middle age (35-69) 
19% of the never smokers and 42% of 
the cigarette smokers died (i.e. the 
respective probabilities of survival were 
81% and 58%), and much of this 
absolute difference of 23% in mortality 
was actually caused by smoking. For, it 
mainly involved differences in the 
numbers dying from diseases that can 
be caused by smoking (lung cancer, 
heart disease, chronic lung disease, 
etc.); most of the participants had much 
the same profession (as all were male 
doctors who had been on the UK 
Medical Register in 1951); and there 
were no material differences between 
smokers, former smokers and never 
smokers in mean alcohol consumption 
or obesity. 
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Figure 5 shows, however, that those 
who stopped at around 	40 (35-44) 

100 years of age lost only about 1 year of 
_ life expectancy instead of 10 years, 

- stopped age 3544 even though they had already smoked 
, cigarettes for a mean of some 20 years 

80  before stopping. On average, the fife 
expectancy 	gained 	by 	stopping 	at 

~`, Continuing 
E 

	
cigarette 

about 60, 50, 40 or 30 years of age, in 
0 	ôо  comparison with those who continued, 

smokers 	 Never smoked was, 	respectively, 	about 	3, 	6, 	9 	or 
regularly 

almost the full 10 years in this study. 
40 	 \~ Other studies indicate that those who 

smoke until 30 years of age and then 
stop do have a small but significant 

20 excess risk of lung cancer in old age 

(Figures 1-3), but agree that cessation 
avoids most of the excess mortality 
among continuing smokers. 

40 	50 	60 	70 	80 	90 	100 The study of mortality in relation to 
Age smoking 	among 	British 	doctors 

assessed the effects of men who had 
Figure 5. 5uгviva1 from age 40: continuing cigarette smokers vs never smokers not yet developed 	a 	life-threatening 
vs smokers who stopped at about age 40 disease stopping before middle age or 
50-year prospective fol]ow-up (1951-2(1951-2001) of mortality in relation to smoking among male British дос- 

other studies 
tors born 1900-1980. Men were asked in 1951, and again every few years until 2001, what they smoked, 

idдlе  age, 	but 
 

during middle oth 
oth  Shown that even after 
 

the onset Few never smokers or ex-smokers became smokers, but many smokers became ex-smokers. Analyses 
are by habit last reported. Among men born 1900-1930, the continuing smokers (and es-smokers) would of disease cessation may well remain 

on average have started at about 18 years otage, and smoked about 20 cigarettes per day. important (Table 2). 

Dotted line corresponds to the survival of those stopping smoking 

Reproduced with permission from Doll et a1. (2004). 

Time of stopping smoking 	 Effect on later risk of death from smoking 

Before middle age, e.g. at about age 20-30 	Avoids nearly all of the future mortality from tobacco in middle and 
old age 

During middle age, e.g. at about 40-50, but before 	Avoids much hazard over the next few decades, but some hazard 
major disease onset 	 remains 

After the onset of life-threatening disease 
	

Rapid benefit (particularly for vascular mortality), unless the 
existing disease causes death 

Main reference: present volume 
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Under-estimation of eventual 
hazards of smoking and benefits 
of stopping in many studies of 
other populations 

Cigarette consumption was low world-
wide in 1900, but among men in many 
developed countries such as the United 
Kingdom or United States it increased 
substantially during the first few decades 
0f the 20th century ('ARC, 2004). In 
recent decades it has also increased sub-
stantially among women in many devel-
oped countries and among men in many 
developing countries, including China. 
When in a particular population there is 
an upsurge of cigarette smoking among 
young adults, it may be about 30 or 40 
years before the main upsurge of tobacco 
deaths in middle age is seen, and then 
another 20 years before the main 
upsurge of tobacco deaths in old age. 

The United Kingdom was the first 
major country in the world to experience 
a large increase in lung cancer from 
cigarette smoking. Even in Britain, how-
ever, it is only among men born early in 
the 20th century, many of whom started 
in youth the habit of smoking substantial 
numbers of cigarettes, that we can 
assess directly the full hazards of 
continuing to do so throughout adult 
life, and, correspondingly, the full 
long-term benefits of stopping at 
various ages. That is why the results for 
such men (Figures 4 and 5) are particu-
larly relevant to predicting the future 
worldwide health effects of current 
smoking patterns, and the eventual 
importance of cessation, particularly 
before middle age. For, even in рoри lа  
tions where there is not yet a high death 
rate from smoking (because relatively 
few who are now in middle or old age 
have been habitual cigarette smokers 
throughout adult life), many of those 
who start smoking cigarettes nowadays 
do so in adolescence or early adult life, 
as did many of the British doctors 
described in Figures 4 and 5, so the  

young smokers in those populations will 
eventually also face substantial risks in 
middle and old age if they continue to 
smoke, and have much to gain from 
prompt cessation. 

Many previous epidemiological 
studies of smoking and disease took 
place in populations where the middle-
aged or, particularly, the older smokers 
had not at the time of the study been 
smoking substantial numbers of ciga-
rettes throughout adult life, and where 
the national lung cancer rates in middle 
or old age were still relatively low, or 
rising steeply. This is true for many previ-
ous studies of men and may well be true 
for all previous studies of women. The 
risks found by comparing the smokers 
and the former smokers (or never smokers) 
in those studies may therefore greatly 
underestimate the risks that the younger 
cigarette smokers of today will eventually 
face if they continue. Hence, in those 
previous studies the apparent absolute 
benefits after 20, 30 or more years of 
cessation are likely to be substantially 
less than the absolute benefits that the 
younger cigarette smokers of today could 
gain from cessation (in comparison with 
the risks they would otherwise face if they 
were to continue). 

In many studies the proportional 
excess mortality in middle and old age 
from smoking is greater among male 
than among female smokers, but this 
may be chiefly because they smoked 
cigarettes more intensively when young 
than the female smokers did. If, 
however, smoking cigarettes throughout 
adult life eventually produces about as 
great a proportional increase in female 
as in male overall death rates, then in 
terms of years of life expectancy lost or 
gained the eventual hazards of 
persistent cigarette smoking (and the 
corresponding benefits of cessation) 
may well be about as great for women 
as for men. 

Likewise, among men in developing 
countries such as China, the hazards  

that younger cigarette smokers will 
eventually face in middle and old age 
may well be substantially greater than 
the risks now seen among Chinese 
smokers in middle and old age (Peto et 
a1., 1999). Indeed, for any cigarette 
smoker, male or female, in any part of 
the world who started smoking 
substantial numbers of cigarettes 
when young and has continued doing 
so, the eventual hazards may well be 
similar: about half will be killed by their 
habit unless they stop, and cessation 
before age 40 (or, better, before age 
30) would avoid most of that risk. In 
any population in the world, therefore, 
the prevalence of cigarette (or 
bidi) smoking among young adults can 
be used as a proxy to predict the 
eventual future impact of smoking on 
mortality in that population several 
decades hence if those who now 
smoke continue to do so, and to 
predict the corresponding importance 
for those who now smoke of prompt 
cessation. 

Contrasting national trends in 
tobacco-attributed mortality at 
ages 35-69 

In many countries the trends in cigarette 
smoking and, more recently, in cessation 
have been so extreme that they have 
dominated the recent national trends in 
cancer mortality and in overall mortality, 
at least among middle-aged men. The 
United Kingdom, Poland and the USA 
offer three contrasting examples of this 
(Figures 6-11). 

In the United Kingdom (Figures 6 and 
7), cigarette smoking became wide-
spread during the first few decades of 
the 20th century among men, and 
around the middle of the century among 
women. By the 1960s the male death 
rates attributed to tobacco in the United 
Kingdom were among the worst in the 
world, with smoking causing more than 
half of the cancer mortality and almost 
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Figure 6. United Kingdom, 1950-2000. Total annual cancer mortality rates at ages 0-34 and 35-69 years, with the total male 
and total female rates at ages 35-69 years subdivided into the parts attributed, and not attributed, to smoking 
Rates are calculated from WHO mortality data and UN population estimates, and are standardised to a uniform age distribution (so the standardised rate for 
a 35-year age range is the mean of the 7 rates in the component 5-year age ranges). In the absence of other causes of death, an annual rate of death of R 
per 100 000 would correspond to a 35-year probability of death of 1-exp(-35RI100 000). Thus, a rate of 300 would correspond to a probability of 10%. 
The mortality attributed to smoking is estimated indirectly from the national morta ity statistics (using the absolute lung cancer rate as a guide to the fraction 
of the deaths from other causes, or groups of causes, attributable to smoking), 
From Peto et ai. (1992, 1994). Update of figures, covering the period 1950-2000, available on www.deathsfroгnsmokiпg.ne;. 
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1950-2000: UNITED KINGDOM 

Population risk of a 35-year-old dying at ages 35-69 from smoking (shaded) 
Population 	 Or from any cause (shaded and white) 
risk of dying 	 е.g.. at year 2000 male death rates out of 100 men aged 35, 
aa ages 0-34 	 25 would die before age 70 (with Б  of these deaths attributed to 

smoking) 
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Note: Most of those killed by smoking would otherwise have survived beyond age 70, but 
a minority (shaded area to right of dotted line) would have died by 70 anyway 
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Figure 7. United Kingdom, 1950-2000. Probabilities of death at ages 0-34 and 35-69 at the death rates of particular 
calendar years, with the mate and female probabilities of death from smoking at ages 35-69 shaded 
Rates are calculated from 'Nu mortality data and UN population estimates, and are standardised to a uniform age distribution (so the standardised rate for 
a 35 year age range is the mean of the 7 rates in the comporien 5-year age ranges). 
The mortality attributed to smoking is estimated indirectly from the national mortality statistics (using the abso u е  lung cancer rate as a guide to the fraction 
of the deaths from other causes, or groups it causes, attributable to smoking). 
From Peto et al. (1992, 1994). Update offigures, covering the per Id 1950-2000, evalable on www.deathsfromsmaking.net. 
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Poland, 65-2000 
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Figure 8. Poland, 1965-2000. Total annual cancer mortality rates at ages 0-34 and 35-69 years, with the total male and total 
female rates at ages 35-69 years subdivided into the parts attributed, and not attributed, to smoking 
Rates are calculated from WHO mortality data and UN population estimates, and are standardised to a uniform age distribution (so the standardised rate for 
a 35-year age range is the mean of the 7 rates in the component 5-year age ranges). In the absence of other causes of death, an annual rate of death of R 
per 100 000 would correspond to a 35-year probability of death of 1-exp (-35R1100 000). Thus, a rate at 300 would correspond te a probability of 10%. 
The mortality attributed to smoking is estimated indirectly trim the national mortality statistics (using the absolute lung cancer rate as a guide to the fractionof 
the deaths from other causes, or groups of causes, attributable to smoking). 
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1955--2000: POLAND 
Poptitatwn Population risk of a 35-уeаг-оlд  dying at ages 35-69 from smoking (shaded) or from 
isk  0f any cause (shaded and white) *e.g., at year 2000 male death rates out of 100 men 

dy  ing at 
as 	34 aged 35, 41 would die before age 70 (with 16 of these deaths attributed 10 smoking) 
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63% 1990 16 	 46% 

1995 19 	 46% 
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4.79E 1995 19 	 45% 

3.7/ 209D" 16" 	 4l%" 

Note: listai those killed by smoking would otherwise have survived beyond age 70, 
but a minority (shaded area to right of dotted line) would have died by 70 anyway 
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Figure 9- Poland, 1955-2000. Probabilities of death at ages 0-34 and 35-69 at the death rates of particular calendar years, 
with the maie and female probabilities of death from smoking at ages 35-69 shaded 
Rates are calculated from WHO mortality data and UN population estimates, and are standardised to a uniform age distribution (so the standardised rate tir 
a 35-year age range is the mean of the 7 rates 'n the component 5-year age ranges). 
The mortality attributed to smoking is estimated indirectly from the national mortality statistics (using the absolute lung cancer rate as a guide to the traction 
of the deaths from other causes, or groups of causes, attributable to smoking). 
From Peto etal. (1992, 1994). Update of figures, covering the period 1950-2000, avai able on www.deathsfromsmoking.net. 
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United States, 1950-2000 
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Figure i0. USA, 1950-2000. Total annual cancer mortality rates at ages 0-34 and 35-69 years, with the total male and total 
female rates at ages 35-69 years subdivided into the parts attributed, and not attributed, to smoking 
Rates are calculated from Will mortality data and UN population estimates, and are standardised to a uniform age distribution (so the standardised rate for 
a 35-year age range is the mean ut the 7 rates in the component 5-year age ranges). In the absence of other causes it death, an annual rate of death of 
R per 100 000 would correspond t0 a 35-year probability of death of 1-exp (-35R1100 000). Thus, a rate of 300 would correspond to a probability of 10%. 
The mortality attributed to smoking is estimated indirectly from the national mortality statistics (using the absolute lung cancer rate as a guide to the fraction 
of the deaths from other causes, or groups of causes, attribu able to smoking). 
From Peto etal. (1992, 1994). Update of figures, covering the period 1950-2000, ava ladle on www.deathsfromsmoking.net  

24 



The hazards of smoking and the benefits of stopping. lancer modality and overall modality 

1950-2000: UNITED ЅТАТES 
Population risk of a 35-year-old dying at ages 35-69 from smoking (shaded) or from 

PopuEation any cause (shaded and white) "e.g., at year 2000 male death rates out of 100 men 
risk of aged 35, 27 would die before age 70 (with 8 of these deaths attributed to smoking) 
dying at 
agas 0-34 
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Note: Most of those killed by smoking would otherwse have survived beyond age 70, but a minority 
(shaded area to right of dotted line) would have died by 70 anyway 
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Figure 11. U1 А, 1950-2000. Probabilities of death at ages 0-34 and 35-69 at the death rates of particular calendar years, with 
the male and female probabilities of death from smoking at ages 35-69 shaded 
Rates are са  culated from WHO nrortality data and UN population estimates, and are standardised to a uniform age distribution (so the standardised rate for 
a 35-year age range is the mean of the 7 rates in the component 5-year age ranges). 
The mortality attributed to smoking is estimated indirectly from the national mortality statistics (using the absolute lung cancer rate as a guide to the fraction 
of the deaths from other causes, or groups of causes, attributable to smoking). 
From Peto of al. (1992, 1994). Update of figures, covering the period 1950-2000, available on www.deathsfromsmoking.net. 
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half of the overall mortality among 
men in middle age, and the death rates 
from smoking among women were 
rising. Over the past few decades, how-
ever, there has been widespread ces-
sation, a substantial decrease in the 
male death rates and, more recently, 
some decrease in the female death 
rates from smoking in the UK. Had UK 
female smokers all continued smoking, 
there could well have been a substan-
tial rise in the UK female death rates 
from smoking in recent decades 
instead of the moderate decrease 
actually seen. 

In Poland (Figures 8 and 9), the main 
increase in cigarette smoking took place 
around the middle of the century among 
males, and was followed by a large 
increase in tobacco-attributed mortality 
during the second half of the century (to 
levels comparable with those seen 
earlier in the UK). However, a decrease in 
smoking during the 1990s has been asso-
ciated with the start of a decrease in this 
mortality. Women have thus far been less 
severely affected than men in Poland, 
although young Polish women who smoke 
will also face substantial hazards if they 
da not stop. 

In the USA (Figures 10 and 11), a 
rapid increase in tobacco-attributed 
mortality among males was still in 
progress when it was halted (before the 
cancer or overall death rates from 
smoking were as high as they had been 
in the United Kingdom, and would 
become in Poland) by a substantial 
decrease in cigarette consumption over 
the past few decades. Since 1970 male 
lung cancer mortality in early middle age 
has fallen substantially, and male lung 
cancer mortality at later ages is begin-
ning to do likewise. The death rate from 
smoking among women in the USA was 
still very low in 1950, but it rose rapidly 
and by the 19905 the female death rates 
attributed to smoking in the USA were 
among the worst in the world, although 
(as in men in the USA) the rise was  

eventually halted by a decrease in 
cigarette consumption. Again, had US 
female smokers all continued smoking, 
there could well have been a substantial 
rise in recent decades in the U5 female 
death rates from smoking. 

The methods used in these three 
populations to estimate smoking-
attributed mortality, past and present, 
are indirect, so the absolute death rates 
in Figures 6-11 are somewhat uncertain 
(although they cannot be greatly in error 
for smoking-attributed cancer mortality, 
as most of this involves lung cancer), 
and some of the recent changes in the 
overall mortality attributed to smoking 
may be due to factors other than cessa-
tion, such as changes in other causes of 
vascular disease, or in its treatment. 
Nevertheless, the overall patterns 
should be reasonably trustworthy, 
confirming the enormous potential 
relevance of smoking cessation to over-
all mortality rates in such countries, and 
the practicability of substantial changes 
accumulating over a period of several 
years. This is true both in populations 
where smoking is already a major cause 
of death and in populations where it is 
not, but where it could become so if 
current smoking patterns persist. 

Worldwide trends 

Worldwide, about 100 million people a 
year reach adult life. Based on present 
smoking patterns about 50% of the 
young men and 10% of the young 
women will start to smoke, and most 
will continue. Of those who continue to 
smoke cigarettes or bidis, whether in 
Asia, America, Africa or Europe, about 
half will eventually be killed by their 
habit (unless they die before middle 
age of something else). Hence, if more 
than 20 million of these 30 million new 
smokers a year continue smoking ciga-
rettes, and do not stop, and half of 
those who do so are killed by it, then 

eventually more than 10 million people 
per year will be killed by tobacco. 

Based on current smoking patterns, 
worldwide annual mortality from tobacco 
is likely to rise to about 10 million per 
year (i.e. 100 million per decade) by 
around the year 2030 (Peto et at 1994, 
2001), and will rise somewhat further in 
later decades. Tobacco is therefore 
expected to cause about 150 million 
deaths in the first quarter of the twenty-
first century and 300 million in the 
second quarter. Predictions for the third 
and, particularly, the fourth quarter of the 
century are inevitably more speculative. 
However, if over the next few decades 
about 30% of the young adults become 
persistent cigarette or bidi smokers and 
about half who da are eventually killed 
by it, then about 10-15% of adult mortal-
ity in the second half of the century will 
be due to tobacco smoking (probably 
implying more than 500 million deaths 
due to tobacco in the second half of the 
century; Table 3). 

The number of tobacco deaths pre-
dicted to occur before 2050 cannot be 
greatly reduced unless a substantial 
proportion of the adults who have 
already been smoking for some time 
give up the habit. A decrease over the 
next decade or two in the proportion of 

јrК1 tС1 8ССо  d4 thе  ?1; г  

Period (years) Tobacco 
__ deâth~1Y1i1IiOr151 

2000-2024 .150 

2025-2049 -300 

2050-2099 >500 

Total, 21st century -1000 

20th century, 
for comparison -.100 

Source: Peto & Lopez (2001) 
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children who become smokers will not 
have its main effects on mortality until 
the middle and second half of the cen-
tury. The effects of adult smokers quitting 
on deaths before 2050 and of young 
people not starting to smoke on deaths 
after 2050 will probably be approxi-
mately as follows: 

QыtЁing: If many of the adults who now 
smoke were to give up over the next 
decade or two, thus halving global cig-
arette consumption per adult by the 
2б20s, this would prevent about one-
third of tobacco-related deaths in the 
2020s and would almost halve 
tobacco-related deaths thereafter. 
Such changes could avoid about 20 or 
30 million tobacco-related deaths in 
the first quarter of the century and 

could avoid 100 million in the second 
quarter. 

® Not starting: If, by progressive reduc-
tion over the next decade or two in 
the global uptake rate of smoking by 
young people, the proportion of young 
adults who become smokers were to 
be halved by the 2020x, this would 
avoid hundreds of millions of deaths 
from tobacco after 2050. It would, 
however, avoid almost none of the 156 
miilion deaths from tobacco in the first 
quarter of the century, and would 
probably avoid 'only' about 10 or 20 
million of the 300 million deaths from 
tobacco in the second quarter of the 
century. 

Thus, using widely practicable ways of 
helping large numbers of young people 
not to become smokers could avoid  

hundreds of millions of tobacco-related 
deaths in the middle and second half of 
the twenty-first century, but not before. In 
contrast, widely practicable ways of 
helping large numbers of adult smokers 
to quit (preferably before middle age, but 
also in middle age) might avoid one or two 
hundred million tobacco-related deaths in 
the first half of this century. Large num-
bers of deaths during the second half of  
the century could also be avoided if many 
of those who, despite warnings, still start 
to smoke in future years could be helped 
to stop before they are killed by the habit. 
Such calculations suggest that the effect 
of quitting could be more rapidly apparent 
on a population scale than the effects of 
not starting ta smoke. Both, however, are 
of great importance. 
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Mechanistic Understandings ®f: 
Lung Cancer, Cardiovascular Diseases and 
Chronic Obstructive Pulmonary Disease 

Tobacco Smoking Carcinogenesis and the Biology of Persistent Lung Cancer Risk 

Introduction 

Biomarkers of Gene Damage 

Tobacco smoking has been causally 
associated with the development of 
human cancers of the lung, oral cavity, 
nano-, еro-, and hypopharynx, nasal 
cavity and paranasal sinuses, larynx, 
oesophagus, stomach, pancreas, liver, 
kidney (body and pelvis), ureter, urinary 
bladder, uterine cervix and bone marrow 
(acute myeloid leukemia) ('ARC 1986, 
2004). More than one in every 5 cancer 
deaths in the world in the year 2000 were 
caused by smoking, making it possiЫy 
the single largest preventable cause of 
cancer mortality (Ezzati et al., 2005). 
This section will focus on gene expres-
sion in the lung following cessation of 
cigarette smoking. 

Tobacco smoky is a complex mixture 
that may lead to cancer through several 
mechanisms. Included among the 1010 
particulates/ml and 4800 compounds of 
tobacco smoke (Hoffmann & Hecht, 
1990) are 66 carcinogens evaluated by 
the International Agency for Research 
on Cancer (‚ARC) as having `sufficient  

evidence for carcinogenicity' in labora-
tory animals or humans (Hoffmann et at, 
2001). Of these, polycyclic aromatic 
hydrocarbons and the tobacco-specific 
nitrosamine 4-(methyInitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) are likely to 
play major roles (Hecht, 1999a). In addi-
tion, inducers of reactive oxygen species 
(ROS) like NO, NО2, peroxynitrite and 
nitrosamines initiate, promote or amplify 
oxidative DNA damage (Church & Pryor, 
1985; Zhang et aI., 2002). 

Several points may be summarized 
from the comprehensive review of 
tobacco carcinogenicity and its mecha-
nism within the recent 'ARC Monograph 
volume 83 (IARC, 2004). Cells oxy-
genate most carcinogens using 
cytochrome P450 enzymes to convert 
carcinogens into an excretable form 
(Guengerich & Johnson, 1997). 
Excretion of oxygenated carcinogens 
may be facilitated by Phase II enzymes 
such as g'utathlone S-transferases 
(Beland & Kadlubar, 1985). However, 
some electrophilic oxygenated carcino-
gens seek the electrons on DNA and 
form covalently bound adducts. Six 
tobacco smoke carcinogens have been  

demonstrated to form DNA adducts in 
human tissues: benzo[ajpyrene (BaP) 
('ARC, 1983, 1987), 4-(N-nitrosomethy-
lamino)-1-(3-pуridуl)-1-bгtanone (NNK) 
(1ARC, 1985; Hecht et a1., 1994), N-
nitrosodimethylamine (NDMA) ('ARC, 
1978; Shuker & Bartsch, 1994), N'-
nitrosonornicotine (NNN) ('ARC, 1985; 
Hecht eta1., 1994), ethylene oxide ('ARC, 
1994а) and 4-aminobiphenyl (4-ABP) 
('ARC, 1972; Kadlubar, 1994). Nitro-
samines are direct-acting, nicotine-
derived carcinogens in tobacco smoke 
that (unlike РАН) do not require activation 
to form DNA adducts (Hoffmann & Hecht, 
1985). DNA adducts are central to the 
carcinogenic process induced by these 
agents (Hecht, 1 999а; Tang et a1., 2001). 

Cells can remove adducts and repair 
the DNA to its normal structure 
(Memisoglu & Samson, 2000; Pegg, 
2000; Hanawalt, 2001; Norbury & 
Hickson, 2001). Naturally occurring poly-
morphisms or acquired tobacco-related 
damage of DNA repair genes OGG1 (8-
oxoguanine glycosylase 1), XRCC1 
(X-ray repair cross-complementing 
group 1), XPC(xeroderma pigmentosum 
C), XPD, XPF and XRСС3 have been 
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associated with lower DNA-adduct 
repair capacity and higher risk of lung 
cancer (David-Beabes & London, 2001; 
Spitz et at, 2001; Liang et a1., 2003; 
Zhou et a1., 2003; Ito et a1., 2004). 
Studies have shown that the levels of 
carcinogen-DNA adducts in the tissues 
of smokers exceed those of nonsmokers. 
Carcinogen uptake, activation and 
binding to cellular macromolecules 
including DNA are higher in smokers 
than nonsmokers. Serial samples from 
40 heavy smokers enrolled in a smoking 
cessation program demonstrated a 
significant reduction in mean PAH-DNA 
and 4-ABP-Hb adducts after cessation 
in all persons who were cotinine-verified 
quitters for at least 8 months (Mooney et 
aI., 1995). The balance between 
metabolic activation and metabolic 
detoxification, as well as the efficiency of 
DNA repair pathways, may define 
cancer risk in an individual exposed to 
polycyclic aromatic compounds (PACs). 

Persisting BаР  diol-epoxide-DNA 
adducts (primarily with the exocyclic 
amino group of guanosine) can lead to 
replication (meiotic) errors (G:C to T:A 
transversions) (Law, 1990). This reaction 
has been shown to be responsible for 
activating mutations in the IRAS-1 
proto-oncogene (Marshall et al., 1984; 
Vousden et at, 1986) and inactivation of 
the tumour suppressor gene ТР53 
(Hecht, 1999b). The gene most 
frequently found to be mutated in 
smoking-associated lung tumours is 
ТР53 (Hernandez-Boussard & Hainaut, 
1998; Hainaut & Pfeifer, 2001; Hussain 
et at, 2001; 'ARC, 2004). ТР53 muta-
tions are more common in smokers than 
in nonsmokers, and the frequency of 
ТР53 mutations shows a direct correlation 
with the number of cigarettes smoked. 
ТР53 mutations are found in preneo-
plastic lesions of the lung, indicating that 
they are early events in cell transforma-
tion. The ТР53 mutation spectrum in 
lung tumours of smokers contains 30% 
GC to TA transversion, while only 10% of 

ТР53 mutations in nonsmoker lung 
cancer are of this type. Mutations at 
K-RA5 codons 12, 13, or 61 occur in 
approximately 30% of lung adenocarci-
nomas of smokers and also are primarily 
GC ta TA transv®rsions (as seen in 
ТР53) (5lebos et at, 1991; Husgafvel-
Pursiainen et al., 1993; Westra et al., 
1993; Gealy et al., 1999; Ahrendt et al., 
2001). Mutations in other genes such as 
FRIT, BСL-2, and BA)', loss of heterozy-
gosity (LOI) at specific chromosomal 
locations and gene overexpression 
( ТР53, 11012) have also been 
characterized in smoking-associated 
tumours ('ARC, 2004). 

Gene expression also may be altered 
by epigenetic mechanisms (without 
change in the DNA code) (Wolffe & 
Matzke, 1999). For example, during 
development imprinted embryonic cells 
epigenetically regulate programs of 
gene expression in precursor cells and 
their descendants (Reik et at, 2001). 
Methylation of cytosine located upstream 
of guanine (CpG dinucleotides) in the 
regulatory (promoter) region of specific 
genes results in transcriptional silencing 
in cancer (Laird & Jaenisch, 1996; Jones 
& Laird, 1999). Several studies have 
shown that promoter hypermethylation 
of critical pathway genes could identify 
potential biomarkers for lung cancer 
(Belinsky et a1., 1998, 2005). Recently, 
Baylin & Ohm (2006) have proposed that 
epigenetic mechanisms may lead to 
alteration of ТР53 chromatin through the 
S1RT1 histone deacetylase, inhibiting its 
transcription and impairing the ТР53 
response to DNA damage. Figure 1 
diagrams one pathway toward lung 
carcinogenesis. This model illustrates 
the fundamental role of nicotine 
addiction to the chronic presentation of 
carcinogens to the airway epithelium. In 
10-15% of smokers, this chronic 
exposure leads to molecular lesions 
(genetic and epigenetic) which in the 
presence of reduced metabolic detoxifi-
cation result in the reduced repair  

capability and/or loss of the ТР53 gate-
keeper that overwhelm cellular defenses 
and ultimately lead to lung cancer 
(Hecht, 1999b; Shields, 1999). 

The mulfistep cancer prcgrеssl®п  model 

The logarithmic increase of human 
cancers with aging has led to the hypoth-
esis that the development of cancer 
requires four to seven rate-limiting 
stochastic events (Armitage & Doll, 
1954; Renan, 1993). The concept of 
multi-step carcinogenesis is supported 
by description of the pathology 0f cancer 
of a variety of organs that shows a step-
wise morphologic progression from 
normalcy through invasive cancer 
(Foulds, 1954; Saccomanno etal., 1974). 
This Darwinian acquisition of numerous 
genetic changes which confer one or 
another type of growth advantage has 
been conceptually simplified by 
Hanahan and Weinberg ( 2000) into six 
essential alterations in cell physiology 
that define progression toward malig-
nancy: self-sufficiency in growth signals, 
insensitivity to growth-inhibitory signals, 
evasion of programmed cell death 
(apoptosis), limitless replication poten-
tial, sustained angiogenesis, and tissue 
invasion and metastasis. 

Multistage tobacco-related canine-
genesis is accompanied by two 
corollaries: 1) cancer risk increases with 
duration of (smoking) exposure, and 2) 
interruption of carcinogenic exposure 
before cell transformation inhibits cancer 
progression. Smoking cessation, for 
example, confines the risk of cancer to 
existing damage that would persist 
through daughter generations until 
resolved by repair or apoptosis. While 
smoking cessation, particularly at an 
early age, greatly reduces the risk of 
subsequent lung cancer (Pete et a1., 
2000), prolonged smoking often leads to 
tobacco-specific molecular lesions in the 
nonmalignant bronchial epithelium, 
similar to those found in lung cancers, 
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F1gure 1. steps in molecular progression to lung cancer 

This mode' illustrates the role of nicotine addiction and the chronic presentation of carcinogens to the airway epithelium in the induction of 
mutations in key genes leading to lung cancer. 
РАН  = polycyclic aromatic hydrocarbons 
NNK = 4-(methylnitrоsamino)-1-(3-pyridyl)-1-butanone 

Adapted from Hecht, JNCI 1999, 91: 1194-1210 by permission of Oxford University Press 

that may persist for many years after 
smoking cessation (Wistuba et at., 
1997). Progression of preneoplastic 
lung lesions may be held in check by 
activation of the DNA damage response 
through the ATM/ATR dependent check-
points which depend downstream on an 
intact ТР53 response (Bartkova et a1., 
2005; Gorgoulis et al., 2005). 

Field carcinogenesis 

The tennis-court-sized surface of the 
respiratory epithelium is widely affected 
by tobacco smoking, leading to multiple 
sites of epithelial and inflammatory cell 
stimulation and corresponding molecular 
changes, referred to as "field canceriza-
tien" (Slaughter et at., 1953; Strong et 
a1., 1984). It is not surprising that chronic 
tobacco smoke exposure leads airway 
epithelial cells to alter gene expression. 
Even biopsies of histologically non-
malignant bronchial epithelium of current 
and former smokers have shown genetic 
and epigenetic lesions similar to those 

seen in lung cancer. (Thiberville et a1., 
1995; Wistuba et at., 1997; Belinsky et 
al., 1998; Caballero et a1., 2001). 

Autopsy studies have identified the 
presence of multiple sub-clinical lung 
cancers discovered at autopsy 
(Auerbach et at., 1961; Chan et at., 
1989) and at lung reduction surgery 
(Pigula et at., 1996). Forty years ago, 
Auerbach et a1 (1961) reported a 5-6% 
frequency of carcinoma in situ (defined 
as "lesions composed entirely of atypical 
cells with cilia absent") increasing with 
cigarettes per day in the autopsies of 
339 males who did not die from lung 
cancer. In a more recent report, 4.8% of 
210 patients being evaluated for lung 
reduction surgery (6 women and 4 men, 
all heavy smokers with severe ventilatory 
impairment) harbored unsuspected 
neoplastic lesions (Pigula et al., 1996). 
Black (2000) places the 46 "excess" lung 
cancer cases detected by chest x-ray 
and sputum cytology screening in the 
Mayo Lung Project (1% of 4618 male' 
45-70-year-old smokers screened) in  

this category as "overdiagnosis.' 
(Fontana et a1., 1991; Marcus et at, 
2000). More recently, helical CT screening 
of populations in New York, Minnesota 
and Milan have shown biopsy-confirmed 
lung cancer in 2-3% of the asymptomatic 
middle-aged male and female heavy 
smokers who volunteered for screening 
(Henschke et aI., 1999; Swensen et at, 
2002; Pastorino et at, 2003). Thus, from 
heavy smokers in the general population 
available for screening to severely 
obstructed patients considering lung 
reduction surgery, it is not unreasonable 
to suspect that 1-5% of middle-aged 
smokers may harbor indolent, clinically 
unsuspected lung cancer. This 
prevalence is substantially greater than 
the rates expected from clinical lung can-
cer actually presenting for treatment. 
These data suggest that the smoke-
exposed airway epithelium of large 
numbers of current and former smokers 

contain multiple foci of transformed cells 
at various stages of neoplastic 
progression. 
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Tobacco-specific molecular 
lesions 

Persistent Ѕmоking-lпдиcеd Epfihellai 
Gene Express jan ($IEGE) ira Forer 
Sтоkеrs 

Data are not yet available to describe the 
frequencies of combined gene mutation 
and epigenetic silencing in the lungs of 
healthy former smokers (without 
cancer). Nevertheless, the persistence 
of epithelial damage can be appreciated 
by an examination of gene expression in 
former smokers. 

To describe the cigarette smoke 
effects on gene expression by large air-
way epithelial cells of healthy subjects 
("the airway transcriptome"), Sрira and 
collaborators (2004) obtained bronchial 
epithelial cells from brushings of the 
right main bronchus and defined profiles 
of gene expression of 93 nonsmoking 
and smoking subjects using the 
Affymetrix U133A GeneChip array. 
Bronchial brushings yielded 6-8 mg of 
total RNA that was processed, labeled 
and hybridized to HG-U133A arrays 
containing .-22,500 human transcripts. 
Arrays of poor quality were excluded, as 
were those whose '90th percentile for 
the P deieсtиoпa value was >0.05 for genes 
that should be detected in epithelial cells 
or whose 80th percentile Рtаэ  есtј oп t was 

0.05 for genes that should not be 
expressed in bronchial epithelial cells." A 
total of 9968 probe sets were analyzed 
with the Affymetrix Microarray Suite 5.0 
software to provide a single weighted 
mean expression level for each gene. 
This same software was used to scale 
the data from each array (normalize) for 
interarray comparisons. Bronchoscopic 
specimens could not be collected on 
age-, race-, and gender-matched patients 
for the smoker vs. nonsmoker compar-
isons. To evaluate the effects of these 
imbalances on gene expression, the 
investigators performed a covariance 
analysis that showed no substantial  

effect of age, gender, and race on the 
normal airway transcriptome (supple-
mental data in Table 6 at http:l/www. 
pnas.orglсgilcontent/ful l/04014221011D 
G1, spira et al., 2004). Pearson 
correlation coefficients were calculated 
on replicate samples to evaluate 
variation due to technique (RNA isolated 
from epithelial cells of one patient was 
divided in half and processed separately, 
data not shown), spatial (right and left 
bronchus from same subject, R2 = 0.92) 
and temporal sources (baseline and at 3 
months from same subject, R2 0.85) 
(supplemental data Figures 5A and 5B 
at http://www.pnas.org/cgi/content/full/-
0401422101/001,  Spira of at, 2004). 
Mean expression levels for each gene 
were compared among smoking groups 
to a Student's t test probability value 
threshold based on a permutation 
analysis performed to address the multi-
ple comparison problem inherent in any 
microarray analysis. A stringent multiple 
comparison correction and p—value 
threshold were selected to identify a 
subset of genes altered by cigarette 
smoking with only a small 
probability of having a false positive. 

To facilitate other studies of the 
effects of cigarette smoking on the 
airway transcriptome," Shah and 
colleagues (2005) deposited their data in 
the Smoking Induced Epithelial Gene 
Expression (SIEGE) relational database 
accessible through a web interface, 
http:11pulm.bumc.bu.edulsiegeDB. The 
SIEGE database structure links a 
patient's clinical and sample data with 
individual gene expression values and 
respective gene annotations. Users of the 
website may perform database queries by 
selecting software scripts encoded 
through structured database query 
language (SQL). These allow users to 
write and execute user-defined SIEGE 
database searches (Shah of al., 2005). 
SIEGE conforms to the minimal informa-
tion about microarray experiment 
(hAIE) guidelines (Brazma etal., 2001). 

For this review, SIEGE was interro-
gated for genes differentially expressed 
by airway epithelial cells of all available 
former smokers (n=22) compared with 
all never smokers (n26) with a 
threshold set at a p-value of 0.001, indi-
cating a 99.99% confidence interval. 
Table 1 shows the demographic charac-
teristics of the former and never smokers. 
The average age of the former smokers 
(FS) is 57 years, slightly more than half 
(55%) are African-American, 68% are 
male and the average number of years of 
smoking cessation is 12.5 (median 8 
years). The never smokers (N5) are sig-
nificantly younger (average age 34 
years). Neither the gender distribution 
nor the greater heterogeneity of races is 
significantly different when comparing 
former to never smokers. Since the gene 
expression values are not age-adjusted, 
some component of the F5/NS 
differential expression may be associated 
with age and not to the lingering damage 
from smoking. Yet, since spina (2004) 
had found no effect of age on the NS 
transcriptome, the smaller age coefficient 
of variation (CV) obtained 'гn former 
smokers provides some reassurance 
that any age effect on the FS/NS 
differential gene expression is likely to be 
minor. 

This query resulted in 50 differentially 
expressed genes, 16 overexpressed and 
34 underexpressed by former smokers. 
These 50 genes are listed in Table 2A 
ranked by FS/NS expression ratio. The 
genes for which a functional annotation 
could be obtained from Entrez Gene, 
EASE and GO (Ashburner et al., 2000) 
are listed in Table 2B, classified by 
biological 	process 	and 	relative 
expression. From these 50 genes were 
identified 11 whose annotated functions 
might contribute to airway carcinogenesis. 
From their highlighted notation in Table 
2B, these 11 genes primarily address 
cellular growth, proliferation and cell 
signaling. In Table 3, these 11 genes are 
ordered by their FS/NS expression ratio, 
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smoking Status 
Former 	Never 	Test 	p-value 

Description if sample 	(n = 22) 	(n = 26) 

Age 
Average (years) 57.2"' 33.7 	t 	5.3 	З.06Е-o6 
Standard deviation 16.7 13.8 
Coefficent of variation (cv) 29.2 41.0 

Race (%) 
African American 54.5 23.1 	= 7.7 	0.05 
Caucasian 45.5 57.7 
Hispanic 0.0 15.4 
Other 0.0 3.6 

Mechanistic understandings of: lung cancer, CVD and COPD 

Gender (%) 
Female 	 31.8 
Male 	 68.2 

Cessation interval 
Average (years) 	 11.5 
Median (years) 	 8 
Range (years) 	 0 46 

Pack-years 

Average 	 37.6 

and their cytogenetic location is provided 
(1р13.3, 1р22.1, 1р36.33, 1g21, 2р16.1, 
Зр21.1, 4р16, 9р22. 16g12, 17g22 and 
19g13.2). Of these 11 genes, three were 
upregulated and 8 were downregulated, 
as follows: 

Overexpressed in bronchial epithelial 
cells of former smokers compared to 
never smokers 

СЕАСAМ6: Carcinoembryonic antigen-
related cell adhesion molecule 6 is a 
member of the glycosylphosphaudylinositol 
(GPI)-linked immunoglobulin super-
family found to be an important 

determinant of malignant phenotype in a 
variety of gastrointestinal malignancies. 
Upregulation of СЕАСАM6 expression in 
hyperplastic polyps and early adenomas 
represents one of the earliest observable 
molecular events leading to colorectal 
tumours (dantscheff et al., 2003); upregu-
lation of СЕАСАМ6 in former smokers 
might have analogous results. СЕА-
САМ6 and its downstream targets have 
been recently described as determining 
pancreatic adenocarcinoma cellular 
invasiveness (Duxbury et al., 2004). 

OAK: Cyclin G Associated Kinase is a 
serinelthreonine kinase that exhibits 

high homology outside its kinase domain 
with auxilin (Lee et al., 2005). Like 
auxilin, GAK mediates binding of clathrin 
and adaptors to the plasma membrane 
(and the trans-Golgi network). OAK 
modulates internalization of both 
transferrin and epidermal growth factor 
receptors (EGFR) (Lee et a1., 2005), 
suggesting an influence on signaling. 
EGFR- mediated signaling results in cell 
proliferation or differentiation associated 
with increased propensity for cell 
transformation and tumour formation 
(Schlesinger, 2000). Upon ligand 
stimulation, EGFRs are activated by 
autophosphorylation and internalized, at 
least in part through clathrin-mediated 
endocytosis (Schlеssinger et a1., 1983). 
Internalized receptors then are delivered 
to the lysosome and degraded or 
recycled to the cell surface. As the 
receptor transits through the cell's 
interior, various EGF-mediated signaling 
molecules are activated, including extra-
cellular signal-regulated kinases 112 
(ERK112) via the Rastraf pathway 
(Robinson & Cobb, 1997; schlessinger, 
2000), and Akt via the phosphatidylinositol 
3-kinase pathway (Cantley, 2002). 
Down-regulation of GAK resulted in out-
growth of cells in soft agar, raising the 
possibility that loss of GAK function may 
promote tumorigenesis (Zhang et a1., 
2004). The consequence of over-
expression of GAK (as seen in former 
smokers) is not yet determined. 

UBAPI: Ubiquitin associated protein 1 is 
a member of the UBA domain family, 
whose members confer target specificity 
to multiple enzymes of the ubiquitination 
system. (elan eta1., 2001). An increased 
degradation of suppressor proteins, 
such as p53 or p27, by the ubiquitin 
system could be oncogenic; conversely, 
a lack of degradation of cell cycle-
promot!ng proteins, such as the v-fis 
and v-jun products, could be oncogenic 
(Pallares-Trujillo et a1., 1997). Taking into 
account its cytogenetic location (9р22-21), 

26.9 	{.= -0.1 	0.77 
73.1 

The SIEGE database links a patient's clinical and biological sample data with individual gene 
expression values (spira etal., 2004; Shah etal., 2005) 

Values reported in this table are the results of a de nove query arid are shown in italics 
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AFFX_IDd F N PVALb FS/N5 Ratio GENBANK ‚DC GENBANK Location sNPd 
description 

202620_s_at 0.00033308 1.8814212 N 1000935 procollagen-lysine, 3q23-q24 SNP_5352 
2-охоglutагаtе  5-diuxygenase 
(lysine hydroxylase) 2 

218610_s_at 0.00072537 1.78843887 NI_01 8340 hypothetical protein FUi 1151 I бр1 3.13 5NP_55313 

201431_s_at 0.00006062 1.7564.8426 N l_001387 di hydropyrimidinase-like 3 5q32 BN P_1809 

217755_at 0.00004385 1.7412881 NI_016185 hematological and neurological 17q25.2 SNP_51155 
expressed 1 

211657_at 0.0004723 1.59085804 118728 carcinoembryonic antigen-related 19g13.2  sN P_4680 
cell adhesion molecule 6 (non- 
specific cross reacting antigen) 

2141 06_s_at 0.00033354 1.51393292 А17621 13 "GDP-rnannose 4,6-dеhуdгatasе" 6р25 SNP_2762 

218503_at 0.0001274 1.45972167 NI_017794 К1АА1797 9р2i SNP_54914 

202281_at 0.00025561 1.43178932 NI_005255 cyclin G associated kinase 4рlб  SNP. 2580 

200967_at 0.00065002 1.43098509 NI_000942 peptidylprolyl isomerase В  15q21-q22 SNP_5479 
(cyclophilin В) 

208898_at 0.00067413 1.38985512 Аг07761 4 "ATPase, 1+ transporting, 
lysosomal З4kDa, Vi subunit 14q23-q24.2 sNP_51 382 

220964_s_at 0.00064422 1.36054263 NI_030981 "ААВi В, member HAS 
oncogene family " 11q12 5NP_81876 

221507_at 0.00079181 1.32741003 ВG258639 "transportin 2 (irnportin 3, 19р13.2 5NP_30000 
karyopherin beta 2b)" 

219299_at 0.00080772 1.32174034 NI_017956 hypothetical protein FLd20772 8q24.lЭ  5NP_55039 

200599_s_at 0.00049698 1.29153066 NI_003299 tumor rejection antigen (gр9б) 1 12q24.2-q24.3 SNP_7184 

46270_at 0.00082068 1.2493878 AL039447 ubiquitin associated protein 1 9р22-р21 SNP_51271 

200757 s_at 0.00057839 1.19889932 NI_001219 calumenin 7q32 SNP_813 

203445_s_at 0.00088085 0.87466922 NI_005730 "CTD (carboxy-terminal domain, 12q13-q15 GNP_1 01 06 
ANA polymerase Il, polypeptide 
A) small phosphatase 2 " 

201 064_s_at 0.00040051 0.80796488 NI_003819 poly(A) binding protein 1 р32-рЭб  SNP_8761 

cytoplasmic 4 (inducible form) ' 

202360_at 0.00041074 0.79717116 N I_014757 mastermind-like 1 (Drosophila) 5q35 5NP_9794 

48612_at 0.00073978 0.7935941 АА225490 hypothetical protein FLdЭ1821 16q12.1 SNP_146268 
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в  a 	в  

AFFX 1Da F N PVALb F51NS Ratio GENBANк  IDC GENBANK Location sNPd 
description 

218306_s_at 0.00053994 0.77697076 NI_003922 hect (homologous to the 15g22 SNP_8925 
Е6-АР  (UBЕ3А) carboxyl 
terminus) domain and RCC1 
(CHC1)-like domain (RLD) 1 

219940_s_at 0.00094399 0.76189006 NI_018386 hypothetical protein FLJ11305 13g34 SNP_55795 

201997_s_at 0.00003772 0.74712113 NI_015001 SMART/HDAC1 associated 1р36.33-X36.11 5NP_23013 
repressor protein 

203740_at 0.00061719 0.73946929 NM 005792 M-phase phosphoprotein 6 16g23.3 SNP_10200 

213295_at 0.00013467 0.73527999 АА555096 cylindromatosis (turban tumor 16g12-q13 5NP_1540 
syndrome) 

200937_s_at 0.00045695 0.72570523 NM 000969 ribosomal protein L5 1p22.1 SNP_6125 

205489_at 0.00018136 0.72061577 NM 001888 "crystallin, mu " 16р13.11-р12.3 SNP_1428 

203378_at 0.00022184 0.70261664 АВ020631 pre-mRNА  cleavage complex Il 11g13 SNP_51585 
protein Pcf11 

220755_s_at 0.00043697 0.69454732 NI_016947 chromosome 6 open reading 6p21.3 SNP_50854 
trame 48 

208798_х_at 0.00086306 0.67875023 АF204231 golgin-67 15g11.2 SNP_23015 

204382_at 0.00051709 0.6736213 NM_015654 DKFZP564C103 protein 17g25.2 SNP_26151 

203638_s_at 0.00013277 0.67138275 NM__022969 'fibroblast growth factor receptor 10g26 SNP_2263 
2 (bacteria-expressed kinase, 
keratinocyte growth factor 
receptor, craniotacial dysostosis 
1, Crouzon syndrome, Pfeiffer 
syndrome, Jackson-Weiss 
syndromeу  

210347. s_at 0.00007791 0.66514071 АF08б216 B-cell CLL(lymphoma lIA (zinc 2p16.1 SNP_53335 
finger protein) 

21 1004_s_at 0.00080829 0.65604347 В0002553 "aldehyde dehydrogenase 3 11 q13 SNP_221 
family, member B1 " 

207547_s_at 000058863 0.65046545 NI_007177 TU3А  protein 3p2l.1 SNP_11170 

201562 sat 0.00004862 0.64839184 NI 003104 sorbitol dehydrogenase 15g15.3 SNP_6652 

205752_s_at 0.00012478 0.64093046 NI_000851 glutathione 5-traпsferase 15 1p13.3 5NP_2949 

212230_at 0.00015284 0-63258006 АV725664 phosphatidic acid phosphatase 1pter-р22.1 SNP_8613 
type 2B 
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AFFX 9D 	F N PVALb 	F51NS Ratio GENBANK hDC 	G~NBАNК 	 Lоcatдoп 	SNPd 
description 

207913 at 	0.00026546 	0.62450786 NM_000774 "cytochrome P450, family 2' 19g13.2 SNP_1572 
subfamily F, polypeptide 1 " 

205405_at 	0.00051687 	0.61887887 NI_003966 "sema domain, seven thrombo- 5р15.2 SNР_9037 
spondin repeats (type 1 and type 
1-like), transmembrane domain 
(TI) and snort cytoplasmic 
domain, (semaphorin) 5A 

218576_s_at 	0.00080193 	0.60851745 NM_007240 dual specificity phosphatase 12 1g21-p22 SNP_11266 

213228_at 	0.00402634 	0.60039769 АК023913 phosphodiesterase 8В  5g14.1 5NP_8622 

204754_at 	0.00037455 	0.59244992 waoaoo hepatic leukemia factor 17g22 SNР_3131 

215190 at 	0.00087568 	0.58734254 АV717062 dendritic cell protein 11p13 SNР_10480 

217629 at 	0.00007568 	6.55651177 АА365670 Transcribed sequence with --- --- 
strong similarity to protein sp: 
P00722 (E. coil) BGAL_ECOLI 
Beta galactosidase 

200878_at 	0.00000139 	0.54652474 АF052094 endothelial PAS domain 2р21-р16 SNP_2034 
protein 1 

216557 х  at 	0.00002723 	0.53152499 U92706 immunoglobulin heavy constant 14g32.33 5NР_3500 
gamma 1 (01m marker) 

209821_at 	0.00076114 	0.52773746 АВ024518 chromosome 9 open reading 9p24.1 SNР_90865 
frame 26 (NF HEV) 

211734_s_at 	0.00008407 	0.51216168 8С005912 "Fc fragment of IgE, high affinity l,1g23 5NР_2205 
receptor for; alpha polypeptide " 

204734 at 	0.00014456 	0.47458065 NI 002275 keratin 15 17g21.2 SNР__3866 

*Smoking Induced Epithel al Gene Expression (SIEGE). The SIEGE database links a patient's clinical and biological sample data with 
individual gene expression values (Spira of al., 2004; Shah et a1., 2005). 
a - gene annotation identity number (for each probe) in the October 2003 NETAffX HG-U133A Annotation files I 
b = p-value for the comparison former versus never smokers 
c = NIH genetic sequence database identity number 
d - single nucleotide polymorphisms 
Values reported in this table are the results of a de novo query. 
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Biological Process Expression Upregulated in FS Expression Downvegulated in FS 

Alcohol metabolism ALDHЭB1; SORD 

Amino acid phosphorylation FLJ11151 

ATP biosynthesis AТP6V1 D 

Carbohydrate metabolism GMDE SORD 

Cell adhesion GMDS СYP2F1 

Cell communication DРYSL3; GMDS; RABiB FGFR2; SEMA5A; РDЕбВ  
Cell growth/maintenance OAK; RAB1 B; ТNРО2; ATPбVID HERC1; RРL5;1UЗ/t; РРАР2В; DUЅРI2; нLг- 
Cеll motility РРАР2В  
Cell proliferation OAK МPHО5РH6 

Coenzyme metabolism AТP6VID 

Cytoplasm organization RPL i 
Dephosphorylation DUSPI 2  

Development MAML1; FGFR2; SEMA5A; ILF; KRТ15 

DNA Recombination FLJ31621 

Gametogenesis/reproduction РРАР2В  
Hemostasis/Blood Coagulation РАВРС4 

lntracelluar transport RAB1 B 

intracellular signaling RAB1 B 

Ligase Activity HERC1 

Lipid metabolism 
Macromolecule biosynthesis РАВРС4; RРLS; GSТW5 

Macromo ecule catabolism LPBАР1 РАВРС4 

mRNA cleavage PCF11 

Neurogenesis MAIL'; SEМA5A 

Nucleic acid metabolism DPYGL3; GMDS; ATPGVID РАВРС4; FLJ31821; S1А.RP; BCL11 A; PDE8B 

Nutleocytoplasmic transport ТNРО2 

Phosphorus metabolism FLJ11151; OAK FGFR2; DU5Р12 
Protein biosynthesis РАВРС4; RPL5 

Protein catabolism UBAPI 
Protein folding PPIB; TRA1 

Protein metabolism CEAСAM6, FLd11151; OAK; PLОD2; PР IВ; HERC1; RPL5 FGFR2; HLF 
ТВР02, ТRА1; UISAP1 

Protein nucleus transport 7NРО2 

Protein phosphorylation FGFR2 

Protein transport RAB1 B 

Proton transport ATPBVID 
Regulation of cell cycle OAK MPHOSPH6 
Regulation of transcription S 1АRР; PCFt1; BCL11A; HLF 
Ribosome biogenesis RРt 5 
RNA catabolism РАВРОС4 
Signal transduction DPYSL3; RAB1 B РpE8В  
Ubiquitin dependent protein catabolism DRAP' 
Vesicle-mediated transport HERC1 

'Smoking Induced Epithelial Gene Expression. The SIEСЕ  database links a patients clinical and biological sample data with individuel gene expression 
values (Spira et a1., 2004; Shah et a1., 2605). 
The taOle lists the genes for which a functional annotation was obtained from Entrez Gene, EASE and GO (Ashburner et a1., 2000). 
Values reported in this Table are the results of a de nova query. 
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Gene Name 	F NРVАL 	FIN ratio}* GENBANK i ®Ь  GENBANK деscriptiвn Location sNPC 

CEACAМ6 	0.0004723 	1.59085804 М18728 carcinoembryonic antigen- 19g13.2 SNP 468 
related cell adhesion molecule 
6 (non-specific cross reacting 
antigen) 

GAK 	 0.00025561 	1.43178932 NI 005255 сусI n G associated kinase 4р16 SNP_2580 

UBAP1 	0.00082068 	1.2493878 АL039447 ubiquitin associated protein 1 9р22-р21 5NР_51271 

SHARP 	0.00003772 	0.74712113 NI 015001 sIART/HDAC1 associated 1р36.33- SNP 23013 
repressor protein p36.11 

CYLD 	 0.00013467 	0.73527999 АА55509б  cylindromatosis (turban tumor 16g12-q13 SNP 1540 
syndrome) 

RPL5 	 0.00045695 	0.72570523 NI_000969 ribosomal protein L5 1p22.1 SNP_6125 

BCL11A 	0.00007791 	0.66514071 AF080216 B-cell CLL!lymphoma liA 2p16.1 SNP_53335 
(zinc finger protein) 

TU3A 	 0.00058863 	0.65046545 NI_007177 TUЭA protein 3р21.1 5NР_11170 

GSTМ5 	0.00012478 	0.64093046 NI_000851 glutathione S-transferase 15 1р13.3 SNР_2949 

DU5P12 	0.00080193 	0.60851745 NM_007240 dual specificity phosphatase 12 1g21-q22 5NР_11266 

HLF 	 0.00037455 	0.59244992 W60800 hepatic leukemia factor 17g22 5NР_3131 

5moking Induced Epithelial Gene Expression. The SIEGE database links a patients ducal and biological sample data with individual gene 
expression values (Spira et a1., 2004; Shah et a1., 2005). 

First three genes listed are upregulated while remaining genes are downregulated. 
д  p-value for the comparison former versus never smokers 

b NIH genetic sequence database identity number 
single nucleotide polymorphisms 

Values reported in this Table are the results of a de nove query. 

this UBA domain family member is being locate to the nuclear compartment, naling in human cancer cells (Vadlamudi 
studied as a putative target for silencing in 	interact with transcription factor RBP-'k, 	et a1., 2005). Underexpression of 
many epithelial cancers, including lung 	and activate transcription of Notch target 	SHARP in former smokers might reduce 
cancer (Wistuba etat, 1999), 	 genes (Vadlamudi et at., 2005). SHARP 	trans-criptional repression of Notch tar- 

is a novel component of the HDAC со- get (growth) genes in transformed cells. 
Underexpressed in bronchial epithelial 	repressor complex, recruited by RBP-J 
cells of former smokers compared with 	to repress transcription of target genes CPLD: This tumour suppressor gene is 
never smokers 	 in the absence of activated Notch 	mutated in familial cylindromat0sis, an 

(Oswald et at, 2002). SHARP interacts autosomal dominant that confers a 
SHARP: Notch transmembrane recep- 	with the p21-activated kinase 1 (Рak1), 	predisposition to multiple tumours of the 
tors cleave after ligand binding, leaving 	enhancing the corepressor functions of 	skin. Recent studies suggest that trans- 
the Notch intracellular domain to trans- 	SHARP, thereby modulating Notch sig- fected CYLD has deubiquitinating 
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enzyme activity, inhibits the activation of 
transcription factor NF-кB and is a major 
regulator of the JNK signaling pathway 
(Reiley et ai., 2004). Under-expression of 
CPLD in former smokers could reduce 
the inhibition of NF-xB and JNK 
stimulated (growth) gene transcription. 

RРL5: Ribosomal protein L5 (along with 
ribosomal proteins L11, and L23) acti-
vates ТР53 by inhibiting oncoprotein 
MDM2-mediated ТР53 suppression (Dai 
& Lu, 2004). The MDM2-L5-L11-L23 
complex functions to inhibit MDM2-medi-
ated p53 ubiquitination and thus activates 
р53. L5 enhances ТР53 transcriptional 
activity and induces p53-dependent G1 
cell cycle arrest (Dai & Lu, 2004). 
Underexpression of RРL5 in former 
smokers might reduce p53 half-life 
(through ubiquinated destruction) reducing 
the ability of cells with damaged DNA to 
arrest in G1 and halt replication. 

BCL11A: The B cell leukemia 11A 
protein is a transcriptional repressor 
that binds directly to a GC-rich motif 
and results in deacetylation of histones 
13 and/or 14 that were associated with 
the promoter region of a reporter gene 
(senawong et aI., 2005). The human 
locus of BCL11 A has been shown to be 
involved in a translocation event, 
t(2; 14)(рlз; q32.3), that may underlie 
some forms of chronic lymphocytic 
leukemia (CLL), suggesting that 
BCL11A may be involved in human 
lymphoid malignancies through either 
chromosomal translocation or amplifi-
cation (Satter-white et a1., 2001). The 
histone deacetylase S1RT1 probably 
underlies 	the 	mechanism 	of 
BCL1IA-mediated 	transcriptional 
repression in mammalian cells 
(5enawong et a1., 2005). The reduced 
expression of BCL11A in former 
smokers may remove the transcrip-
tional repression by inhibiting euchro-
matin deacetylation. 

ТUЗА: (DRR 1) The short arm of human 
chromosome 3 in the region of 3р14-р25 
is believed to harbor tumour suppressor 
genes based on the observation of 
frequent deletions in this region in 
several types of tumours, including lung, 
kidney, breast, and ovarian carcinomas 
(Killary of al., 1992). Wang and 
coworkers have cloned a gene they 
named DRR 1 (downregulated in renal 
cell carcinoma) and mapped it to 3р21.1 
by fluorescence in situ hybridization 
analysis (Wang et ai., 2000). The gene 
showed loss of expression in eight of 
eight renal cell carcinoma cell lines, one 
of seven ovarian cancer cell lines, one of 
one cervical cancer cell line, one 0f one 
gastric cancer cell line, and one of one 
non-small сеl lung cancer cell line. 
Although its function is not yet described, 
transfection of the gene into DRR 1-neg-
ative cell lines led to clear growth 
retardation, suggesting a role in cell 
growth and maintenance (Wang et a1., 
2000). In former smokers, reduced 
expression of this putative tumour 
suppressor gene could therefore result 
in enhanced growth. 

GSТM5: This gene encodes a 
glutathione S-traпsferase that belongs to 
the mu class. The mu class of enzymes 
detoxifies electrophilic compounds, including 
carcinogens, therapeutic drugs, environ-
mental toxins and products of oxidative 
stress by conjugation with glutathione to 
produce a water-soluble (exeretaые) 
product. The genes encoding the mu 
class of enzymes are organized in a 
gene cluster on chromosome 1р13.3 
and are known to be highly polymorphic. 
These genetic variations can change an 
individual's susceptibility to carcinogens 
and toxins as well as affect the toxicity 
and efficacy of certain drugs (Takahashi 
of al., 1993). Reduced GSTM5 
expression in former smokers would 
reduce the ability of the epithelium to 
detoxify electrophilic carcinogens. 

DUSРi2: Also called YVI1, dual 
specificity phosphatase 12 inactivates its 
target kinases by dephosphorylating 
both the phosphoserine/threonine and 
phosphotyrosine residues. Although the 
specific function of the protein is not yet 
described, it negatively regulates 
members of the mitogen-activated 
protein (MAP) kinase superfamily 
(MAPKIERK, SАРKIJNK, p38), which is 
associated with cellular proliferation and 
differentiation (Muda et a1., 1999). Loss of 
negative MAP kinase regulation in former 
smokers with reduced DUSР12 
expression might lead to enhanced 
cellular growth. 

HLF: Hepatic Leukemia Factor is 
normally expressed in liver and kidney, 
and has been found to be closely related 
to 	the 	leucine 	zipper-containing 
transcription factors DBP (albumin D-box 
binding protein) and TEF (thyrotroph 
embryonic factor) which regulate 
developmental stage-specific gene 
expression (Inaba et al., 1992). Although 
ILF (on chromosome 17) is not 
normally expressed in lymphoid cells, 
translocation 17;19 fuses an equivalent 
portion of Е2А  (chromosome 19) to the 
gene HLF, leading to expression of the 
protein Е2А-НLF (Inaba etaL, 1992).This 
translocation is associated with pediatric 
acute lymphoblastic leukemia (ALL), the 
most common form of childhood cancer. 
The oncogenic fusion protein contributes 
to leukemia development by causing 
abnormal transcriptional regulation of key 
target genes. Since the Е2А  portion of the 
fusion proteins contains transcriptional 
activation domains, and the NLF portion 
contains DNA binding domains, 
leukemogenesis may be due, at least in 
part, to excessive transcriptional 
induction of target genes defined by ILF 
(LeBrun, 2003). 

It is therefore apparent that the airway 
epithelial cells in the sample of former 
smokers 	analyzed 	in 	SIEGE 
over-express at least three genes and 
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underexpress eight genes that have been 
shown to contribute to lung cancer in 
human or model systems. This altered 
gene expression has persisted in these 
study participants for an average of 12.5 
years (median 8 years) after cessation of 
smoking. 

Alteration of bronchial epithelial сен  
gene expression of current smokers 

As reported by 5pira and collaborators 
(2004), the airway epithelial cetl 
expression of ninety-seven genes was 
altered in smokers compared with never 
smokers (differentially expressed by 
Student's ttest p < 1.06 x 10-5). Of the 97 
genes that passed the permutation 
аnaiysis, 68 (73%) represented 
increased gene expression among 
current smokers. The greatest increases 
were in genes that coded for xenobiotic 
functions such as CYP1 B1 (30-fold) and 
DBDD (5-fold), antioxidants such as 
GPX2 (3-fold) and ALDНЭА1 (6-fold), 
and genes involved in electron transport 
such as NADPH (4-fold). In general, 
genes that were increased in smokers 
tended to be involved in regulation of 
oxidant stress and glutathione metabo-
lism, xenobiotic metabolism, and 
secretion. Expression of several putative 
oncogenes 	(pirin, 	СА12, 	and 
СЕАСАM6) was also increased. Genes 
that decreased in smokers tended to be 
involved in regulation of inflammation, 
although expression of several putative 
tumour suppressor genes (TUЭA, 
sL1T1, and -2, and GАS6) was 
decreased. Changes in the expression 
of select genes were confirmed by 
real-time reverse transcription puy-
merase chain reaction (RT-PCR). 

Comparison of bronchial epithelial cell 
gene expression of former with never 
and with curreлt smokers 

Figure 2А, reproduced from Spira 
(2004), shows a multidimensional 

scaling plot of never and current smokers 
according to the expression of the 97 
genes that distinguish current smokers 
from never smokers. Also reproduced 
from spira (2004), Figure 2B shows that 
former smokers who discontinued 
smoking <2 years before this study tend 
to cluster with current smokers, whereas 
former smokers who discontinued 
smoking for > 2 years group clustered 
more closely with never smokers. 

Tobacco-associated molecular lesions 
in developing lung cancer 

The genes that showed persistent 
deregulated expression in healthy 
former smokers (without cancer) are 
shown to be similar to many of the genes 
found mutated (or lost) in lung cancer. 

The cytogenetic location of genes 
altered in former smokers (Table 3) 
corresponds to the cytogenetic changes 
reported in the development of lung 
cancer. Following the morphological 
progression from hyperplasia, to 
metaplasia, to dysplasia, carcinoma-in-
situ and finally invasive cancer, there 
seems to be a corresponding increase in 
the prevalence of Зp and 9p deletions 
along with an increase in the total 
number of chromosomal alterations, 
showing evidence of accumulation of 
genetic damage (Thiberville et ai., 
1995). Early genetic changes in 
squamous cell lung carcinogenesis 
include LOI on Зp at Зр12, Зрl4.2 
(FlIT locus) (Fong et cl., 1997; Sozzi et 
аl., 1998) and at 3p14.l-2l.2, Зр21, 
3p22-24, Зр25 (Sundaresan eta'., 1992) 
on 9р21 (Wistuba et a1., 1999). 
Morphologically more advanced lesions 
were characterized by LOI of other 
chromosome regions, particularly 1 7рlЭ  
( ТР53 gene), but also including 13q 
(RB gene), and 5q (APC-MCC region) 
as well as K-ras mutations (Chung et at, 
1995; Wistuba et a1., 1999). Table 4, 
reproduced from Sozzi (2006), 
summarizes the frequency of the  

molecular changes in established lung 
cancer. 

This review now will focus upon the 
lesions found in the epithelial cells of 
former smokers that correspond to the 
molecular lesions that lead to positive 
and negative alterations in signals for 
growth and apoptosis identified in 
established lung cancer. Particular 
attention will be paid to Зp loss/FlIT 
inactivation (TUЭA), 9p loss/p16INкаA 

inactivation (UBAP1) and 17р  loss! ТР53 
inactivation (GAK, RPL5, UBAP1). 

Зp loss/FlIT inactivation 

Chromosome arm Зp is one of the 
earliest and most frequent sites of 
genetic loss in lung cancer. To define 
potential tumour suppressor gene 
regions on Зр, Wistuba et a1. (2000) 
performed high-resolution LOI allelo-
typing using 54 microsatellite markers, 
including 19 markers in the 600-kb 
Зр21.3 region with specimens from 31 
lung cancer cell lines and a panel of 28 
Зp markers on 97 lung cancer and 54 
preneoplastic/preinvasive microdissected 
respiratory epithelial samples. Allelic 
losses of Зр  were detected in 96% of the 
lung cancers and in 78% of the 
preneoplasticlpreinvasive lesions. These 
investigators concluded that Зp allelic 
loss is nearly universal in lung cancer 
pathogenesis and involves multiple, 
discrete, LOI sites that often show areas 
of LOI interspersed with areas of 
retention of heterozygosity. They report a 
progressive increase in the frequency 
and size of Зp allele loss regions with 
increasing severity of histopathological 
preneо-plastic/preinvasive changes, and 
observed that Зp LOI was not randomly 
distributed. Preneoplastic lesions and 
frank tumour from the same patient often 
lose the same parental allele by a 
currently unknown mechanism. In their 
series, lung cancer appears to have 
allele loss and breakpoints first occurring 
in the 600-kb 3р21.3 region (Wistuba 
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Figure 2. Multidimensional scaling plot of samples from Current, Never and Former Smmkers according 
to 97 genes differentially expressed between Current and Never 5mokerж  

Reproduced from spiгa et а1., PNAS 2004; 101: 10143-10148.  Copyright 2004 National Academy 0f 5ciences, USA 
(А) samples of current (red boxes) and never (green boxes) smokers plotted according to the expression of these genes. The axes of the 
figures have no units. 

(B) The majority of former smokers (blue boxes) group closely to never smokers. However, a number of samples from former smokers are 
positioned in the grid closer to current smokers (in black circle). 

et at., 2060) that contains the tumour 
suppressor genes RАSS1А  (Dammann 
et al., 2000) and Sеmaphorin ЗB 
(SEMАЭB) (Tomizawa etal., 2001). 

This region is nearby, but not identical 
to, the ТUЗА  gene at Зр21.1 that showed 
reduced expression by former smokers' 
airway epithelial cells. The 54 micro-
satellite markers used by Wistuba (2000) 
did not include D3S1289, the marker 
directed at the 3р21.1 region affected in 
former smokers. While inclusion of this 
region might not have changed the 
Wistuba conclusions, other investigators 
who interrogated this region found 70% 
LOI for D3S1289 in lung cancer 
specimens resected from 26 lung cancer  

patients (without occupational exposure) 
(Hirose et al., 2002). 

Multiple genes residing on chromo-
some Зp are important in the 
development of lung cancer. Sozzi and 
collaborators (2006) refer to the 
complexity of this region and nicely 
summarize how the biologic complexity of 
Зp silencing mechanisms (point 
mutation, LOI, epigenetic silencing, 
hap loinsufficiency), 	compounded by 
variability and accuracy of investigator 
methods (LOH, comparative genomic 
hybridization (CGH), single nucleotide 
polymorphism (SNP)), has made this 
region so difficult to map for tumour 
suppressor genes (Sozzi et al., 2006). 

Zabarovsky etal. (2002) reaffirm that loss 
of expression of DRR1 (TUЭA) may play 
an important role in the development of 
epithelial tumours; thus this gene needs 
to be studied in lung cancer. Perhaps the 
observation that this gene is down regu-
lated in the airway epithelium of former 
smokers and is adjacent to the region 
almost always silenced in lung cancer will 
lead to further research at this locus. 

9р  loss/p f 6!NК4А  inactivation 

One of the most frequently silenced 
genes in lung cancer, p16, (Cairns etal., 
1994, 1995) is frequently inactivated 
through multiple mechanisms in NSCLC 
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Alteration 
	

Sгоial1-сеll lung cancer 
	

Non-small cell lung cancer 

Receptor tyrosine kinases 	c-kit 70% 
	

EGFR overexpression: 

00% (SСС); 50% (ADC) 

Her2/neu: 30% (ADC) 

MEТ  point mutations 	МET оveгеxprwsion: 25 

(rare) 

Ras paint mutations - 10-30% (ADC) 

MYC family amplification 65% high level 50% law level 

p53 inact vat on 75-100% 50% 

Rb inactivation 90% 15-30% 

pie 'К4А  inactivation 0-10% 30-40% 

FlIT inactivation 80% 50 70% 

3p, Op, 13q, 17p allelic loss 90% 70% 

Вс12 overexpression 75-90% 30 

SС0 - squamous cell carcinoma; ADC = adenocarcinoma; EGFR = epidermal growth factor 
receptor; Rb ret noblastoma gene; FRIT = Fragile histidine triad; НER21neu = human epi-
dermal growth factor receptor; MEТ  = c-MET protein also known as hepаtocyte growth factor: 
6012— B-cell CLL/lymphoma 2; MYO = myelocytomatosis viral oncogene 

Reproduced from Table 6.1, Frequency of molecular changes in lung cancer, page 90 in 
Rizzi et at, (2006) Thompson Publishing 5ervices 
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Тзbfё  4. Fггequепçy of not. (Pallares-Trujillo et al., 1997). While 
overexpression of UBAP1 may be 
important in initiation of carcinogenesis, 
given the frequent deletion of this locus 
in lung cancer, it is more likely that its 
loss of function is more significant for 
tumour growth and development. 

(Herman et a1., 1995; Merlo et al., 1995; 
Shapiro etaL, 1995).Тhе  р14ARF gene at 
the same 9p21 locus has emerged as a 
new tumour suppressor gene (Mao et' 
а1., 1995). The lNК4а  gene encodes 
both р14AгГF and pi6 proteins that 
initiate in different first exons and 
continue in alternative reading frames 
through a common exon 2. The p16 
protein (Figure 3) blocks the interaction 
of cycfin dependent kinase 4 (CDК4) 
with cyclin D (and CDК2 with cyclise Е), 
preventing phosphorylation of the 
reti noblastoma (Rb) protein which 
sequesters E2F and halts the cell cycle, 
resulting in growth arrest (Chin et' ai., 
1998). The p14ARF protein leads to 
growth arrest by blocking 1D12 inhibition 
of р53 (Figure 3), resulting in increased 
ТР53 levels which activate transcription 
of р21 and blockade of CDК41cyclinD 

(Chin et' a1., 1998). 
Within this same 9р21 locus, 

КIAA1797 (a gene of unknown function, 
Table 2А) and UBAP1 (discussed above, 
Tables 2А, 2B, 3) found to be over-
expressed in former smokers, are 
13.3M apart and straddle р15INК4A 

(NCBI MapViewer). As stated earlier, 
UBAP1 protein may confer target 
specificity to enzymes of the ubiquitina-
tion system (Qian et at, 2001). An 
increased degradation of suppressor 
proteins, such as p53 or p27, by the 
ubiquitin system could be oncogenic 
early in the course of neoplastic trans-
formation of former smoker airway 
epithelium. Conversely, a lack of 
degradation of cell cycle-promoting 
proteins, such as the v-fos and v-jun 
products, could be oncogenic if this 
locus were lost with that of р16INК4A 

I 7р  loss/TP53 inactivation 

The last defensive barrier before cellular 
transformation (Figure 1, Figure 3), 
ТР53 is the cellular gatekeeper for 
growth and division (Levine, 1997). The 
p53 protein enhances the rate of 
transcription of seven known genes that 
direct a cell with damaged DNA to a 
viable growth arrest or to apoptosis 
(Table 5) allowing the injured cell an 
opportunity for DNA repair (Levine, 
1997). The native protein is a tetramer of 
alpha helices and loops that bind to DNA 
and two non-parallel beta sheets that 
provide scaffold structure (Cho of at., 
1994). The protein requires C-terminal 
activation to bind to DNA and become a 
transcription factor. The C-terminal binds 
to DNA ends and internal deletion loops 
in DNA as generated by replication errors 
that are then detected and fixed by 
mismatch-repair processes (Levine, 
1997). 

More than 60% of human lung 
cancers contain mutations in this gene 
(Greenblatt et' a1., 1994), and its 
epigenetic inactivation has been 
recently proposed (Baylin & Ohm, 
2006). The majority of ТР53 mutations 
are found in sequences that encode 
amino acids in the DNA binding domain 
(exons 5, 7 and 8). Mutations in amino 
acid residues such as 8248 and 8273, 
the two most frequently altered residues 
in the protein, result in defective 
contacts with DNA and loss of ability of 
p53 to act as a transcription factor. The 
1ARC ТР53 mutation database 
(http:l/www-р53.iarc.frlindex.html) has 
been developed to identify and compare 
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Figure 3.Thе  p53–Rb Pathway 

The р53-Rb pathway permits one to postulate the interrelationships among a number of oncogenes (purple circles) and tumor suppressor genes (green 
squares) that regulate the G1 —s phase restriction point, its relation to a DNA damage checkpoint mediated by p53, and the choice by p53 whether to initiate 
a G1 arrest (via p21) or apoptosis. The available evidence suggests an important role tir Rb arid its two related gene products, р107 and p130 (along with 
Е2F-4 and -5), in р53-mediated G1—S phase regulation. Shown are the р53—MDM2 autoregulatory loop that reverses this checkpoint control and the gene 
products that positively or negatively act on the probabilty of entering apoptosis. 

Reprinted from Cell, Vol. 88, Levine A, p 53 the Cellular Gatekeeper for Growth and Division, pages 323-331 (1997) with permission from Elsevier 

the mutation patterns in this gene 
(Olivier etal., 2002). 

The G:C to T:A transversions 
observed at selected TM0СG sites in lung 
cancer are thought to represent a 
hyрermutabil'зty of these guanine 
nucleobases to the tobacco-smoke 
carcinogen PAI-diolepoxides ("РАН  
hotspot" codons 157, 158, 245, 248, and 
273) (Denissenko of a1., 1996; 

Denissenko et a1., 1997; Smith et a1., 
2000). Thus, smoking affects the 
mechanism in addition to the frequency 
of lung carcinogenesis (Le Calvez et a1., 
2005). This particular mutation pattern of 
transversions at G bases (G to T, 30%) 
seen in lung cancers of smokers, is 
uncommon in never smokers (13%) and 
in cancers not directly related to tobacco 
(9%) (Pfeifer et al., 2002), but the 

majority of lung cancer mutations are a 
heterogeneous mix of transversions and 
transitions (Le Calvez et al., 2005). 
These mutations lead to a misserrse p53 
protein with impaired function in lung 
cancers from smokers (73%), former 
smokers (47%) and never smokers 
(48%)(supplemental data Tables 5-7 in 
http://www.cancerresearchjournals.org) 
(Le Calvez et a1., 2005). The RR of 
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p21 WAF1, Cip1 	 Inhibits several cyclin-cyclin-dependent kinases; bind cdk's 
cyclins, and PCNA; arrest the cell cycle 

1D12 	 Product of an oncogene; inactivates p53-mediated 
transcrip ion and so forms an autoregulatory loop with p53 
activity 

GADD45 	 Induced upon DNA damage; binds to PCNA and can arrest 
the cell cycle; involved directly in DNA nucleotide excision 
repair 

Cyclin G 	 A novel cyclin (it does not cycle with cell division) of unknown 
function and no known cyclin dependent kinase 

Bax 	 A member of the BC1 2 family that promotes apoptosis; 
not induced by p53 in all cells 

IGF-BPЗ 	 The insulin-like growth factor binding prolеin-3; blocks 
signalling of a mitogen с  growth factor 

cdk's: cyclin-dependent kinases 
Reprinted from Сеl1, Vol. 88, Levine A, p53 the Cellular Gatekeeper for Growth and Division, 
pages 323-331 (1997) with permission from Elsevier 

having a cancer with a ТР53 mutation 
(and abnormal p53 protein) increases 
with tobacco use (current smokers: RR 
5.2; with a linear dose-response; former 
smokers: RR 1.7) (Le Calvez et al., 
2005). Recently, Schabath et aL 
documented that in lung cancer, ТР53 
polymorphism was another mechanism 
of functional injury (Schabath et al., 
2006). polymorphisms of ТР53 and p73, 
a family member with structural and 
functional homology, were associated 
with the development of lung cancer 
among current smokers, and the risk 
persisted in those with ТР53 polymor-
phisms after smoking cessation 
(Schabath et a1., 2006). 

In airway epithelial cells of current, 
former and never smokers who have not 
(yet) developed cancer, there is no 
evidence of a smoking-related change in 
ТР53 expression (supplemental data 

Table 9 at httpJlwww-pnas.org/cgilcon  
tentlfull!04014221011DС1, Sрira et al., 
2004). However, as discussed earlier, 
the airway epithelial cells from former 
smokers (compared to never smokers) 
show reduced expression of ribosomal 
protein L5 (RРL5) which may lead to 
loss of 1D12 suppression and 
ubiquinated destruction of p53 protein 
(Dai & Lu, 2004). Thus, former smokers 
might inhibit their "gatekeeper" by under-
expression of RРL5, reducing the abil'г ty 
of cells with damaged DNA to arrest in 
G1 and halt replication. 

Relevance to Early Cessation if 
Smoking 

Hanahan and Weinberg (2000) have 
suggested that cells acquire a malignant 
growth advantage in 4-7 rate-limiting 

events. The epidemiologic data suggest 
that on average, after 20 years of 
smoking the acquisition of these 
changes in gene regulation begins to 
manifest as clinical disease. Further, the 
epidemiologic data reviewed elsewhere 
in this volume suggest that early 
breaking of the cigarette addiction 
prevents the carcinogenic exposures that 
leads to cell transformation and death 
from lung malignancy. The understanding 
that genes deregulated by cigarette 
smoking can continue to stimulate 
indolent neoplasia long after smoking 
has stopped should encourage the 
earliest possible attempts to quit 
smoking. 

Summary and Conclusions 

This section documents a biologic 
plausibility for the reduction of persistent 
lung cancer risk observed among former 
smokers compared to current smokers, 
although remaining elevated compared 
to never smokers. This documentation 
includes evidence, in former smokers 
compared with never smokers, of altered 
expression of 11 genes known (or 
suspected) to show similar alterations in 
lung cancer. Finally, this altered gene 
expression has been shown to persist in 
the airway epithelial cells of former 
smokers for a decade after smoking 
cessation. Data suggesting that risk for 
lung cancer may be elevated among 
former smokers with residual molecular 
lesions and among those with puy. 
morphisms in gatekeeper and DNA 
repair genes are consistent with 
epidemiologic and clinical studies. 
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Effects of Smoking on Atherogenesis and Clotting and Changes in Cardiovascular 
Diseases with smoking Cessation 

Introduction 

This section describes the effects of 
tobacco smoking on the process of 
plaque formation and thrombosis, and 
the effects of smoking cessation on 
these processes. Cardiovascular disease 
(CVD) includes coronary heart disease 
(CID), 	cerebrovascular 	disease, 
peripheral arterial disease (PAD) and 
abdominal aortic aneurysm (ААА). 
There are common and distinct features 
to CVD, but atherosclerosis and throm-
bosis play important roles in each form 
of disease. Multiple risk factors 
contribute to the risk of atherosclerosis 
and thrombosis, including blood lipids, 
diabetes, hypertension, genetic predis-
position, physical inactivity and smoking. 
The most common form of CVD is 
coronary heart disease (CID). Manifes-
tations of OlD—e.g., angina, myocar-
dial infarction, sudden cardiac death, 
and arrhythmia are precipitated by tis-
sue hypoxia caused by vessel occlusion 
from a combination of plaque and throm-
bosis. Cerebrovascular disease also 
affects small arteries and therefore 
involves similar mechanisms, but addi-
tional mechanisms likely also contribute 
to PAD and ААА. For example, inflamma-
tion and other biomechanical factors are 
noted to affect the expansion of AAA. 

The atherosclerotic and throm-
botic process 

Atherosclerosis is the result of a process 
involving oxidation and inflammation in 
the artery wall. Low-density lipoprotein 
(LDL) is transported through endothelial 
cells into the vascular intima of the 

artery. Here LDL is retained and oxidised 
by reactive oxygen species. Oxidized 
LDL is taken up by macrophages, which 
as a consequence become foam' cells, 
named so for their appearance after 
engorging LDL. The accumulated foam 
cells form `fatty streaks'. The activated 
macrophages trigger a state of chronic 
inflammation involving numerous inflam-
matory mediators, including neutrophil 
leukocytes and T-lymphocytes. As this 
inflammation process evolves, smooth 
muscle cells are recruited and induced to 
proliferate and produce collagen, causing 
fatty streaks to be transformed to fibrous 
plaques. This process also involves micro-
vascularisation with formation of fragile 
new micro-vessels within the plaque, 
which contribute to plaque instability. 

Fibrous plaques can become 
unstable with the risk of rupture. Rupture 
can occur if the endothelial layer 
covering the plaque is thin and as a 
consequence is denuded or if bleeding 
occurs in the fragile new microvessels in 
the plaque. Plaque rupture then exposes 
blood components to tissue factor, which 
initiates coagulation and the formation of 
thrombus. In most cases this will be 
sub-clinical, but if flow in the vessel is 
compromised it leads to cardiovascular 
events. The coronary vessels are 
particularly prone to this process. 
Plaques that reach a size that reduces 
the diameter of the coronary vessels and 
thus the blood flow in the vessels cause 
disease manifestations such as angina 
pectoris and claudication, whereas 
rupture of unstable plaques with 
formation of thrombus causes disease 
manifestations such as myocardial 
infarction and stroke when occurring in 
coronary or cerebral arteries. 

These lesions, whether fatty streaks or 
fibrous plaques, are not static but rather 
undergo continuous remodelling from 
stable to unstable plaques. Stable plaques 
contain mainly smooth muscle cells in a 
matrix of collagen, and are low in 
inflammatory activators. A solid cap of 
endothelial cells covers stable plaques. 
Unstable plaques contain more inflamma-
tory activity; a core of dead cells, 
cholesterol and debris. This type of 
plaque is often fragile and denuded, 
causing the lesions to be exposed to blood 
flow resulting in thrombus formation. 

Acute coronary events are usually 
caused by the development of platelet-
rich thrombus associated with atheroma-
tous plague rupture or erosion. Healthy 
endothelium inhibits thrombosis within 
the vessel. Coagulation is initiated after 
exposure of blood to tissue factor 
present in atheromatous plaques. Platelet 
responses cannot distinguish between 
traumatic and pathologic vessel damage. 
Levels of systemic biomarkers of haemo-
stasis may reflect the presence of athero-
sclerosis and predisposition to thrombosis. 

The haemostatic system is 
comprised of two inextricably linked 
components: cellular, principally platelets, 
and plasma protein-based coagulation 
cascade (Hemker & Beguin, 2000; Falati 
et al., 2002; Monroe & Hoffman, 2002; 
MacCallum, 2005). Coagulation is initiated 
by contact of blood containing activated 
clotting factor Vila (FVIIa) with tissue 
factor (TF). subsequent activation of 
both FIX and FX by FVIIa leads to 
generation of thrombin, the key enzyme 
product of coagulation system activation 
(Mann et al., 2003; lchinose, 2001). The 
extrinsic or TF pathway is switched off by 
a specific inhibitor, tissue factor inhibitor, 
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The effects of cigarette smoking 	context of how they may play a role in 
and smoking cessation on the 	CVD independent of cessation. 
atherosclerotic and haemostatic 
process 	 Constituents of cigarette smoke that 

contribute to cardiovascular disease 

and continuing generation of thrombin is 
then dependent upon recruitment of the 
intrinsic pathway through activation of 
FXI and the cofactors VIII and V by 
thrombin (Mann et at., 2003). Thrombin 
converts fibrinogen to fibrin, and the 
resulting fibrin polymers are cross-
linked, and thereby stabilized by FXIIIa. 
Several endogenous inhibitors of 
coagulation regulate the clotting process 
further. Fibrin is lysed by plasmin, which 
is cleaved from its precursor, p[asmino-
gen, by the enzyme tissue-type 
plasminogen activator (tPA). Fibrinolysis 
is inhibited by plasminogen activator 
inhibitor type 1 (PAl-1), which inhibits 
binding of plasminogen to fibrin. 

Exposure of vessel wall subendothe-
lium leads to a series of steps in which 
platelets initially adhere to underlying 
subendothelial collagen and von 
Willebrand factor. Platelets become 
activated and aggregation takes place 
whereby adjacent platelets link to each 
other by fibrinogen, von Willebrand 
factor, and possibly by fibronectin 
bridges, and thereby forming the initial 
haemostatic plug (Jackson et aI., 2003; 
Ruggeri, 2003). Platelet activation is 
accompanied by a series of intracellular 
reactions, such as generation of 
thrombexane A2, the release of which 
leads to further activation. 

The progression of cardiovascular 
disease to clinical events depends on 
this balance between atherosclerotic 
plaque stability and instability. The 
endothelium is central to regulation of 
this homeostatic process, and 
endothelial functions are important in the 
development of cardiovascular disease. 
These functions include control over 
thrombosis and thrombolyses, regulation 
of vessel tone, regulation of platelet and 
leukocyte interactions with the vessel 
wall, adhesion of monocytes and growth 
of vessel wall (Libby, 2002; Puranik & 
Celermajer, 2003; Scott, 2004). 

Tobacco smoke has numerous 
constituents, and the resulting effect of 
cigarette smoking on the atherosclerotic 
process is complex, involving metabolic, 
neurohumoral, hematological and hero-
dynamic effects (Figure 4). The time 
courses of these are both acute and 
chronic in nature. Through observational 
and experimental studies the resulting 
dose-response-dependent effect of 
cigarette smoking on atherosclerosis in 
both central and peripheral arteries has 
been established. Accumulated smoking 
exposure is strongly associated with 
degree of atherosclerosis determined by 
coronary angiography both cross-
sectional (Herbert, 1975; Ramsdale et 
a1., 1985; Wang et al., 1994; Ambrose & 
Barua, 2004), prospectively in the 
formation of new lesions (Waters et ai., 
1996), and in echocardiography studies 
of intimae-media thickness of carotid 
arteries and thickness of the proximal 
aorta (moue et al., 1995). 

Studies of the mechanism of the 
effect of cigarette smoking on the 
atherosclerotic process have concen-
trated on endothelial function, oxidative 
processes, platelet function, fibrinalysis, 
inflammation, modification of lipids and 
vasomotor function. There are common 
pathways to these effects and overlap 
in the mechanisms responsible. Their 
effects have been elucidated through 
observational cohort studies, experi-
mental observations and laboratory 
studies in humans and animals; an 
overview of each will be offered below. 
The intent is to describe potential 
mechanisms by which cigarette 
smoking may result iп  CVD and which 
may change with smoking cessation. 
The factors are described in the context 
of how they are altered by cigarette 
smoking and cessation and not in 

Nicotine 

The role of nicotine alone on atheroscle-
rosis is debated. Nicotine acts in the 
central nervous system (CNS) leading to 
release of noradrenaline, adreno-
corticotrophic hormone, endorphin, 
prolactin and cortisol (Taylor et at, 
1998). There is no doubt that nicotine 
acutely increases heart rate, cardiac 
output, and blood pressure, but whether 
these effects translate to increased 
atherosclerosis and cardiac risk is not 
established. Nicotine also causes 
arterial constriction, which has been 
shown to impair regional cardiac 
perfusion in patients with ischemic heart 
disease (Benowitz & Gourlay, 1997). 
Regarding endothelial function, nicotine 
exposure alone has led to increased, 
decreased or no effect on flow mediated 
vasodilation (FID) and availability of 
nitric oxide (NO) (Li et at, 1994; Mayhan 
& Sharpy, 1999; Clouse et al., 2000). 
Nicotine infusion has limited effect on 
platelet function (Whiss et a1., 2000). 
Through increased nicotine effects 
and increased adrenergic drive, smoking 
may increase shear stress, which may 
cause unstable plaques to disrupt. 

Despite these effects, a recent 
comprehensive review concluded that 
the majority of current evidence 
suggests that nicotine exposure from 
cigarette smoking has at most minor 
effects on the atherosclerotic process 
(Ambrose & Barua, 2004). This is 
corroborated by studies comparing 
the relative effects of cigarette 
smoking and smokeless tobacco, i.e. 
oral snuff, with a similar amount of 
nicotine-exposure. There is a higher 
incidence of vascular disease in 
cigarette smoking than in smokeless 
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Figure 4. Potential pathways and mechanisms for cigarette smoking-mediated cardiovascular dysfunction 

The bold boxes and arrows in the flow diagram represent the probable central mechanisms in the complex pathophysiology of cigarette-smoking-mediated 
athero-thrombotic disease. 12°f hydrogen peroxide; МЕТС  = mitochondial electron transport chain; NADPH = nicotinamide adenine dinucleotide phosphate 
reduced form; NOS = nitric oxide synthase; CNOO peroxinitrate; 02"superoxide. 
Reprinted trim J. Am. Col. Card il., Vol. 43(10), Ambrose & Barua, The paihophysiology of cigarette smoking and cardiovascular disease: an update, pages 
1731-1737, copyright (2004), with permission from the American Col ege of Cardiology Foundation. 
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tobacco users (Asplund, 2003). White 
Ыood cell count, levels of C-reactive 
protein (CRP) and fibrinogen, 
antioxidant vitamin levels, and 
thromboxane A2 metabolite excretion 
(reflecting platelet activation) are 
similar in snuff-users and non-smokers 
(Asplund, 2003). Cigarette smoking 
but not snuff use was associated 
with increased carotid and femoral 
intimae-media thickness and increased 
levels of CRP, adding strength to the 
argument that components of tobacco 
combustion and not nicotine are 
responsible for the effects on the 
atherosclerotic process (Wallenfeldt et 
al., 2001). 

Free Radicals 

Cigarette smoking contains numerous 
free radicals in both the gas phase and 
the tar phase. The radicals in the tar 
phase are long-lived (up to months) and 
in the gas phase are short-lived 
(seconds). The effects of free radicals—
or reactive oxygen species—on NO 
availability will be mentioned below. 
Cigarette smoking enhances the 
process of superoxide-anion-mediated 
degradation of endothelium-derived 
relaxing factor (EDRF) via increased 
oxidative stress. smoking increases 
oxidized LDL (Flavahan, 1992) and 
decreases availability of the dietary 
antioxidants beta-carotene and vitamins 
C and E (Chow et a1., 1986; Schectman 
et al., 1989; Duthie & Wahle, 1990). 

Carbon monoxide (CI) 

CO has strong affinity to haemoglobin 
and lowers the capacity of blood to carry 
oxygen to target organs. Although this 
can be critical in a situation with 
reduced blood flow relative to oxygen 
demand, studies of the independent 
effect of CO are sparse. At present CO 
is not thought to independently acceler-
ate the atherosclerotic process (Zevin et 

a1., 2001; Ambrose & Barua, 2004). CI-
exposure reduces ventricular fibrillation 
threshold in animals (DeBias et a1., 
1976). It is possible that CO at the levels 
at which smokers are exposed may 
increase electrical instability (Turino, 
1981; Taylor et al., 1998), which can 
increase the risk of cardiac death but 
does not affect the atherosclerotic 
process. This is also true for the 
increased catecholamine drive induced 
by smoking. 

Endothelial function 

The term endothelial function is a poorly-
defined entity which usually covers a 
broad spectrum of functions important for 
development of cardiovascular disease. 
In experimental studies cigarette smoking 
impairs endothelial function. This has 
been demonstrated through impaired 
endothelium dependent flow mediated 
vasodilatation in various vascular beds in 
several studies (Celermajer et a1., 1993; 
Adams etal., 1998). The mechanism has 
been demonstrated to be through 
reduced nitrous oxide (NO) availability. 
NO is a free radical responsible for the 
vasodilator function of the endothelium, 
but NO also influences platelet 
aggregation, leukocyte activity, monocyte 
adhesion, 	fibrinolysis, 	and 
inflammation. NO is formed locally by 
endothelial NO synthase enzyme 
(еNOS), is chemically unstable, and has 
a short half-life, which means that it acts 
only locally. 

The expression and activation of 
еNOS is altered by exposure to cigarette 
smoking, resulting in decreased 
availability of NO (Ambrose & Barua, 
2004). In addition, tobacco smoke 
contains numerous free radicals that 
react with NO and reduce the level of NO 
available locally (Ohara et a1., 1993; 
Puranik & Celermajer, 2003). The 
combined effect of reduced availability of 
NI can be measured as reduced flow 
mediated vasodilatation (FM D). Acute  

exposure to smoking in non-smokers 
causes impaired FID (Lekakis et a1, 
1998). The effect of smoking on 
expression of eNOS may be modified by 
diet or genetic predisposition. This was 
suggested after subjects who were 
homozygous for a gene polymorphism 
coding for eNOS (G1u298 Asp) did not 
demonstrate the same impairment of 
Fil when exposed to cigarette 
smoking (Leeson et ai, 2002). In a study 
in rural China there was no difference in 
Fil between smokers and non-
smokers (Woo et at, 1997) although 
differences were later demonstrated in 
urbanized Chinese (Woo et a1., 2000). 
Endothelial dysfunction is probably only 
partially reversible upon smoking 
cessation: flow-mediated vasodilatation 
was better in former smokers than in 
continued smokers but poorer than in 
never-smokers, 	indicating 	some 
reversibility of the effect of smoking on 
endothelial function (Celermajer et a1., 
1993; Raitakari of a1., 1999). Another 
study, however, has indicated complete 
and rapid restoration of endothelial func-
tion shortly after smoking cessation 
(Moreno eta!, 1998). 

Through its effect on availability of 
NO, cigarette smoking has a more 
widespread effect on the atherosclerotic 
process. NO is not only a mediator of 
vasodilatation, it is also involved in 
endothelial regulation of inflammatory 
mechanisms in the intima of the vessels, 
in adhesion of monocytes to the 
endothelium, in platelet activation, 
formation of thrombus and fibrinolytic 
activity (Ambrose & Barua, 2004). The 
effect of cigarette smoking on these 
factors has been shown in a number of 
studies. Cigarette smokers have higher 
levels of adhesion molecules (sICAM, 
sVCAM, sE-selectin and sP-selectin) 
(Blann et a1., 1997; Ridker et a1., 1998; 
Takeuchi et a1., 2002). sE-selectin (but 
not the remaining adhesion molecules) 
was higher in former smokers than in 
never smokers. 
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Endothelial function is also regulated 
by endothelin (ET-1). ET-1 has opposite 
effects of NO: Like NO it is unstable with 
a short half-life indicating that it acts 
locally. In humans there is a constant 
level of both NO and ET1 in the vascular 
bed which regulates vessel tonus. Like 
NO, ET-1 is also involved in thrombosis, 
vascular growth, monocyte adhesion 
and inflammatory regulation (Puranik & 
Celermajer, 2003). When NO expression 
is suppressed, the balance tips in favour 
of endothelin effects. Smoking has been 
shown to increase levels of ET-1 both 
acutely and chronically (Borissova et al., 
2004; Hirai et al., 2004). 

Endothelial progenitor cells (EPC) 
are produced in response to ischemia 
and vascular injury from bone marrow. 
They are mobilized to repair endothelial 
injury and are inversely correlated to 
risk of CVD. Smoking inhibits еNОS, 
which has been shown to be important 
for EPO mobilization from bone marrow 
(Richer et al., 2003). The level of EPC is 
lower in smokers than in non smokers. 
After smoking cessation the EPC-count 
increases rapidly, particularly in light 
smokers, and decreased again when 
smoking is resumed after 4 weeks 
(Kondo et a1., 2004). Notably, the 
increase in EPC after smoking cessa-
tion was significantly higher in light 
smokers. This suggests that light 
smokers may have a better chance of 
recovery than heavy smokers and that 
bone marrow or endothelium in heavy 
smokers is to some extent irreversibly 
damaged. 

Оюdative process 

Oxidative stress refers to a situation 
when the amounts of reactive oxygen 
species overcome the antioxidant 
defence system's capacity. This results in 
oxidation of molecules such as lipids and 
DNA. A central mechanism of cigarette 
smoking in causing atherosclerosis is its 
net oxidative effect. Free-radical- 

mediated oxidative stress is central in the 
development of atherosclerosis and is 
largely mediated through endothelial 
function. Free radicals can arise from the 
cigarette smoke itself; both the tar and 
the gas phase of the smoke contain 
numerous free radicals. Free radicals 
also arise from the activation of 
macrophages and neutrophils. The 
reactive oxygen species, which initiate 
the atherosclerotic process, are 
principally inactivated by the enzyme 
glutathionine peroxidase. Cigarette 
smoke inhibits glutathionine peroxidase 
and other enzymes, which inhibit oxida-
tion of LDL, resulting in a net increase in 
oxidative activity and in oxidized LDL 
(Mukherjee et a1., 1993; Nishio & 
Watanabe, 1997; Blankenberg et a1., 
2003). In vitro studies have shown that 
exposure to cigarette smoke causes an 
oxidation of plasma LDL (Frei et al., 
1991; Peck-Amsellem et al., 1996) and 
an increased uptake of LDL in 
macrophages in the intima (Yokode et al., 
1988). A direct link from cigarette smoking 
through increased LDL oxidization to 
increased atherosclerosis has been 
shown in hyperlipidemic rabbits 
(Yamaguchi et aI., 2001). 

A mere two weeks of smoking 
cessation can ameliorate the enhanced 
platelet aggregability and intraplatelet 
redox imbalance in long-term smokers, 
possibly by decreasing oxidative stress 
(Morita et al., 2005). Cigarette smoking 
cessation was followed by a marked 
increase in plasma antioxidant 
concentrations within four weeks of 
abstinence in the study by Polidori and 
colleagues (2003) on healthy smokers 
who subsequently quit. 

Haemostatic factors 

Platelet function 

Although platelets play an important role 
in the development of an acute coronary 
event, it has been difficult to prove the 

associations between platelet properties 
and coronary heart disease risk in 
epidemiological studies. Problems in 
handling platelets in vivo and uncertainty 
about relevant markers of platelet 
function represent some of those 
difficulties. Increased platelet vo]u me 
and spontaneous platelet aggregation 
have been suggested to predict the risk 
of recurrent myocardial infarction (Trip et 
a1., 1990; Martin et al., 1991; 
MacCallum, 2005). 

The effects of cigarette smoking on 
platelet function are at least partially 
controlled through endothelial function. 
Several studies have shown that 
smoking increases platelet aggregation. 
In one study, inhalation of only 
2 cigarettes increases platelet adhesion 
100-fold (Taylor et a1., 1998). Law and 
colleagues suggest that smoking 
has maximal effect on platelet 
aggregation at low doses, and that other 
mechanisms come into play in higher 
doses (Law & Wald, 2003). Therefore, 
coronary heart disease risk may rise 
quickly on exposure to small amounts of 
tobacco smoke and then more slowly as 
the number of cigarettes per day 
increases. Cigarette smoking inhibits 
effects of cyclo-oxygenase, which leads 
to prostacyclin (P112) inhibition and 
increased thromboxane synthesis in 
platelets. These act synergistically in 
thrombus (Fitzgerald et a1., 1988; Taylor 
et a1., 1998). After stimulation from 
smoking, platelets release platelet-
derived growth factors, which stimulate 
smooth muscle cells to migrate into 
intimae of blood vessels and 
proliferate, an important process in the 
formation of plaques (Nowak et a1., 
1987). P-selectin expression, a marker 
of platelet activation, is increased in 
smokers compared with non-smokers 
(Pernerstorfer et aI., 1998). Baseline 
platelet-dependent thrombin generation 
appears to be significantly greater in 
smokers than in non-smokers and 
appears to rise further immediately after 



'ARC Handbooks cf Cancer Prevention 

smoking (Hioki et a1., 2001). Platelet 
thrombus size has also been shown to 
increase after smoking (Hung et al., 
1995). 

In one study, hematological 
characteristics (including number of 
platelets) increased with increasing 
pack-years and daily number of 
cigarettes, but were similar to those in 
never smokers within two years of 
abstinence (Van Tiel et aI., 2002). 
Clotting time has been shown to 
increase 	with 	daily 	cigarette 
consumption in smokers and to 
approach the level of never smokers with 
increasing years of abstinence (Yarnell 
et at., 1987). Similar results were 
found for haematocrit. In general, values 
had not quite reached the level of 
never smokers after 10 years of 
abstinence. 

Fbrrпogеn 

Plasma fibrinogen is the most widely 
reported 	haemostatic 	variable 
associated with cardiovascular disease 
risk (Meacle et a1., 1986). A recent large 
meta-analysis comprising data from 31 
prospective studies including 154 211 
participants who were followed up for a 
total of 1.38 million person-years 
demonstrated a moderately strong 
association between plasma tibrinogen 
level and the risk of coronary heart 
disease, stroke and other vascular 
mortality 	(Fibrinogen 	Studies 
Collaboration, 2004). The potential 
mechanisms whereby fibrinogen could 
contribute to cardiovascular disease risk 
include increased fibrin formation, 
platelet aggregation, plasma viscosity 
and through binding of leucocytes to 
endothelial cells (Kamath & Lip, 2003). 
Fibrinogen is elevated in smokers 
(Kannel et a1., 1987), and fibrinogen 
levels increase with the number of 
cigarettes smoked and quickly fall after 
smoking cessation (Kannel, 2005), 
although in some studies levels have 

remained elevated up to 10 years after 
smoking cessation (Yarnell et аl.,1987; 
Wannamethee, 2005) 

D-dimer 

D-dimer is a product of lysis of cross-
linked fibrin. lncreased D-dimer levels 
indicate increased fibrin turnover. As for 
fibrinogen, several prospective studies 
have shown an association of D-dimer 
level with coronary heart disease risk 
(Danesh et aI., 2001). Cross-sectional 
studies show increased levels of 
D-dimer in smokers compared to non-
smokers (Lee et at, 1995) and reduced 
levels in former smokers, although levels 
remained significantly raised even after 
two 	decades 	of 	abstinence 
(Wannamethee et at, 2005). 

Exposure of TF to blood containing 
FVIIa is thought to produce strong 
thrombogenic stimulus that is critical to 
the development of coronary thrombosis 
after plaque rupture. Among 56 
endarterectomy patients, smokers had 
increased TF expression and activity 
compared with non-smokers (Matetzky 
et a1., 2000). In a study comparing 
10 smokers and 15 non-smokers, the 
former had significantly higher plasma 
TF activг ty, with levels rising further 2 
hours after smoking (5аmbolа  et at, 
2003). 

Fibrinolysis 

Studies show lower levels of tissue 
plasminogen activator (WA) in smokers 
(Barua et al., 2002). Levels of 
thromboxane A2, which is released by 
activated platelets, are higher in smokers 
(Benowitz et at, 1993; Ludvig et a1., 
2005). Impairment of plasma fibrinolytic 
activity has been associated with 
coronary heart disease risk in several 
prospective 	observational 	studies. 
Reduced release of tPA antigen levels 
and decreased activity, which indicates 
impaired fibrinolytic activity, have been 

reported by Newby et a1., (1999, 2001). 
The level of its inhibitor, plasminogen 
activator inhibitor type 1 (PAl-1), which 
forms a complex with WA, is associated 
with WA level. Newby (2001) reported 
higher PAl-1 levels in smokers compared 
to former and neversmokers although 
differences were not statistically 
significant in the small size study (n=22). 
lmpaired fibrinolytic activity, caused both 
by increased circulating PAl-1 and 
impaired endothelial tPA release, could 
be a factor linking smoking to the 
coronary heart disease risk. Impaired 
plasma fibrinolysis (PAl-1 and tPA) in 
smokers and restored fibrinolysis in 
former smokers have been reported 
(Simpson et at, 1997). 

Infiamrraati®n 

Most inflammatory markers are 
correlated with haemostatic factors, and 
interaction between these is complex. 
Observational studies have associated 
cigarette smoking with increased levels 
of a number of inflammatory markers, 
namely: leukocytes, hs-CRP, fibrinogen, 
and IL6, and markers of leucocyte 
recruitment, namely: VCAM-1, ICAM-1, 
E- and P-selectin, with intermediary 
values in former smokers (Bermudez et 
al., 2002). Inflammation is triggered by 
effects on endothelial function with 
activation 	of 	neutrophils 	and 
macrophages and secretion of a number 
of chemotactic factors (Taylor et a1., 
1998; Ambrose & Barua, 2004). In 
experimental studies, exposure to 
cigarette smoking causes increased 
levels of pro-inflammatory cytokines 
IL-6, TNF-c' and lL-1R in addition to 
increased lipid per oxidation (Zhang et 
at, 2002). 

Several studies have shown 
increased concentrations of inflammatory 
and haemostatic markers in smokers 
with a dose-dependent relationship 
(Bakhru & Erlinger, 2005; Wannamethee 
et a1., 2005). The time-course of decline 
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in these markers after smoking cessa-
don differs; some studies have shown 
rapid normalisation in haemostatic and 
inflammatory markers whereas others 
have not. In a Scottish study of 22 920 
men aged 60-79 free of CVD examined 
at baseline and after 20 years, former 
smokers had levels of CRP, leukocyte 
count, fibrinogen, plasma viscosity, tPA 
and D-direr that were much lower than 
in continued smokers but did not reach 
the level of never smokers until after 
>20 years of not smoking 
(Wannamethee it at, 2005). For most 
of these inflammatory and haemostatic 
markers, the time course after smoking 
cessation did not differ between light 
and heavy smokers. In contrast, in 
cross-sectional analyses of the 
NHANES III study comprising 15 489 
men and women, although both CRP, 
WBC and fibrinogen were higher in 
smokers than in never smokers in a 
dose-dependent manner, inflammatory 
response subsided within 5 years of 
giving up smoking, and as a group 
former smokers did not have 
significantly higher levels than never 
smokers after adjustment (Bakhru & 
Erlinger, 2005). The MONICA study 
also found higher levels of inflamma-
tory markers with increasing daily con-
sumption and pack-years of smoking 
and decreased levels with time since 
smoking cessation in men, but the risk 
did not quite reach the level of 
neversmokers, even with >30 years of 
tobacco abstinence. In women, 
associations between levels of 
inflammation markers and smoking 
were not present, perhaps due to lack 
of control for inhalation habits, reported 
to differ from those in men, and to a 
reduced number of former and current 
smokers in participant women, 
decreasing the power of the study to 
detect associations if present (Frohlich 
at at, 2003). Similar results were 
reported from a United Kingdom study 

with rapid decline in white blood cell 
count, granulocytes and monocytes 
following smoking cessation but still 
slightly elevated levels after a decade 
of abstinence in comparison with 
never smokers (5mith et at, 2003). The 
Scottish study only comprised men, 
and in the NHANES study results were 
not presented by gender. A Swеdish 
study showed complementary results 
on the associations between amount of 
cigarettes smoked and inflammatory 
markers by showing that within smok-
ing strata the risk of CVD increased 
with 	higher 	measures 	of 
Carboxyhemoglobin (COHb%) and that 
levels of COHb% were correlated with 
markers of inflammation (Lind et al., 
2004). 

Also, in experimental studies 
smoking reduction and cessation have 
been accompanied by a decrease in 
WBC, fibrinogen, lipids, BР  and heart 
rate (Eliasson et a1., 2001; Bolliger et al., 
2002; Hatsukami et at., 2005). 

Associations between cigarette 
smoking and smoking cessation and the 
levels of haemostatic factors were 
assessed among 7735 men aged 40-59 
years participating in the British 
Regional Heart Study (Wannamethee et 
al., 2005). Current smokers had 
markedly higher plasma fibrinogen, 
D-direr, von Willebrand factor and t-PA 
levels and higher plasma and blood 
viscosity 	compared 	to 	lifelong 
never smokers. Former smokers tended 
to have slightly higher levels than lifelong 
smokers (Table 6). Duration of 
cessation of smoking was also 
associated with the levels of haemostatic 
factors. Compared to current smokers, 
plasma fibrinogen level was substantially 
lower among those who had quit less 
than five years earlier, but the lowest 
levels were found among those who had 
quit smoking more than 20 years earlier. 
In other haemostatic factors the effect of 
time since quitting was less clear. 

i'/loditjcation of lipids 

Smokers have a more atherogenic lipid 
profile than neversmokers: they have 
higher total cholesterol, LDL-cholesterol, 
VLDL-cholesterol and triglycerides and 
lower 	HDL-cholesterol. 	Cigarette 
smoking affects activity of lipoprotein 
lipase and through nicotine effects on 
catecholamine increases lipolysis and 
release of free fatty acids which increase 
VLDL. The role of diet in lipid profile 
between smokers and non-smokers is 
not clear. Reactive oxygen species—
free radicals—present in inhaled smoke 
cause plasma LDL oxidation directly or 
indirectly 	through 	activation 	of 
macrophages (Yamaguchi et at, 2005). 
This is confirmed by higher rates of lipid 
per oxidation in studies of smokers and 
in experimental studies (Yamaguchi et 
aI., 2004). Experimental studies with 
isolated oxidants in inhaled smoke have 
shown increased oxidisation of LDL 
resulting in increased atherosclerosis in 
hyper-lipidemic rabbits (Yamaguchi et 
aI., 2001). Cigarette smoking also 
decreased the activity of paraoxonase, 
an enzyme that protects against LDL 
oxidization (Nishio & Watanabe, 1997). 

As noted above, cigarette smoking 
causes increased oxidization of LDL, a 
trigger of the inflammatory process in 
the intimae of the arteries through 
stimulation of monocyte adhesion to the 
vessel wall (Weber et aI., 1995). 
Increased adhesion to vessel wall of 
monocytes in smokers compared to 
never smokers has been shown in 
experimental settings (Weber et al., 
1996). Unfortunately, dietary supple-
mentation of antioxidant vitamins 
(vitamins C and E), expected to inhibit 
the oxidative process, has not proven 
successful in preventing CVD (Loin & 
Yusuf, 1997). This apparent contradic-
tion has been termed the `oxidative 
paradox'. 
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Mechanistic understandings of: lung cancer, cardiovascular diseases and chronic obstructive pulmonary disease 

Vasoinotor function 

~n addition to the vasomotor effects 
regulated by endothelial function, 
smoking may have a direct effect on the 
tonus of coronary arteries through 
adrenergic stimulation, at least partially 
due to the effects of nicotine, causing 
reduced blood flow. Smoking has been 
shown to have an acute vasoconstrictor 
effect during angiography. This reaction 
is paradoxical because smoking 
exposure, with its accompanying reduced 
oxygen availability and increased 
demand due to increased heart rate and 
cardiac output, requires increased blood 
flow (Quillen et a1., 1993). 

Should the timing of risk 
reduction be different for those 
with and without clinically 
significant cardiovascular 
disease at the time of cessation? 
Based on the described mechanisms, it 
would be expected that effects on 
haemostatis and plaque instabilty would 
be partly reversible whereas the 
accumulated effects on plaque formation 
would not be reversible. However, 
smoking cessation would have the effect 
of reducing the rate of progression of the 
atherosclerotic process in comparison 
with continued smoking. Cardiovascular 
events that involve occlusion of vessels, 
e.g. myocardial infarction and stroke, are 
relatively more dependent on plaque 
stability, whereas events determined by 

insufficient delivery of oxygen due to 
reduced blood flow in vessels, e.g. 
angina and intermittent claudication, are 
expected to be more dependent on 
plaque size and thus less affected by 
smoking cessation. 

A biphasic response to smoking 
cessation in CVD risk is compatible with 
the dual effects of smoking—acute and 
reversible effects on haemostasis and 
plaque stability and more prolonged 
effect on plaque formation. Furthermore, 
as noted, evolution of risk would be 
expected to differ according to 
pathogenetic mechanisms of the corre-
sponding disease. Plaque formation is 
not expected to be fully reversible, thus 
smokers would not be expected to ever 
reach risk level of never smokers 
concerning CVD. 

Mechanisms of Pathophysiology in Chronic Obstructive Pulmonary Disease (COPD) 

Introduction 

The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) has 
recently formulated a "Global Strategy 
for the Diagnosis, Management 
and Prevention of COPD" (www.gold 
copd.org) (NIH, 2003; Pauwels et al., 
2001; Hansel & Barnes, 2004). A 
working definition of COPD is given 
within the GOLD Global Strategy as: "A 
disease state characterised by airflow 
limitation that is not fully reversible. The 
airflow limitation is usually progressive 
and associated with an abnormal inflam-
matory response of the lungs to noxious 
particles or gases." This is the first time 
that a definition of COPD has highlighted 
the fact that it is an inflammatory 
disease, or has made an attempt to 
emphasise its etiology. 

However, this brief definition does not 
detail risk factors such as cigarette 
smoke, does not describe the symptoms  

of COPD, and does not describe the 
range of pathological processes and dis-
eases encompassed within COPD 
(Snider, 2003). In practice, the main 
source of "noxious particles or gases" 
referred to in the GOLD definition is 
cigarette smoking, constituting the main 
risk factor for COPD (Auto et aI., 2001). 
COPD may also be caused by exposure 
to mineral dusts, fumes from indoor 
biomass fuels, and outdoor air pollution 
(Dennis et a1., 1996; Anto et at., 2001; 
Jones et at, 2003). Spirometry is 
fundamental to the diagnosis and 
staging of COPD, and the GOLD stages 
of severity of COPD are arbitrarily 
defined by the post-bronchodilator 
forced expiratory volume in 1 second 
(FEV1) (Table 7). Bronchodilatory 
reversibility in COPDis a poorly 
reproducible variable (Calverley et at, 
2003). 

The large amounts of oxidants 
contained in cigarette smoke cause an 
exaggerated host leukocyte inflamma- 

tory response involving macrophages, 
neutrophils, and T cells in patients with 
COPD (Barnes, 2000; Cosio et ai., 2002; 
Barnes et al., 2003; Di Stefano et al., 
2004; Shapiro & ingenito, 2005). In 
response to long-term cigarette 
exposure, cycles of inflammation, repair 
and regeneration fibrosis, proteolysis and 
tissue destruction occur within the lungs. 

The Pathology of COPD 

At separate anatomical sites different 
pathological events occur in COPD, with 
distinct physiological sequelae that 
result in varying clinical manifestations: 
chronic 	bronchitis, 	obstructive 
bronchiolitis, and emphysema occur in 
the respiratory tree (Figure 5). 
Pulmonary vascular disease and 
cor pulmonale, systemic disease with 
cachexia, and respiratory and peripheral 
muscle weakness are also important 
features of more severe COPD. 

53 



'ARC Handbooks of Cancer Prevention 

Chronic bronchjtjs 

Chronic bronchitis is an inflammatory 
disease of the large airways that 
generally causes little ventilatory 
limitation. Mucus-producing goblet cell 
hyperplasia occurs in the epithelium, 
and there is hypertrophy of mucous 
glands in the submucosa. Chronic 
bronchitis develops гп  approximately half 
of all heavy smokers and involves 
excess mucus production and expecto-
ration (Willemse et al., 2004). Chronic 
bronchitis was originally described for 
clinical and epidemiology purposes by the 
United Kingdom Medical Research 
Council (MRC) as productive cough on 
most days for at least three months for at 
least two consecutive years that cannot be 
attributed to other pulmonary or cardiac 
causes (Medical Research Council, 1965). 

In addition, the term "chronic bronchitis" 
can also be used to describe histopatho-
logical features. Chronic stimulation 
leads to up-regulation of mucin (MUC) 
genes, especially МUC5B in the 
bronchiolar lumen and MUC5AC in the 
bronchiolar epithelium (Caramori et al., 
2004). A 15-year study has found that 
patients at GOLD stage б  with chronic  

bronchitis are not vulnerable to 
developing 	subsequent 	airways 
obstruction (Vestbo & Lange, 2002). 

Obstructive bronchiolitis 

Obstructive bronchiolitis involves the 
small or peripheral airways, and is an 
inflammatory and fibrotic condition of 
small airways < 3mm in diameter. Hogg 
and colleagues (2004) have studied the 
histopathology of the small airways in 
lungs from patients with different 
severities of COPD (GOLD 1—IV). They 
have identified a prominent infiltration 
with macrophages and neutrophils in all 
stages of COPD, with more prominent 
wall thickening in more severe disease, 
and identified prominent lymphoid 
follicles only in COPD of stages 111 and IV 
(Figure 6). 

Emphysema 

Emphysema is defined by permanent, 
destructive enlargement of the air-
spaces distal to the terminal bronchioli, 
with destruction of the interstitium, 
affecting the respiratory bronchioles 
and sometimes the alveoli (Figure 5). 

Centrilobular emphysema occurs 
more frequently in the upper lung fields 
in mild disease. A fundamental defect 
is 	ventilation/perfusion 	(Va1Q) 
imbalance that becomes reflected in 
abnormalities in gas transfer, which 
eventually manifests as respiratory 
failure. Loss of alveolar attachments 
from small airways alters elastic recoil 
of the lung and contributes to airflow 
obstruction. 

Pulmonary vascular disease 

Pulmonary vascular disease begins 
early in the course of COPD as intimal 
thickening, followed by smooth muscle 
hypertrophy and inflammatory infiltra-
tion. 

Ѕystemlc COPD 

Systemic cachectic COPD involves 
disturbances in metabolism with 
cachexia, as well as increased respira-
tory and skeletal muscle fatigue with 
wasting. This is a predictor of increased 
mortality even when level of abnormal 
lung function is controlled in the analysis 
(Schols et aL, 1998; Celli et al., 2004). 

Severity stage 	 symptoms 	 P®st~bronсh®dilator 	FEV1IFVC (%) 

FEV1 (% predicted) 

0: At risk chronic bronchitis normal normal 

1: Mild f1- symptoms з  80 <70 
+1- cough/sputum 

11: Moderate +/- symptoms 50-80 <70 

III: Severe +1- coughlsputumldyspnoea 30-50 <70 

IV: Very severe coughlsputumldyspnoea <30 <70 
+1- respiratory failure or respiratory failure 
+1- right heart failure or right heart failure 

From NIHINHLBI/W10 (2003). GOLD guidelines were revised in November 2006 and are available at www.goldcopd.org. 
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Figure 5. Lung Pathology of COPD 

From An Atlas of COPD by Trevor Hansel & Peter J. Barnes. Copyright (2004) Parthenon PuЫichiпg Group. 
Reproduced by permission of Taylor & Francis Books UK. 

The skeletal muscle weakness may 
exacerbate dyspnoea, and skeletal and 
respiratory muscle training is an 
important aspect of pulmonary rehabili-
tation (5аlman of al., 2003). In addition, 
there are features of inflammation in the 
peripheral blood, and hypogonadism 
and other endocrine problems are 
commonly noted (Creutzberg & 
Casaburi, 2003; Sin & Man, 2003; Gan et 
al., 2005; Laghi of a1., 2605). 

smoking Cessation Sfudy Limitations 

There is a shortage of data on the effects 
of smoking cessation on parameters of 
inflammation: in particular there is a 
need for longitudinal studies in well-
controlled groups of smoking patients 
that are asymptomatic, symptomatic with 
chronic bronchitis, and with COPD of 
different 	grades 	of 	severity. 
Unfortunately, much of the available data 
is cross-sectional, so the differences 

between smokers and former smokers 
are assessed without consideration of 
the kinetics of the processes in individual 
subjects that would be documented in 
longitudinal determinations. 

Specimens fo Assess N►echanisms 

The ultimate standard for assessment of 
inflammation is to perform histopatholog-
ical analysis of resected lung tissue at 
surgery for lung volume reduction or lung 
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malignancy, or lung tissue obtained at 
post mortem (Hogg et a1., 2004). 
Invasive bronchoscopie techniques 
enable assessment of inflammation in 
endobronchial mucosal biopsy or 
bronchoalveolar lavage (BAL). Non-
invasive assessment of biomarkers may 
be performed in blood, urine, exhaled 
breath and sputum, though there are 
considerable 	methodological 	and 
technical issues in the measurement of 
breath and sputum biomarkers. 

Hogg and colleagues have published 
a series of important observations on 
the histopathology of the lungs in 
cigarette smokers, studying both 
asymptomatic smokers and individuals 
with COPD of varying severity (Hogg et 
аl., 2004). These data are cross-
sectional due to the requirement for 
resected or autopsy lung. Goblet cell 
hyperplasia, as opposed to the thickness 
of the bronchial gland layer, is reduced in 
the large airways of former smokers. In  

more severe COPD the small airways 
develop the particular pathological 
features of an intense lymphocytic 
infiltrate and prominent lymphoid follicles 
containing helper T (Th) and cytotoxic T 
(Tc) cells and B cells (Hogg et al., 2004). 
These changes may represent chronic 
bacterial colonisation. Severe COPD 
may not be reversible due to prominent 
structural remodelling: small airway 
thickening and fibrosis (obstructive 
bronchiolitis) associated with interstitial 
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Figure 6. Pathological findings in patients with COPD 

Panel A shows a collection of bronchial lymphoid tissue with a lymphoid follicle containing a germinal center (GC) surrounded by a rim of darker-staining 
lymphocytes that extend to the epithelium of both the small airway and alveolar surface (MovaYs stain x 6). Panel 8 shows another follicle, in which the 
germinal center stains strongly for B cells (хб) and Panel C shows a serial section of the same airway stained for CD4 cells, which are scattered around the 
edge of the follicle and in the airway wall (х6.5). Panel D, shows an airway that has been extensively remodeled by connective-tissue deposition in the subep 
ithelial and advential compartments ofr the airway wall. The arrow points to the smooth muscle that separates the subeplthelial tram the adventitial compart- 
ments (Movat's stain, хб). 
From Hogg et a1. (2004). Copyright (2004) Massachusetts Medical society. All rights reserved. 
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alveolar destruction (emphysema). In 
histopathological studies inflammation 
may persist many years after smoking 
cessation, despite reversal of the 
accelerated decline in lung function 
produced by smoking; therefore it is 
likely that not all features of inflammation 
cause impaired lung function. 

Skold and coworkers undertook longi-
tudinal bronchoscopic studies in the 
1990s assessing changes after smoking 
cessation in non-symptomatic individu-
als: macroscopic signs of chronic bron-
chitis disappeared with 12 months, with 
decreased blood leukocytes and 
decreased numbers of neutrophils and 
activated macrophages in BAL and 
sputum specimens by 6 months (Sko#d 
et aI., 1992, 1993, 1996). Other smoking 
cessation studies have documented 
changes in Clara cell secretory protein in 
BAL and other measures of 
lower respiratory tract inflammation 
(Andersson et ai., 2000). A recent 
longitudinal study of bronchial mucosal 
biopsies obtained after smoking 
cessation in COPD patients showed 
persistence of inflammation (Hogg, 
2006; Lapperre et al., 2006). 

In peripheral blood there are 
increased levels of leukocytes in 
smokers, and these levels do not always 
return to normal after smoking cessation 
(5kоld et aI., 1996; Willemse et at, 
2004). Leukocytosis together with 
elevated C-reactive protein (CRP), 
fibrinogen, and IL-6 were found to be 
elevated in a large meta-analysis of 
patients with COPD (Gan et at, 2004). A 
series of studies have monitored the 
acute effects of smoking cessation on 
blood parameters (Jensen et a1., 1992; 
Meliska et ai., 1995; Skold et a1., 1996; 
Jensen et at, 1998). 

Breath levels of nitric oxide (NO) are 
lower in smokers (Montuschi et a1, 
2001), but alveolar NO is elevated in 
COPD (Brindicci et at, 2005), while 
parameters of oxidant stress are 
eievated in breath condensate (iso- 

prostano, hydrogen peroxide) (Montuschi 
et a1, 2000). Smoking cessation is 
associated with an increase in exhaled 
NO (Robbins et a1., 1997). However, 
there are considerable technical problems 
with breath condensate analysis, including 
interpretation of data that is not specific 
as to the source of condensate solutes 
and a fluctuating dilution of respiratory 
droplets from condensed water vapor, 
which represents the overwhelming 
majority of condensate volumes (Effros 
et at, 2005; Horvath et at, 2005). 

Sputum levels of TNF-a., solubie-
TNFR, IL-8, GRO-a and МlР-1а  are 
elevated in COPD patients (Vernooy et 
at, 2002), but levels are also higher in 
former smokers (Keatirigs et al., 1996, 
1997; Stockley et at, 2001). In addition, 
there are increased levels of 
myelo-peroxidase (МРО) (Hiл  et at., 
1999; Crooks et at, 2000). In an 
important recent study on the effects of 
smoking cessation, there was a consis-
tent but paradoxical increase in inflam-
mation 1 year after quitting attributed to 
repair of tissue damage in the airways 
(Willemse et aI., 2005). 

Processes 

Oxide tive Suess 

Cigarette smoke has been estimated to 
contain some 1017 oxidant molecules 
per inhalation, and there is considerable 
evidence that oxidative stress is 
increased in patients with COPD (Repine 
et at, 1997; MacNee, 2000; van der Vliet 
& Cross, 2000; MacNee & Rahman, 
2001; Boots еt a1., 2003). The lungs have 
a large epithelial surface area that is 
exposed to reactive oxygen and nitrogen 
species within cigarette smoke, further 
oxidants are generated during inflamma-
tory processes, and an oxidantlantioxi-
dant balance is thought to be important in 
the pathogenesis of COPD (Comhair & 
Erzurum, 2002). 

Inflammation 

Cigarette smoke and other inhaled 
irritants 	initiate 	an 	inflammatory 
response in the peripheral airways and 
lung parenchyma (Barnes et a1., 2003) 
(Figure 7). Following chronic exposure to 
oxidants, epithelial cell injury and 
macrophage activation cause release of 
chemotactic factors that recruit 
neutrophils from the circulation. 
Macrophages and neutrophils release 
proteases that break down connective 
tissue. Both serine proteases such as 
neutrophil elastase (NE) and matrix 
metalloproteinases (MIPs) are impli-
cated in this process. Cytotoxic СD8+ 
T cells may also be involved in the 
inflammatory cascade. Over many years 
of injury, cycles of inflammation and 
repair occur that may result in resolution, 
but can be associated with excess mucus 
production, proteolysis, fibrosis, and both 
airway and parenchymal remodelling. 

Inflammation, when present in 
"healthy" smokers, is very similar to that 
in COPD, in terms of inflammatory cells, 
mediators and proteases, but is less 
pronounced. This suggests that the 
inflammation in COPD represents an 
exaggeration of the normal inflammatory 
response to noxious agents (Barnes, 
2000). The mechanisms for this amplifi-
cation are not yet certain, but may be 
determined by genetic factors (Barnes, 
1999), latent virus (such as adenovirus) 
(Gilmour et a1., 2001; Meshi et a1., 2002) 
and impaired histone deacetylase 
(HDAC) activity (Barnes et at., 2004). 
Histone acetylation causes the activation 
of nuclear core histones, resulting in the 
transcription of genes that cause 
inflammation. The reversal of this 
process by HDAC is impaired in alveolar 
macrophages from patients with COPD 
(Ito et a1., 2000, 2001). COPD causes a 
particular 	type 	of 	inflammation 
especially associated with mononuclear 
cells (macrophages and СD8+T cells) as 
well as neutrophils. This inflammation 
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may resolve or may become associated 
with fibrosis, proteolysis and remodelling. 
The nature of the inflammatory 
infiltrate is broadly similar in large and 
small airways as well as within the 
alveoli and pulmonary artery wall. 

Proteases 

The key to the pathogenesis of 
emphysema is believed to be an 
imbalance of proteases and antipro 
teases in the lung (Stockley, 1994). 
Excess extracellular matrix deposition in 
the small airways may be due to a 
protease-antiprotease imbalance favouring 
fibrosis (Vignola et a1., 1998). Proteases 
are also involved in the third component 
of COPD, excess mucus production, 
being potent stimulators of mucus 
secretion. Two of the cell types 
implicated as key effectors in the 
pathogenesis of COPD, namely the neu-
trophil and the macrophage, are 
together able of secreting proteases 
capable of digesting all the components 
of the extracellular matrix. Serine 
proteases (neutrophil elastase (NE), 
cathepsin G and protease 3 and 
cysteine proteases (cathepsins)) are 
produced by neutrophils. Matrix metallo 
proteinases (MIPs) are a group of over 
20 closely related endopeptidases, also 
involved in emphysema pathology, 
produced by neutrophils, alveolar 
macrophages and airway epithelial cells 
(Shapiro, 1994). 

Fibrosis 

ММР-9 may play a role in the activation 
of transforming growth factor- t (ТGF-(3) 
(Dallas et at, 2002; Kranenburg et a1., 
2002), as well as in the release of 
chemotactic peptides and activation of 

cr1-anti-trypsin; thus being involved 
closely with both proteolysis and fibrosis. 
Protease activated receptor 2 (PAR-2) is 
a transmembrane receptor preferentially 
activated by trypsin and tryptase, and 
PARs play an important role in matrix 
remodelling, 	cell 	migration 	and 
proliferation and inflammation. PAR-2 
has increased expression on the smooth 
muscle of bronchial vessels in patients 
with chronic bronchitis when compared 
to patients with COPD (Miotto et a1., 
2002). PAR-2 induces the prohteration of 
human airway smooth muscle cells 
(Berger et a1., 2001) and human lung 
fibroblast proliferation (Akers of al., 
2000), as well as 11F-9 release from 
airway epithelial cells (Vliagoftis et a1., 
2000). Transforming growth factor-(31 
has increased expression in small 
airway and alveolar epithelial cells in 
COPD, and participates in the fibrotic 
processes that take place in the small 
airways (de Boer et a1., 1998; Takizawa 
et a1., 2001). Cigarette smoke extract 
has been shown to induce СОХ-2 with 
concurrent synthesis of prostaglandin 
E2 by normal human lung fibroblasts 
producing a pro-inflammatory environ-
ment (Martey et a1., 2004). Hence 
11F-9, PAR-2 and TGF-(3 may be 
interrelated in causing fibrosis in COPD. 

Reversibility and structural remodelling 

Some features of inflammation may be 
more reversible than others, and as 
COPD progresses there is likely to be 
less and less reversibility in the 
pulmonary inflammatory processes with 
the advent of structural remodeling that 
includes fibrosis, tissue reorganisation 
and destruction. 

Issues for Assessment of the 
Mechanisms of COPD 

The diagnosis of emphysema can be 
made accurately using high resolution 
CT scans (Goldin, 2004; Newell et a1., 
2004; Stockloy, 2004; de Jong et a1., 
2005; Shaker of a1., 2005). There is, 
however, the need for new improved 
imaging modalities to study the small 
airways (Hill & van Beek, 2004). 

There is a paradigm that oxidants in 
cigarette smoke cause inflammation that 
is the basis of the pathology of COPD. 
However, there is a lack of information in 
longitudinal studies on the effects of 
smoking cessation on parameters of 
inflammation. Inflammation persists tn 
histopathology of surgiсalky resected 
and post mortem lung tissue many years 
after smoking cessation. Mucosal 
bronchial biopsies obtained on 
bronchoscopy are from larger airways, 
and may be poorly representative of 
small airways pathology (Lapperre et a1., 
2006). Inflammation increases in sputum 
samples taken at up to 12 months after 
smoking cessation, and this corresponds 
to improved lung function. Hence, 
paradoxically, inflammation may be 
beneficial in some instances. Non-inva-
stvely obtained specimens, such as 
breath and sputum, could be used to 
study inflammatory biomarkers after 
smoking cessation. 

Understanding the molecular, cellular 
and pathophysiological basis of the 
events that occur after smoking 
cessation can give insight into potentially 
reversibe molecular mechanisms, and 
will assist in the definition of targets for 
pharmacotherapy (Barnes & Hansel, 
2004). 
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Epidemiological Considerations in Evaluating the 
Effects of Cessation 

А  number of methodological issues in 
the design, analysis, and interpretation 
of epidemiological studies and ran-
domised trials need careful attention to 
assess the effects on health of smoking 
cessation. The majority of these 
methodological problems, shown in 
Table 1, cause the true magnitude of the 
health benefits of smoking cessation to 
be underestimated. Problems due to 
misclassification and confounding by 
other aspects of lifestyle can be 
minimised by careful attention to mea-
sures at baseline and follow up and by 
analyses that control for lifestyle vari-
ables. Many of the problems are most 
acute in studies with short follow-up in 
populations in which the risks of smoking 
are not yet mature. Large observational 
studies with long-term follow-up over 
several decades have proved exception-
ally useful for characterising the full 
magnitude of the benefits of smoking 
cessation. 

Ѕtиду  designs used to examine 
the health effects of smoking 
cessation 

A number of different study designs have 
been used to evaluate the health conse-
quences of smoking cessation. 
Observational cohort studies, which 
follow large numbers of participants over 
time, can be used to derive estimates of 
the absolute risk of various disease 

outcomes in continuing smokers, former 
smokers and never smokers. Obser-
vational case—control studies focus on a 
single disease and assess detailed 
smoking histories retrospectively in 
cases and controls; they then use this 
information to derive estimates of the 
relative risk of the disease in 
question according to smoking history. 
Intervention trials randomise smokers to 
smoking cessation interventions and 
examine effects on morbidity and 
mortality at follow up. Each type of study 
has its particular methodological 
strengths and weaknesses. Obser-
vational studies need to be large and to 
have long follow-up in order to provide 
estimates that are sufficiently precise to 
be useful. 5tudies meeting these 
descriptions have been particularly infor-
mative, and have provided convincing 
evidence of major reductions in disease 
risk following long-term smoking cessa-
tion relative to the risk in individuals who 
continue to smoke. 

Classifying smoking behaviour 

Proper classification of smoking behav-
iour is critically important for evaluating 
the health consequences of smoking 
cessation. Misclassification of smoking 
status can derive from inaccurate report-
ing of smoking habit at enrolment of 
study subjects (e.g. current smokers 
classified as non-smokers or former 

smokers), and from changes 'гn smoking 
habits in prospective studies which are 
not captured by repeated measurements 
(e.g. former smokers who relapse and 
current smokers who give up). These 
sources of misclassification will result in 
underestimation of the extent of the health 
gains that stem from successful quitting. 

Cigarette smoking is notoriously a 
chronic relapsing condition, in countries 
such as the USA and the United 
Kingdom about 40% of smokers make a 
serious quit attempt each year, but the 
long-term success rate of such attempts 
is only about 3% (Jarvis et al., 1997; 
Royal College of Physicians, 2000). This 
means that a snapshot of smoking 
status at a point in time provides an 
imperfect guide to long-term smoking 
status. Because of the dynamic nature 
of change in smoking behaviour, any 
categorization of smoking status at a 
point in time becomes a simplification 
(USDHHS, 1990). At one extreme, many 
smokers make no efforts 10 change, and 
about 30% report not going for longer 
than a single day without smoking in the 
past five years (Jarvis et a1., 2003); 
former smokers of long duration (two to 
five years or longer) are unlikely to return 
to smoking; and uptake of smoking by 
adult non-smokers above the age of 
twenty-five is rare in many populations. 
At the other extreme, however, there are 
also many smokers who make repeated 
efforts to quit, and transitions in and out 
of smoking are frequent. 
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taie. health con 	. nce$ crf s 1оIdng cessaton 

Problem Effect Relevance 

Cohort Case-control Randomised 

studies studies interventions 

Carrying out study in population where Under-estimation of risks of Considerably ConsiderabIy Considerably 
smoking epidemic is not mature smoking and hence, of the important important important 

benefits of quitting 

Carrying out study in population with few Under-estimation of the Considerably Considerably Depends on endpoint 
long-term former smokers benefits of quitting important important 

Current smokers quitting in response Apparent benefits of Considerably Problem can be Not applicable 
to disease onset cessation are reduced important avoided with 

careful study design 

smoking habits changing during Apparent benefits of Problem can be Not applicable Prober can be reduced by 
follow-up (baseline smokers cessation are reduced be reduced by repeat surveys of population 
quitting, and former smokers relapsing repeat surveys it 
repeatedly) population 

Self-reported former smokers are Apparent benefits of Problem relatively Problem relatively Biochemical validation 
actually smoking cessation are reduced small in individuals small in individuals advisable 

who report quilting who report quitting 
more than 2 years more than 2 years 
previously previously 

Former smokers tend to have smoked Failure to account tir the Problem can be Priblem can be Not applicable 
ess than persistent smokers difference may exaggerate r nimised with minimised with 

the apparent benefits appropriate data appropriate data 
of cessation collection and collection and 

analysis analysis 

Former smokers tend to have a Failure to account for the Effect probaby Effect probably Not applicable 

healthier lifestyle than persistent difference may small small 
smokers exaggerate the apparent 

benefits of cessation 

Modified from USDHHS (1990) 

The subgroup of particular concern 
for studies of smoking cessation are 
those who report having quit at one time, 
but then resume smoking. The Lung 
Health Study, a randomised trial of 
smoking cessation in adult smokers with 
evidence of early chronic obstructive 
lung disease, provides an example 
(Anthonisen et ai., 1994). Three patterns 
of response were identified: sustained  

quitters were defined as carbon-monoxide 
(CO) verified former smokers at the first 
and all subsequent annual follow-ups, 
who additionally reported no significant 
intervening lapses. Continuing smokers 
reported smoking at all annual 
follow-ups. Intermittent smokers were 
verified former smokers at at least one 
follow-up and who were smoking at a 
minimum of one annual follow-up 

(Murray et a1., 1998). At eleven years 
after initial enrolment, 19% of partici-
pants were sustained quitters, 52% сoп  
tinuing smokers, and 29% intermittent 
smokers (Anthonisen et ai., 2002). 
Observational studies which require par-
ticipants to have been abstinent for at 
least two years at baseline in order to be 
categorized as former smokers will 
reduce the problem of relapse to 
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N %smoking Mean cotinine in Mean coliniпe in 
(%) by cotinine confirmed non- misreported non- 

smokers (nglml) smokers (nglml) 

Nover smokers 9278 2.0 0.8 147 
Former smokers 4907 4.9 0.9 160 

Reported time 

since quitting 

6 months 89(1.8) 15.7 1.6 136 

6-12 months 150 (3.1) 24.7 2.3 172 

1-2 years 152 (3.1) 17.8 1.3 204 

2-5 years 465 (9.5) 7.7 1.1 11 

5-9 years 662 (13.5) 7.1 1.0 162 

10-19 years 1316(26.8) 3.8 08 183 

20+ years 2073 (42.2) 1.5 0.7 135 

Data from the Health survey for England 1998 and 2001 combined. serf-reported smoking status based 
on initial interview responses confirmed by no reported smoking and no use of nicotine replacement 
products at nurse visit when saliva specimen for cotinine was collected. A cotinine concentration >_ 15 
ng/ml was taken to indicate current smoking. 

Epidemiological considerations in evaluating the et ects of cessation 

smoking influencing the estimation of the 
health effects of quitting, as relatively few 
former smokers are likely to go back to 

smoking after this duration of abstinence 
(see Table 2). 

Definition of smoking and of ex-
smoking 

In the great majority of studies, smoking 
is ascertained by self-report. Questions 
used to determine current smoking and 
former smoking vary across studies and 
countries. in the United Kingdom 
national statistics, a current cigarette 
smoker is someone who responds yes to 
"Do you smoke cigarettes at all nowa-
days?" (Rickards et aL, 2004); while in 
several countries a distinction is drawn 
between daily and non-daily smoking, 

and national cigarette smoking preva-
lence may be defined as daily smoking 
(as in Sweden, Australia, and Canada). 
Ex-cigarette or former smokers may be 
defined as those who report having 
smoked at least 100 cigarettes in their 
life, but no current cigarette use 
(National Health and Nutritional 
Examination Survey (NHANES); 
National Health Interview Survey 
(NHIS), United States); or, in the United 
Kingdom, as those who do not currently 
smoke cigarettes but who respond yes 
to "Have you ever smoked cigarettes 
regularly?" (Rickards et al., 2004) These 
variations in the approach to defining 
smoking status are likely to be of 
considerable importance for ecological 
comparisons of smoking prevalence 
across countries, but may be of less 
relevance for establishing baseline 

smoking in observational cohorts, as the 
questions used to ascertain smoking 
history in observational studies are more 
detailed than those in national surveys. 

Misclassification of exposure can 
also result from the treatment of individ-
uals who smoke cigars or pipes, or, in 
populations where this is common, who 
use smokeless tobacco. Estimates of 
former smoking may or may not take 
account of ex-cigarette smokers who 
continue to smoke pipes or cigars. In the 
Multiple Risk Factor Intervention Trial 
(MRFIT) there was a focus on cigarette 
smoking, and men who smoked pipes or 
cigars, but not cigarettes, at baseline 
were counted as non-smokers. Those 
who switched from cigarettes to 
pipes/cigars during the course of the 
study could be counted as former 
smokers, despite evidence of continued 
smoke inhalation (Necton et aL, 1981). 
Similarly, in the Whitehall Study, ех-
smoking was defined solely in terms of 
cigarettes and took no account of 
pipe/cigar smoking (Rase & Hamilton, 
1978). 

Factors affecting the accuracy of 
self-reported smoking status 

Smoking status can be determined 
objectively by biochemical markers of 
smoke inhalation (Jarvis et al., 1987; 
USDHHS, 1990). While many observa-
tional and cohort studies have relied 
exclusively on self-report, a number of 
major studies have incorporated bio-
chemical markers of smoking. The Lung 
Health study used CO and saliva coti-
nine to validate claims of cessation 
(Murray et al., 2002), while measures of 
thiocyanate and CO were taken in 
MRFIT (Neaton etaL, 1981). Population 
surveys such as NHANES in the US and 
the Health Survey for England (HSE) 
(Prior et al., 2003) collect serum or saliva 
samples for cotinine assay. Cotinine is 
widely accepted as the most sensitive 
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and specific of available tests (SRNT 
Subcommittee on Biochemical Verifi-
cation, 2002). 

Observational studies in which no 
intervention occurs, or intervention stud-
ies in which there is minimal intervention 
or interaction with smokers, are less 
likely to prompt false reports of smoking 
cessation than studies in which intensive 
intervention dies occur (USDHHS, 
1990). Perceived social pressure to 
report non-smoking is likely to be 
minimal in population surveys in which 
smoking is one of many health behav-
iours covered, and probably also in 
observational studies where no interven-
tion is applied. Observational studies 
have in general not employed biomark-
ers of smoking to confirm self-reported 
smoking status at baseline. However, 
such data are available from general 
population surveys of smoking. Table 2 
gives percentages of respondents with 
misreported smoking status observed in 
the Health Survey for England, a large 
continuing survey on representative 
samples of the adult population. Among 
self-reported never smokers, 2% had 
cotinine levels indicative of smoking. 
Among former smokers, the correspond-
ing percentage was considerably higher 
(4.9%). The extent of misreport showed 
a strong relationship to time since 
quitting, being similar to never smokers 
in those who reported quitting more than 
twenty years previously (1.5%), but 
ranging between 15-25% in those who 
reported quitting for less than two years 
(Table 2). The cotinine levels observed 
in these discrepant never and former 
smokers were not marginally raised, but 
were well into the smoking range, 
indicating substantial amounts of inhaled 
smoke. 

It is important to emphasize that the 
great majority of former smokers (70%) 
had quit for ten years or longer, and that 
substantial levels of misreport were 
observed mostly in the minority (15%) 
who had quit within the previous two  

years. This indicates that observational 
studies that require former smokers to 
have quit for a minimum of one to two 
years at baseline to be included in the 
ex-smoking category may avoid much of 
this problem. It is also reassuring that 
self-reports 0f never smoking appear in 
general to be highly reliable (only 2% 
giving evidence of current smoking, see 
also Riboli et a1., 1995; Hackshaw et a1., 
1997), suggesting that contamination of 
the reference group 0f never smokers by 
smokers in observational studies is likely 
to be of minimal significance. 

The extent of misreport of smoking 
status may be greater in studies which 
enrol smokers in interventions to 
promote cessation in order to investigate 
the effects on health outcomes. 	In 
MRFIT, which incorporated an intensive 
special intervention condition to promote 
cigarette 	cessation, 	thiocyanate- 
validated cessation rates differed sub-
stantially from self-reported cessation. 
The reported cessation at one year of 
43% in the special intervention group 
was reduced to 31% using biochemical 
validation by thiocyanate according to 
the complex formula adopted by MRFIT 
researchers which allowed continued 
pipe/cigar smoking (Neaton et at, 1981), 
while the best estimate of complete 
smoking cessation, derived from the 
overall reduction in smoking-attributable 
thiocyanate, was estimated at no more 
than 19% (Jarvis et a1., 1984). In the 
usual care group, by contrast, the 
corresponding figures were 13.5%, 
11.7% and 2.9%, indicating markedly 
less misreport among those participants 
assigned to the arm that did not involve 
as much pressure to quit. Differences in 
misreport between intervention and 
control participants, albeit of smaller 
magnitude, were also observed in the 
Lung Health Study: at one year 17% of 
participants assigned to the smoking 
intervention had saliva cotinines dis-
crepant with their self-report of non-
smoking, compared with 10% in those 

assigned to usual care. The discrepancy 
between self-report and cotinine-
assessed smoking reduced across 
years in those who received the smoking 
intervention (falling from 17% at year 
one to 12% by year five). There was a 
tendency for the same individuals to give 
cotinine-discrepant self-reports across 
years. The high rates of misreport of 
smoking status observed in these 
intervention trials may be attributable to 
perceived pressure to stop smoking and 
a desire to give socially approved 
responses. Social and cultural norms in 
some countries may give rise to 
pressures on some groups (e.g. women 
in Asian countries) to deny their smoking 
under some circumstances. 

Biases caused by quitting in 
response to disease development 

Within a population it is likely that a 
proportion of the former smokers gave up 
smoking after developing a smoking-
related disease, and that signs and symp-
toms related to the early stages of the dis-
ease, or receipt of a diagnosis, played a 
part in motivating them to give up. 

The consequences of this phenome-
non are illustrated in Figure 1, in which 
the observed mortality rate from lung 
cancer among former smokers in the 
baseline American Cancer Society 
Cancer Prevention Study I (CPS-l) is 
plotted against years since quitting, and 
the lung cancer mortality rate predicted if 
smoking had continued is also shown. 
The predicted rate is based on a model 
that takes into account age, duration of 
smoking and number of cigarettes per 
day, and the parameters of the model 
were estimated from the lung cancer 
mortality rates observed in the individu-
als in the study who continued to smoke. 
In the first year after quitting smoking, 
the observed rate among the quitters is 
more than double the predicted rate in 
continuing smokers. Therefore, if such 
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Figure 1. Observed lung cancer mortality among former smokers 
versus time since quitting in the baseline CSР-1; also the predicted lung 
cancer mortality rate that would have occurred if smoking had continued 

EpideпmiсЭogical considerations in evaluating the effects of cessation 

individuals are counted as former 
smokers when estimating the benefits of 
giving up smoking, disease risks in 
former smokers will be over-estimated 
and the benefits of quitting will be under-
estimated. It should be noted that the 
bias illustrated in Figure 1 cannot be 
avoided by considering the first ten years 
after quitting as a single category: such 
an approach will only dilute any true 
reduction in risk. 

In case–control studies where 
detailed information is collected from all 
those taking part, including the reasons 
for quitting among former smokers, it is 
possible — at least in principle — to 
avoid this bias by asking the cases to 
describe their smoking habits at the time 
of the initial symptoms of their disease 
and by asking the controls to describe 
their smoking habits at a comparable 

Source: D. Burns uпр  Ыиshed analyses 

index date. This approach has been 
used by Peto et al. (2000) and also in a 
number of other case–control studies. 
Of course, such studies are limited by 
the accuracy of the smoking histories 
obtained, especially where they have not 
been derived from the case in person, 
but from his or her spouse or another 
relative. The approach cannot generally 
be used in cohort studies, as detailed 
information on the reasons for quitting 
will not generally be available for all 
those who develop disease throughout 
the period of follow-up. 

In a cohort study, elimination of all 
cases of prevalent disease at the start of 
the study will result in under-estimation 
of subsequent mortality rates in those 
who have given up smoking, resulting in 
over-estimation of the benefits of quitting 
smoking. 

Few patients with lung cancer survive 
for more than five years after diagnosis. 
Therefore, for mortality from lung cancer, 
the bias illustrated in Figure 1 will be 
largely confined to the initial five years 
after quitting. Hence, approximately 
unbiased estimates of the risk in former 
smokers of more than five years dura-
tion can be derived, enabling unbiased 
estimates of the benefits of giving up 
smoking on lung cancer mortality in 
case-control studies and, where the 
length of follow-up permits, also in 
cohort studies. For other cancers with 
poor survival rates, the situation will be 
similar to that for lung cancer. 

For cancers with higher survival rates 
than lung cancer, and also for chronic 
obstructive pulmonary disease (COAD) 
and many other important smoking-
related diseases, a considerable propor-
tion of the individuals who develop the 
disease are likely to survive for many 
years. This reduces the extent to which 
unbiased estimates of the benefits of 
stopping smoking can be estimated, 
even at substantial periods of time after 
quitting. 

There is evidence that, among 
patients with lung cancer, average sur-
vival is several months longer among 
those who have given up smoking than 
among those who continue to smoke 
(Gritz et al., 2005). However, even for 
patients who do not smoke after a 
diagnosis of lung cancer, only a small 
proportion will survive for longer than 
five years. In contrast, for COAD, for 
symptoms indicating early-stage cardio-
vascular disease, and for many other 
smoking-related diseases, an apprecia-
ble number of those affected are likely to 
survive for several years. In these 
diseases the severity of the disease may 
well be reduced substantially by quitting 
smoking and its time-course may also be 
prolonged substantially. Therefore, for 
studies of mortality it is impossible to 
derive unbiased estimates of the 
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benefits of giving up smoking for these 
diseases, even in the period more than 
ten years after quitting. 

Bias due to differences in 
smoking history between smokers 
who quit arid those who continue 
to smoke 

Most of the information on the health 
benefits of giving up smoking has come 
from observational studies. In these 
studies, former smokers are those 
participants who have self-selected to 
give up smoking. This raises the ques-
tion of whether those who stop smoking 
and those who continue differ in other 
respects in ways which affect disease 
risk. It cannot be assumed that those 
who become former smokers are, while 
smoking, similar to continuing smokers 
in terms of their risk of developing 
smoking-related disease. For example, 
smokers who quit may have lower 
smoke intakes and be less nicotine-
dependent than continuing smokers. 
There is evidence from a prospective 
study of cohorts of smokers in the 
general population that this is indeed the 
case (Jarvis et a1., 1997). The effects of 
any such tendency for lighter smokers to 
be more likely than heavy smokers to 
quit will be to overestimate the apparent 
benefits of cessation, as former smokers 
may not have been as likely to have 
developed smoking-related disease if 
they had not quit. Analyses that stratify 
by intensity of smoking can control for 
this potential bias. However, it shoutd be 
emphasized that any such effects are 
likely to be of marginal importance only, 
as the magnitude of changes in death 
rates following cessation in observa-
tional studies far exceeds anything that 
could reflect residual confounding. The 
results of the Lung Health 5tudy, which 
found a significant benefit of smoking 
cessation on mortality in an intention-to-
treat comparison between the smoking 

intervention and controls, also confirm 
that the bene#its of cessation cannot be 
due in any significant way to self-selec-
tion (Anthonisen et a1., 2005). 

Are apparent health gains from 
quitting smoking partly attribut- 
able to changes in other aspects 
of lifestyle? 

Smokers tend to differ from non-smokers 
on a number of other health-relevant 
behaviours in addition to smoking (Thun 
et a1., 2000). As a group, they have 
unhealthier diets and lower vitamin 
intakes, take less physical activity and 
drink more alcohol. For some of these 
behaviours, there is evidence that former 
smokers move toward the healthier 
pattern displayed by never smokers. In 
particular, their diets (Morabia & Wynder, 
1990; Cade & Margetts, 1991; 
Whichelow et a1., 1991; Dallongeville et 
at, 1998; Dyer et al., 2003) are much 
closer to those of never smokers than 
those of continuing cigarette smokers. 
Some of the observed reduction in 
disease risk in former smokers by com-
parison with continuing smokers could in 
principle be due to confounding by a shift 
to a generally healthier lifestyle that 
occurs following smoking cessation. 
However, analyses of the CР5 Il cohort 
to examine this issue found that adjust-
ment for potential confounders (diet, 
physical activity, alcohol consumption) 
made little difference to estimates of risk 
in comparison with never smokers, even 
for cardiovascular outcomes (Thun et al., 
2000). There is also genuine uncertainty 
as to whether it is appropriate to treat 
some behaviours associated with 
smoking and which change with cessa-
tion as confounders. It can be argued 
that these behaviours should not be 
controlled for, because they represent 
adverse effects of smoking and/or inter-
mediates in the causal pathway. For 
example, both physical inactivity and low 

body mass index can be caused by 
smoking or smoking-related diseases 
(Perkins eta'., 1993; Thun et a1., 2000). 

Table 1 summarises the main issues 
that relate to accurate classification of 
smoking status: reverse causality due to 
smokers quitting after disease onset, 
confounding when smokers' characteris-
tics are related both to giving up 
smoking and ta disease risk, and the 
problems of interpretation raised by 
studies in populations in which the full 
detrimental effects of smoking on health 
are not yet apparent. 
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Lung Cancer Risk After 5mоking Cessation 

introduction 
More is known about the impact of 
smoking cessation on the risk of lung 
cancer than on any other cancer. 
Comprehensive reviews by 1ARC (1986, 
2004) and the U.S. 5urgeon General 
(USDHHs, 1990, 2004) cite more than 
50 published and unpublished epidemio-
logic studies on this topic (Best, 1966; 
Hammond, 1966; Kahn, 1966; Graham & 
Levin, 1971; Cederlof et at, 1975; Doll 
et ai., 1976; Doll et a1., 1980; Rogot & 
Murray, 1980; Wigle et at., 1980; Joly 
et a1., 1983; Correa etal., 1984; Lubin et 
a1., 1984; Alderson etal., 1985; Wu etal., 
1985; Gao et a1., 1988; Higgins & 
Wynder, 1988; Pathak et al., 1986; 
Damber & Larsson, 1986; Carstensen 
et ai., 1987; Garfinkel & Stellman, 1988; 
Benhamou et a1., 1989; Jedrychowski 
et ai., 1990; Becher et a1., 1991; 
Jockel et al., 1992 ; Morabia & Wynder, 
1992; Chyou et ai., 1993; Gao et ai., 
1993; De 5tefani et at, 1994; 5uzuki 
et a1., 1994; De 5tеfаni et al., 1996; 
Barbone etal., 1997; Muscat etal., 1997; 
Pohlabeln et al., 1997; Khuder et al., 
1998; Matos et ai., 1998; Jacobs et ai', 
1999; 5peizer et ai', 1999; Agudo et ai., 
2000; Kreuzer et ai', 2000 ; Osann et at., 
2000; Peto et at., 2000; Mao et ai., 2001; 
Simonato et al., 2001; 5tе11man et a1., 
2001; Bhurgri et at, 2002; Petrauskaite 
et a1., 2002; Stellman et a1., 2003). 
Another 17 studies (Sobue et ai., 1993; 
Friedman et ai., 1997; Hrubec & 
McLaughlin, 1997; Wakai et at, 2001; 

Godtfredsen et a1., 2002; Lam et ai', 
2002; Sabue et al., 2002; Thun et a1., 
2002; Andб  et at, 2003; Gajalakshmi 
et ai., 2003; Doll et at., 2004; Joe et ai., 
2004; Miller et a1., 2004; Ebbert et al., 
2005; Godtfredsen et al., 2005; Wen 
et al., 2005; Zhang et al., 2005) were 
identified by the Working Group that 
were not included in the earlier reviews. 
Based on the extensive epidemiologic 
evidence, 'ARC (2004) has concluded 
that "Stopping smoking at any age 
avoids the further increase in risk of lung 
cancer incurred by continued smoking," 
and that The younger the age at cessa-
tion, the greater the benefit." 

While the benefits of smoking cessa-
tion for lung cancer are well established 
qualitatively, there is still uncertainty 
about the size and timing of these bene-
fits and the extent to which they may vary 
according to age at cessation, ante-
cedent smoking history, histologic type 
of lung cancer, and the presence or 
absence of other diseases caused by 
smoking. Most studies were conducted 
in time periods and countries where the 
full effect 01' prolonged cigarette smoking 
had not yet reached its peak; thus these 
studies underestimate the impact of life-
time smoking on lung cancer risk and do 
not fully capture the benefits of 
prolonged cessation (Peto et at, 2000). 
Furthermore, almost all studies have 
examined the change in lung cancer risk 
after smoking cessation in terms of 
relative rather than absolute risk. There  

are now large numbers of former 
smokers who are concerned about their 
residual risk in terms of the probability 
that they may develop lung cancer 
because of past smoking. While it is 
obvious that absolute risk varies according 
to age, gender, and past smoking prac-
tices, it is not clear whether the absolute 
risk of developing lung cancer actually 
decreases after smoking cessation, as is 
the case with relative risk, or whether it 
continues to increase but at a slower rate 
than would result from continued smoking. 

Relative risk by time since 
cessation 

A total of 34 studies including results in 
men, 21 in women, and 6 in both sexes 
combined have examined the risk of 
developing or dying from lung cancer 
among former smokers compared with 
either people who continue to smoke or 
those who have never smoked (Tables 1 
and 2). Most of these studies express the 
comparison as a ratio (relative risk or 
odds ratio) comparing the incidence or 
death rate from lung cancer in former 
smokers to that of never smokers. Fewer 
studies have compared the lung cancer 
risk in former smokers to that of current 
smokers. The comparison with 
continuing smokers is more relevant to a 
smoker who is contemplating cessation 
than is the contrast with never smokers. 
People who smoke have the option of 
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Lung cancer risk after smoking cessation 

stopping smoking, but cannot return to the 
status 0f never having smoked in the past. 

Tables 1 and 2 summarize the results 
of 22 cohort and 24 case—control studies, 
respectively, that measure the relative 
risk of lung cancer in former smokers 
compared to either continuing or never 
smokers. Figures 1-4 present these 
results graphically. Table 3 provides 
some additional information about the 
criteria used in these studies to define 
cessation, exclude subjects with preva-
lent disease, and account for exposure 
from pipe and/or tobacco smoking. With 
the exception of the study by Garfinkel & 
Stellman (1988), that followed a large 
cohort in a country with relatively early 
and high uptake of smoking in women, 
the tables and figures are restricted to 
studies published since 1990, since 
these provide the best indication of the 
current impact of cigarette smoking and 
benefits of smoking cessation in the 20 
countries represented. For the studies 
that presented relative risk estimates 
comparing former smokers with never or 
current smokers but not both, the 
Working Group calculated relative risk 
and 95 percent confidence interval 
estimates using the following equations: 

In the case of two studies (Tverdal et 
al., 1993; Doll et al., 2004), the Working 
Group calculated the relative risk and 
95% confidence intervals based on the 
published incidence or death rates. 
Estimates calculated by the Working 
Group are shown in italics in Tables 1 
and 2 and as open circles with dashed 
lines for the confidence intervals in 

Figures 1-4. 
All of the published studies show that 

the risk of developing or dying from lung 
cancer is lower among former smokers 
than in those who continue to smoke, 
and that the relative risk decreases with 
time since cessation. The pattern is 
qualitatively similar when former smokers 
are compared with never smokers 
(Figures 1 and 2) or to current smokers 
(Figures 3 and 4)e However, as time 
since cessation increases, the relative 
risk estimates decrease towards 1 .0 
when former smokers are compared to 
never smokers (shown on an arithmetic 
scale in Figures land 2) and below 1.0 
in the comparison with current smokers 
(shown on a logarithmic scale in Figures 
3 and 4). Several studies report that the 
relative risk estimates comparing former 
with never smokers actually reach 1.0, 
implying that no residual increase in lung 
cancer risk from past smoking persists 
among smokers who have quit many 
years before. However, the interpretation 
of this finding is complex, because 
former smokers who have abstained 
from smoking for twenty or more years 
usually quit at an early age and have a 
short duration of smoking. [The Working 
Group noted that the residual excess 
risk in former smokers cannot be deter- 

mined at any particular age except in 
analyses that stratify simultaneously 0f 
age at cessation plus time since cessa-
tion or attained age.] 

Conceptually, the question of whether 
lung cancer risk among former smokers 
ever returns to that of never smokers is 
important to cancer biologists, even 
though it has only hypothetical relevance  

to smokers contemplating cessation. 
While smokers cannot return to the 
status of lifelong nonsmokers, as noted 
above, the comparison between lung 
cancer risk in current and former 
smokers helps to separate the conse-
quences of initiation and residual genetic 
damage from the promoting effect of 
continued smoking. As discussed else-
where, the higher lung cancer risk in a 
former smoker, compared with a never 
smoker, exists because of residual 
genetic damage that persists despite 
cessation of smoking. Continued smoking 
accelerates the rate at which clones of 
abnormal cells accumulate further 
genetic or epigenetic damage, increasing 
the likelihood that one or more cells will 
be transformed into an invasive malig-
nancy. The duration of smoking is more 
strongly related to lung cancer risk than 
is any other parameter of smoking (Doll 
& Peto, 1978; Flanders et al., 2003). 
However, even iп  the absence of 
continued smoking, former smokers 
have a somewhat higher risk than never 
smokers of developing lung cancer. The 
multistage nature of carcinogenesis 
provides a conceptual framework for 
understanding why lung cancer risk 
increases rapidly with continued 
smoking, but much more gradually after 
cessation and prolonged abstinence. 

The size of the reduction in lung 
cancer risk observed after smoking 
cessation is strongly influenced by the 
risk observed in current smokers in the 
study populations (Figures 1-4). There-
fore, the benefit of smoking cessa-
tion appears largest in countries and 
populations where the full effects of 
long-term smoking are already manifest, 
particularly among men in the United 
States, United Kingdom, and Eastern 
European countries, in these countries, 
the relative risk of lung cancer among all 
male current cigarette smokers 
compared with that of never smokers 
now exceeds 20 in many studies, and 
exceeds 50 among those who have 

RA гет  еr vs. current — RR former vs. пеvе l RRcurrent vs never 

95% Cl = (е1п  RR - 1.96*se ~1п  RR+1.eG*se) 

1 	1 

Standard error(se) = a * b , where a = number of events in the reference 
category and b = number of events in the former smokers category; 
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Ǹ 
ы  

> ç~y 

- C 
Ф  

K 

N 

д  Ô u 
0 	ô d 

E 
7 

[ы  ~ 
Q ô 

- 
 6 
Û ~ 
C N 
и  m 
~п  ÿ 

и  
Ô 
)- 

Ф  
P 
9 
W 

p 	in 
O 

Ф  
m G 
O Û 

Ô 	O O 

115 



'ARC Handbooks of Cancer Prevention 

ф  

Ci 
O 

L Ф  
Е  
ч  
C 

ф  
P> 
C 

о  

ô 
и  

0 
ф  

(б 	(б  
V и  

O. 
s ~ 

ф  Ç *r 

V •L 	\V 

p O 

й  ~ 7 O .Е  
J " ai 

C_ 
Q 

o 
ф  Û 

^+ 
W 
I .— 

Ç — Û 

a 
Q) 

9 
- 

ô 	- 
U 
ô 

ИΡ 
V o 

C m 
D 

ü 
~ 

o iCO  ш  

0 й  ~. 
Ш  Ш  - 

а  
h!» 
• o 't1 и  

E 

v 

Й  

—o— 

_ 	ы  

Г  п`m 

- 	ç м  

0- 

a 	d 6 	LU o 

É 
ч: 

mÉ 
э~ 

а~ 
5 

п 	го  ы  
}ы  



Е  

й  

. 

~ л  

~ É 

й  ô 
и  N 

Y w 

м  m 
p 	O 	O 

v 
Y 

i 

f- 

E 

~ ш  

Lung cancer risk after smoking cessation 

É 

—.--- 

c g 

a ô w 	v o 0 of 
`w 
m 

â Е  

v 

r 	 n m 

	

—.-. 	 п  g 
t? 

—r 	 и  

i 	- 
~- 	 N 

cl 	
- â 

2 	 ----. 
p Й  W 	N _ a 	o 

.- 
C 

с.% 

ф  
L 

rn 
LL 

' 

117 



n  a 
O ~ ô 

m 

N 
~ C 
_ 

C 
Ç b 
.n U 

o ф  â 
1 Y N 

O 
O 

O 
N 

O 
O 	O 

ю 	v 
а  E Q ш  

~ й  Ф  
И  O 

	

O ° и 	 ° ô r 

	

O 	 O 	O 

ы  
E 

IЛRC Handbooks of Cancer Prevвntlon 

г  

E 
п  D 

Ф  E 
Ç1 d 

Û 

C 

	

° и 	 Lо  c~ 

	

ш 	 о  

Г  й  
ф  

ô ô O ô ô 	 ô 0 	 0  ô 
O 	O O V 

u- 

E 



Ф  ы  
д  

Cli 
L

V 

Q~ 

Е  

_ ю-- 

f}-- 

i 
0 
Z 

Lung cancer risk after smoking cessation 

о  

U 
Q) 
Q) 

Q) 	o_ 	(Q 
4)= 	Q7 

o ÿ ~ и  
))) 	 ro 

Ш  
Y - 

Q ô - 
C1 Q и  ~ C 

C 
T 9 C 

Q) 	-6 	Q ш  
и  

m 	Ф  
v 

m Û ❑ m 
Q) 	Q) 

п7 	ПJ 

U 
И 

 
a Ф  Ф  с  

0 0 

(Q 	(Qâ 

Q) 	(j) 	c 
O G 

Ô Ô ~ 

i O I' 



ARC Handbooks of Cancer Prevention 

i~ll1~1 ., 	 f 1~111g Сâ 

study 	 Cessation detinitиоn 

Cohort Studies 

Asia 
Ando et al. (2003) 	Those who stopped smoking prior to 	Prevalent cases of lung cancer 	Did not ask about cigars or pipes 

participation in the study 	 because almost a I tobacco 
products in Japan are cigarettes 

Jee et a1. (2004) 	Those who smoked, but then quit 	Participants with persona[ 	Not discussed 
history of any type of cancer 

Wen et a1. (2005) 	Those who quit for at least б  months 	Not discussed 	 Not discussed 
prior to interview. Current, smoking 
at time of interview 

Europe 
Tverdal et ai. (1993) Those who quit prior to interview Not d scussed The category for current daily 

smokers has separate categories 
for cigarettes only, pipe only; but 
there is only one category for former 
smokers: "ex-cigarettes". It is not 
specified if it excludes former pipe 
or cigar smokers (it does exclude 
current pipe and cigar smokers) 

ВепSсhloтo et a1. Ex-cigarette smokers: ever smoked Nat discussed Current cigarette smoker-currently 
(1 994) cigarettes, but did not smoke any tobacco smoking cigarettes, irrespective 

product at baseline of whether also smoked pipe or 
cigar. 

Doll et a1. (2004) Those who either were ex smokers in Not discussed Cigarettes only; former cigarette 
1951 whose last habit involved only smokers who were current pipe/cigar 
cigarettes or current cigarette smokers smokers considered secondary pipe 
who had stopped. Years of cessation not or cigar smokers. Those who had 
defined; only category is "ex-smoker" never smoked cigarettes but were 

current cigar or pipe smokers were 
referred to as primary smokers. 

Miller etal. (2004) Those who quit prior to baseline Participants with personal Not discussed 
history of any type of cancer 

Godtfredsen et al. Continued ex-smokers, those who were Not discussed This study reports exclusive 
(2005) ex-smoker at base-line and at follow-up, cigarette use and use of other 

Quitters, those who quit dur ng follow-up products (cigars, cheroots, pipes, 
or mixed). 

North Anienca 
Gadinkel & 5tellman Those who quit prior to baseline Looked at results among all Not discussed 
(1988) women and then among those 

with no history of heart disease, 
stroke or cancer 

Chyou et a1. (1993) Years of cessation not defined; only Excluded prevalent cases of Not discussed 
category is "past" lung cancer 
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°.Я.. 	 m 	..~i~i 	~...5, 	.._ г  

study 	 Cessation definition 	 Exclusions 	 Pipeslcigars 

Friedman et al. (1 997f Ex-smokers, those who quit smoking 	Not discussed 	 Cigarettes only 
cigarettes at least 2 years prior to 
completing questionnaire. Current, 
those who admitted to ever smoking 
cigarettes and to still smoke 
cigarettes regularly or ocassionally 

Irubec 	 Those who quit prior to baseline 	 Not discussed 	 Former cigarette smokers 
& McLaughlin (1997) questionnaire 	 smoked cigarettes regularly in the 

past but did not smoke cigars or 
pipes on a regular basis at baseline 

Sреizer et a1. (1999) 	Those who quit prior to basel rie 	 Participants with personal 	Not discussed 
questionnaire 	 history of any type of cancer 

Ebbed et al. (2003) Those who quit prior to baseline Participants with personal Not discussed 
questionnaire history of any type of cancer 

Аnthonisen of a1. Sustained quitters, those who stopped Participants had evidence of Not discussed 
(2005) smoking in the first year after airway obstruction, but little 

randomisation and maintained evidence of other diseases 
biochemically validated abstinence 

Ebbert et a1. (2005) Those reporting at least б  months of Al1 participants had NSCLC or History of use of other tobacco 
abstinence at the time of diagnosis SCLC (study looked at post- products obtained during 

diagnosis modality) interview, but otherwise not 
discussed 

?hang et a1. (2005) 	Ex-smokers, those who quit at least 1 	Not discussed 	 Not discussed 
year prior to enrolmen . Current, 
those who were smoking at or quit less 
than 1 year prior to enrolment 

US Surgeon 	Those who quit prior to baseline 	 CPS-ll lung cancer analyses 	Not discussed 
General's Report 	 made no exclusions for 
(1990) 	 prevalent cancer, heart disease, 

stroke or "sick' at enrolment 

Jacobs et a1. (1999) 	Those who quit prior to baseline 	 Men who had quit smoking 	Information on pipe and cigar 
within 1 year before baseline 	smoking obtained during 
were excluded from analysis 	interview, but otherwise not 

discussed 
Case-control studies 

Asia 
Gao et a1. (1993) 	Ex-smokers, those who quit at least 1 	Individuals with respiratory 	Not discussed 

year pror to visiting hospital 	 diseases or cancer were 
excluded from the control group 
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Cases with lung metastases 
from a different primary tumour 
were excluded 

Controls excluded it admitted 
for tobacco related conditions 

Not discussed 

Excluded participants if smoked 
tobacco products other than 
cigarettes 

Controls excluded if had 
	

Excluded participants if smoked 
smoking related disease 	other tobacco products 

'ARC Handbooks of Cancer Prevention 

r us.г 	 в 	в  в `r 	

— 	

в  

Ѕtuдy 	 Cessation definition 	 Exclusions 

Stellman etal. (2001) Ex-smokers, those who quit at least 	Cases-excluded people with 
1 year prior to enrolment. Current, those 	history of other tobacco-related 
who quit less than 1 year prior to 	 cancer. 
enrolment 	 Controls-excluded subjects 

with history of tobacco related 
illnesses 

l iреѕIсigагs 

fndividuaЭ s who smoked cigars 
or p pas exclusively were 
excluded from analyses; 
suggests that cigarette smokers 
(current and ex) who smoke(д) 
cigars or pipes are not excluded 
from analysis 

Europe 
Jedrychowski et al. 	Ex-smokers, those who quit at least 
(1990) 	 5 years prior to enrolment. Current, 

those smoking or those who quit 
than 5 years prior to enrollment 

Becher etal. (1991) 	Ex-smokers, those who quit at least 
1 year prior to enrolment. Current 
smoker, currently smoking or those 
who quit less than 1 year prior to 
enrolment 

Jockef et ai. (1992) 	Ex-smokers, those who quit at least 
5 years prior to enrolment. Current, 
those smoking or who quit less than 
than 5 years prior to enrolment 
enrolment 

Barbone etal. (1997) Those who quit prior to enrolment 

Individuals with diseases of the 	Not discussed 
respiratory tract were excluded 
from controls 

lndividuals with diseases related Smokers of pipes and/or cigars 
to smoking were exc uded from were grouped separately ter 
control group 	 analysis 

Controls excluded if had 	Use of other tobacco products 
condition related to smoking 	obtained during interview, but 

otherwise not discussed 

Controls excluded if had chronic One с  garlpipe=3 cigarettes for 
ung disease or smoking related exclusive smokers of pipes/cigars; 
cancer 	 otherwise not discussed 

Pohlabeln et a1. (1997) Those who quit prior to enrolment 

Agudo et ai. (2000) 	Ex-smokers, those who quit at least 
2 years prior to enrolment. Current, 
those smoking or those who quit 
less than 2 years ago 

Kreuzer et a1. (2000) 	Ex-smokers, those who quit at least 
2 years prior to enrolment. Current, 
those smoking or who quit less 
than 2 years ago 

Simonato et a1. (2001) Ex-smokers, those who quit at least 
2 years prior to enrolment. Current, 
those smoking or who quit less 
than 2 years ago 

Petrauskaite etal. 	Ex-smokers, those who quit at least 
(2002) 	 2 years prior to enrolment. Current, 

those smoking or who quit less 
than 2 years ago 

Controls excluded if had 
	

Excluded participants if smoked 
smoking related disease 	other tobacco products 

Controls excluded if had cancer Not discussed 
of the respiratory tract 
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Ѕtudу  Cessation detirdtion Exclusions PipesIeigаrs 

North America 
Morabia & Wynder Those who quit prior to baseline Controls excluded if had Not discussed 
(1992) tobacco-related cancers, 

myocardial infarction, 
emphysema, and chronic 
bronchitis 

Muscat et a1. (1997) Those who quit prior to baseline Controls excluded if had Not discussed 
tobacco-related condition 

К'пudеr et al. (1998) Those who quit prior to baseline Not discussed Not discussed 

Osann et a1 (200x) Those who quit prior to baseline: Not discussed Not discussed 

r- 

because of small numbers, if quit 
> 12 years ago, then grouped with 
non-smokers 

Mao et al. (2001) 	Those who quit prior to baseline Controls excluded if had cancer 	Information on pipe, cigar and 
at any site 	 chewing tobacco collected but not 

reported. Not clear it excluded from 
cigarette analysis 

Controls excluded if had 	Not discussed 
tobacco-related condition 

Controls excluded if had 	Not discussed 
tobacco-related condition 

Controls excluded if had cancer 20 cigarettes-4 cigars=5 smokes 
or respiratory disease 	 of a pipe; suggests pipe/cigar 

smokers not excluded 

Btellmari et a1. (2003) Those who quit prior to baseline 

Ѕоuth America 
De Stefani et a1. 	Those who quit prior to baseline 
(1994) 

Suzuki of a1. (1994) 	Those who quit prior to baseline 

De Stefani et ai. 	Those who quit prior to baseline 	 Controls were cancer patients 	Not discussed 

(1996) 	 but were excluded 1f had oral 
cancer or cancer of pharynx, 
oesophagus, stomach, bladder 

iMatos et a1. (1998) 	Ex-smokers, those who quit at least 1 	Controls excluded if had tobacco- pipеlcigar only' is excluded from 
year prior to enrolment. Current, 	 related condition 	 analyses 
those smoking or who quit less than 
1 year prior to enro ment 

SCLC: small cell lung cancer 
NSCLC: non-small cell lung cancer 

123 



'ARC Handbooks of Cancer Prevention 

smoked 40 cigarettes per day for forty or 
more years (Thun etaL, 2002; Doll eta1., 
2004). For example, the fifty-year follow-
up of male British Doctors illustrates the 
strength of the association at older ages 
in lifelong smokers (Table 4) (Doll et a1., 
2004). The number of lung cancer 
deaths observed among male doctors 
who continued to smoke into the age 
intervals 65-74 or 75-84 years, was 26 
and 21 times higher, respectively, than 
would be expected from the death rate in 
never-smokers, but was less among for-
mer smokers who quit at progressively 
earlier ages (Table 4). 1n contrast, the 
relative risk associated with current 
smoking is currently much smaller in 
populations and countries where the 
maximal impact of tobacco smoking on 
lung cancer has not yet emerged 
(Figures 1- 4).The wide range of relative 
risk estimates associated with time since 
cessation by smoking intensity is shown 
in Table 5 and depicted graphically in 
Figure 5. Contributing to this variation is 
the wide range in the duration of smok- 

ing across these populations. [The 
Working Group noted that the benefits of 
smoking cessation are seriously under-
estimated in countries and populations 
where the impact of long-term smoking 
is still increasing]. 

In order to summarize the information 
on the long-term benefits of smoking 
cessation for lung cancer with greater 
statistic stability, the Working Group 
elected to combine the results for men 
and women separately within each geo-
graphic region (Asia, Europe, North 
America, South America). The results 
were separated by gender, study region 
and referent group (either current or 
never smokers). A weighted average of 
the relative risk was computed for 
studies within each category (Table 6) 
(Greenland, 1998). In analyses of cate-
gories and duration intervals with no 
evidence of heterogeneity, weighting 
was based on the inverse of each 
study's variance, and the analysis was 
based on a fixed effects model 
(Greenland, 1998). When heterogeneity  

was present, studies were weighted 
according to the within and between 
study variance and analyzed using a 
random effects model. The analyses 
combined cohort and case-control 
studies because of the small number of 
studies within each category. Only 
studies that provided 95% confidence 
intervals were included in this analysis. 

The aggregated data show notable 
differences in the trends across gender 
and geographic region (Table 6). The 
highest relative risks in comparisons 
between former and never smokers are 
seen among men and women in North 
America, where six of the seven studies 
were conducted in the United States. 
The relative risk estimates are 
somewhat lower in the studies from 
Europe, because they represent an 
average of studies from Southern 
Europe, where the full effects of smoking 
are not yet manifest, and those con-
ducted in Northern and Eastern Europe, 
where lifetime cigarette smoking began 
much earlier. The magnitude and slope 

Y  . 

1'1 

Observed (expected U5 rats)* 

- Mortality ratio (UK 
Former cigarette smokers, by age stopped continuing cigarette 

Age range (years) Lifelong never 35-44 	45-54 55-64 Continuing cigarette smoker versus US 
smokers smokers lifelong non-smoker) 

35-44 1 	(0.8) - - 3 (1.3) 2 

45-54 3(2.2) 1(1.0 	- - 33(3.3) 10 

55-64 3(4.3) 1(1.8) 	7(1.7) - 58(4.1) 14 

65-74 5(6.7) 4(2.7) 	11(2.5) 14(1.6) 89(3.4) 26 

75-84 6(5.5) 10(2.5) 	6 (2.2) 10(1.6) 35(1.7) 21 

Total" 18 (19.5) 16 (8.1) 	24 (6.4) 24(3.2) 218 (13.7) 16 

Mortality ratio 0.9 2.0 	 3.8 7.5 15.9 

Among US male non-smokers in the five-year range starting at a given age, the annual lung cancer death rate is taken to be 11.2 times the fourth power 
of (age/1000). This is based 0f a large US prospective study in the 1986s, but similar results were seen in a large US prospective study in the 1960s, indi-
cating that US never smoker lung cancer death certification rates have been approximately constant over the past few decades. 
"Total for former cigarette smokers who stopped at ages 25-34 is observed 7, expected 4.7; mortality ratio is 1.5 
Rep reduced with permission from Doll et al., Bld 2004; 328: 1519-1527. 
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study 	 5ех  Years since Cases Ciglday RR (95% Cl) 	Outcome 
quitting 

1-irubec 	 Men .5 3 1-9 7.6 (2.3, 24.9) 	Mortality 
& McLaughlin (1997) 20 10-20 12.5 (7.1, 21.7) 

USA 22 21--39 20.6 (11.9, 35.6) 
11 40+ 26.9 (13.6, 53.4) 

59 5 1-9 3.6 (1.5, 9.0) 
27 10-20 5.1 (33, 8.0) 
38 21-39 11.5 (7.8, 17.0) 
17 40+ 13.6 (8.0, 22.9) 

10-19 15 1-9 2.2 (1.3, 3.6) 
104 10-20 4.3 (3.4, 5.4) 
100 21-39 6.8 (5.4, 8.7) 
42 40+ 7.8 (5.6, 10.9) 

20-39 16 1-9 1.7 (1.0, 2.8) 
102 10-20 3.3 (2.6, 4.1) 
61 21-39 3.4 (2.6, 4.5) 
36 40+ 5.9 (4.2, 8.3) 

30-39 5 1-9 0.5 (0.2, 1.3) 
39 10-20 2.1 	(1.5, 2.9) 
25 21-39 2.8 (1.9, 4.3) 
13 40+ 4.5 (26, 7.9) 

40+ 12 1-9 1.1 	(0.6, 1.9) 
23 10-20 1.6 (1.0, 2.4) 
10 21 39 1.8 (0.9, 3.3) 
4 40+ 2.3 (0.9, 6.2) 

Simonato eta1. 	Men Current smokers 105 8.3 (6.4, 10.8) 	Incidence 

(2001) 1041 5-14 16.7 (13.8, 20.1) 
Europe 1954 15-24 33.3 (27.7, 40.1) 

708 25--34 50.0(41260.7') 
269 35+ 50.0 (40.3, 62.0) 

2-9 22 c5 6.7 (4.2, 10.5) 
246 5-14 10.8 (8.7, 13.5) 
473 15-24 22.7 (18.б, 27.7) 
157 25-34 33.0 (26,0, 41.9) 
76 35+ 22.5 (16.9, 30.0) 

10-19 12 .5 2.3(1.2, 4.1) 
175 5-14 5.7(4.5, 7.1) 
232 15-24 8.7(7.0, 10.8) 

67 25--34 9.5 (7.1, 12.8) 
60 35+ 17.0 (12.5, 23.2) 

■ 
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.....  

5tиdу 	 Seх  

5irпonato et a1. 
(2001) (co nId) 

Women 

Garfinkel & Stellmav Women 
(1988) 
USA 

Years since- - Cases 
quitting 

20-29 8 
98 
82 
29 
12 

30+ 8 
50 
22 
5 
4 

Current smokers 	44 
330 
354 
101 
62 

2-9 	 11 
48 
42 
8 
9 

10-19 	 6 
24 
21 
9 
2 

20-29 	 3 
8 
3 
2 
0 

30+ 	 9 
12 
1 
0 
0 

Current smokers 	335 
195 

<2 	 52 
39 

3-5 	 33 
23 

1 

Gig/day 
	

RL (95% CB) 
	

Outcome 

	

c5 
	

2.1 (1.0, 4.3) 

	

5-14 
	

3.8 (2.8, 5.0) 

	

15-24 
	

5.3(4.0, 7.1) 

	

25-34 
	

8.5(5.7. 12.8) 

	

35+ 
	

4.5 (2.5, 8.1) 

	

С5 
	

1.1 (0.5, 2.2) 

	

5-14 
	

2.0 (1.4 2.8) 

	

15-24 
	

2.7(1.7, 4.2) 

	

25-34 
	

3.0(1.2, 7.3) 

	

35+ 
	

3.5 (1.3, 9.5) 

	

z5 
	

2.5 (1.8, 3.4) 

	

5-14 
	

6.7(5.8, 7.7) 

	

15-24 
	

14.3(12.4, 16.4) 

	

25-34 
	

25.0 (20.2, 31.0) 

	

35+ 
	

50.0 (38.4, 65.2) 

	

<5 
	

1.7(0.9, 3.1) 

	

5-14 
	

3.7(2.8, 5.1) 

	

15-24 
	

4.1 (3.0, 5.7) 

	

25-34 
	

6.8(3.4, 13.6) 

	

35+ 
	

35.0 (18.1, 67.7) 

	

С5 
	

0.5(0.2, 1.2) 

	

5-14 
	

1.5 (1.0, 2.2) 

	

15-24 
	

3.7(2.4, 5.8) 

	

25-34 
	

11.0 (5.7, 21.3) 

	

35+ 
	

1.5 (0.4, 6.0) 

	

c5 
	

0.4(0.1, 1.1) 

	

5-14 
	

0.7(0.4, 1.5) 

	

15-24 
	

1.4 (0.5, 4.4) 

	

25-34 
	

4.0(1.0, 16.0) 
35+ 

	

c5 
	

0.9(0.6, 1.8) 

	

5-14 
	

1.9 (1.1, 3.4) 

	

15-24 
	

0.6 (0.1, 4.1) 
25-34 
35+ 

	

1-20 
	

10.3 (8.6, 12.4) 
	

Mortality 

	

X21 
	

21.2 (17.3. 26.0) 

	

1-20 
	

13.6 (10.0, 18.5) 

	

>21 
	

32.4 (22.9, 45.9) 

	

1-20 
	

8.4 (5.8, 12.2) 

	

>21 
	

20.3 (13.1, 31.4) 
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study 	 Sex Years since Gases Ciglday RR (96% Cl) 	Outcome 

quitting 

Garfnkel & Stellman (contd) 6-10 20 1-20 3.3 (2.1, 5.2) 
17 >21 11.4 (6.9, 18.8) 

11-15 21 1-20 3.0 (1.9, 4.7) 
6 >21 4.1 	(1.8, 9.3) 

>16 41 1-20 1.6 (1.1, 2.2) 
9 > 21 4,0 (2.0, 7.8) 

Surgeon General 	Men Current smokers 608 1-20 18.8 (14.9, 23.7) 	Mortality 

(1 990) 551 >21 26.9 (20.2, 35.8) 

U5А" 
<1 33 1-20 26.7 (17.8, 40.0) 

64 > 21 50.7 (40.2, 64.0) 

1-2 71 1-20 22.4 (16.3, 30.8) 
117 21 33.2 (23.9, 46.1) 

3-5 82 1-20 16.5 (12.1, 22.4) 
96 > 21 20.9 (1 5.7, 27.7) 

6-10 80 1-20 8.7 (6.4, 11.8) 
106 > 21 15.0 (11.2, 20.2) 

11-15 69 1-20 6.0 (4.4, 8.3) 
95 > 21 12.6 (9.4, 16.8) 

>16 144 1-20 3.1 	(2.4, 4.1) 
112 >21 5.5(4.1,7.4) 

Women Current smokers 145 1-20 7.3 (5.9, 9.1) 
434 > 21 16.3 (13.7, 19.4) 

<1 5 1-20 7.9 (3.2, 19.2) 
31 з  21 34.3 (23.4, 50.2) 

1-2 13 1-20 9.1 (5.2, 16.0) 
42 >21 19.5 (13.9, 27.3) 

3-5 7 1-20 2.9 (1.4, 6.2) 
42 >21 14.6 (10.4, 20.4) 

6-10 4 1-20 1.0 (0.4, 2.7) 
32 >21 9.1 (6.3, 13.3) 

11-15 6 1-20 1.5 (0.7, 3.4) 
20 > 21 5.9 (3.7, 9.4) 

X16 23 1-20 1.4 (0.9, 2.2) 
18 >21 2.6(1.6,4.2) 

Data from АС5 CPS Il 
Estimates calculated by the Working Group are shown in italics 

Г  
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Lung cancer risk after smoking cessation 

ьв  

<10 10-19 20.29 	 30-39 

RR 95% C! RR 95% Cl RR 95% C! 	RR 	 95% Cl 

14.29 9.5821.30 6.36 4.96-8.14 3.42 2.97-3.94 	1.88 	1.54-2.30 
11.60 6.91-19.5 4.30 2.62-7.06 2.28 1.16-4.49 	2.38 	1.82-3.12 

9.30 5.87-14.72 2.90 1.77-4.75 
3.42 2.51-4.67 1.75 1.15-2.66 1.12 0.63-2.01 

MEN 

Former vs. never smokers 
N America (7)' 
Europe (7) 
S America (2) 
Asia (4) 

Former vs, current smokers 
S America (3) 	 0.83 	0.55-1.25 0.31 0.24-0.41 
Asia (6) 	 0.79 	0.66-0.95 0.36 0.26-0.51 0.24 0.14-0.40 
N America (7) 	 0.78 	0.67-0.92 0.28 0.15-0.51 0.20 0.18-0.22 0. W 
Europe (11) 	 0.75 	0.56-0.99 0.30 0.23-0.41 0.18 0.12-0.29 0.06 

WOMEN 

Former vs. never smokers 
N America (9) 	 11.78 	8.75-15.87 3.48 2.47-4.89 2.24 0.64-7.84 1.50 
Europe (3) 	 3.81 	3.27-4.45 1.81 1.47-2.23 0.87 0.62-1.21 1.04 

Former vs. current smokers 
N America (9) 	 0.73 	0.58-0.92 0.23 0.13-0.40 0.14 0.04-0.42 0.10 
Europe (4) 	 0.39 	0.32-0.47 0.17 0.12-0.24 0.11 0.07-0.17 0.11 

RR - Relative Risk 

95% Cl = 95% confidence interval on the relative risk estimates 
in parentheses: number of studies included per region 
Values shown in this table were calculated by the Working Group and are shown in italics 

0.08-0. 13 

0.02-0.14 

0.99-2.27 

0.77-1.40 

0.08-0.12 

0.08-0.16 

(not shown) of the estimates were similar 
between men and women in North 
America, but was more than twice as 
high in men as in women in Europe, and 
cannot yet be compared between men 
and women in Asia or South America. In 
contrast, analyses that compared former 
smokers with current smokers found the 
lowest relative risk estimates among men 
in Europe and North America and the 
highest relative risk estimates among 
men in South America. These regional 
differences reflect historical differences 
in tobacco use among men and women 
in different countries. As stated above, 
these data underestimate the benefit of 

long-term cessation in populations where 
the full effects of smoking on lung cancer 
risk are not yet manifest. 

The short-term benefits of smoking 
cessation on lung cancer risk are more 
difficult to measure than are the long-
term benefits. This is because of biases 
introduced during the early years of 
follow-up by smokers who quit smoking 
because of preexisting lung cancer or 
other health problems from smoking. 
Even studies that exclude persons with 
previously diagnosed lung cancer or 
other smoking-related diseases from 
analysis of cohort studies, or that 
exclude the first several years of  

follow-up from consideration, are not 
completely free of this bias. Table 7 
presents the results from 14 studies in 
men and 6 studies of women that 
suggest, but do not conclusively estab-
lish, some benefit in reducing lung 
cancer risk within the first five years after 
smoking cessation. None of the RR 
estimates for men and only two for 
women are significantly below 1.0. 

Absolute risk by age at cessation 

Five studies have examined patterns in 
the absolute risk of lung cancer in 
relation to age at smoking cessation 
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Country Study RR 95% Cl 

Males 
India Gaialakshml et a1. (2003) 0.6 (0.2, 1.3) 
Japan Gao eta?. (1993) 0.8 (0.5, 	1.1) 
Japan stel1man etal. (2001) 0.9 (0.3, 2.9) 
Japan Wakai eta?. (2003) 0.9 (0.7, 	1.0) 
Japan Ando et at (2003) L0 (0.7, 	1.3 
Germany Becher etal. (1991) 1.0 (0.4, 2.6? 
Italy Barbue eta?. (1997) 1.0 (0.7, 	1.4) 
Lithuania Petrauskaite et a1. (2002) 1.1 (0.6, 2.0) 
United Slates Muscat eta?. (1997) 0.7 (0.4, 	7.1) 
United Slates Khuder eta?. (1996) 0.9 (0.7, 	7.1) 
United States Stellman eta?. (2001) 0.5 (0.3, 1.0) 
Uruguay DeStetani etal. (1994) 0.5 (0.2' 1.4) 
Uruguay DеStefani et a1. (1996) 0.8 (0.5, 1.5) 
Argentina Matos eta?. (1998) 1.4 (0.8' 2.6) 

Weighted analysis 	 0.9 	- 	- (0.8, LO) 

ARC lапdbooks of Cancer Prevention 

(Halpern еt al., 1993; Peto et at, 2000; 
Thun et al., 2002; Doll et al.' 2004; 
Crispo et al., 2004). Peto et al. (2000) 
estimated the cumulative probability of 
death from lung cancer at various ages 
among men in the United Kingdom, 
based on relative risk estimates derived 
from two case-control studies 0f current 
and former smokers who quit at various 
ages (Doll & Hill, 1950, 1952; Darby et 
a1., 1998). This study combined the 
relative risk estimates from these 
case-control studies with age-specific 
lung cancer death rates among male 
never smokers in the Cancer Prevention 
Study (CPS)-11 cohort, and with nation- 
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ally representative data on the 
prevalence of never, current, and former 
smoking and age-specific lung cancer 
death rates among men in the United 
Kingdom. The estimated cumulative 
incidence of dying from lung cancer at 

5-year age intervals between ages 45 
and 75 years is shown in Figure 6, and 
the actual estimates in Table 8. 

The results of this analysis provide 
powerful evidence that: (a) stopping 
smoking by age 30 avoids more than 90% 
of the lung cancer risk that would other-
wise result from continued smoking and 
(b) that even people who have smoked for 
many years but who stop smoking by age  

0.8 (0.6, 	1.1) 
0.8 (0.4, 1.4) 
0.6 (0.4' 1.0) 
0.9 (0.7' 	1.1) 

0.5 (0.4, 0.6) 
0.6 (0.4, 1.0) 

50 avoid much of the lung cancer risk that 
would result from continuing to smoke 
(Peto et a1., 2000). 

Similar results were reported byThun 
et al. (2002), based on an analysis of the 
cumulative probability of death from lung 
cancer among men and women in CPS-
Il during follow-up from 1984 to 1991 
(Figure 7). The cumulative probability is 
highest in men and women who 
continue to smoke, becomes progres-
sively lower in those who quit at earlier 
ages, and is lowest in those who never 
smoked. The actual values from CPS-11, 
shown both in Figure 7 and Table S, are 
somewhat lower than in the previous 
example, because the analyses exclude 
prevalent cases and represent the actual 
values in the study rather than 
extrapolating to the general population. 
Nevertheless, the pattern in the two 
studies (Peto et a1., 2000; Thun et at., 
2002) is virtually identical. 

In a previous report from CPS-11, 
Halpern et al. used logistic regression to 
model the annual death rate (per 
100 000) from lung cancer among men 
and women who were current smokers, 
never smokers, or who had stopped 
smoking at various ages, based on the 
first six years of follow-up (Figure 8; 
Halpern et at, 1993). This analysis pro-
vides the only published report on the 
change in absolute lung cancer death 
rates (per 100 000 per year) following 
smoking cessation. However, it is limited 
in that it is based on statistical modeling 
of the death rates, rather than simple 
graphical representation of the empirical 
data, and it does not exclude the first 
2-4 years after cessation. Consequently, 
the model predicts that the annual death 
rate from lung cancer will increase in the 
first 2-5 years after cessation, then level 
off for the next 10-15 years, and then 
increase again after age 70 or 75 years, 
although even then the absolute lung 
cancer risk in former smokers remained 
substantially less than that of continuing 
smokers. Despite its limitations, the 

Females 
United States Garfinkel & Stellman (1986) 
United States Muscat et a1. (1997) 
United States Speizer etal. (1999) 
United States Ebbert etal. (2003) 
United States Stellman et a1. (2003) (white) 
United States Stellman et a1. (2003) (black) 

Weighled analysis 	 0.7 	 (0.5, 0.9) 

951 Cl = 95% confidence interval on the relative risk estimates 

Estimates calculated by the Working Group are shown in italics 
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Figure Б. Cumulative risk (%) of death 
from lung cancer (in the absence of 
other causes of death) in men at ages 
45-75 years; in continuing cigarette 
smokers, former smokers who stopped 
at age 50 or at age 30 and lifelong non-
smokers. The estimates are extrapolat-
ed to men in the general population of 
the United Kingdom in ¶990. 

Reproduced with permission from Peto вt oL, 
BMJ 2000; 321: 323-329 

model illustrates that the absolute death 
rate from lung cancer does not decrease 
after smoking cessation. Rather, the 
principal benefit of cessation comes from 
avoiding the much larger increase that 
would occur with continued smoking. 

Other studies (Crispo et at, 2004; 
Brennan et at., 2006), have measured 
the cumulative incidence of lung cancer 
in relation to smoking status among men 
in selected European countries by 
combining relative risk estimates from a 
multicenter case-control study with 
national lung cancer incidence rates 
(Figure 9) (Brennan of at., 2006). As in 
other studies (Halpern et al., 1993; 

Peto etat, 2000; Thun etal., 2002; Doll et 
at, 2004; Crispa etal., 2604), the cumula-
tive probability is highest in men who con-
tinue to smoke, progressively lower in 
those who quit at earlier ages, and lowest 
in those who never smoked. 

Change in risk after cessation by 
histologic type of lung cancer 

Several studies have examined whether 
the change in risk after lung cancer 
cessation are similar for adenocarci-
noma and squamous cell carcinoma, the 
two most common histologic types of 
lung cancer (Barbone et al., 1997; 
Pohlabeln et aI., 1997; Matos et a1., 

1998; Ebbert et a1., 2003). Results from 
these studies are presented in Table 9 
and are shown graphically in Figure 10. 
The relative risk appears to decrease 
more rapidly with increasing length of 

16 

14 

12 

10 
e п  

'л  

2 6 e a 

4 

2 

0 

abstinence for squamous cell carcinoma 
than for adenocarcirroma. 

Synthesis 

A large number of epidemiologic studies 
have compared lung cancer risk in 
persons who stop smoking with the risk 
of those who continue. The major 
published studies show lower lung 
cancer risk in former than in current 
smokers. The absolute annual risk of 
developing or dying from lung cancer 
does not decrease after stopping 
smoking. Rather, the principal benefit 
from cessation derives from avoiding the 
much steeper increase in risk that would 
result from continuing to smoke. 
stopping smoking before middle age 
avoids much of the lifetime risk incurred 
by continuing to smoke. stopping 
smoking in middle or old age confers 

Figure 7. Cumulative probability of death from lung cancer in current 
smokers, never smokers, and men and women who quit smoking at 
various ages (CPs-ll) 

Reprinted by permission by MacMillan Publishers Ltd: Oncogene, Thun et al. (2002) 
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UK men N990î 

Risk Nevвr Current 
by age Smoker 5maker 

45 0.0 0.1 
50 0.1 0.3 
55 0.1 0.9 
60 0.1 2.2 
65 0.2 5.0 
70 0.3 9.7 
75 0.4 15.9 

Former Smokers (age at cessation in years) 

<40 40-49 50-59 60+ 

0.1 0.1 0.1 0.1 
0.2 0.2 0.3 0.3 
0.3 0.5 0.7 0.9 
0.5 1.0 1.6 2.2 
0.7 1.5 2.8 4.1 
1. 2.4 4.8 7.2 
1.7 3.0 6.0 9.9 

Conclusions 

Many studies have shown that men and 
women who stop smoking have 
substantially lower risk of developing or 
dying from lung cancer than people 
who continue to smoke. Quitting 
smoking at any age avoids much of the 
future risk of lung cancer that would 
result from continued smoking. The 
earlier the age of cessation, the larger 
the long-term benefit. For individuals 
who have already begun to smoke, 
cessation is far more effective than any 
other measure to avoid the develop-
ment of lung cancer. 

CPS-1l men, 1984-1901 (excluding prevalent disease)t 

45 	0.0 0.1 0.0 0.1 0.1 0.1 
50 	0.0 0.3 0.1 0.2 	. 0.3 0.3 
55 	0.1 0.8 0.1 0.5 0.8 0.8 
60 	0.1 1.9 0.2 0.8 1.1 1.9 
65 	0.2 3.8 0.4 1.2 2.2 3.8 
76 	0.3 6.8 0.5 1.8 3.2 6.5 
75 	0.5 10.6 0.9 2.5 4.6 8.8 

СРS-11 wвmen, 1984-1991 (excluding prevalent disease)z 

45 	0.0 	0.2 0.2 0.2 0.2 0.2 
50 	OA 	0.4 0.1 0.4 0.4 0.4 
55 	0.1 	6.8 0.1 0.5 0.8 0.8 
60 	0.1 	1.5 0.2 0.6 1.0 1.5 
65 	0.2 	2.6 0.3 0.9 1.4 2.6 
70 	0.2 	4.0 0.5 1.1 1.9 3.3 
75 	0.4 	6.0 0.7 1.6 2.4 4.0 

'Smoothed lung cancer death rates during years 3-6 (1984-8) of CPS-ll (not excluding prevalent disease) 
(estimates plotted in Pete et a1., 2000) 
гExcludes first 2 years of follow-up and people who reported prevalent cancer, heart disease, or stroke 
at enrolment and smokers who quit within 2 years of enrollment (estimates plotted in Thun et a1., 2002) 

substantially lower lung cancer risk in 
	

increasing should recognize that the 
former smokers compared to continuing maximum hazard from continuing to 
smokers. 	 smoke and the maximum benefits from 

The full benefits of smoking cessation cessation have not yet been reached. 
and hazards of continued smoking are Studies of cessation in these circum- 
underestimated, at least in absolute 	stances will seriously under-estimate the 
terms, in studies of populations where 

	
long-term benefits of cessation. 

the maximum hazards of persistent 
lifetime smoking have not yet emerged. 
Individuals and policymakers who live in 
countries where lung cancer risk is still 

Question 1: Is the risk of lung 
cancer lower in former smokers 
than in otherwise similar current 
smokers? 
Yes. The risk of developing or dying 
from lung cancer is substantially 
lower in former smokers who quit 
before developing lung cancer than 
in those who continue to smoke. The 
evidence for this is sufficient. 

Question 2: Does the difference in 
lung cancer risk between #ormer 
smokers and otherwise similar 
current smokers become larger 
with time since cessation? 
Yes. Within five to nine years after 
quitting, the lower lung cancer risk in 
former compared with otherwise-
similar current smokers becomes 
apparent and diverges progressively 
with longer time since cessation. The 
evidence for this is also sufficient. 

Question 3: Does the risk return to 
that of never smokers after a long 
period of abstinence? 
No. There is persistent increased risk 
of lung cancer in former smokers 
compared to never smokers of the 
same age, even after a long duration 
of cessation. The evidence in support 
of this statement is sufficient. 
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Lung cancer risk aller snaking cessation 

study Adenocarcinorna Squamous cell carcinoma 

Country 5ех  Years since Cases RR 95% Cl Cases RR 95% Cl 
cessation 

Barbue of a1, Men Current 109 8.2 (3.7, 18.0) 203 19.3 (8.4, 44.5) 

(1997) 1-4 7 9.4 (3.0' 29.7) 11 18.7 (6.2, 56.3) 

Italy 5-14 23 7.3 (3.0' 17.6) 31 11.9 (4.8' 29.8) 

15-24 7 4.6 (1.5, 13.8) 11 8.1 (2.8, 23.2) 

X24 4 1.8 (0.5, 6.4) 4 1.9 (0.5, 7.2) 

Never 7 1 6 1 

157 266 

Pohlabeln et a1. Men Current 57 2.7 (1.3, 5.7) 116 14.3 (4.5, 44.9) 

(1997) <1 40 65.1 (30.5, 139.2) 74 285.0 (89.9, 904) 

Germany 1 18 27.7 (12.0, 63.6) 25 97.7 (29.5, 323.6) 

2-5 19 4.9 (2.1, 11.2) 36 23.1 (7.1, 75.2) 

6-10 13 2.7 (1.1, 6.6) 29 14.7 (4.5, 48.3) 

11-20 22 2.3 (1.0, 5.2) 18 4.4 (1.3, 15.0) 

>20 15 1.5 (0.7, 3.6) 8 2.0 (0.5, 7.5) 

Never 8 1.0 3 1.0 
192 309 

Matos et al. Men Current 46 10 (4.0, 25.2) 33 10 (3.1, 32.6) 

(1998) 1-5 12 13 (4.6, 36.9) 4 7 (1.6, 31.3) 

Argentina 6-10 9 10 (3.4 29.8) 5 6 (1.4, 25.1) 

>_11 12 3 (1.1' 8.5) 5 2 (0.5, 8.4) 

Never 5 1 3 1 

84 50 

Ebbert eta1. Women 0-10 35 5.4 (3.5, 8.3) 40 21.8 (11.3, 42.4) 

(2603) 11-20 9 2.3 (1.1, 4.6) 5 5.1 (1.8, 14.5) 

USA 21-30 13 3.6 (1.9, 7.0) 0 

г  30 2 0.7 (0.2, 3.0) 1 1.8 (0.2, 13.4) 

All 59 3.4 (2.3, 5.0) 46 10.3 (5.4, 19.7) 

Never 27 1 8 1 

145 100 

Estimates calculated by the Working Group are shown in italics 
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Figure 8. Model estimates of lung cancer death rates by age for men 
(A) and women (B) current, former, and never smokers, based on smokers who started at age 17.5 and 
smoked 26 cigaretteslday. Lines (from top to bottom) represent current smokers, former smokers who quit 
at ages 60-64, 55-59, 50-54, 40-49, 30-39 and never smokers 

Adapted from Halpern et al. Patterns of absolute risk of lung cancer mortality in former smokers, J. Nab Cancer inst. 1993' Volume 85 (6), 
457-464 by permission 0f Oxford University Press 
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Figure 9. Cumulative risk of lung cancer death by age 75 stratified by age at quitting smoking in 6 Centrai 
European countries 

1 - continuing smokers; 2 = stopped age з  60; 3 - stopped age 50-59; 4 - stopped age 40-49; 5 = stopped age <40; 
6 - lifelong non-smokers 
Adapted from Brennan et a1., High Cumulative Risk of Lung Cancer Death among Smokers and Nonsmokers in Centrai and Eastern 
Europe, Am. J. Epldemro!., Advanced access published on October 10, 2006, by permission of Oxford University Press 
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Laryngeal Cancer 

Laryngeal cancer is strongly associated 
with tobacco smoking (1ARC, 1986). 1n 
the most recent tobacco smoke 
Monograph (1ARC, 2004), the risk of 
cancer of the larynx was reported to 
diminish after smoking cessation. Alcohol 
consumption is an important risk factor 
for laryngeal cancer. Here we review 
cohort and case—control studies on 
laryngeal cancer and smoking cessation 
published before December 2005 
identified through Medline and by 
searching the references of the retrieved 
studies. 

Cohort Studies 

At least four cohort studies have reported 
data on laryngeal cancer in relation to 
smoking cessation (Table 1), These 
studies only collected information on 
smoking status at the enrolment of the 
study subjects, and not on lifetime 
smoking habits. 

In the Life Span study, which included 
over 60 000 atomic bomb survivors (Akiba 
et al., 1994), the relative risk (RR) of 
laryngeal cancer was 32.1 in current 
smokers and 13.6 in former smokers, on 
the basis of information collected in the 
first survey conducted in 1963-1964. No 
reliable comparison with the data of 
subsequent surveys was possible. 

In the 26-year follow-up of 248 046 US 
veterans (McLaughlin et al., 1995а), the 
RR of laryngeal cancer was 13.7 (95% 
confidence interval (95% Cl) = 7.0-27.1) 
in current smokers at the time of comple-
tion of the baseline questionnaire and 5.0 
(95% C1-2.4-10.5) in former smokers 
compared with never smokers. 

A study of data from a cohort of 1 212 
906 Koreans aged 30-95 years from the 
National Health Insurance Corporation 
(Jee et a1., 2004), reported laryngeal 
cancer mortality rates of 0.81100 000 in 
never smokers, 2.7 in former smokers 
and 4.9 in current smokers. The 
corresponding figures for incidence were 
1.9, 6.7 and 10.3, respectively. Laryngeal 
cancer incidence in relation to smoking 
status was also covered in a smaller 
sub-group of the cohort insured with the 
National Health Insurance Corporation 
(Yun et al., 2005). During a 4-year follow-
up period (1996-2000) 11, 14 and 78 
laryngeal cancer cases were identified in 
never, former and current smokers, 
respectively. Corresponding RR in former 
and current smokers compared with never 
smokers were 1.1 (95% C1-0.5-2.5) and 
3.0 (95% C1=1.6-5.7) respectively. 

In the 50-year follow-up of the male 
British Doctors Study (Doll et at, 2005) 
including 40 deaths from cancer at this 
site, the laryngeal cancer mortality rates 
were 0.01100 000 in never smokers, 2.6  

in former smokers (defined as former 
smokers at the time of the original 
questionnaire, or smokers who quit on 
subsequent questionnaires) and 10.3 in 
current smokers. Corresponding figures 
for former and current smokers of other 
tobacco products were 2.9 and 4.7, 
respectively. 

Case-Control studies 

At least 16 case—control studies 
reported information on laryngeal 
cancer risk after smoking cessation, 
and analyzed the time course of the 
change in risk after stopping smoking 
(Table 2). 

In an investigation from the USA 
including 314 cases of laryngeal cancer 
(Wynder et a1., 1976), the risk of 
laryngeal cancer significantly decreased 
after 6 years since smoking cessation, 
but the odds ratio (OR) was still four 
times that of never smokers 16 years 
after cessation. In this study there was 
also indication that the average age at 
which former smokers developed 
laryngeal cancer was about 10 years 
older (68.7 years) than that of the current 
smokers. 

In a multi-center case—control study 
from four European countries, including 
727 men with cancer of the endolarynx 
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Authmr, Study population Ѕmоkiп  RеEative risk 95% confidence Comments 
Publication year cessationlstatus versus nеvеr interval 
Country categories smokers 

Akiba, et a1., (1994) Life span Study Current smokers 32.1 Could not be Cases in men & 
Japan 61 505 survivors Former smokers 13.6 obtained, women combined. 

41 cases in men Never smokers 1 RR reported 
5 cases in women correspond to data 

obtained in the first 
survey of smoking 
habits (1963-64)"  

McLaughlin et at, US Veterans study Current smokers 13.7 7.4, 27.1 RR corresponding 
(1095а) 248 046 men Former smokers 5.0 2.4, 10.5 to beginning of 
USA 167 cases Never smokers 1 follow-up. 

Jee et a1., (2004) National Health Mortality 
Republic of Korea Insurance Current smokers 6.5 3.3, 12.8 

Corporation Former smokers 3.6 1.6, 7.3 
1 212 906 adults Never smokers 1 
526 cases 
223 deaths Incidence 

Current smokers 5.4 3.5, 8.1 
Former smokers 3.3 2.1, 5.1 
Never smokers 1 

Yun et ai. National Health Incidence Estimates adjusted 
(2005) Insurance Current smokers 3.0 1.6, 5.7 for age, residence, 
Republic of Korea Corporation Former smokers 1.1 0.5, 2.5 alcohol use, body- 

733 134 men Never smokers 1 mass index, 
103 cases physical activity and 

diet 

Doll et ai., Male British doctors Mortally Rate 10.3 Mortality rates per 
(2005) 34 439 men Current smokers 2.6 100 000 
UK 40 cases Former smokers 0.0 

Never smokers 

and 420 with cancer of the hypo- 10 or more years previously (ОR=0.28, former smokers was 3.2 (95% 
pharynxlepilarynx (Tuyns et a1., 1988), 	95% 01-0.2-0.4). The benefit of cessa- 	01=1.3-7.8) and for current smokers 9.0 
the OR of endolaryngeal cancer was 1.5 tson appeared earlier and stronger for (95% 01=3.9--20.6). After allowance for 
(95% 01=1.2-2.0) one to four years after cancers of the hypopharynxlepilarynx the amount smoked, the OR tended to 
smoking cessation as compared to than for those of the еndolarynx decline with passing time since cessa- 
current smokers, the excess risk being 	(OR=0.3, 95% 01=0.1-0.5 for subjects tion. However, there was still a threefold 
likely due to an effect of smokers quitting who had stopped smoking for 5 to 9 increased risk compared with never 
following diagnosis or early onset of years and OR=0.3, 95% 01-0.2-0.5 for smokers among those who had smoked 
symptoms of cancer. However, a 50% subjects with 10 or more years of more than 40 cigarettes daily after 10 
decreased risk was observed in subjects abstinence). 	 years of smoking cessation. The risk 
who had stopped smoking for 5 to 9 	1n a case-control study conducted in reduction pattern by years of smoking 
years (OR=0.52, 95% 01=0.3-0.8), and Texas, USA on 151 men with laryngeal cessation and number of cigarettes 
of about 70% in those who had stopped cancer (Falk et a1. 1989), the OR for smoked daily was examined only in this 
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С.N tEBQг 	... Study SmQf9ng Number of 

.ч 6эд icati®n р®pыation categories cases 
year 
Country 

Wynder et al., 314 cases Men 
( 976) (258 mеп156 Current smokers 197 
USA women) Former smokers 

684 controls Years slice 
(516 men/i 68 quitting 
women) 1-5 

6-10 
10-15 
>16 

Never smokers 5 

Tuyns et a1., Men Endoiarynx 
(1988) 727 endo arynx Current smokers 470 
Europe (France, 420 hypopharynx Former smokers 
Italy, Spain, & epilarynx Years since 
Switzerland) 3 057 controls quitting 

1-4 155 
5-9 35 
>10 45 

Hypopharynx/ 
epilarynx 
Current smokers 270 
Former smokers 
Years since 
cessation 
1-4 81 
5-9 14 
>10 35 

Falk et aL,(1989) Men Current smokers 109 
USA 151 cases Former smokers 

235 controls 3-9 years since 
quitting 
Cigarettes/day 

1-10 1 
11-20 6 
21-30 2 
31-40 3 
> 40 4 
10 years since 

quitting 
Cigarettes/day 

1-10 5 
11-20 б  
21-30 2 
31-40 2 
X40 3 

Never smokers 8 

Risk of other cancers afieг  smoking cessation 

Rе~athvе  risk 
	

95% confidence Comments 
interval 

Former smokers 

	

14.5 
	

included those 
who had stopped 
smoking >- 1 
years prior to 

	

14.5 
	

admission 
7.0 
6.5 
4.0 
1a 

ia 

	

1.5 
	

12, 2.0 

	

0.5 
	

0.3, 0.8 

	

0.3 
	

02, 0.4 

ia 

1.1 
0.3 
0.3 

9.0 

3.0 
3.6 
4.0 
7.2 

10.9 

0.8, t5 
0.1, 0.5 
0.2, 0.5 

3.9, 20.6 

0.2, 40.2 
0.8, 15.8 
0.6, 29.5 
t .0, 54.3 
1.8, 68.5 

Estimates 
adjusted for age, 
residence, 
alcohol use, 
ever employed 
in high-risk 
occupation and 
vegetable 
consumption 

	

2.8 
	

0.7, 10.7 

	

1.2 
	

0.4, 4.0 

	

1.0 
	

0.2, 6.4 

	

3.1 
	

0.4, 22.4 

	

3.5 
	

0.6, 19.1 
1a 
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Author study smoking Number of Relative risk 95`/0 oamidеncе  Comments 
Publication population categories cases interval 
year 
Country 

Franceschi et a1. Men Current smokers 113 4.6 3.0, 3.2 Estimates 

(1990); 162 cases Former smokers adjusted for age, 
La Vecchia et a1. 1 272 controls Years since residence, 

(1990а) quitting education, 

Italy 1-10 32 4.6 
~ 10 

2.0, 10.4 number of alco- 
9 1.2 0.4, 3.3 holic drinks/week 

Never smokers 8 1д  

Ahrens et af., Men Current smoker 63 3.8 1.0, 14.7 Estimates are 

(1991) 85 cases Former smokers adjusted for age 

Germany 100 controls Years since 
quitting 

1-5 7 2.4 0.5, 12.9 
6-15 6 1.4 0.3, 7.4 
?16 6 0.9 0.2, 4.3 

Never smokers 3 1 a 

Choi & Kahyo, Men Current smokers 84 1a 
(1991a) 94 cases Former smokers 
RepuЫic of 282 controls Years since 
Korea quitting 

1-4 4 0.7 0.2, 2.2 

5-9 1 0.4 0.1, 3.0 

> 10 1 0.2 0.03, t.0 

Zatonski et a1., Men Current smokersb 227 1 a 
(1991) 249 cases Former smokers 
Poland 965 controls Years since 

quitting 
5-10 9 0.8 0.3, 1.8 

>I0 11 0.3 0.1, 0.6 

Ldpez-Abente Men Current smokers 34 1a 
eta?., (1992) 50 cases Former smokers 
Spain 103 controls Years since 

quitting 
1 5 1.2 0.3, 5.5 
2-5 4 0.7 0.2, 2.9 
6-15 5 0.8 0.2, 3.0 
a15 2 0.5 0.1, 3.2 

Muscat & Men Current smokers 119 13.8 2.3, 27.1 
Wynder, 194 cases Former smokers 
(1992) 184 controls Years since 
USA quitting 

1-10 27 8.5 2.8, 25.4 
X16 27 3.8 1.3, 10.8 

Never smokers 5 1a 
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u,'uthоТ  Study SmФklпg Number of еlаtivе  risk 95% confidence Comments 
uЫication рорыа tэоп  categories cases interval 

year 
Country 

7_hengetaL, Men Current smokers° 135 1a Estimates 
fi 992а) 177 cases Former smokers adjusted for age 
China 269 controls Years since and education 

quitting 
2-4 13 1.8 0.6, 4.9 
5-9 8 0.6 0.2; 1.5 
2 10 14 0.6 0.3, 1.2 

Never smokers 7 0.1 0.0, 0.2 
De Stefani et ai., 96 cases Current smokers 72 1a Includes 
(1992) 273 controls Former smokers smokers of 
Uruguay Years since manufactured or 

quitting hand-rolled 
1-4 11 0.8 0.3, 1.9 cigarettes 
5-9 4 0.9 0.2, 3.6 
?10 8 0.2 0.1,0.5 

Schlecht etal., Brazil Current smokers 137 11.7 4.4, 	31.5 Estimates based 
(1999) 194 cases Former smokers on smokers or 
Brazil 1 578 controls Years since former smokers 

quitting of all tobacco 
<1 13 10.5 3.0, 36.6 products 
2-5 15 7.7 2.4, 25.2 (cigarettes, 
6-10 7 2.7 0.8, 9.6 black tobacco 

11-15 6 5.9 1.4, 24.2 cigars, pipes). 
16-20 2 1.5 0.3, 8.6 Estimates 
X20 12 3.1 1.0, 9.4 adjusted for 

Never smokers 5 16 alcohol use and 
tobacco 
consumption 

Altieri et al. 527 cases Current smokers 349 16 Estimates 
(2002) 478 Men Former smokers adjusted per 
Talamini et a1. 49 Women Years since age, sex, 
(2002) 1 297 controls quitting alcohol use and 
Italy and 1-2 29 1,3 0.7, 2.4 tobacco 
5witzerland 3-5 22 0.7 0.4, 1.2 consumption, 

6-9 33 0.6 0.4, 1.0 study center, 
10-14 25 0.3 0.2,0.5 education 
14--19 18 0.2 0.1, 0.4 
220 32 0.2 0.1, 0.3 

Never smokers 19 0.05 0.03, 0.08 

Menvielle et a1., Men Current smokers 386 1 a Estimates 
(2004) 504 cases Former smokers adjusted for age, 
France 242 controls Years since alcohol use, 

quitting duration of 
б  10 68 0.4 6.2, 0.6 smoking and 
11-20 29 0.2 0.1, 0.5 amount of 
221 6 0,1 0.03, 0.4 tobacco smoked 

aнeferencе  category. 
elncluding ex-smoker for less than 4 years. 
Including ex-smoker for less than 2 years. 

r 
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study (Falk et a1. 1989), which indicated 
that there was no consistent pattern of 
greater reduction in risk among former 
smokers who had smoked fewer 
cigarettes per day prior to smoking 
cessation, particularly in those who had 
stopped for 10 years or more. However, 
the increasing magnitude of the ORs 
shown with increasing amount smoked 
among former smokers with 3-9 years of 
abstinence, reaching 10.9 (95% 
01=1.8-68.5) for those with a past of 
>40 cigarettes per day, was not seen in 
former smokers with longer abstinence, 
and for those with simharly heavy 
smoking past (>40 cigarettes/day) the 
OR was 3.5 (95% 01=0.6-19.1). How-
ever, these results were based on very 
small number of cases (see Table 2). 

A case-control study from northern 
Italy including 162 male cases of 
laryngeal cancer (Franceschi et al., 
1990; La Vecchia et al., 1 990а) reported 
an OR of 4.6 (95% 01=2.2-9.6) in cur-
rent smokers, of 4.6 (95% 01=2.0-10.4) 
in former smokers with less than 10 
years of abstinence and of 1.2 (95% 
C1=0.4-3.3) in former smokers with 10 
or more years of abstinence. 

In a German case-control study of 85 
male laryngeal cancer cases (Ahrens et 
aI., 1991), compared to never smokers 
the OR was 3.8 (95% 01=1.0-14.7) in 
current smokers, 2.4 (95% 01=0.5, 12.9) 
in former smokers of 1 to 5 years, 1.4 
(95% 01=0.3-7.4) in those of 6 ta 15 
years, and 0.9 (95% 01=0.2-4.3) for 16 
or more years of abstinence. These 
results were based on very small 
number of cases, which is reflected in 
wide confidence intervals around the 
risk estimates reported. 

The OR for laryngeal cancer was 
5.4 (95% C1=2.1-14.3) in current smokers 
and 2.2 (95% 01=0.6-8.4) in former 
smokers in a case-control study from 
Korea that included 94 male laryngeal 
cancer cases (Choi and Kahyo, 1991а). 
Compared with current smokers, the OR 
was 0.7 (95% C1=0.2-2.2) for 1-4 years  

since smoking cessation, 0.4 (95% 
01=0.1-3.0) for 5-9 years and 0.2 (95% 
C1=0.03-1.0) for 10 or more years. After 10 
or more years the RR of laryngeal cancer 
dropped to that of never smokers. These 
results are based on a small number of 
cases. 

A Polish case-control study 
including 249 male laryngeal cancer 
cases (Zatonski et ai., 1991) reported 
an approximate 20% reduction in risk 5 
to 10 years after quitting smoking as 
compared to current smokers 
(ОR-0.8; 95% 01=0.3-1 .8), and a 70% 
reduction after 10 years (01=0.3; 95% 
01=0.1-0.6). 

No statistically significant decrease in 
the risk of laryngeal cancer with duration 
of abstinence was reported in a Spanish 
case-control study based on 50 male 
cases (01=0.5; 95% 01=0.1-3.2) for 
quitters of > 15 years (Lopez-Abente et 
a1., 1992). 

A US case-control study based 0f 
194 male cases of laryngeal cancer 
(Muscat and Wynder, 1992) reported a 
lower RR in subjects who had stopped 
smoking (OR=4.8) than in those who 
continued (01=13.8), but the risk 
remained significantly elevated even 
after 10 or more years of having quit 
smoking (OR=3.8; 95% 01=1.3-10.8). A 
similar pattern of risk was observed for 
cancers of the glottis and the supra-
glottis in relation to time since smoking 
cessation. 

In a case-control study from China 
including 177 male cases (Zheng et al., 
1992а), the OR of laryngeal cancer was 
1.8 (95% 01=0.6-4.9) two to four years 
after smoking cessation as compared to 
current smokers. For longer abstinence 
the relative risk was 0.6, or a 40% 
reduction in relation to current smokers, 
but it remained six-fold higher than that 
in never smokers (0.6 versus 0.1) 10 or 
more years after quitting (Table 2). 

A case-control study from Uruguay 
including 96 laryngeal cancer cases 
(De Stefani et a1., 1992) showed a 60%  

reduction in risk in former smokers of 
hand-roi led cigarettes compared with 
current smokers, with an OR of 0.2 
(95% 01=0.1-0.5) 10 years after 
cessation. 

In a large case-control study from 
Brazil (194 laryngeal cancer cases, 
Schlecht etal., 1999), in which cessation 
of smoking was studied also in relation 
to type of tobacco smoked (cigarettes, 
black tobacco cigars or pipe smoking), 
the risk of laryngeal cancer decreased, 
although not linearly, with time since 
cessation of the habit. For 20 or more 
years after cessation, the OR was a third 
of that of current smokers (11.7; 95% 
01=4.4-31.5), but still threefold higher 
than that of never smokers (OR=3.1; 
95% 0I=1.0-9.4). 

A case-control study from Italy 
including 527 cases (Altieri et a1., 2002) 
reported a reduced risk of laryngeal 
cancer 3-5 years after smoking cessa-
tion (OR=0.7; 95% C1=0.4-1.2) 
compared with current smokers, with a 
reduction of approximately 70% 10-19 
years after smoking cessation, and of 
over 80% 20 or more years after. Former 
smokers for 20 or more years, however, 
still had risk increased threefo!d over that 
of never smokers (Aitieri et al., 2002; 
Talamini et a1., 2002). 

Finally, a case-control study from 
France on 504 male cases of laryngeal 
cancer reported that the risk in former 
smokers was one-third that of current 
smokers (Menvielle et al., 2004). 
The reduction was evident within 10 
years of cessation (01=0.4; 95% 
01=0.2-0.6) and became larger with 
time since cessation, the OR being 0.1 
(95% 01=0.03-0.4) after 20 years. The 
study reported that among former 
smokers the risk of laryngeal cancer 
increased linearly with amount of 
tobacco smoked. For each level of 
consumption and duration of smoking, 
the RR in former smokers was about 
three- to four-fold lower than that of 
current smokers. Thus, the RR for >40 g 



Risk of other cancers after smoking cessation 

of tobacco smoked daily was 4.2 
(95% 01=1.7-10.2) in former smokers 
who had smoked for 1-30 years, 12.1 
(95% 01=5.2-28) for those who had 
smoked for 31-40 years and 11.1 
(95% 01=4.2-29.3) for those who had 
smoked 40 years or longer. 

Corresponding figures in current 
smokers were 15.2 (95% 01=5.7-40.8), 
43.8 (95% 01-17.9-107) and 40.2 
(95% 01=17.5-92.3), respectively. 

Discussion 

R large number of epidemiological 
studies indicate that the risk of laryngeal 
cancer is substantially reduced in former 
smokers as compared to subjects who 
continue to smoke. The favorable effect 
of stopping smoking is already evident 

within few years after cessation. A few 
studies (Wynder et at, 1976; Tuyns et 
at, 1988; Lbpez-Аbente et at, 1992; 
Altieri et al., 2002; Talamini et at, 2002) 
reported a similar or even greater 
relative risk in recent quitters compared 
with current smokers; this result is likely 
due to the reverse causality, when some 
cases could have stopped smoking 
because of diagnosis and early 
symptoms of the disease, adding cancer 
cases to the pool of former smokers and 
hence underestimating the effects of 
quitting. 

The RR compared to current smokers 
steeply decreases with time since 
stopping smoking; reductions by about 
60% were observed after 10-15 years 
since cessation of smoking, and even 
greater reductions were observed after  

20 years. However, many studies, 
including the largest ones, showed that 

even after many years since stopping 
smoking, former smokers still had 
elevated risks of laryngeal cancer as 
compared with never smokers. There is, 
however, still limited evidence on the 
time-risk relation with reference to 
various levels of intensity and duration of 
smoking, as well as of the absolute risk 
function for laryngeal cancer after 
stopping smoking. 

Some of the apparent differences 
across studies are likely due to the play 
of chance and to the variable distribution 
of duration of cessation and of smoking 
among the populations. 

Oral and Pharyngeal Cancer 

Tobacco smoke is causally related to 
oral cancer ('ARC, 1986). Main 
confounders for the association between 
oro-pharyngeal cancer and tobacco 
smoke are use of smokeless tobacco 
and alcohol intake, often taken into 
account in those studies examining the 
role of smoking in the etiology of oral 
cancer. The effect of cessation of 
smoking was addressed in the most 
recent tobacco Monograph (IARC, 
2004), which reported a rapid lowering of 
the risk for oral cancer after cessation. 

Studies identified 

Four cohort studies (Table 3) and at least 
26 case—control analyses (Tables 4 and 
5) reported the risk of oral or pharyngeal 

cancers (separately or a combination of 
both) in former smokers. Almost all of the 
studies adjusted for age and alcohol 
consumption. Five studies contained 
separate analyses for oral and pharyn 
geai cancers. 

Former smokers versus current 
or never smokers 

Cohort 5tudгes 

In the 26-year follow-up of 177 903 vet-
erans aged 30 years or more during 
1954-1980 (McLaughlin et at, 1995a), 
with over 3 million accumulated person-
years and 116 606 deaths, the relative 
risk (RR) of dying from oral cancer in 
current cigarette smokers was 3.4 (sig-
nificant), and that in former smokers was 

1.5 (95% confidence interval (Cl) 
includes 1.0; 0.9-2.4), with former smokers 
having significantly less than half (44%) 
of the risk of current smokers and 50% 
more risk than never smokers. The RR 
for dying from pharyngeal cancer was 
14.1 (95% 01=6.9-28.9) in current smok-
ers and 2.6 (95% Cl=1.1-6.2) in former 
smokers. 

A cohort of about 120 000 persons 
was followed in Japan through baseline 
and repeated surveys. Taking informa-
tion from all surveys, the RR for 
pharyngeal cancer among current 
smokers was 1.1(95% 01=0.6—not avail-
able) aid former smokers 0.4 (95% 
01=0.1-1.2) (Akiba, 1994). 

In a cohort of 733 134 men (aged >-
30 years) from South Korea, the RR for 
oral and pharyngeal cancer among 
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Author 5tидy population, Smoking 	Cases or Deaths 	Relative risk 
Pusbнсаtюn year Suьзitе  and categories 
Country Follow-up period 

Akiba, L1fe span Study 42 cases in men 
(1994) Pharynx 27 cases in 
Japan 61 505 survivors First survey 	women 

1966-1981 Current smoker 	 1.2 
Former smoker 
	

0.4 

95% confidence 	Comments 
interval 

Cases in men and 
women combined. 

95% confidence 
0.6, 	 bound could not 
0.1, 1.4 
	

be obtained. 

1ARС  Handbooks of Сапсег  Ргецentlоn 

AU surveys 

Current smoker 
Former smoker 

McLaughlin et a1. US Veteran's study Current smoker 
(1995а) Oral cavity Ever smoker 
USA Men Former smoker 

177 903 Never smoker 
1954-i 980 

(26 years fol ow-up) 

Pharynx 

Current smoker 
Ever smoker 
Former smoker 
Never smoker 

Dill et at, (2005) British Doctors Oral 
U.K study Cigarette smoker 

Oral & pharynx Current smoker 
34 439 male Former smoker 
doctors Never smoker 
1951-2001 

Oro-and hypo- 
pharynx 

Cigarette smoker 
Current smoker 
Former smoker 
Never smoker 

Yin et at., (2005) National Health 
Republic of Korea Insurance Current smoker 

Corporation study Former smoker 
Oral & pharynx Never smoker 
733 134 insured 
men 

1996-2000 

1.1 
0.4 

189 deaths 
	

3.4 
2.6 

1.5 
1.0 

143 deaths 
14.1 
9.5 
2.6 
1.0 

43 deaths 

7.1 
1.3 
1.9 

34 deaths 

6.7 
1.7 

0.0 

172 Cases 

106 
	

1.8 

41 
	

1.5 

25 
	

1.0 

0.6, 
0.1, 1.2 

2.3, 5.0 

1.8, 3.9 

0.9, 2.4 

6.9, 28.9 
4.6, 19.4 
1.1, 6.2 

1.1, 2.7 

0.9, 2.5 

Re4ative risk of 
oral and pharyn 
geai cancer 
mortality al start of 
follow-up. 
Estimates refer to 
cigarette smoker. 

Mortality rate per 
100 000 
persons/years. 

Estimates adjusted 
for age, residence. 
body mass index, 
alcohol use and 
physical activity. 
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4rolhor Study population Smoking Cass Odds ratio 
Publication year Subsite categories 
Country 

Talamini et ai. Oral and pharyn- Current smoker 
(1990а) geai carmer cases <15 per day 2 3.8 
Italy combined ? 15 per day 12 12.9 

Former smoker 3 4. f 
Men Never smoker 2 1.0 
291 cases 

Women 
45 cases 

Zheng et aL Incident cases 	Current smoker 	168 	 2.4 	 1.5, 4.0 
(1990) ICD-9:141; 	Former smoker 	22 	 1.1 	 0.6, 2.1 
China 143-145 	 Never smoker 	58 	 1.0 

Men 
248 cases 

Women 
156 cases 

Ко  et aL,(1 995) Incident cases Current smoker" 85 4.6 1.5, 14.0 
Taiwan ICD-9: 140-141; Former smoker 11 3.6 0.9, 14.6 

143-145 Never smoker 11 1.0 

Men 
104 cases 

Women 
3 cases 

Zheng of a1., Cancer of the Current smoker 60 2.7 1.3, 5.2 
(1997) tongue Former smoker 3 0.5 0.1, 2.2 
China Never smoker 48 1.0 

Men 
65 cases 

Women 
46 cases 

95% confidence Comments 
interval 

0.2, 58.2 Hospital based. 
2.3, 106 Estimates 
0.5, 93.6 obtained in non- 

drinkers. Cases in 
men and women 
combined and 
adjusted for age 
and sex. 

Hospital based. 
Estimates adjusted 
for alcohol use, 
education, sex 
and age. 
Cigarette and 

pipe smokers 
ncluded. 
Estimates for 
former smokers 
obtained in men 
only; none of the 
women were 
former smokers. 

Hospital based. 
Estimates adjusted 
for education. 
occupatLon, alco-
hol use and betel 
quid. 
Cigarette smokers 

only 

Hospital based. 
Estimates adjusted 
for alcohol use and 
education. 
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Author Study population Smoking Cases Odds ratio 95% confidence Comments 

Publication year Subsite categories interval 

Country 

Schildt et &., Oral cancer Current smoker 122 1.8 1.1, 2.7 Population based. 

(1998) Former smoker 80 1.6 0.6, 1.6 Quitters within 

Sweden ICD-9: 140; 141; Never smoker 152 1.0 year prior to 

143-145 diagnosis 
considered current 

Men smokers. 

100 cases alive Estimates adjusted 

137 cases but not specified 

deceased for which 

Women variables. 

43 cases alive 
74 cases 

deceased 

Bosetti of a1., Oral and pharyn Current smoker Hospital based; 

(2000а) geaI cancer 1-14 (cigarettes! 57 3.6 2.3, 5.6 combines data 

Italy and day) from two studies. 

5witzerlaпd Women ? 15 (cigarettes/ 47 4.6 Estimates adjusted 

195 cases day) 4.6 2.7, 7.6 for education, 

Former smoker 19 1.6 0.9, 2.9 body mass index 

Never smoker 72 1.0 and alcohol use. 

Zavras et al., Oral and pharyn- Current smoker 61 3.0 1.4, 6.6 Hospital based. 

(2001) geai cancer Former smoker 16 0.9 0.4, 2.1 Cases in men and 

Greece Never smoker 41 1.0 women combined. 

ICD-9: 141; Estimates adjusted 

143-146; for age, sex, 
14$_149 refering hospital 

and alcohol use. 

Men 
68 cases 

Women 
42 cases 

Llewellyn et al., Lip, oral cavity, Current smoker 28 1.2 0.4, 3.8 Population based. 

(2004) oropharynx, tonsil Former smoker 8 0.2 0.5, 0.8 Cases in men and 

England Never smoker 17 1.0 women combined. 	1 

lCD--10: Estimates adjusted 

COOl-06; for alcohol use. 

C001-06; С09-1бΡ 

Men 
28 cases 
Women 
25 cases 

1 
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Author Study population smoking Cases Odds ratio 95% confidence Comments 
ЭuЫicati®п  year Subsite categories interval 
с  ouпtrу  

Blot of a1., Oral and pharyn- Men Population based. 
(1988) geai Current smoker 485 3.4 2.3, 5.1 Estimates adjusted 
USA Ever smoker 659 1.9 1.3, 2.9 for alcohol use, 

lncideni cases Former smoker age race, area 
Years since quitting and respondent 

1CD9:141;143-146; 1-9 64 1.1 0.7, 1.9 status. 
148-149 10-19 56 1.1 0.7.1.9 

20+ 43 0.7 0.4.1.2 
Men Never smoker 50 1.0 
762 cases 
Women Women 
352 cases Current smoker 258 4.7 2.0, 7.3 

Ever smoker 298 3.0 2.0, 4.5 
Former smoker 
Years since quitting 

1-9 24 1.8 0.9, 3.6 
10-19 10 0.8 0.4, 1.9 
20+ 4 0.4 0.1.1.4 

Never smoker 54 1.0 

Merletii et a1., Oral and pharyn- йлеn 68 3.9 1.6, 9.4 Population based. 
(1989) geai Current cigarettes 7 3.8 1.1, 12.6 Estimates adjusted 
laly Currant pipe 11 14.6 4.7, 45.6 for age. 

Incident cases Current cigar 
°ormer smoker 

ICD-9: 141-146 Years since quitting 68 5.4 2.3, 16.8 
excluding 142 0-1 11 4.4 1.6, 12.4 

2--5 2 0.4 0.1, 2.7 
Men >5 5 1.0 
86 cases Never smoker 

Women Women 
36 cases Current cigarettes 23 5.4 2.4, 12.5 

Former smoker 
Years since quitting 

0-1 18 7.4 3.0, 18.3 
>2 5 3.7 1.3, 10.8 

Never smoker 13 1.0 
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Т  

Author 5tudy population smoking Cases Odds ratio 95% confidence Commets 
Publication year 5ubsite categories interval 

Country 

Franceschi et at, Oral Current smoker 147 11.1 3.4, 34.8 Hospital based. 

(1990) Former smoker Estimates adjusted 
Italy Oral cavty Years since quitting for age, area of 

ICD-9: с10 20 5.7 1.6, 20.8 residence, едиса- 
140;141;143-145 10+ 5 1.1 0.3, 5.1 till, occupation. 

Never smoker 4 1.0 and alcohol use. 
Men Cigarette smokers 
157 cases Current smoker 132 12.9 3.1, 52.9 

Former smoker 
Pharyngeal Years since quitting 

<10 26 11.3 0.8, 18.0 
ICD-9: 10+ 10 3.7 2.6, 49.4 
146;148;161;1 Neveг smoker 2 1.0 

Men 
134 cases 

Choi & Kahyo, Oral and pharyn- Men oral Hospital based. 

(1991 a) geai Current smoker 91 2.5 1.3, 4.5 Estimates adjusted 

Korea Former smoker 7 0.9 0.4, 2.2 for alcohol use. 
ICD-9: 140; Years since quitting Linear trend for 
141;143-145; 1-4 2 0.7 01, 3.9 years since 
146-149 5-9 3 0.6 0.2, 2.2 quitting was sign fi- 

10± 2 0.2 0.05, 0.7 cant. 
Men Never smoker 15 1.0 No former 
246 cases smokers among 
Women Men pharynx women. 
43 cases Current smoker 109 1.6 0.9, 3.1 

Former smoker 10 0.9 0.3, 2.1 
Never smoker 14 1 
Years since quitting 
Current smoker 109 1 

1-4 1 0.1 0.03. 0.7 
5-9 6 1.1 0.4, 2.8 
10+ 3 0.5 0.1, 1.6 

Oreggia etal., Tongue Current smoker 45 29.4 3.7, 234 Hospita based. 

(1991 ) Former smoker 11 11.8 1.4, 100 Estimates adjusted 
Uruguay Incident cases Never smoker 1 1.0 for age, county, 

alcohol use, color 
Men Current smoker 45 1.0 of tobacco, age 
57 oases Years since quitting start, cigarettes 

1-4 5 0.4 0.1, 1.2 per day and 
5-9 2 0.3 0.1, 1.4 duration. 
10 + 4 0.2 0.0, 0.6 
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Study population smoking Gases Odds ratio 95% confidence Comments 

G`ubticаtl®n year 5ubsite categories interval 

Coanlry 

DeStefani et at., Oral,oropharyn- Current smoker 84 1.0 Hospital based. 

(1 992) geai, hypo- Former smoker Estimates adjusted 

Uruguay pharyngeal Years since quitting for age, residence. 

јСD-9:141;149.145; urban status, 
146;148 1-4 10 0.6 0.2, 1.4 education, time of 

5-9 7 1.1 0.4, 3.3 cessation and total 
Men 10+ 5 0.1 0.0, 0.3 acohol use. 
109 cases 

Franceschi et at, Tangue and mouth Tongue cancer Hospital based. 

(1992) Current smoker 83 10.5 3.2, 34.1 Estimates adjusted 

Italy ICD-9: Former smoker 15 2.1 0.6, 7.7 for age, 

141;143-5;149 Years since quitting area of residence, 
c 10 12 3.8 1.0, 14.5 occupation and 

Men ? li 3 0.7 0.1, 3.8 alcohol use. 
102 cases Never smoker 3 1.0 
(tongue) 
Men and Women Mouth Cancer 
104 cases (mouth) Current smoker 78 11.8 3.6, 38.4 

Former smoker 18 3.6 1.0, 12.6 
Years since quitting 

< 10 13 3.8 1.0, 14.4 
010 3 0.7 0.1.3.9 

Never smoker 3 1.0 

Day et at., (1993) Tongue, mouth European Population based. 

USA and pharynx American Estimates adjusted 

Current smoker 568 3.6 2.6, 4.8 for sex, age, study 

Incident cases Former smoker location and 
Years since quitting respondent status. 

Men 1-9 70 1.1 0.7, 1.6 
729 cases 10--19 63 1.1 0.7, 1.6 
Women >- 20 41 0.6 0.3, 0.9 
336 cases Never smoker 77 1.0 

African Amerkvan 
Current smoker 147 2.3 1.1, 4.7 
Former smoker 
Years since quitting 

1-9 13 1.1 0.4,3.1 
10-19 1 0.1 0.0, 1.3 
-20 3 0.3 0.1, 	1.7 

Never smoker 17 1.0 
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Wuth®r study population Smakhi Cases Odds ratio 95% с€згaйdепсе  Comments 
Publication year Subsite categories interval 
Country 

Mashberg at at Oral-oropharynx Minimal smоКипg 9 1.0 hospital based. 
(1993) 6-15 ciglday 41 4.0 1.9, 8.5 Estimates adjusted 
USA Men 16-25 fig/day 109 4.4 2.2, 8.9 by logistic regres 

359 cases 26-35 cig/day 61 5.6 2.7, 117 son for age, race, 
36+ ciglday 94 4.0 1.9, 8.2 alcohol use, 
Former smoker 9 0.8 0.3, 2.2 average cigarette 
Years since quitting consumption. 

3-10 6 1.3 0.3, 6.5 5 or less per day 
11+ 3 0.5 0.1, 2.6 

Day of a1., (1994) Sесопд  cancers Continuing smoker 25 1.0 Population based. 
USA following oral and Out at or alter 20 0.9 0,4, 2.2 Estimates adjusted 

pharyngeal cancer diagnosis tir age, stage of 
ICD-9: Out before 7 0.5 0.2, 1.4 disease and 
141;143-146; diagnosis alcohol use. 
148 149 Never smoker 3 0.3 0.1' 1.5 

Years since quitting 
0 (never) 25 1.0 

Follow-up period 1 to <3 13 0.5 0.2, 1.9 
1984-1989 3 to <5 8 1.9 0.5, 6.4 

>5 6 0.3 0.1, 1.0 
Men 
54 cases 
Women 
24 cases 
Nested case control 
n a cohort study 

Kabat etal.; (1994) Oral and pharyn- Men Hospital based. 
USA geai Current smoker 676 3.3 2.4, 4.3 Estimates adjusted 

Men Former smoker 246 1.1 0.8, 1.5 for age, education, 
1097 cases Never smoker 82 alcohol use, race, 
Women Current smoker time регюд  and 
463 cases Years since qu'dting type of hospital. 

0 676 1.0 0.4, 0.8 
1-9 113 0.6 0.2, 0.5 
10-19 59 0.3 0.3, 0.9 
20+ 70 0.5 

Women 
Current smoker 271 4.3 3.2, 5.9 
Former smoker 79 1.4 1.0, 2.0 
Never smoker 113 1 
Current smoker 271 1.0 
Years since quitting 

1-9 40 0.5 0.3, 0.8 
5-9 24 0.3 0.2, 0.5 
10+ 15 0.3 0.1, 0.8 
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Author Ѕtudу  population Smoking 	 Cases Odds ratio 

РiгЫ ication year Ѕubsite categories 
Country 

Macfarlane et a1., Oral cavity Current smoker 	Not reported 1.0 
(1995) Years since quilting 
China CD-9: 141;143-5 <1 1.2 
Italy 1-9 0.7 
USA (Иeл  10+ 0.5 

374 

Women 
216 cases 

De Stetani et al., Oral and pharyn- Oral 

(1998а) geaI cancer Current smoker 146 5.7 3.4, 9.5 

Uruguay Former smoker 36 2.2 1.2, 3.9 
Men Years since quitting 
425 cases 1-4 20 3.2 1.6,3.9 

5-9 12 2.7 1.2, 3.9 
10+ 4 0.7 0.2, 2.1 

Never smoker 24 1.0 

Pharynx 

Current smoker 161 16.2 5.5, 18.8 
Former smoker 44 4.3 2.2, 8.3 

Years since quitting 
1-4 21 5.9 2.7, 12.8 
5-9 15 5.1 2.2, 12.0 
10+ 8 2.1 0.8, 5.5 

Never smoker 14 1.0 

Hayes et a1. ; Oral & pharyngeal Men 
(1999) Years since quitting 
Puerto Rico ICD-9: 141; Recent use 183 7.5 3.9, 14.4 

143-6; 148, 149 2-9 years 37 4.1 1.8, 8.9 
10-19 years 20 2.0 0.9, 4.5 

Men 20+years 18 1.2 0.5, 2.7 
298 cases Never smoker 16 1.0 
Women 
69 cases Women 

Years since qu tting 
Recent use 23 14.1 4.2, 47.2 
2-9 years 8 8.7 2.2, 35.2 

10-19 years 2 2.1 0.3, 13.9 
20+ years 2 0.8 0.1, 4.2 

Never smoker 14 1.0 

0.7, 1.8 
0.5, 1.1 

0.3, 0.7 

Hospital based. 
Estimates adjusted 
for age, sex, 
centre, education, 
alcohol use, 
previous level c1 
smoking and inter-
action terms fer 
center education 
and center alcohol 
ntake 

lospita based. 
Estimates adjusted 
for age, residence 
urbant rural status, 
birthplace, 
education and 
alcohol use. 

Recent use is up 
to 2 years prior ta 
interview. 

Estimates adjusted 
for age and 
alcohol use. 

~I 
1 

95% confidence 	Comments 
interval 
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Odds ratio 

6.2 

4.6 
3.9 
2.9 

0.8 

0.7 
1.0 

9.9 
6.3 
4.8 

3.2 
2.9 
1.0 

8.0 

3.1 
2.1 

0.7 

1.0 

1.0 

4.6, 8.3 

2.8, 7.8 

2.5, 6.2 

1.8, 4.7 

0.4, 1.6 
0.4, 1.2 

9.1, 19.8 

5.6, 17.5 
3.6, 11.0 

2.7, 8.4 
1.8, 5.7 
1.7, 4.8 

4.3, 14.9 

1.3' 7.0 
0.8, 5.7 

0.1, 3.7 

0.3, 2.9 

Estimates adjusted 
for age, sex, study 
centre, education, 
arid alcohol use. 

Multi-centre, 
hospital based. 
Estimates 
adjusted for 
alcohol use. 

95% confidence 	Comments 
interval 
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Аuth®r study population 5moking Cases 
Publication year Subsite categories 
Country 

La Vecchia of al., Oral and Oral cancer 
(1999) pharyngeal Current smoker 441 
Italy Former smoker 

Switzerland 638 oral cases Time since quitting 
1-2 years 28 

642 pharyngeal 3-5 38 
cases 6-9 31 

10-14 12 

4179 coпtrols ? 15 18 
Never smoker 70 

Pharyngeat cancer 

Current smoker 459 
Former smoker 
Time since quitting 

1-2 years 31 
3-5 28 

6-9 27 

10-14 26 

15 39 
Never smoker 32 

Schlechi et al. Oral aid pharyn- Oral cancer 
(1999) geai cancers Commercial 
Brazil cigarettes: 

ICD-9: 140; 141; Current smoker 214 
143-145; 146-149 Former smoker 

< 5 years 19 
6-10 years 8 

373 oral cases 11-15 years 2 
217 pharyngeal 15 years 6 
cases Never smoker 21 

1 578 controls Pharyngea! cancer 
Commercial 
cigarettes: 
Current smoker 138 
Former smoker 

<_ 5 years 12 
6-10 years 2 

11-15 years 2 
15 years 2 

Never smoker 5 

5.9 

2.6 
1.2 

1.4 

0.9 
1.0 

2.2, 15.3 

0.8, 8.5 

0.2, 7.0 

0.2, 9.8 
0.1, 5.5 
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Кuthor Study population SmоКing Cases Odds ratio 95% confidence ComnienIs 
publication year Subsite categories interval 
Country 

Lissowska et at, Oral and pharyn- Current smoker 78 3.4 1.5, 8.0 Hospital based; 
(2003) goal cancer Former smoker 22 1.4 0.6, 3.3 31% cases and 
Poland Never smoker 22 1.0 550' 	controls lived 

lCD-9: 141; in Warsaw <urban 
143-145; 146; 149 Currently smoker 72 1.0 area). 

Years since quilting Estimates adjusted 
Men for gender age, 
78 cases < 10 years 14 0.5 0.2, 1.3 residence and 
Woman >10 years 12 0.3 0.1, 0.8 alcohol use. 
44 cases 

122 controls 

Znaor of at., Oral arid pharyn- Ora! cancer Hospital based - 
(2003) geai cancers Current smoker 954 1.9 1.6, 2.3 two centers. 
India Former smoker 185 0.8 0.6, 	1.1 Estimates adjusted 

1039: Never smoker 424 1.0 for age, center, 
140;141;143- education level, 

146:148:149 Current smoker 954 1.0 alcohol, and 
Years since quitting chewing. 

Men 2-4 years 65 0.5 0.3, 0.7 
1563 oral cases 5-9 years 46 0.5 0.3. 0.7 
636 pharyngeal 10-14 years 25 0.3 0.2, 0.4 
cases > 15 years 49 0.5 0.3, 0.8 

1711 cancer Pharyngeal cancer 

controls Current smoker 492 4.0 3.1, 5.2 
1927 healthy Former smoker 57 1.2 0.8, 1.8 
controls Never smoker 87 1.0 

Current smoker 492 1.0 
Years since quitting 
2-4 years 24 0.4 0.2, 0.7 
5-9 years 13 0.3 0.2, 0.6 
10-14 years 9 0.2 0.01, 0.4 
>- 15 years 10 0.2 0.1, 0.5 

current smokers was 1.8 (95% For smokers of other tobacco products relative risks for former smokers 
Cl=1.1-2.7) and former smokers 1.5 the mortality rate for current smokers compared with current smokers. 
(95% C1=0.9-2.5) after adjustment for was 6.8 versus 4.4 for former smokers. 
several potential confounders (Yun et al., For pharyngeal cancers the mortality Case-Control Studies 
2005). 	 rates were 0.0 among never smokers 

The follow-up of 34 439 male British and 6.7 among current cigarette smokers The odds ratio (OR) of oral cancer for 
doctors over a 50-year perгod provided a versus 1.7 among former cigarette former smokers as a proportion of that 
mortality rate for oral cancer among smokers. Among smokers of other for current smokers varied from 16.6% in 
never smokers as 1.9 per 100 000, products the mortality rate was 7.1 for the study 0f men aged < 45 years in the 
former cigarette smokers 1.3 and current current versus 1.7 for former smokers. 	United Kingdom (Llewellyn cf a1., 2004) 
cigarette smokers 7.1 (Doll et аL, 2005). All four cohort studies showed reduced and 18.5% in the study from China on 
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patients aged 20-80 years (Zheng et a1., 
1997) to 78% in the study from Taiwan 
(Ko et at., 1995). The ratio of the risks 
indicates proportionally, the amount of 
risk in current smokers present after ces-
sation. The smaller the percentage, the 
greater the reduction in risk experienced 
by former smokers. The ratio is obtained 
by dividing the OR in former smokers by 
the OR in current smokers times 100. In 
four studies the proportion varied 
between 36% and 46% (Zheng et a1., 
1990; Choi and Kahyo, 1991 a; Oreggia 
etal., 1991; De Stеfani etal. 1998а). In 
all these studies there was an overlap 
between the 01s of the ORs for current 
and former smokers. 

In these studies the excess risk of for-
mer smokers compared to never smok-
ers was variable. The minimum residual 
risk was given by an OR of 0.5 for former 
smokers compared to never smokers in 
the study by Zheng et a1. (1997) and the 
maximum by an OR of 11.8 (Oreggia et 
aI., 1991). In four studies, the OR for 
former smokers compared to never 
smokers was around 2 (Zheng et a1., 
1990; Franceschi et aI., 1992; De Stefani 
et a1., 1998; Znaor et al., 2603). 

Duration of cessation 

Eighteen case—control studies reported 
odds ratios by time since quitting 
smoking (Table 5). Odds ratios for any 
time period after quitting smoking were 
lower than those for current smokers, 
confirming the results just described on 
studies without specification of duration 
of cessation. There was generally an 
overlap in the 95% confidence intervals 
of the odds ratios for the different 
cessation time periods. Generally, after 
10 years since quitting the OR was 
significantly lower than that of current 
smokers (no overlap of Ils). In many of 
the studies comparing risks of former 
smokers of 10 or more years duration to 
risks of never smokers, former smokers 

could reach the level of risk of never 
smokers only after this duration 
(Franceschi et a1, 1990; Choi and 
Kahyo, 1991 a; Franceschi et a!, 1992; 
De Stefаni etal., 1998a; LaVecchia, et 
al., 1999; Schlecht et at, 1999). There 
was no specific trend for years since 
quitting in one study (Znaor et al., 
2003). 

Studiеs in former smokers 

A study conducted in seven hospitals in 
Beijing, China, on 309 controls and 248 
men with incident oral cancers 
diagnosed between 1988 and 1989, 
reported an OR of 1.1 for former smok-
ers, representing a 54.2% decrease in 
the risk experienced by current smokers 
(about 85% cigarette smokers and 15% 
pipe or both cigarettes and pipe 
smokers) and a 10% increase in the risk 
experienced by never smokers. The 
study adjusted for alcohol use, educa-
tion, sex and age (Zheng et at., 1996; 
Table 4). A subsequent analysis of the 
subset of 111 tongue cancer patients 
and 111 controls showed that former 
smokers experienced an 81.5% reduc-
tion in the risk of cancer compared to 
continuing smokers (about 38% were 
pipe smokers among the 63 who 
specified type of smoke). A former 
smoker was defined as one who had quit 
smoking more than one year prior to 
diagnosis (Zheng etal., 1997). 

In Taiwan, among 104 men and 3 
women oral cancer patients and 200 
controls identified during 1992-93 at a 
hospital in Kaohsiung, the OR for former 
cigarette smokers was 3.6 (95% 
СI=0.9-14.6) compared with 4.6 
(95% CI=1.5-14.0) for current cigarette 
smokers. Still, former smokers experi-
enced more than 3 times the risk of 
never smokers, the referent group. ORs 
were adjusted for education, occupation, 
alcohol and betel quid consumption (Ko 
etal. 1995). 

In a population-based study con-
ducted in the four northern-most counties 
of Sweden, with 354 cancer registry 
cases during 1980-89 and 354 controls, 
former smokers had a risk equal to that of 
never smokers, whereas the OR for cur- 
rent smokers was 1.8 (95% С1=1.1-2.7). 
Thus former smokers had a 55% reduc-
tion in risk (Schi]dt etal., 1998). 

In an analysis of data collected on 86 
male and 36 female oral cancer patients 
along with 385 male and 221 female con- 
trols during 1980-84 in a population-
based study in Torino, Italy, men who had 
quit smoking for two to five years had risk 
reduced by 18.5% compared with smokers 
who had quit within one year of diagno- 
sis, while those who had quit more than 
five years before had a risk reduced by 
92.6%. After more than five years men 
had an odds ratio close to that of never 
smokers. Women who had quit more 
than two years before diagnosis experi- 
enced a 50% reduction in risk compared 
with those who had quit within one year 
(Merletti etal., 1989); ТаЫе  5). 

In the first-ever study from Korea on 
the role of tobacco and alcohol (Choi 
and Kahyo, 1991a), 113 men with oral 
cancer and 339 hospital controls were 
interviewed. Former smokers had a 64% 
lower risk than did smokers and an 
excess risk similar to that of never smokers 
after adjustment for alcohol use. 

In a hospital-based study from 
Uruguay, with 57 male tongue cancer 
patients diagnosed between 1987 and 
1989 and 353 controls, former smokers 
experienced 40% of the risk of the 
current smokers, but approximately 12 
times greater risk than never smokers. 
Quitters of 1-4 years, 5-9 years and 10 
years or more had their risk reduced by 
60%, 70% and 80% respectively 
compared with continuing smokers (p for 
trend '0001). Former smokers of ten 
years or more had a significantly reduced 
risk compared with those who had 
quit for fewer years (Oreggia et a1., 
1991). 
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Among men younger than 75 years 
(157 oral cancer cases and 1272 
controls) in a study from Italy (from 1986 
until 1989), former smokers with a 
quitting interval of under 10 years dura-
tion had about half (51%) the risk of 
current smokers while those with absti-
nence of 10 years or more had only 10% 
ii the risk (p for trend 20.01); their risk 
(OR-1.1; 95% 01=0.3-5.1) was almost 
the same as never smokers (Franceschi 
et aI., 1990). 

In another study from Italy 
(1986-1990), analysing risks to men 
(<75 years) for tongue (101 cases) and 
mouth cancer (99 cases) separately with 
726 controls, former smokers had an 
80% reduction in risk for tongue cancer 
and nearly a 70% reduction in risk for 
mouth cancer with respect to current 
cigarette smokers. After 10 years or 
more of having stopped smoking, men 
had an excess risk close to never smokers, 
but there was a small overlap between 
the Ois for less than 10 years of quitting 
(Franceschi etat, 1992). 

Analysis of data on 359 men with oral 
cavity or oropharyngeal cancer and 
2280 controls aged 37-80 years attending 
a Veterans hospital in New Jersey, USA 
(lvlashberg et a1., 1993) collected from 
1972 to 1983 showed that farmer smokers 
experience 20% less risk of oral or 
oropharyngeal cancer than smokers of 5 
or fewer cigarettes per day (minimal 
smokers used as reference group). 
However, when stratifying by duration of 
cessation, those who had quit between 
for 3-10 years had an increased risk 
compared with minimal smokers (130% 
increase), while those who had quit for 
11 or more years had only half the risk of 
minimal smokers (OR=0.5; 95% 
01=0.1-2.6) (Mashberg et at, 1993). 

In a study that collected data on 425 
men with oral cancer and 427 controls in 
Uruguay (DeStefani of al., 1998a) during 
1992-1996, former smokers had 2.2 
times the risk of never smokers and 62% 
less risk than current smokers, while  

those who quit ten or more years 
previously had 88% less risk of smokers 
(significantly reduced) and reached the 
risk level of never smokers. 

In an investigation that combined 
data collected from 1984-1997 from two 
case—control studies from Italy and 
Switzerland, on 638 men and women 
under 75 years with oral cancer and 
4179 controls (La Vecchia et a1., 1999), 
former smokers who had quit within 1-2 
years of the interview had 26% less risk 
than current smokers had. Those who 
had quit for 10-14 years had a osk 
significantly reduced by 87% of that of 
current smokers and an OR around the 
level of never smokers. 

A study from Brazil on men and 
women (mean age 58 years) diagnosed 
during 1986-1989 with various head and 
neck cancers presented results by cancer 
site. Analysis of 270 cases of oral cancer, 
with 1578 never smokers as the reference 
group, found that the risk dropped sub-
stantially after five years of quitting to 
nearly one-fourth the risk of current 
smokers. Former smokers of over 15 
years reached an odds ratio of 1.0. This 
paper provided graphic representation of 
relative risk as a function of time since 
quitting smoking, for mouth, pharynx and 
larynx cancers (Schlecht et al., 1999). 

In a study on 1563 male oral cancer 
patients and 3638 controls from India 
interviewed during 1993-99 (Znaor et al., 
2003), former smokers, defined as those 
who quit two or more years prior to inter-
view, experienced a 52% reduction in risk 
compared with current smokers, but an 
80% higher risk than never smokers. 
Those who quit two to four years before 
had half the risk of current smokers, and 
the risk did not appear to decrease further 
with time, calculated up to >15 years. 

In summary, eighteen out of 26 
case—control studies reported separate 
odds ratios for different time periods 
since quitting smoking. Odds ratios for 
any time period after quitting smoking 
were lower than those for current smokers,  

confirming the results just described in 
studies without distinction of time periods 
of quitting. There was generally an over-
lap in the 95% confidence intervals of the 
odds ratios for the different time periods. 

Although most participants in these 
studies responded that they had smoked 
cigarettes, the studies report on a diverse 
array of smoking products. Hand-rolled 
cigarettes containing tobaccos different 
from those in commercial cigarettes were 
used by many of the respondents (e.g., in 
Brazil and Uruguay). Analyses showed 
different odds ratios for smokers of com-
mercial versus hand-rolled cigarettes. The 
fact that different proportions of smokers 
used filtered and non-filtered cigarettes 
was mentioned in two studies and differing 
ORs for current use were found for these 
types of cigarettes (Merletti et aI, 1989; 
De Stefаni et a1., 1 998a). Several studies 
included small numbers of pipe and cigar 
smokers in their analyses. Smoking in 
India included ыdis and other products 
along with cigarettes. Some studies 
analysed women separately, but as there 
were too few former smokers among the 
relatively few women smokers for 
analysis, results on women were rarely 
reported in this review. 

Generally after nine or ten years 
since quitting, the OR for oral or 
pharyngeal cancer (or both) was 
significantly lower than that of current 
smokers (no overlap of 95% GIs) 
(Oreggia et al., 1991; De Stefani et a1., 
1992; MacFarlane et a1., 1995; De 
Stefani et al., 1 998a; La Vecchia et al., 
1999; Schlеcht et ai., 1999; Lissowska et 
аl., 2003), or nearly so in some studies 
(e.g., Franceschi et at, 1990; Hayes et 
al., 1999; Schlecht et al., 1999). In 
several other studies the ORs for former 
smokers after 10 years of quitting were 
still somewhat higher than for never 
smokers. Trends for time since quitting, 
measured in several studies, were 
significant (Franceschi et al., 1990; Choi 
& Kahyo, 1991a; Oreggia et al., 1991; 
Lissowska et a1., 2003). 
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®esophageal Cancer 

The risk of oesophageal cancer is 
strongly related to tobacco and alcohol 
consumption, with relative risks over 100 
in heavy smokers and heavy drinkers 
(Tuyns et at., 1977; Franceschi et at, 
1990). For both tobacco and 
alcohol there are strong dose-risk rela-
tions, and for tobacco there is also a 
strong duration of exposure-risk pattern. 
The risk of both squamous and adeno-
carcinoma of the oesophagus is 
associated with tobacco smoking. The 
proportion of each histologic type varies 
in different countries; the occurrence of 
adenocarcinoma of the oesophagus has 
increased over the past years (Gammon 
et at., 1997). Seцeral studies have been 
unable to distinguish between the two 
histologies in the cases reported. 

Cohort and case-control studies 
published before December 2005 on 
oesophageal cancer and smoking 
cessation identified through Medline and 
by searching the references of the 
retrieved studies are reviewed here. 

Cohort Studies 

About 10 cohort studies (including a 
nested case-control study) reported 
data on oesophageal cancer in relation 
to smoking cessation (Table 6). All 
studies-with the exception of the nested 
case-control study (Guo et at, 1994)-
gave the RR for former smokers overall, 
since they collected smoking information 
only at the enrolment of the study 
subjects. No adequate information on 
histological type was available for these 
cohorts. 

A cohort of 25 000 Swedish men 
(Carstensen et at., 1987) reported a RR 
of 1.3 in former smokers, as compared to 
never smokers (death rate 4,31100 000 
person years). In current smokers the 

RR was 1.1 in those smoking 1-7 glday 
of tobacco, 2.5 in those smoking 8-15 
g/day and 5.4 for individuals smoking 
.15 g/day. 

In the Japanese Life Span Study, 
including over 60 000 atomic bomb 
survivors (Akiba, 1994), the RR of 
oesophageal cancer in current smokers 
as compared to never smokers was 3.1 
(95% 01=1.7, upper limit not available) 
and 2.1 (95% 01=0.8-5.0) in former 
smokers on the basis of information from 
the first survey, and 3.3 (95% 01=1.7, 
upper limit not available) and 2.8 (95% 
C1=1.3-6.3) respectively on the basis of 
information from subsequent surveys. 

In a nested case-control study of the 
Linxian Nutrition Intervention Trial 
including 640 oesophageal cancer 
cases from China (Guo et at, 1994), the 
RR of oesophageal cancer in current 
smokers was similar to that of subjects 
who had quit smoking for less than 3 
years, but was reduced by 50% in those 
who had quit longer (- 3 years). 

In the 26-year follow-up of the 
248 046-subject US Veterans cohort 
(McLaughlin et a1., 1995а), the RR of 
oesophageal cancer was 4.1 (95% 
01=3.0-5.6) in current smokers and 1.5 
(95% 01=1.0-22) in former smokers 
compared with never smokers. 

A Swedish study on a cohort of over 
26 000 women found a higher RR in 
former (RR=3.6; 95% C1=0.8-16) than in 
current smokers (RR=1.7; 95% 
01=0.5-5.3) compared with never 
smokers (Nordlund et al., 1997). These 
results were, however, based on a 
limited number of oesophageal cancer 
cases (n=25). 

In the Reykjavik study including 
22 946 subjects participating in an 
Icelandic cardiovascular risk factor study, 
the RR was 2.0 (95% 01=0.6-6.6) in 
former smokers, compared with never  

smokers. Corresponding figures were 
3.6, 4.1 and 1.5 for current smokers of 
1-14 cigarettes/day, 15-24 cigarettes/ 
day and ? 15 cigarettes/day, respectively, 
but again based on a small number of 
cases (n=49;Tulinius et al., 1997). 

In a Japanese cohort including over 
220 000 adults, the adjusted RR of 
oesophageal cancer for former smokers 
was 1.9 (95% 01=0.9-3.6) in men as 
compared to never smokers; none of the 
women in the study were former 
smokers (Kinjo et at, 1998). The RR for 
current smokers were 2.3 (95% 
01=1.5-3.3) and 2.7 (95% 01=1.8-3.8) 
for male light and heavy smokers, 
respectively, and 1.8 (95% 01=1.1-3.0) 
for female light smokers. 

A cohort of 1 212 906 Koreans aged 
30-95 years from the Korean Medical 
Insurance Corporation (Jee eta?., 2004), 
gave oesophageal cancer mortality rates 
of 4.01100 000 in never smokers, of 7.0 
in former smokers, and of 12.4 in current 
smokers. Corresponding figures for 
incidence were 5.3, 8.4, and 16.2, 
respectively. 

In the 50-year follow-up of the male 
British Doctors Study (Doll et a1., 2005), 
the mortality rates were 5.71100 000 in 
never smokers, 20.1 in former cigarette 
smokers and 34.4 in current smokers. 
Corresponding figures for former and 
current smokers of other tobacco 
products were 18.9/100000 and 25.11100 
000 respectively. 

Case-Control Studiea 

$quamous-cei oesophageal carcinoma 
or without histology specified 

At least 10 case-control studies 
reported information on squamous-cell 
carcinoma (or did not specify histology 
type) and analyzed the time pattern of 

158 



Risk of Other Cancers after Smoking Cessation 
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Author 5tudy population smoking categories Relative risk 95% confidence Comments 

Publication year interval 

Country 

Camtensen etal., Men Current smoker 5.4 Death rates standard- 

(1987) 25 129 Former smoker 1.3 ized for age and 

Sweden 37 deaths Never smoker 1a residence. 

Akiba' Life Span Study Current smoker 3.3 1.7, 	n.a Estimates adjusted for 

(1994) 61 505 survivors Former smoker 2.8 1.3, 6.3 city, sex, population 

Japan 103 cases Never smoker 1 a group, atomic bomb 
exposure status, year 

of birth, age and 

amount smoked. 

Gui of a1., Lux an Intervention Current smoker 1д  Estimates adjusted for 

(1994)ь  Tria' Study Years s ice quitting cancer history in first 

China 29 584 subjects < 3 1.1 0.6, 2.2 degree relative. 

640 cases >- 3 0.5 0.2, 1.2 Estimates reported 

319 men correspond to men only. 

McLaughlin etal., US Veterans Study Current smoker 4.1 3.0, 5.6 Estimates adjusted for 

(1995a) 248 046 men Former smoker 1.5 1.0, 2.2 attained age and 

USA 318 deaths Never smoker 1a calendar year period. 

Nordlund et at, Swedish Census Current smoker 1.7 0.5, 5.3 Estimates adjusted for 

(1997) Study Former smoker 3.6 0.8,16.0 age and residence. 

Sweden 26 032 women Never smoker 1 a 

25 cases 

Tulinius et a1., Reykjavik Study Current smoker Values reported for 

(1997) 22 946 subjects 1-14 ciglday 3.6 1.0, 12.8 male cases are age 

Iceland 49 cases 15-24 ciglday 4.1 1.2, 3.1 adjusted. 
25+ cig/day 1.5 0.2, 13.2 

Former smoker 2.0 0.6, 6.6 

Never smoker 1a 

Kinjo of at., six-prefecture study Men RA adjusted for 

(1998) 220 272 adults Current smoker attained age, 

Japan (III 840 men and 119 1-14 ciglday 2.3 1.5, 3.3 prefecture and 

432 women) 15+ciglday 2.7 1.8, 3.8 occupation. 

440 deaths Former smoker 1.9 0.9, 3.6 

Never smoker 1~ 

Women 

Current smoker 
1-14 ciglday 1.8 1.1, 3.0 

15+ ciglday 

Former smoker 
Never smoker 1 a 
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Relative risk 95% confidence 
interval 

Mortality 
Rate RR 
12.4° 3.6 2.6, 4.9 
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Age adjusted 
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100 000 

Age and study year 
standardized mortality 
rates 
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Author Study population Smoking categories 
Publication year 
Country 

Jee et al., Korean Medical Mortality (men) 
(2004) Insurance Corporation 

Korea Cohori Current smoker 
1 212 906 subjects Former smoker 
818 cases Never smoker 
611 deaths 

Incidence (men) 

Current smoker 
Former smoker 
Never smoker 

DI at a1.; 	 Male British Doctors 
(2005) 	 34 439 men 	 Current smoker 
United Kingdom 	207 deaths 	 Former smoker 

Never smoker 

д  Reference category. 
b Nested case-control study. 
° Rate per 100 000. 
п.а  = not available 

the change in risk after stopping 
smoking (Table 7). In addition, five 
case control studies included informa-
tion on tobacco cessation and 
oesophageal adenocarcirioma (Table 7). 

In a case control study from coastal 
5outh Carolina, USA (Morris Brown et 
а1., 1988), including 207 men with 
oesophageal cancer, those who had 
stopped smoking for less than 10 years 
had an odds ratio similar to that of cur-
rent smokers (around 2), while the OR in 
those who had quit for 10 years or more 
dropped to that of never smokers. 

In another case-control study from 
the USA on 275 oesophageal cancer 
cases (Yu et at, 1988), former smokers 
showed a reduced oesophageal cancer 
risk compared with current smokers, the 
reduction in risk increasing with increasing 
time since cessation of smoking.The RR 
was however still twofold increased in 
former smokers for 20 years or more, 
compared with never smokers. 

Similarly, an Italian case-control study 
including 288 cancer cases (Rranceschi 
et at, 1990; La Vecchia et at., 1 990a) 
reported a lower oesophageal cancer 
risk in former smokers (OR=2.5; 95% 
01=1.3-4.8 as compared to never smok-
ers) than in current smokers (OR=5.0; 
95% 01=3.0-8.5), but those who had quit 
smoking for 10 years or more still had a 
twofold increased risk compared with 
never smokers (95% 01-1.1-4.3). 

A case-control study from the USA 
including 214 squamous-cell oesopha-
geal cancers (Kabat et at, 1993) 
reported a significant reduction in risk in 
male former smokers (ОR=1.3; 95% 
01=0.7-2.4) in relation to current 
smokers (ОR=4.5; 95% 01=2.5-81). 
When using current smokers as a refer-
ence group, the reduction in risk was 
evident within a few years after smoking 
cessation (OR=0.5 for those quitting 1-5 
years earlier), and got larger with 
increasing number of years since  

quitting smoking (OR=0.2 for over 20 
years; Table 7). Among women, the OR 
was 2.2 (95% Сi=1.1-4.3) in former 
smokers and 8.8 (95% 01=3.7-12.1) in 
current smokers. Using current smokers 
as the reference group, the OR was 
reduced by 70% (ОR=0.3) after 10 years 
since quitting. 

In a study from Paraguay on 131 cases 
(Rolбn et al., 1995), the OR of 
oesophageal cancer was still elevated up 
to 7 years after smoking cessation 
(OR=5.2 as compared to never smokers), 
and dropped thereafter, although a two-
fold increased risk persisted after 20 
years since stopping smoking. 

A similar pattern of risk reduction after 
stopping smoking was found in a US 
case-control study based on 221 cases 
with squamous-cell oesophageal cancer 
(Gammon et at, 1997), which reported 
an OR of 5.1 (95% 01=2.8-9.2) in 

current smokers and 5.6 (95% 
С1-2.9-10.8) in former smokers up toll 
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I 

!aihor study population Smoking Number of cases Relative risk 95% confidence Comments 

РuБэ@icаtion year catвgarieж  interval 
Country 

Squamous-Cell 
or not specified 
Morris-Brown et Men Current smoker 128 1.8 1.0, 3.0 Estimates adjusted 
a1., (1988) 207 cases Former smoker for study series 

USA 422 controls Years since (Incidence or mor- 
cessation tality) and alcohol 

1-9 years 34 2.0 1 0, 3.7 use. Data presented 
>_ 10 years 8 1.0 0.5, 2.1 correspond to cases 

Never smoker 25 i directly interviewed 
47%), all other 

case interviews 
were conducted by 
proxy tarin Lly 
members. 

Yu of a1., (1988) Subjects Current smoker 
USA 275 cases 1 pacldday 39 6.6 2.3, 19.3 

275 controls 2 packs/day 32 9.1 2.9, 29.0 
3 + packslday 14 5.1 1.5, 16.9 
Former smoker 
Years since 
cessation 

<5 3 4.1 0.6, 28.6 
5-9 9 3.3 0.8, 12.8 
10-19 9 2.0 0.6, 7.2 

20 7 1.9 0.5, 6.6 
Never smoker 11 д  

Franceschi of at., Men Current smoker 200 5.0 3.0, 8.5 Estimates adjusted 

(1990) 288 cases Former smoker for age, area of 
La Vecchia et at., 1 272 controls Years since residence, educa- 

(1990a) cessation tion, occupation 

Italy oil 41 2.5 1.3, 4.8 and alcohol use. 

>_10 29 2.2 1.1,4.3 
Never smoker 17 1 

Kabat et a1., Men Men Estimates adjusted 

(1993) 136 cases Current smoker 68 1a for age, education, 

USA 4540 controls* Former smoker 43 alcohol use, 
Years since hospital and time 

Women cessaton period. 
78 cases 1-5 0.5 0.3, 1.0 
2228 contre ѕ  6-10 0.4 0.2, 0.8 Controls for SCC, 

11--20 0.3 0.2. 0.6 ADO and ADS. 
>21 0.2 0.1, 0.3 

Never smoker 15 
Women 
Current smoker 41 1 
Former smoker 21 
Years since 
cessation 

1-10 0.4 0.2, 0.9 
>11 0.3 0,1, 0.5 

Never smoker 16 
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Author Study population Smoking Number of cases Reiatьe risk 95% confidence 
Pubtication year categories interval 
Country 

Roidi et at, Men Current smoker 78 4.5 2.2, 9.1 
(1995) 110 cases Former smoker 
Paraguay 318 controls Years slпсе  

Wотеп  cessation 
21 cases 1-7 25 5.2 2.2, 2.4 
63 controls 8-19 6 2.0 0.6, 6.7 

>-20 4 2.0 0.5, 7.9 
Never smoker 18 1a 

Gammon et at. Subjects Current smoker 108 5.1 2.8, 9.2 
(1997) 221 cases Former smoker 
USA 695 controls Years since 

cessation 
<11 47 5.6 2.9, 10.8 
11-20 24 2.3 1.1, 4.8 
21-30 8 1.0 0.4, 2.7 
>30 12 1.8 0.8, 4.2 

Never smoker 22 1a 

Launoy et a1., Men Current smoker 106 1a 
(1997) 208 cases Former smoker 
France 399 controls Years s псе  

cessation 
1-5 35 1.4 0.8, 2.6 
6-10 17 0.7 0.3, 1.5 
>11 40 0.5 0.3, 1.0 

Castellsagué et Men Men 
at, (1999) 655 cases Current smoker 415 1a 
Castellsagud et 1407 controls Former smoker 
at, (2000) Women Years since 
Argentina, Braz1I, 175 cases cessation 
Paraguay & 372 controls 1-4 68 0.7 0.5, 1.0 
Uruguay 5-9 39 0.5 0.3, 0.8 

10 101 0.5 0.4, 0.7 
Never smoker 32 0.2 0., 0.4 
Women 
Current smoker 43 1д  
Former smoker 
Years since 
cessation 

1-9 11 1.0 0.3, 3.1 
>10 9 0.4 0.1, 	1.2 

Lagergren et a1., Subjects Current smoker 101 9.3 5.1, 17.0 
(2000) 167 cases Former smoker 
Sweden 820 controls Years since 

cessation 
c2 93 10.3 5.6, 19.1 
3-10 18 5.2 2.4, 11.3 

11-25 15 2.1 1.0, 4.7 
>25 13 1.9 0.8, 4.0 

Never smoker 22 1a 

Comments 

Cases in men and 
women combined. 
Estimates adjusted 
for age, sex, 
hospital and 
alcohol use. 

Controls to SCC, 
ADO, GAD. 

Estimates adjusted 
for interviewer, 
age, residence, 
occupation, 
education and 
marital status. 

Estimates adjusted 
for age, hospital, 
education and 
alcohol use. 

Cases in men and 
women combined. 
Adjustment for 
age, sex, alcohol 
use, education, 
body mass index, 
physical activity, 
energy intake, fruit 
and vegetable 
consumption. 
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ath®r Study рорu аti®n Smoking Number of cases Relative risk 95% confidence Comments 

?ublicatioi year categories interval 

Country 

Zambon of a1., Men Former smoker Estimates adjusted 

(2000) 275 cases Years since for age, area of 
Bosetti et a1., 593 controls cessation residence, educa- 

(2000b) <5 27 7.7 3.2, 18.5 till and alcohol 

Italy 5-9 27 4.1 1.8, 9.1 use. 
>- 10 51 1.5 0.8, 3.0 

Never smoker 19 1a 

Znaor et a1., Men Current smokers 373 1a Estimates adjusted 

(2003) 566 cases (cigarettes, bidi R for age, center, 

India 1711 controls other) education, alcohol 
Former smoker use and chewing. 
Years since 
cessation 

2-4 28 0.6 0.4, 0.9 
5-9 23 0.6 0.4, 1.1 
10-14 15 0.5 0.2, 0.8 
> 15 19 0.5 0.3, 0.9 

P denocarcinoпэa 

Kabat of a!, Mari Men Controls for SSC, 

(1993) 173 cases Current smoker 2.3 1.4, 3.9 ADC, ADS. 

USA 4540 controls° Former smoker 
Years since 

Women cessation 
21 cases 1-5 years 0.5 0.2, 1.1 

2228 сonlrоls" 6-10 years 1.1 0.6, 1.9 
1 i -20 years 1.2 0.8, 1.9 
г  21 years 0.5 0.3, 0.9 

Never smoker 1 a 
Women 
Current smoker 4.8 1.7, 14.0 
Former smoker 
Years since 
cessation 

1-10 years 0.3 0.1, 1.7 
>- 11 years 0.3 0.1, 	1.7 

Never smoker 1a 

Morris Brown et Men Current smoker 47 1.7 0.9, 3.2 Estimates adjusted 

a1., (1994) 174 cases Former smoker orage, area, 

USA 750 controls Years since alcohol use and 
cessation income. 

1-9 26 2.0 1.0, 4.1 
10-19 28 2.4 1.2, 4.9 
20-29 21 2.2 1.0, 4.7 
>- 30 23 3.1 1.5, 6.6 

Never smoker 16 a 
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Author Study poрu9аtioп  $mоКin Number of cases Relative risk 95% confidence Comments 
РuЫиcеtб®n year categodee interval 
Country 

Gammon et at, 293 cases Current smoker 86 2.2 1.4, 3.3 Estimates adjusted 
(1997) 695 controls Former smoker for age, sex, 
USA Years since center, race, body 

cessation mass index, 
cil 44 2.7 1.6, 4.4 income and 
11-20 43 2.3 1.4, 3.8 alcohol use 
21-30 31 1.9 1.1, 3.2 Controls to 8CC, 
>30 26 1.2 0.7, 2.2 ADO, GAD. 

Never smoker 63 1a 

Lagergren etal., 189 cases Current smoker 43 1.6 0.9, 2.7 Controls to SСС, 
(2000) 820 controls" Former smoker ADO GAD. 
Sweden Years since 

cessation 
0-2 40 1.7 1.0, 3.0 
3-10 20 2.4 1.2, 4.8 

11-25 29 1.6 0.9, 2.5 
X25 30 1.6 0.9, 2.8 

Never smoker 57 1 a 

Wu of at., subjects Current smoker 68 2.8 1.8, 4.3 Adjusted for age, 
(2001) 222 cases Former smoker 106 sex, race, birth 
USA 1356 controls Years since place and 

cessation education 
1-5 2.2 1.2, 3.9 
6-10 1.1 0.5, 2.3 

11-19 1.7 1.1, 2.9 
> 20 1.3 0.8, 2.1 

Never smoker 48 13 

Reference category. 
8CC squamous cell carcinoma 
ADO Adenocarcinoma of the oesophagus 
ADS Adenocarcinoma of the stomach 
GAD Gastric cardia adenocarcinoma 

years after cessation. The magnitude of 
the odds ratio decreased to 1.8 (95% 
Сl=0.8--4.2) more than 30 years after 
cessation. 

In a French case-control study 
including 208 squamous-cell oesopha-
geai cancer cases (Launoy et a1., 1997), 
the OR in former smokers compared 
with current smokers was 0.7 (95% 
Cl=0.3-1.5) for subjects who had 
stopped for 6-10 years and 0.5 (95% 
СI-0.3-1.0) for those with longer 
abstinence. 

A large case-control study of more 
than 800 squamous-cell oesophageal 
cancer cases from South America 
(Сastellsagué et at, 1999, 2000) 
reported a OR of 5.1 (95% С]=3.4-7.6) 
for male current smokers and of 2.8 
(95% 01=1.8-4.3) for former smokers. A 
reduction of risk with increasing time 
since cessation was evidenced in men 
when comparing former with current 
smokers (OR=0.7, 95% C1=0.5-1.0, one 
to four years after smoking cessation 
and 0.5, 95% С1=0.4-0.7, after 10 years  

of cessation). A combined analysis of 
time since quitting smoking and past 
number of cigarettes smoked in men 
showed that the reduction in risk with 
time since cessation was higher in those 
with a greater average amount smoked 
per day (OR=5.1 1--4 years after quitting 
versus ОR=2.8 a 10 years after quitting 
in men who had smoked 15-24 ciga-
rettes per day, while the corresponding 
figures in men who used to smoke 1-7 
cigarettes per day were OR-1.5 arid 2.0 
respectively). In women, the ORs were 
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3.1 in current and 1.6 in former smokers 
as compared to never smokers, and a 
similar reduction of risk was observed 
with years since cessation, although the 
risk estimates were based on a limited 
number of cases (9 cases, 01=0.4, 95% 
C1=0.1-1.2, ten years or more after 
quitting smoking). 

1n a Swedish case-control study on 
167 oesophageal squamous-cell carci-
nomas (Lagergren et a1., 2000), the risk 
of former smokers was about a third of 
that of current smokers as compared 
with never smokers (OR= 2.5 and 9.3, 
respectively). The risk reduction was 
evident after 3 years of cessation, tend-
ing to further decline with longer 
cessation (OR=1 .9 for X25 years since 
smoking cessation). 

An Italian case-control study including 
275 men with squamous-cell 
oesophageal cancer (Bosetti et a1., 
2000b; Zambon et al., 2000) reported a 
reduction in risk following smoking 
cessation, dropping from 7.7 (95% 
01=3.2-18.5) within 2 years after quitting 
to 1.5 (95% 01=0.8-3.0) 10 or more 
years after quitting. 

A hospital-based case-control study 
conducted in Chennai and Trivandrium, 
India between 1993 and 1999 and 
including 566 male oesophageal cancer 
patients and 1927 controls found an 
overall OR of 2.8 (95% 01=2.2-3.7) in 
current and of 1.6 (95% CI=1.1-2.2) in 
former smokers of cigarettes, bidi and 
other types of tobacco products 
compared with never smokers (Znaor et 
a1., 2003). Using current smokers as a 
comparison group, the relative risk 
declined with increasing time since 
quitting from 0.6 2-9 years after quitting 
to 0.5 for longer periods of abstinence. 
The OR was 2.1 (95% 01=1.6-2.6) for 
current tobacco chewers and 1.6 
(95% 01=1.05-2.5) for former chewers. 
In this group of tobacco users, the risk 
also declined with time since stopping, 
with an OR of 0.7 2-9 years after  

quitting and 0.5 10 or more years since 
stopping chewing as compared with 
non-quitters. 

Adenocarcinoma of the оеsоphagus 

With reference to adenocarcinoma of the 
oesophagus, in a case-control study 
from the USA including 194 cases 
(Kabat et al., 1993)' the OR in current 
smokers was 2.3 (95% 01=1.4-3.9) and 
1.9 (95% 01=1.2-3.0) in former smokers 
as compared to never smokers among 
men, and 4.8 (95% 01=1.7-14) and 1.4 
(95% 01=0.4-4.4) in women. No trend in 
risk reduction over time was observed 
either in men or in women. 

Another study from the USA including 
174 cases in men (Morris-Brown et a1., 
1994) showed no reduction in risk 
following smoking cessation on adeno-
carcinoma of the oesophagus. similarly, 
in a US case-control study on 293 
adenocarcinoma cases (Gammon et a1., 
1997) former and current smokers had 
similar OR (around 2), and the OR 
levelled to that of never smokers only 30 
years after smoking cessation. 

A Swedish case-control study on 
189 oesophageal adenocarcinomas 
(Lagergren et al., 2000) showed similar 
increased risks in both current (ORnnl .6; 
95% 01=0.9-2.7) and former smokers 
(OR-1.9; 95% 01=1.2-2.9) compared 
with never smokers, with no trend with 
time since smoking cessation. 

Conversely, in a case-control study 
from the USA including 222 cases (Wu 
et a1., 2001), former smokers had a 
lower RR risk of oesophageal adeno-
carcinoma than current smokers 
(ОR=1.5; 95% 01=1.0-2.2 and 2.8; 95% 
C1=1.8-4.3, respectively). The pattern of 
decreased risk with increasing time 
since cessation was not monotonic, 
however, and the relative risk levelled to 
that of never smokers only after 20 years 
of abstinence. 

Discussion 

Epidemiological studies on smoking 
cessation and squamous-cell oeso-
phageal cancer indicate that former 
smokers have a lower risk of 
oesophageal cancer than do current 
smokers. The risk of oesophageal can-
cer remains elevated several years after 
cessation of smoking. After 10 years of 
smoking abstinence, former smokers 
still have a cancer risk twice that of never 
smokers. 

Alcohol is the other major risk factor 
for oesophageal cancer (lABO, 1988). 
The fall in risk is larger after stopping 
both tobacco and alcohol consumption, 
and-compared with current smokers 
and drinkers-reaching an OR of 0.11 
ten or more years after cessation of both 
habits in an Italian study (Bosetti et a1., 
2000b). 

The few studies which investigated 
the effect of smoking in adenocarcinoma 
of the oesophagus (Kabat et a1., 1993; 
Morris-Brown et aI., 1994; Gammon et 
al., 1997; Lagergren et a1., 2000; Wu et 
a1., 2001) did not report a clear reduction 
in risk following smoking cessation. 
Some decline of risk, if any, was 
suggested only after 20-30 years of 
cessation. These results would indicate 
therefore that smoking may affect an 
early stage in the process of carcino-
genesis for adenocarcinoma of the 
oesophagus (Day and Brown, 1980). 
The less clear decline in the risk of 
oesophageal adenocarcinoma after 
smoking cessation may help explain the 
fact that mortality trends for adeno-
carcinoma do not parallel trends in 
smoking prevalence, and that they differ 
from those for squamous-cell 
oesophageal cancer (Blot and 

McLaughlin, 1999). The data on adeno-
carcinoma are however too limited to 
provide adequate inference on any time-
risk relation with time since smoking 
cessation. 
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Likewise, there is inadequate 
evidence on the time-risk relation with 
reference to various levels of intensity 
and duration of smoking, as well as on 
the absolute risk function for 
oesophageal cancer after stopping 
smoking. A combined analysis of time 
since cessation of smoking and number 
of cigarettes smoked in men enrolled in  

a South American case-control study 
(Castellsagué et at, 1999, 2000) 
showed that the reduction in the risk of 
squamous-cell oesophageal cancer 
following smoking cessation was greater 
for higher quantities smoked per day. 
Likewise, an Italian case-control study 
(Zambon et a1., 2006) showed that 
among former smokers—as in current 

smokers—squаmous-cell oesophageal 
cancer linearly increased with increasing 
number of cigarettes smoked per day 
and with years of duration of the habit, 
but no relation was found according to 
age at starting smoking. 

St®mach Cancer 

A causal association between tobacco 
smoking and stomach cancer was 
established recently ('ARC, 2004). The 
relative risk for current smokers 
compared with never smokers is in the 
order of 2. A large body of evidence also 
supports a causative role for 
Helicobacter pylori in stomach cancer. 
However, assessment of the rоlе  of 
N. pylori in studies considering the effect 
of smoking cessation on the risk of 
stomach cancer was not available. 
Alcohol consumption is also a known 
risk factor for this neoplasm. 

Relative risks in former smokers have 
been examined in 18 cohort studies; 10 
found a lower relative risk in former 
smokers than in current smokers (Table 
8). Two studies have assessed a number 
of factors that may influence the reduc-
tion in risk (Guo etal., 1994; Chao et al., 
2002). Increasing number of years since 
cessation and younger age at cessation 
were associated with a significant trend 
in decreasing risk (Chao et a1., 2002). 

Twenty-four reports of case-control 
studies detailed in Table 9 have 
described results regarding the 
influence of smoking cessation on 
stomach cancer risk. Forteen studies  

were hospital-based and 10 studies 
were population-based. In most studies, 
odds ratios were adjusted for variables 
such as sex, age, residence, socioeco-
nomic status, income, diet and 
consumption of fresh fruits and vegeta-
bles. Odds ratios were adjusted for alco-
hol consumption in 11 studies (Correa et 
at, 1985 Ferraroni et at, 1989; De 
Stefаni et a1., 1990; Kabat et a1., 1993; Ji 
et al., 1996; Gammon et al., 1997; De 
Stefani et al., 1998b; Inoue et at, 1999; 
Ye et at, 1999; Lagergren et at, 2000; 
Zaridze et al., 2000). In 19 of the 24 studies 
examined, quitting smoking was found to 
decrease the risk for stomach cancer. 

Eleven studies also examined the 
effect of the duration of smoking cessa-
tion on stomach cancer risk (De Stefani 
etal., 1990; Kabat etal., 1993; Hansson 
etal., 1994; Inoue et al., 1994; Ji etal., 
1996; Gammon et al., 1997; De Stefani 
et al., 1998b; Chow of at, 1999; Уе  et al., 
1999; Lagergren et al., 2000; Wu et al., 
2001). A significant negative trend for 
increasing number of years since cessa-
tion was reported in seven studies (De 
Stefani et a1., 1990; Hansson et al., 
1994; Inoue etal., 1994; Gammon etal., 
1997; De 5tefani et al., 1998b; 

Lagergren et al., 2000), whereas two 
studies found no linear trend (Kabat et 
al., 1993; Ji et al., 1996). However, in 
examining temporal trends in risk with 
time since cessation, some studies did 
not exclude persons who had quit 
recently, among whom increased risk 
may reflect cessation due to smoking-
attributable disease. 

Several case-control studies pre-
sented studies for various subsites 
(cardia, antrum) (De Stеfani et al., 1990; 
Wu-Williams et a1., 1990; Saha, 1991; 
Palli et al., 1992; Kabat et al., 1993; 
Inoue et a1., 1994; Gammon et al., 1997; 
De Stefani et al., 1998b; Ye etal., 1999; 
Zaridze et al., 2000; Wu et al., 2001). 
Dose-response relationships were 
observed between time since quitting 
and cancer of both cardia and distal 
stomach. 

In synthesis, epidemiological studies 
show that former smokers have a lower 
risk for stomach cancer compared with 
current smokers. Increasing number of 
years since cessation was associated 
with decreasing risk in most studies. 
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Liver Cancer 

The major risk factors for liver cancer 
include chronic infection with hepatitis B 
and C virus (ABV arid HCV) ('ARC, 
1994) and heavy alcohol consumption 
(MARC, 1988). An association between 
smoking and increased risk of liver 
cancer was identified in numerous 
cohort and case—control studies, partic-
ularly the largest ones from Asia, Greece 
and the USA ('ARC, 2004). Two cohort 
studies from the Republic of Korea, one 
case—control study from Italy and an 
update of the British Doctors' cohort, 
subsequently published, have reported 
on the association between smoking and 
liver cancer including data in former 
smokers (Jее  et at, 2004; Doll et al., 
2005; Yun et cl., 2005; Franceschi et al., 
2006). 

Cohort studies and case—control 
studies providing information on the 
relative risk for liver cancer in former 
smokers are shown in Tables 10 and 11  

respectively. Several of the studies 
originally appearing in the 'ARC 
Monograph on tobacco smoke ('ARC, 
2004) showed a lower risk for liver 
cancer among former smokers than in 
current smokers but did not look at time 
since cessation. In the 50-year follow-up 
of the British Doctors Study, liver cancer 
mortality rates were 4.41100 000 in never 
smokers, 5.71100 000 in former smokers 
and 13.61100 000 in current smokers 
(Doll et a1., 2005). 

Jee et al. (2004) and Yun et a1. (2005) 
reported elevated risk of liver cancer in 
current and former smokers as сот  
pared with never smokers, but no reduc-
tion in risk in former over current smok-
ers. In the study by Franceschi et a1. 
(2066), current and former smokers did 
not show increased liver cancer risk as 
compared with never smokers. 

The only study that examined the 
relative risks by number of years since  

quitting showed some decrease in risk 
with time since cessation in women but 
not in men (Goodman eta1., 1995) (Table 
10). 

Covariates that may potentially 
confound or modify the relationship 
between smoking and liver cancer 
include alcohol consumption and chronic 
infection with IBV/HCV. Exposure to 
aflatoxin as a confounder in the associa-
tion between smoking and liver cancer 
has not been assessed. 

In synthesis, the risk of cancer of the 
liver appears to be lower in former than 
in current smokers, but the data are 
inconsistent across studies in different 
geographic areas. There is no adequate 
information to assess the effect of time 
since stopping. 

Pancreas Cancer 

Smokers have about twice as high a risk 
for pancreas cancer as never smokers, 
and the risk increases with duration of 
smoking and number of cigarettes 
smoked daily ('ARC, 2004). 

In 19 out of 23 cohort studies (Table 
12) and in 17 out of 21 case—control 
studies (ТаЫе13) the relative risk of 
developing or dying from pancreatic can-
cer was lower for former smokers than 
for current smokers. The risk reduction 
for former smokers was confirmed in the 
50-year follow-up of the British Doctors 
study when it reported 39.4, 30.5 and 
20.6 age-standardized pancreas cancer 
mortality rates per 100 000 in current, 
former and never smokers respectively  

(Doll et al., 2005). A recent cohort study 
of 446 407 Korean men who had a 
medical evaluation in 1992 and were 
followed up for tel years (Yun et a1., 
2006) included 863 incident cases of 
pancreatic cancer. Compared with never 
smokers, the relative risk of pancreas 
cancer in current smokers was 1.7 (95% 
Cl: 1.6-1.9), and the RR of dying from 
pancreas cancer was 1.6 (95% CI: 
1.4-1.7). Corresponding figures for 
former smokers were 1.3 (95% 
Cl-1.г-1.5) ana 1.2 (95% Сt-1.0-1.з) 
respectively. Former smokers had 
significantly lower risks than current 
smokers but higher risks than never 
smokers. This study provided detailed 

information on the risk of pancreatic 
cancer incidence and mortality in rela-
tion to smoking intensity and duration but 
did not offer data according to duration of 
abstinence. 

Five of eight early studies reporting 
on the risk of pancreatic cancer accord-
ing to the number of years since quitting 
smoking found a decreasing monotonic 
trend in risk associated with the number 
of years for which the subjects had 
stopped smoking (Mack et al. 1986; 
Howe et al. 1991; Silverman et a1. 1994; 
Ji et a1. 1995; Partanen et ai. 1997) 
(Table 14). An additional study (Fuchs et 
al. 1996) reported that the excess risk in 
former smokers disappeared after less 
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Risk of Other Cancers after 5moking Cessaton 

than 10 years since quitting, but did not 	of current smokers, thus approaching the 
provide 	quantitative 	estimates. 	More 	risk for never smokers. 
recently, results from four large prospec- 	The 	Japan 	Collaborative 	Cohort 
tive cohort studies conducted in three 	Study for Evaluation of Cancer Risk (the 

C C different 	continents 	added 	important 	JACC study; Lin et at, 2002) began in 
CC detailed 	information 	on 	the 	relation 	1988, and enrolled 110 792 inhabitants 

between smoking cessation and pancre- 	aged 40-79 years (46 465 men and 64 

г . atic cancer risk: 	 327 women) from 45 areas throughout 
v The 	American 	Cancer 	Society's 	Japan. Subjects were followed-up for 
â Y (ACS) Cancer Prevention Study Il (CPS 	mortality to the end of 1997. Because of 

2 i' Il), which followed 483 109 men and 619 	the small number of smokers among 
199 women from 1982, was used to 	women, detailed results were provided 

Y 

	

C C 	 C 

	

гЧ 	 ~ assess 	the 	predictors 	of 	pancreatic 	only for 	men. 	Compared 	with 	never 
С  Cô ô cancer mortality (Coughlin et at, 2000). 	smokers, male former smokers did not 

i. During 	14 	years 	of 	follow-up 	3 	751 	experience 	a 	significant 	elevation 	in 
f persons died of pancreatic cancer, mak- 	mortality 	from 	pancreatic 	cancer 

É 
Г  
	

W 
C ing of this study one of the largest ever 	(RR=1.1). A significant decreasing trend 

Г 	 ° Г  conducted. The risk of pancreatic cancer 	in risk with increasing years after cessa- 
was doubled for current smokers but was 	tion was observed, though it took more 
just 	marginally 	elevated 	in 	former 	than 	ten 	years 	for 	the 	risk 	among 

C 	 C C smokers (men RR=1.1; 1.0, 1.3; women 	former smokers to approach the level of 
U }: O O C  C 	 C RR=1.2; 1.0, 1.3), although the associa- 	never smokers. 

tion was statistically significant due to 	A 	pooled 	analysis of the 	Swedish 
j the important power of the study. Among 	Mammography Cohort (SMC) and the 

1 smokers, the risk of dying from pan- 	Cohort 	of 	Swedish 	Men 	(C0S1; 

C " 	 C C creatic cancer decreased with increasing 	Larsson e€ a1., 2005) was conducted in 
number of years since quitting smoking, 	order to assess the relation between 
The risk was still increased by 30% in 	obesity, 	diabetes 	and 	cigarette 
men and 70% in women 10 years after 	smoking 	and the 	risk of 	pancreatic 
quitting smoking, but returned to the risk 	cancer. In these two cohorts assembling 
of never smokers 20 years after quitting. 	37 147 women and 45 906 men residing 

~ CC 	v v У  A large health-survey in the county of 	in central Sweden, smoking was associ- 
Ш 	 N 

Nord-Trondelag was conducted by the 	ated with a three-fold excess risk of 

ы  É v 	 ы  É National 	Health 	Screening 	Service in 	developing pancreatic cancer. The risk in 
C Z 	C C C 	C ° C Norway, following-up 31 000 men and 32 	former smokers was not significantly 

374 women for almost 12 years and con- 	elevated (RR=1.16; 95% С1 =0.75-1.80). 
tributing to 622 721 	person-years of 	Compared with current smokers, the RR 
observation (Nilsen et ai,, 2000).The risk 	among 	former 	smokers 	diminished 

ô 	ô 	ы  of pancreatic cancer was doubled for 	steeply and approached the 	RR for 
ô 	â men and women who were current 	never 	smokers 	within 	5-10 	years 

smokers at entry compared with never 	following smoking cessation. 
'f smokers. ln contrast, former smokers did 	Only a few studies have assessed the 

not 	have 	significantly 	elevated 	risk, 	effect 	of 	smoking 	cessation 	in 
Compared to current smokers, men and 	relation 	to 	other 	aspects 	of 	the 

" S 	ô women who quit smoking less than 5 	smoking history. In a study conducted in 
й  ц  years before inclusion experienced no 	China, Ji et a1. (1995) found that the 

C 	s 	m 	ы  significant 	reduction 	in 	risk. 	However, 	decreasing risk associated with э ncreasing 
ы  дm 	ы 	m ô cessation of smoking more than 5 years 	number of years of cessation was not 

before study entry reduced the risk of 	affected substantially by the number of 
pancreatic cancer to nearly half the risk 	past 	cigarettes 	smoked 	per 	day 
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(Table 15). In a multi-center case-control 
study of the SEARCH (Surveillance of 
Environmental Aspects Related to 
Cancer in Humans) programme of the 
'ARC, the authors assessed the associa 
tion between lifetime cigarette consump-
tion and pancreatic cancer risk in former 
smokers, according to the duration of 
cessation (Boyle et al., 1996). Significant 
elevated risks were still observed for 

moderate and heavy smokers who 
ceased smoking for less than 5 years 
and for heavy smokers who ceased 
smoking for 5-15 years, providing some 
evidence that the duration of abstinence 
necessary to reduce the risk of pancre-
atic cancer is inversely proportional to 
the lifetime cigarette consumption (Table 
15). In this and in another case-control 
study from Italy (Bonelli et a1., 2003), the 

magnitude of the risk reduction was 
larger among individuals with the highest 
lifetime cigarette consumption, but these 
results are based on limited data. 

In synthesis, the risk of pancreatic 
cancer is lower in former than in current 
smokers and declines with time since 
stopping, but remains higher than that in 
never smokers for at least 15 years after 
cessation. 

Reference 

Ji etal. (1995) 

Odds ratio 

Years since quitting 
<1о  
>10 

Never smoker 

Lifetime cigarette consumption 

<20 cigaretteslday 	20+ cigaretteslday 
2.2 (1.0, 4.9) 	 1.8 (0.9, 3.6) 

0.8 (0.2, 2.3) 	 0.7 (0.3' 1.7) 

1 	 1 

1st lertite 2nd fertile 3rd tertile 

Boyle etal. (1996) Former smoker 1.2 1.3 2.0 

Years since quitting 
<_ 4 2.3 2.7 3.6 
5-14 1.2 1.4 2.1 
>_15 1.1 0.8 0.6 
Never smoker 1 1 1 

Bonelli et a1. (2003) Years since quitting 
< 4 1.6 (0.5, 5.6) 1.7 (0.4, 7.5) 9.4 (0.9, 103) 
5-14 2.5 (1.0, 6.2) 2.4 (0.8' 6.9) 1.1 	(0.3, 3.7) 
>_ 15 0.5 (0.2, 1.2) 1.6 (0.1, 19) 0.3 (0.1, 1.4) 
Never smoker 1 1 1 

Bladder Cancer 

The lower urinary tract comprises the 
renal pelvis, ureter, bladder and urethra. 
Cancers originating in the urothelium at 
these sites are mostly transitional-cell 
carcinomas or squamous-cet carcinomas. 
Bladder cancer represents the large 
majority of cancer of the lower 
urinary tract. In both 'ARC monographs 
on tobacco smoking ('ARC, 1986, 2004), 
cancer of the lower urinary tract was 

identified as being causally associated 
with cigarette smoking. Most studies 
found clear evidence demonstrating that 
the risk for cancer of the lower urinary 
tract increases with daily cigarette con-
sumption (with a levelling-off of the dose 
response attributable either to an under-
estimation of consumption by heavy 
smokers or to the saturation of metabolic 
enzymes). Also, both duration of 

cigarette smoking and age at starting 
smoking have been found to be 
positively associated with risk. It has 
been estimated that bladder cancer was 
responsible for approximately 175 000 
deaths worldwide in 2001, and that 48 
000 of these (28%) were attributable to 
tobacco smoking (Danaei et aI., 2005). 

At least 13 cohort studies and 11 
case-control studies reported data on 
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bladder cancer risk in relation to smoking 
cessation, providing separate risk 
estimates for current and former smok-
ers (Table 16). In all but one cohort study 
(Nordlund of a1. 1997) and an early 
case-control study (Anthony & Thomas, 
1970), the risk of bladder cancer was 
lower in former smokers than in current 
smokers. Combined analyses of the 
original data from selected case-control 
studies (Fortuny et al., 1999; Puente et 
a1., 2006) provided more precise quan-
tification of the decline of the relative risk 
in former smokers: compared with never 
smokers, the pooled relative risks for 
current smokers were between 3.6 and 
3.9, both for men and women, and 
between 1.4 and 2.2, both for men and 
women, in former smokers (Table 17). A 
comprehensive meta-analysis of 35 
case-control and 8 cohort studies 
(Zeegers etal., 2000) reported summary 
odds ratios of 2.6 (95% С1=22-3.0) and 
1.7 (95% C1=1.5-1.9) in current and for-
mer smokers respectively. To better 
characterize the association between 
smoking and bladder cancer, a pooled 
analysis of 11 case-control studies from 
six European countries reported results 
in men (Brennan et al., 2000) and in 
women (Brennan et al., 2001) (Table 
17). In both men and women, bladder 
cancer risk declined sharply after 
cessation, by approximately 30% after 1-
4 years; however, even after 25 years the 
odds ratio did not reach the level of non-
smokers. Duration of cessation was also 
addressed in the meta-analysis by 
Zeegers and collaborators (2060), in 
which men who stopped smoking for 
less than 10 years had higher risks of 
urinary tract cancer than did men who 
stopped smoking for longer than 10 
years (summary odds ratio, 1.23; 95% 
Cl, 0.80-1.87). Similarly, 16 of 20 

studies reporting on the risk of bladder 
cancer according to the number of years 
of cessation found a decreasing trend in 
risk associated with the number of years 
for which the subjects had stopped 
smoking (Table 18). 

Only a few studies 0f the relation 
between smoking and cancer of the 
bladder have been published more 
recently: 

The Iowa Women's Health Study 
included 37 459 postmenopausal 
women who were followed 13 years for 
bladder cancer incidence (Tripathi et al., 
2602). A higher than three-fold risk was 
observed in women who were current 
smokers compared with those who had 
never smoked (Table 18). The relative 
risk declined as years since quitting 
increased (RR=2.89, 95% Сl-1.25--6.66 
for women who quit smoking for less 
than 5 years, RR=1.69, 95% 
C1-б.67-4.25 for women who quit 
smoking for 5-15 years and RR-1.06, 
95% C1=0.44-2.54, for women who quit 
smoking for more than 15 years). 

The association between smoking 
different tobacco products and bladder 
cancer was studied in a population-
based prospective cohort study of 120 
852 adults in the Netherlands using a 
case-cohort approach (Zeegers et al., 
2002). Compared to never smokers, the 
adjusted incidence relative risks for 
former and current cigarette smokers 
were 2.1 (95% Сј=1.5-3.0) and 3.3 
(95% Сl=2.4-4.0) respectively. The risk 
decreased with increasing duration of 
cessation and became not significantly 
different from never smokers only after 
30 years of cessation (RR >зо  years it 
cessation versus never smokers = 0.8; 950/u 

C1=0.4-1.6). 
The National Health Insurance 

Corporation Study ('(un et al., 2005)  

included 733 134 Korean men who had 
a medical evaluation in 1996 and were 
followed up through 2000 for cancer 
incidence. Current cigarette smokers 
had a 2.2-fold risk of developing bladder 
cancer (95% С1=1.5-3.4) in relation to 
never smokers, while the risk was 
reduced in former smokers (ОR-1.3; 
95% Сl=0.8-2.1) (Table 16). Among 
former smokers, significant elevated risk 
of bladder cancer was observed in 
individuals who had previously smoked 
for more than 20 years (RR=2.3; 95% 
Сl=1.2-4.6). 

A hospital case-control study 
conducted in the USA from 1994 to 1997 
with patients having pathologically 
confirmed bladder carcinoma (Cao et 
al., 2005) examined cigarette smoking 
and metabolic genes. The adjusted OR 
revealed an elevated risk within 10 years 
of quitting (3.0; 95% С1=1.3-7.1) and 
decreasing after longer periods of 
abstinence (Table 18). 

In the few studies that looked at the 
effect of smoking cessation in relation to 
the amount of tobacco smoked, the 
magnitude of the risk reduction was 
somewhat greater among men with the 
highest lifetime consumption, but these 
results are based on limited data (Table 
19). the reduction in risk seen with 
increasing cessation time was preserved 
when stratifying by duration of past 
smoking (Table 19). 

In synthesis, the risk of cancer of the 
lower urinary tract is lower in former than 
in current smokers. The relative risk 
declines with time since stopping, but 
remains higher than that in never 
smokers for at least 25 years after 
cessation. 

199 



'ARC Handbooks of Cancer Prevention 

Reference SuЬjects Smoking Status Relative risk (95% CI) Versus Never Smokers 
Country ttlen Women 
Years of study 

Cohort 5tudies Mortality ratio 

(Deaths) 

Kahn (1966) US Veterans' Study Current 2.2 (82) 

USA 293 958 men Former 1.6 (51) 

1954-62 

DIII & Peto (1976) British Doctors' Study Mortality ratio 
UK 34 440 men Current [2.1] (80) 

1957-71 Former [1.2] 

Bigot & Murray (1980) US Veterans Study SMR 
USA 293 958 men Current 2.2 (326) 

1954-69 Former 1.4 (126) 

Steineck et aL (1988) Swedish Twin Registry Men and Women 

Sweden 16 477 persons Ever-smoker 3.3 (1.7. 6.7) 

1967-82 Former 1.9 (0.8, 	4.7) 

Ills etal. (1991) Adventist Health Study Men and Women 
USA 34 198 men and women Current 5.7 (1.7, 18.6) 

1976-82 Former 2.4 (1.3, 4.7) 

Chyou et at. (1993) American Men of Japanese Current 2.9 (1.7, 4.9) 

USA Ancestry Study Former 1.4 (0.7, 2.6) 

1965-95 8606 men 

Doll et a1. (1994) British Doctors' Study Mortality rate per ill 000/yrs 
UK 34 439 men Current 21 

1951-91 Former 13 

Mc Laughlin et a1. (1995а) US Veterans' Study Current 2.2 (1.9; 2.6) 

USA 293 958 men Former 1.3(1.1. 	1.6) 

1954-80 

Engeland etal. (1996) Norwegian Cohort Study >15cigs/dау  5.1 	(3.1, 8.4) 7.9 (3.3, 19.0) 

Norway 11 857 men. 14 269 women Former 2.1 	(1.3, 3.2) 1.5 (0.6, 3.5) 

1966-93 

Nord und etal. (1997) Swedish Census Study Current 2.3 (1.4, 3.8) 

Sweden 25 829 women Former 2.5 (1.1, 5.9) 

1963-89 

Tulinius et a1. (1997) Reykjev'k Study 15-24e gslday 2.6 (1.4, 4.7) 

Iceland 11 580 men Former 2.3 (1.4. 3.9) 

1968-95 

Doll etal. (2005) British Doctors' Study Mortality rate per 100 000iyrs 
UK 34 439 men Current 

1951-2003 Former 38.8 

22.6 

Yun etal. (2005) National Health Insurance Current 2.2 (1.5, 3.4) 

Republic of Korea Corporation Study Former 1.3 (0.8, 2.1) 

1996-2000 733 134 men 
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etererвoe Subjects $шоking Status Relative risk (95% Cl) Versus Neuer Smokers 
' тчunteу  Men Women 
Years of study 

Case=Control Studies 

Anthony & Thomas (1970) Hospital-based study Current 0.9 
UK Men: 381 cases and 275 Former 1.2 
1958-67 controls 

Morrison et a1. (1984) Population-based study Current 1 
Japan and UK, 1976-78 Boston area Former 0.5 (0.4, 0.8) 0.7 
USA, 1976-77 

Harris et a1. (1990) Men, 1114 cases, 	White Current 3.2 (2 6, 3.9) 3.2 (2.4, 4.1) 
USA 3252 controls Former 2.1 	(1.7, 2.6) 1.3 (1.0, 1.8) 
1969 onwards Women, 420 cases, 1289 

controls 
Men, 84 cases, 271 Blacks Current 2.0 (1.0, 3.9) 
controls Former 1.6 (0.8, 3.4) 
W, 84 cases, 271 controls 

Mc Carthy et a1. (1995) Population-based study Men and Women 
USA 301 cases and 1196 Current 1.7 (1.2, 2.3) 
1975-92 controls Former 1.3 (1.0, 1.7) 

Donato eta?. (1997) Hospital-based study Current 8.4 (3.7,19) 
taly 	1991-92 172 cases and 578 controls Former 4.8 (2.2, 10.7) 

Pommer et al. (1999) Population-based study Men and Women 
Germany Men, 415 cases and 415 Current 3.2 (2.3, 4.5) 
1990-94 controls Former 1.6(1.1,2.2) 

Women, 232 cases and 232 
controls 

Pohlabeln eta?. (1999) Hospital-based study Current 5.2 (2.7, 9.7) 5.6 (1.1, 27.3) 
Germany 300 cases, 300 controls Farmer (1-9) 3-4 (1.6, 6.9) 5.2 (1.3, 20.2) 
1989-92 Farmer (>10) 1.7 (0.9, 3.0) 

Castelao eta?. (2001) Population-based study Current 3.6 (2.8, 4.6) 4.6 (3.0, 7.0) 
USA Men: 415 cases and 415 Former 1.7 (1.4, 2.1) 1.5 (1.0, 2.4) 
1987-96 controls 

Women: 232 cases and 232 
controls 

Pelucchi etal. (2002) Hospital based study Current 2.9 (1.6, 5.1) 
Italy Women: 110 cases and 298 Former 1.1 	(0.4, 3.6) 
1985-92 controls 

Zeegers et a1. (2002) Nested case-control study Men and Women 
Netherlands Men: 532 cases Current 3.3 (2.4, 4.0) 
1986-92 Women: 87 cases Former 2.1 (1.5, 3.0) 

Kellen et a1. (2006) Population-based study Men and Women 
Belgium 200 cases and 385 controls Current 6.00 	(3.3, 11.0) 
1999-2004 Former 2.22 	(1.4, 3.6) 

SMR - standardized mortal 	ratio 
Values in brackets calculated by the Working Group of Volume 83 (1ARC, 2004) 
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Reference 	 Туре  of analysis 	 smoking status 	 Summary Relative Risk (85% Cl) 

Gauntry 
Years of study 

Fortuny of a1. (1999) 	Pooled analyses of 	 Non-cancer controls 	Cancer controls 
Europe 	 case-control studies 	Current 	 3.6 (2.1, 6.3) 	 0.8 (0.4, 1.4) 

1983-85 	 Former 	 1.4 (0.8, 2.5) 	 0.6 (0.3. 1.3) 

Zeegers et a1. (2000) 	Meta-analysis of cohort and 
Multinational 	 case-control studies 
1968-1998 

Brennan etal. (2000, 2001) 	Pooled analyses of 11 

Europe 	 case-control studies and 
1976-96 	 1 unpublished study 

Men Women 
Current 2.8 (2.3' 3.4) 2.3 (1.8, 3.) 
Former 2.0 (1.6, 2.6) 1.7 (1.1, 2-4) 

Men and women 
Current 2.6 (2.2' 3.0) 
Former 1-7 (1.5, 	1.9) 

Current smoker Men Women 
Years quitting 1 1 
1-4 0.7 (0.5, 0.8) 0.6 (0.3, 1.1) 
5-9 0.7 (0.6, 0.8) 0.6(0.3 	1.1) 
10-14 0.6 (0.5' 0.8) 0.5 (0.3, 1.0) 
15-19 0.5 (0.4, 0.6) 1.1 	(0.5. 2.2) 
20-24 0.5 (0.4, 0.6) 0.5 (0.2, 1.2) 

24 0.4 (0.3' 0.5) 0.8 (0.5' 1.5) 
Never smoker 0.2 (0.17, 0.24) 0.7 (0.5, 0.9) 

Current Men Women 
Former 3.9 (3.5, 4.3) 3.6 (3.1, 4.1) 

2.2 (2.0, 2.4) 2.2 (1.9, 2.6) 

Puente of al. (2006) 
	

Pooled analyses of 
Multinational 
	

case control studies 
1976-96 
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leferenee Stидy Population No. of years since quitting Odds ratio (relative to Never smokers) 
Country (95% CI) 
Years of study 

Tyrell et a1. (1971) Hospital-based case-control Men Crude relative risks 
Ireland study 0 3.9 (129) calculated by the 'ARC 
1967-68 Men: 200 cases, 200 controls 0.1-3.9 1.5 (3) Monograph Working Group 

4.0-6.9 2.9 (5) (Volume 83, 2004) 
7.0-12.9 4.1 (6) 
13.0-21.9 6.2 (9) 
>22.0 2.7(11) 

Wynder & Goldsmith (1977) Hospital-based case-control Men 
1969-74 study 1-2 2.6 (1.6, 4.5) 

Men: 574 cases; 574 4-6 2.9 (1.7, 5.2) 
controls 7-9 1.5 (0.8. 3.0) 

10-12 1.6 (0.8, 3.1) 
13-15 1.2 (0.6, 2.5) 
>-16 1.1 	(0.7,1.8) 

Howe et al. (1980) Population-based case- Men Women 
Canada control study Current smoker 1.0 1.0 
1974-76 Men: 480 cases, 480 controls Former smoker 0.2 (0.1, 0.5) 

Women: 152 cases, 152 2-15 0.6 (0.4, 0.9) 
controls > 15 0.5 (0.4, 0.8) 

Cartwright et al. (1 983) Hospital and Population- Men 
UK based case-control study < 5 1.7 
1978-B1 Men: 932 cases, 1402 6-15 1.0 

controls 16-25 1.1 
26-35 0.9 
> 35 and never-smoker 1.0 (reference) 

Vineis et a1. (1984) Hospital-based case-control Men aged e 60 Men aged> 60 
Italy study 0-2 10.2 (5.0, 21.2) 3.8 (2.0, 7.2) 
1978-83 Men: 512 cases, 596 3-9 3.3 (1.2, 9.2) 2.8 (1.2, 6.6) 

controls 10-14 1.6 (0.3, 8.2) 2.4 (0.9, 6.3) 
15 1.9 (0.5, 7.9) 2.5 (1.0, 5.8) 

Clavel et a1. (1989) Hospital-based case control 0-2 (reference) 1.0 
France study 3-9 1.0 (0.6, 1.3) 
1984-87 Men: 477 cases, 477 controls 10-14 0.7 (0.4, 1.2) 

>- 15 0.4 (0.3, 0.6) 

Burch et at. (1989b) Population-based case- Men Women 
Canada control study 1-5 1.1 	(0.6, 1.9) 0.4 (0.2, 1.2) 
1979-82 Men: 627 cases >5-10 0.8 (0.4, 1.7) 0.7 (0.1, 4.1) 

Women: 199 cases >10 1.4 (0.7, 2.8) 0.8 (0.2, 3.7) 
Controls: 792 controls Current 1.6 (0.8, 3.0) 1.0 (0.3, 3.4) 

D'Avanzo et a1. (1990) Hospital-based case-control Men and women 
Italy study >15 1.2 (0.6, 2.5) 
1985-89 337 cases, 392 controls 5-14 1.8 (1.0, 3.2) 

2-14 3.1 	(1.6, 6.2) 

De 5tefani et a1. (1991) Hospital-based case-control Men 
Uruguay study 1-4 0.5 (0.2, 1.3) 
1987-89 Men: 91 cases, 182 controls 5-9 0.5 (0.2, 1.3) 

>- 10 0.4 (0.2, 0.8) 

Lбpеz-Abеnte et a1. Hospital and population- Men 
(1991) based case-control study 0-5 4.4 (2.8, 7.0) 
Spain 430 cases. 405 hospital con- 6-15 3.0 (1.7, 5.2) 
1983-86 trots, 386 population controls > 16 2.4 (1.3, 4.3) 
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Reference 	 Studчr Р®puVatдоп 	No. of years sдэ~ce quitting 	Odds ratio (relative to Never Smokers) 
Country 
	

(95% CI) 
Years of study 

r 

Kunze etal. (1992) Hospital based case-control 

Germany study 

1977-85 Men: 531 cases, 531 controls 

Womeп:144 cases, 144 control 

Mimas etal. (1994) Population-based case- 
France contro[ study 

1987-89 219 cases, 794 controls 

Men Women 

1.3 (0.9,1.8) 0.8 (0.3' 2.7) 
0.7 (0.5' 1.0) 1.7 (0.4' 7.0) 

0.6 (0.4' 0.9) 2.2 (0.8, 6.3) 

Men 
5.0 (2.6, 9.7) 
7.1 	(3.6. 13.9) 
4.6 (2.3. 9.1) 

N1en 
3.1 (2.4, 4.1) 
1.9 (1.4, 2.6) 
1.5 (1.1, 2.1) 
1.2 (0.9, 1.7) 

Men 
5.8 (1.6' 21.0) 
3.4 (1.0' 10.7) 

Men Women 
5.2 (2.7, 9.7) 5.6 (1.1, 27.3) 

5.2 (1.3, 20) 

3.4 (1.6, 6.9) 
1.7 (0.9. 3.0) 

Men Women 

3.6 (2.8' 4.6) 4.6 (3.0, 7.0) 
2.3 (1.8, 2.9) 2.7 (1.5, 4.8) 
1.9 (1.5' 2.5) 1.1 	(0.6, 2.1) 

1.1 	(0.9, 	1.5) 1.1 	(0.6, 2.0) 

Men and women 
3.3 (2.4' 4.0) 
2.1 	(1.5, 3.0) 
3.4 (2.5' 4.7) 

2.9 (2.0, 4.3) 
1.7 (1.1, 2.5) 
1.9 (1.2, 2.9) 
0.8 (0.4, 1.6) 
p<0.01 

Women 

5.5 (3.6-8.4) 
2.1 (1.3-3.5) 
3.8 (1.9-7.5) 
2.4 (1.1-5.3) 
1.2 (0.5-2.8) 

1-9 
10-19 
>- 20 

<2 

3-15 
>15 

Current smoker 
1-9 
10-19 

20 

<10 
>10 

Current smoker 
Former 
(1-9 years) 
(>10 years) 

Current smoker 
c 10 
10-19 
>- 20 

Current smoker 
Former smoker 
G1 
1-9 
10-19 
20-29 
30+ 

The Iowa Women's Health 
Study 
Current 
Former 

Quit >5 years 
Quit 5-15 years 
Quit >15 years 

5orahan et a1. (1994) 
	

Case-control study 

UK 
	

989 cases 

1985-87 
	

1059 population controls 
1599 patients trom 
practitioners as controls 

8edwani etal. (1998)' 	Hospital-based case-control 

Egypt, 1994-96 
	

study 
Men: 151 cases, 157 controls 

Pohiabeln etal. (1999) 
	

Hospital-based case-control 

Germany 
	 study 

1989-1992 
	

Men: 239 cases, 239 controls 
Women: 61 cases, 61 
controls 

Castelao etal. (2001), 	Population based case- 

USA, 1987-96 
	

control study 
1514 cases, 1514 controls 

Zeegers etal. (2002), 	Cohort study 

Netherlands, 1986-92 
	

120 852 subjects 
619 cases 

Tripathi et al. (2002) USA, 	Cohort study 

1987-97 
	

37459 women 
112 cases 

Cao et al. (2005) USA, 

1994-97 

Hospital case-control study 
233 cases, 204 controls Ever smoker 

Former 
Quit X10 years 
Out 10--20 years 
Quit >20 years 

Men aid women 
3.1 (i.7' 5.9) 

3.0 (1.3' 7.1) 

1.1 (0.5' 24) 
0,6 (0.3, 1.4) 
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eference Smoking Odds Ratio (95% C1) 
Country category Lifetime cigarette consumption 
Years of Study 

<2t5 pack-yrs* 21.5-40.5 pack-yrs >40.5 pack-yrs 

Fortuny et a1. (1999) Men and women 

Europe, 1983-85 Non cancer controls 
Current smoker 2.2 (1,0, 4.8) 2.7 (1.3, 5.6) 7.0 (3.6, 13.7) 
Former smoker 1.6 (0.8, 3.0) 1.4 (0.6, 3.3) 1.6 (0.7, 3.9) 
Never smoker 1 1 1 

Cancer controls 

Currentamoker 0.9 (0.4, 1.9) 0.5 (0.2, 1.0) 1.1 	(0.5, 	1.9) 
Former smoker 0.9 (0.4-1.7) 0.4 (0.2, 1.0) 0.4 (0.2 -1.0) 

Never smoker 1 1 1 

<20 tob-yrs"* 20-40 tоlЭ-yrs >40 tob-yrs 

Gaertner et a1. (2004) 	Men 

Canada 	 Current smoker 1.3(0.7, 2.2) 2.9 (1.9, 4.5) 4.2 (2.8, 6.0) 
Former smoker 1.2 (0.9. 1.8) 2.2 (1.5, 3.3) 2.8 (1.8, 4.2) 
Never smoker 1 1 1 

Women 

Current smoker 3.0 (1.9, 4.8) 4.6 (3.1, 6.9) 5.4 (3.4, 8.8) 

Former smoker 1.2 (0.9, 1.8) 2.1 	(1.3, 3.5) 3.4 (1.4, 8.2) 
Never smoker 1 1 1 

Duration of smoking 
Men 1-19 years 20-39 years >39 years 

Brennan et at. (2000) 	Current smoker 1 1 1 

Europe, 1976-96 	 Years since quitting 

<5 1.01(0.36, 2.82) 0.62 (0.43, 0.89) 0.67 (0.52, 0.86) 

5-9 0.21 (0.05, 0.95) 0.63 (0.47, 0.85) 0.87 (0.66, 1.16) 
10-14 0.57 (0.25, 1.28) 0.65 (6.49, 0.86) 0.76 (0.54, 1.08) 

15-19 0.61 (0.29, 1.27) 0.57 (0.41, 0.79) 0.33 (0.17, 0.65) 
20-24 0.50 (0.25, 1.01) 0.58 (0.39, 0.78) 0.82 (0.27, 2.47) 

>24 0.57 (0.34, 0.97) 0.49 (0.34, 0.70) 0.65 (0.24, 1.78) 
Never smoker 0.34 (0.21, 0.55) 0.21 (0.17, 0.26) 0.20 (0.16, 0.23) 

pack-yrs=cumuiative pack-years of cigarettes categorized in tertiles 
tob-yrs= tobacco years, calculated as number of packs of 20 cigarettes smoked per day times the number of years smoked 

w 
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Renal lei Carcinoma (kidney Cancer) 

Tobacco smoking has been shown to be 
associated with renal cell carcinoma 
(RCC) in both men and women 
(McLaughlin et a1., 1990b; 1995а; Doll, 
1996; Yuan et а1, 1998; 1ARC, 2004). 
More recently, a combined analysis of 
the Nurses Health Study and of the 
Health Professionals Follow-up study 
(Flaherty et at., 2005) showed only a 
modest increase in risk in men, limited to 
current smokers with >— 40 pack-years of 
exposure. A precise assessment of the 
relationship between various aspects of 
smoking history and RCC is difficult to 
obtain because the risk of RCS assoc's-
ated with smoking is only modest and 
could easily be obscured by the use of 
inappropriate controls in case—control 
studies. The incidence of 1CC is also 
rather low, conferring limited statistical 
power to cohort studies. 

Hunt and colleagues (2005) per-
formed a meta-analysis on the risk of 
ROC and cigarette smoking that 
included 19 case control and 5 cohort  

studies. The relative risk for ever-
smokers compared with never smokers 
was 1.4 (95% Cl 1 .3-1.5) with a strong 
dose-dependent increase risk observed 
both in men and in women. The advan-
tages of smoking cessation were 
confirmed by a reduction in relative risk 
for those who had quit smoking for X10 
years (1.2; 0.9-1.7) as compared to 
those who had quit smoking for 1-10 
years (1.8; 1.4-2.2). In the 3 studies 
published subsequently to this meta-
analysis (Flaherty et at, 2005; Hu et a1., 
2005; '(un et a1., 2005), the risk of kidney 
cancer in former smokers was of similar 
magnitude to that of current smokers 
(Table 20). 

Results from a recent large 
case—control study conducted in eight 
Canadian provinces (Hu et al., 2005) 
support the association between ciga-
rette smoking and the risk of RCC. In this, 
as in most previous studies (McLaughlin 
et al., 1995b; Yuan et a1., 1998), the risk 
decreases with increasing years since  

quitting, with a 25-30% reduction in risk 
after 10-15 years of cessation (Table 
21). A study specially designed to 
characterize the association of smoking 
cessation and RCC development 
(Parker et at, 2003) suggested an 
inverse linear trend between years of 
cessation and risk of ROC, but indicated 
that the benefit may not be sizeable until 
more than 20 years following cessation 
(Table 21). The 50-year follow-up of the 
British Doctors Study of kidney cancer 
death showed a lower risk among former 
smokers compared to current smokers 
(Doll et a1., 2005). 

The risk of RCC according to lifetime 
cigarette consumption in farmer smokers 
is shown in Table 22. 

In synthesis, the risk of renal cell 
cancer is lower in former smokers than in 
current smokers, and the relative risk 
appears to decline with time since stop-
ping but remains higher than that in 
never smokers for at least 20 years after 
cessation. 
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Risk of other cancers after smoking cessation 

l~ 29' Sг  C 
	 _ 	 5 

Reference Study Status Relative risk (95% Cl) 
Country, (current 1 versus Never Smokers 
years of study former) 

Men Women 

McLaughlin eta?. (1990) U5 Vetегап5i Study 
USA Current 1.5(1.2' 1.8) 
1954080 

Former 1.1 	(0.9, 1.4) 

Doll etal. (1994) British Doctorat study 
UK Current 1.4 Mortality Rate 
1951 x191 

Former 1.2 

McLaughlin etal. (1995) US Veteransi Study 
USA Current 1.5 (1.2, 1.9) 
1954080 

Farmer 1.1 (0.9, 1.4) 

Engeland et a1. (1996) Norwegian Cohort study 
Norway Current 1.4 (0.8, 2.5) 1.1(0.6, 2.0) 
1966093 

Former 1.3 (0.8, 2.4) 0.2 (0.0' 1.7) 

Heath et al. (1997) Cancer Prevention Study Il 
U5A Current 1.7 (1.2, 2.6) 1.4 (0.9, 2.3) 
1982089 

Former 1.7(1.1, 2.4) 1.2(0.7, 1.9) 

Nordlund etal. (1997) Swedish Census Study 1.1 	(0.6, 2.0) 
Sweden Current 
1963089 

Former 1.9 (0.8, 4.7) 

Chow etal. (2000) Swedish Construction Worker Cohort 
Sweden Current 1.6 (1.3,1.9) 
1971092 

Former 1.3 (1.0, 1.6) 

Doll et at. (2005) British Doctorsi Study Current 16.2/100000 Mortality Rate 
UK Former 13.21 100 000 
1951-2001 Never 9.3/100000 

Flaherty et a1. (2005) Men Women 
USA Nurses' Health Study and the Health Current 1.3 (0.6, 2-9) 0.9 (0.6,1.5) 
1976-2000, NHS 
1986-1998 HPFS Professionals Follow-up Study Former 1.4 (0.9, 2.2) 1.3 (0.9,1.8) 

Yun etal. (2005) 
 

Current 
Korea National Health Insurance Corporation 0.94 (0.66, 1.32) 
1996-2000 

Former 	0.96 (0.65, 1.42) 

La Vecchia etal. (1990) 	 Case-control study 	 15-24 
1.9 (1.0, 3.6) Italy 	 cig/day  

1985089 
Former 	1.7 (1.0, 3.1) 
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Reference 	 study 	 Status 	 Relative risk (95% Cl) 
Country, 	 (current/ 	 versus Never Smokers 

years of study 	 former) 
Men 	 Women 

Talamini et a1. (1990) Case-control study 

Italy 15 24 ciglday 1.3 (0.8, 2.1) 

1986-89 
Former 1,4 (0.8, 2.2) 

IcC redie & Stewart (1992) Case-control study Renal-cell 
Australia Current 2.9 (1.8, 4.8) 1.6 (1.0, -2.6) 

1989-90 
Former 1.5 (1.0, 2.4) 1.3 (0.8, 2.2) 

Renal-pelvis 
Current 5.9 (2.5, 13.5) 3.3 (1.7, 6.6) 

Former 1.2 (0.5, 2.7) 1.7 (0.7, 3.8) 

McLaughlin eta?. (19958) Case-control study Men and Women 

Multinational Current 1.4 (1.2, 1.7) 
1989-92 Former 1.2 (1.0, 1.4) 

Schlehofеr of a1. (1995) Case-control study 
Germany Current 1.4 (0.8, 2.5) 0.8 (0.4, 1.8) 

1989-91 
Former 1.1 	(0.6, 1.9) 1.0 (0.4, 1.4) 

Yuan et a1, (1998) 
USA Case-control study Current 1.6 (1.2, 2.1) 1.5(1.0. 2.1) 
1986-94 

Former 1.3 (1.1, 	1.7) 1.1 	(0.8, 1.5) 

Hu et a1. (2005) 

Canada Case-control study Current 0.9 (0.7, 1.2) 0.9 (0.7, 1.2) 

1994-1997 
Former 1.2 (1.0, 1.5) 1 	3 (1.0, 1.6) 

lunt eta1. (2005) 	 Mets-Analysis 	
Current 	 1.6 (1.4, 1.8) 	 1.3 (1.0, 1.6) 

Former 	 1.4(1.2,16) 	 1.1 (0.9, 1.3) 
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Reference Years since quilting Odds ratio (reiative to Never Smokers) 
Country and (95% CI) 
years of study 

McLaughlin et а1. (1984) Men Women 
USA Current smokers 1.8 2.0 
1974-79 <-10 1.1 1.6 

> 10 1.7 1.7 

Lа  Vecchia et ai. (1990) Univariate Multivariate 
Italy <10 2.6(1.1 	5.7) 2.2 (1.1, 4.4) 
1985-89 >10 1.3(0.6 3.0) 1.3 (0.6, 2.7) 

McCredie & Stewart (1992) Model 1 Mode! 2' 
Australia Current smokers reference 
1989-90 

1-12 0.9 (0.5, 1.4) 0.9 (0.5, 1.4) 
13-24 0.9 (0.5, 1.5) 0.8 (0.5, 1.4) 
>25 0.5 (0.2, 1.0) 0.4 (0.2, 0.7) 
p for trend 0.13 0.003 

Kreiger et al. (1993) Men Women 
Canada 1-4 2.1 	(1.2, 3.8) 1.4 (0.6, 2.9) 
1986-87 5-9 1.8 (1.0, 3.3) 1.6 (0.7, 3.7) 

10-19 2.1 	(1.3, 3.4) 1.9 (0.8, 4.2) 
>20 1.3 (0.8, 2.1) 1.5 (0.7, 3.1) 

McLaughlin et a1. (1995) F?efative to current smokers Men and women 
Austral a, Denmark, Germany, <- 5 0.90 (0.7, 1.2) 
Sweden, USA 6-15 0.84 (0.7, 1.1) 
1989-92 16-25 1175 (0.6, 1.0) 

>25 (1.85 (0.6, 1.1) 
p for trend 0.09 

Yuan etal. (1998) Men Women 
USA 1-9 1.6 (1.2, 2.3) 0.9 (0.6, 1.4) 
1986-94 10-19 1.3 (0.9, 1.8) 1.2 (0.7, 2.0) 

>20 1.2 (0.9, 1.6) 1.2 (0.7, 2.0) 

Current smokers Men and Women 
1-9 reference 
10-19 0.8 (0.6, 1.1) 

20 0.7 (0.5, 1.0) 
0.7 (0.5, 1.0) 

Parker et al. (2003) Relative to current smokers Men and women 
USA <10 0.7 (0.4, 1.1) 
1986-89 10-19 0.8 (0.5, 1.2) 
Case-control 20-29 0.7 (0.4, 1.1) 

>- 30 0.5 (0.3, 1.0) 
never smokers 0.6 (0.4, 0.9) 
p for trend 0.005 

Hu eta]. (2005) Men Women 
Canada Current smokers 0.9 (0.7, 1.2) Current 	0.9 (0.7, 1.2) 
1994-97 <- 10 1.5 (1.0, 2.3) <- 10 	1.5 (0.8, 2.6) 

11-20 1.1 	(0.8, 1.5) 11-20 	0.6 (0.4, 1.1) 
21-30 1.2 (0.8, 1.6) > 	20 	1.1 (0.7, 1.6) 
>_ 31 1.0 (0.7, 1.4) 

Model 1 included duraton of smoking prior to quitting, amount smoked (cigarettes per uay), апd length of cessation in ever smokers. 
Model 2 included age at smoking initiation, amount smoked (cigarettes per day) and length of cessation iп  ever smokers. 

209 



'ARC Handbooks of lancer Prevention 

i 	 ...., E г p.•..,~ - 	.1 1 П 	 2. 	~ч 	~. 	â 1 	Ь 	 - `£=1,,_ alч,e 

Renal-cell cancer 5tratum Cigarette consumption 

Odds Ratio (relative to Never Smokers) 

Schlehofer et a1. (1995) 
Germany 
1989-91 Men <20 pack-years 20-40 pack-years >40 pack years 

Current smoker 1.4 (0.7, 3.0) 1.1 	(0.5, 2.1) 2.2 (0.99, 4.7) 

Former smoker 0.9 (0.5, 1.8) 1.0 (0.4 	2.2) 2.3 (0.9, 6.2) 

Women <10 pack-years 10-20 pack years >20 pack-years 

Current smoker 0.5 (0.1. 1.9) 0.3 (0.1. 1.2) 2.2 (0.7, 6.8) 

Farmer smoker 0.9 (0.3, 2.3) 0.7 (0.1, 4,7) 3.0(0.3, 30.2) 

Cervical Cancer 

Chronic infection with selected high-risk 
types of human papilloma virus (HPV), 
which are sexually transmitted viruses, 
is the main cause of cervical cancer, 
both cervical intraepithelial neoplasia 
(CIN) and invasive cancer (1ARC, 1995). 
There are however, additional recog-
nized risk factors, including high parity, 
oral contraceptive use, and tobacco 
smoking. 

At least 7 cohort studies and 29 
case-control studies have provided 
some information on the risk of cervical 
cancer on former smokers ('ARC, 2004). 
Although most estimates have been 
influenced by large random variation, the 
relative risk among former smokers 
appears to be intermediate between that 
of never and of current smokers. For indi-
vidual studies, data for the analysis of 
elapsed time since quitting smoking and 
cervical cancer risk are scarce. 

The quantitative information on 
stopping smoking in cervical neoplasia 
comes from a collaborative re-analysis 
of individual data 0f 13 541 women with 
carcinoma of the cervix and 23 017 
women without carcinoma of the cervix 
from 23 epidemiological studies 
(International Collaboration of Epidemi- 

ological Studies of Cervical Cancer, 
2006). That collaborative re-analysis 
included data on 8 cohort studies (Gram 
et at, 1992; Schiffman et al., 1993; Kjaor 
et al., 1996x; Ylitalo et al., 1999; Deacon 
et at., 2000; Hildesheim et a1., 2601; 
Beral et al., 2003; Vessey et al., 2003), 
9 population-based (Brinton et at, 1986; 
Peters et at., 1986; Cuzick et al., 1990; 
Bosch et at., 1992; Cuzick et at., 1996; 
Daling et at, 1996; Kjaer et al., 1996b; 
Ursin et al., 1996; Lacey et a1., 2001; 
Madeleine et al., 2001; Green et at, 
2003); and 6 hospital-based case-con-
trol studies (La Vecchia et a1., 1986; 
Herrero et at, 1989; Parazzini et al., 
1992; Munoz et al., 1993; WHO, 1993; 
Eluf-Neto et a1., 1994; Chaouki et al., 
1998; Chichareon et al., 1998; 
Ngelangel et at., 1998 ; bun et a1., 
2000; Sitas et aI., 2000; Santos et at, 
2001; Thomas etal., 2001; Bayo et a1., 
2002; Rajkumar etal., 2003; Hammouda 
et al., 2005). It found a pooled relative 
risk of invasive squamous cell carci 
soma, adjusted for age, parity, oral 
contraceptive use, number of sexual 
partners and age at sexual debut, of 
1.46 (95% Cl - 1.36-1.58) in current 
smokers compared with never smokers 

and of 1.05 (95% C-0.92-1.19) in 
former smokers (Figure 1). The RR of 
invasive squamous cell carcinoma 
seemed to drop rapidly 1-4 years 
after smoking cessation (1.05; 95% 
Cl-0.87-1.28) (Figure 2). 

The multivariate pooled RR of 
carcinoma in situ lIN 3 for current (1.83: 
95% C1=1.68-1.99) and former smokers 
(1.32; 95% Сl=1.12-1.56) were some-
what greater than for invasive carcinoma 
of the cervix (Figure 1). When combining 
invasive and in situ cases, the pooled 
RR of squamous cell carcinomas of the 
cervix was 1.60 (95% Сl=1.48-1.73) in 
current smokers aid 1.12 (95%, Cl 
1.01-1.25) in former smokers (Figure 3). 
Estimates of the relative risk of 
combined invasive squamous cell and in 
situ/CIN3 carcinomas of the cervix in 
former smokers compared with never 
smokers by study design were 1.49 
(95% СЭ-1.10-2.01) in 4 cohort studies, 
1.21 (95% С1-1.04-1.41) in 9 popula-
tion-based case-control studies and 
1.07 (95% Cl=0.90-1.29) in 6 hospital-
based case-control studies (Figure 3). 

The collaborative re-analysis showed 
lack of association of current smoking 
(pooled multivariate RR versus never 
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INVASIVE CANCER 

а: ЅQUАМОUЅ  CELL CARCINOMA 

Cassa/ 
smokina status 	Contrits RR' R t (95% FCIF 	RR2 f95% FC11° 

nevвr 

 

5151/11929 100 	1.00(0.94-1.06) 

pass 759!1552 	1.17 	1.05(0.94-1.17) 

currenl 1653/2764 	1.69 	1.46(1.35.1,58) 

CARCINOMA IN S1TU!CIN3 

Cases? 
Controls RR' RR° (95% Fс1)• 	RR° (95% Fсq• 

1501!9972 1.00 100(0.91-1.10) 

315!1286 150 1.32 (1.12-1.56) 

(444(2652 218 183(1,55-1.99) 

0.5 	1.0 	1.5 	2.0 0.5 	1.0 	1.5 	2.0 

b: ADENOCARCINORIA 

Cases/ C asвв! 
smoking status Controls 	RR1 	RRa (85% FCI)" 	RRz (95% FC1) CопlУОts RR' 	1R2 (95% FC!) 	RR° (95% FCtF 

пецег  779!11929 	1.00 	1.00 (0.89-1 .13) 141!9972 1.00 	1.00(0.81-1.24) 

past 152/1552 	0.97 0.84 (0.68-1 .03) 83/1286 1 .08 	1.04 (0.77-1 .41) 

current 26012764 	1.12 0.92 (0.78-1 .07) 6812892 1.05 	0.81 (061-108) 

0.5 	1.0 	1.5 	2.0 0.5 	1.0 	1.5 	2.0 

RR' stratified by study and age at diagnosis iniy. RR2 stratified by study, age at diagnosis, number Of sexual partners, duration cf oral contraceptive use, age at 

first intercourse and number of births, 95% floated confidence intervals (FCIs) for RRг. Women with no information of sexual partners are excluded from (hose 
analyses. 

s includes all non-adenocarcinomas 

From International Collaboration of Epidemiological Studies it Cervical Cancer (2006) 

Figure 1. Relative risk (RR)* of carcinoma of the cervix by histological type in relation to smoking status 

smokers: 0.92; 95% Сl 0.78-1.07) or sun of HPV infection into preneaplastic compared with never smokers (1.12, 
past smoking (pooled multivariate 	and neoplastic cervical lesions. Rapid 	95% 01=1.01-1.25) is lower than the RR 
RR=0.84; 95% 01=0.68-1.03) and ade- 	reduction of the relative risk of squa- for current smokers (1.60, 95% 
nacarcinoma of the cervix (I igure 1 	mous cell carcinoma among former C1=1.48-1.73). The risk in former 
lower panel). 	 smokers suggests, therefore, that such 	smokers decreases rapidly following 

The Working Group noted that HPV effects are probably reversible, 	cessation to that of the never smokers. 
prevalence among cancer-free control 	In synthesis, the pooled relative risk There is no association between 
women was not associated with tobacco for squamous-cell carcinoma of the smoking (any type) and adenocarci- 
smoking. Thus, the adverse effect of 	cervix, adjusted for age, parity, oral 	soma of the cervix. 
smoking on cervical cancer is likely due contraceptive (OC) use and sexual 
to the effects of smoking on the progres- habits, 	among 	former 	smokers 
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Myeloid Leukaemia 

There is sufficient evidence in adults that 
tobacco smoking is causally related to 
myeloid leukaemia (IARC, 2004). No 
clear evidence of an increased risk in 
relation to smoking was seen for lym-
phoid leukaemia/iymphoma. А  reduced 
number of studies on туеlо  d leukaemia 
and smoking include data on former 
smokers and are summarized in Tables 
23 (cohort studies) and 24 (case—control 
studies). 

Three incidence cohort studies report 
results on the risk of acute myeloid 
leukaemia (AML) and past smoking 
(Mills et al., 1990; Friedman & van den 
Eeden, 1993; Adami et al., 1998). Two of 
these studies report elevated, but not 
statistically significant, risk in former 
smokers when compared with never 
smokers (Mills et aI., 1990; Friedman &  

van den Eeden, 1993). Male former 
smokers in the study by Friedman (1993) 
show a decreased risk of AIL when 
compared with current smokers 
although not significant. Three of the 
four cohort studies on mortality report a 
somewhat lower risk in former than in 
current smokers but higher than in never 
smokers (McLaughlin et a1., 1989; 
Garfinkel & Boffetta, 1990 (CPS-1 and 
CPS-l! estimates)). In Dоlгs study 
(2005), the mortality rate in heavy 
smokers (? 25 cigarettes per day), but 
not in overall current smokers, was 
higher than that reported in former 
smokers (18.3 per 100 000 versus 12.6 
per 100 000 respectively; current 
smokers 11.3 per 100 000). Three 
case—control studies (Mele et a1., 1994; 
Stаgnaro е(аl., 2001; Kasim et a1., 2005) 

report a non-significant increased risk of 
AML among former smokers compared 
with never smokers. In these studies 
(Mele etat, 1994; Stagnaro etal., 2001; 
Kasim et al., 2005) the confidence inter-
vals of former and current smokers over-
lap considerably. The only study includ-
ing data on time since quitting (Kane et 
al., 1999) does not report a significant 
trend but shows a lower risk in former 
smokers with prolonged abstinence 
(over 26 years, ОR=0.7; 95% 
01=0.5-1.0) than in current smokers 
(OR=1.4; 95% СI=1.1-1.8). 

The data presented here offer 
conflicting results of a decreased risk 
among former smokers compared to 
current smokers. 

Sinоnrial and Nas®pharyngeal Cancers 

One study (Zheng et al., 1993b) exam-
ined the residual risk after cessation of 
smoking and found a significant 
decrease in risk for sinonasal cancer 
associated with increasing number of 
years since cessation (Table 25). In a 
previous study, the same authors had 

found a negative, non-significant associ-
ation (Zheng etal., 1992b). 

Two studies investigated the effect of 
quitting smoking (Nam et al., 1992; 
Vaughan of al., 1 996) and found that the 
risk of nasopharyngeal carcinoma 
decreased with increasing time since  

quitting (Table 26). The reduction was 
statistically significant within 5 years of 
smoking (ОR=0.1; 95% 01=0.0-0.6) in 
the study by Vaughan and colleagues 
(1996). 
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Fef®rence, study type Sex statuslauantity Relative risk 95 % Cl 
Country population 

Cohort Incidence studies 

Mi11s et a1., 1990 Adventists' Health Men Currentsmokers 	N=12 2.0 0.3, 16.7 

USA Study Women 1-14 ciglday 1.9 0.6, 6.3 
15-24 1.5 0.3, 7.0 

25 3.6 1.1, 	11 
Former smokers 	N=10 2.2 0.9, 5.5 
Never smokers 	N=1 1.0 

Friedman, 1993 Kaiser Permanente Men Current smokers N=26 2.8 1.2, 6.4 

USA Medical Care Program Former smokers 	N=13 2.3 0.9, 5.7 
Cohort I Never smokers 	N=7 1.0 

Women Current smokers N=14 0.9 0.4, 1.7 
Former smokers N=8 1.3 0.6, 2.8 
Never smokers 	N=27 1 

Adami et al., 1998 Swedish Construction Men Current smokers 	N=83 1.0 0.7, 1.4 

Sweden workers Former smokers N=30 0.7 6.5, 1.2 
Never smokers 	N-58 1.0 

Cohort Mortality studies 

McLaughlin et al., Veterans' study Men Current smokers N=142 1.6` 

1989 Cigarettes/day 
USA <10 1.5 

10-20 1.5 
>20 2.0 

Former smokers N=62 1.3 
Never smokers 	N=71 1.0 

Garfinkel & Bottela Cancer Prevention Men Current smokers 2.5* 
1990 Study I Cigarettes/day 
USA 1-29 2.3 

220 2.9 
Formers smokers 2.2" 
Never smokers 1 

Women 
Current smokers 0.7 

Cigarettes/day 
1-29 0.6 

20 0.7 
Former smokers 0.4 
Never smokers 1 
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Reference., 	 Studзy type 	 Sеи  
Country 	 population 

Cohort Ri1®B'tcaitti,r studies 

Garfinkel & Boffetta, 	Cancer Prevention 	Men 
1990 	 Study 11 
USA 

Status/Quantdy Relative risk 

Current smokers 1.7" 
Cigarettes/day 
1-19 1.7 
>20 1.8 

Former smokers 1.2 
Never smokers 1 

Current smokers 1.2 
Cigarettes/day 
1-19 1.5 
20 1.0 

Former smokers 1.3 
Never smokers 1 

Current smokers 11.3 
Cigarettes/day 
1-14 2.8 
15-24 14.0 
>25 18.3 

Former smokers 12.6 
Never smokers 6.3 

.г~ 

95% Cl 

Mortality rates per 
100 0001 year 

Wirn en 

Doll cf a1. 2005 	British Doctors Study 	Men 
UK 	 (100 deaths) 

р  < 0.05 

: _   

Reference Country Study smoking Categories AML 95% Cl Adjustment variable 
Years it study characteristics Relative Risk 

Меie вt аt1994 118 cases Current smokers 1.4 0.8, 2.5 Age. sex, education 
Italy 467 controls Former smokers 1.6 0.9, 2.8 level, residence 

Never smokers 1.0 outside study town 

Kane et a1. 1999 695 cases Current smokers 1.4 1.1, 	18 Deprivation 
UK 1374 controls Former smokers 0.9 0.7, 1.2 

Years since quitting 
21+ 0.7 0.5, 1.0 
11-20 1,0 0.7, 1.5 
1-10 1.0 0.7. 1.4 
Never smokers 1 0 

Stagnaro et a1. 2001 220 cases Current smokers 0.9 0.6, 	1.4 Sex, age, area of 
Italy 1765 controls Former smokers 1.2 0.8, 1.9 residence education 

Never smokers 1.6 level, type et interview 

Kasim et aL 2005 307 cases Current smokers 1.4 1.1 	1.8 ORs also adjusted for 
Canada 5039 controls Former smokers 1.2 0.9, 1.6 sex, body mass index, 

Never smokers 1.0 pack-years of smoking 
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Reference Number of cases 	Cancer subsite Exposure Relative Risk 95% C1 	 Comments 
Country lCD code categories 

Years of study 

Zheng eta!, 147 deaths 	Nasal cavity, Current smoker 1.0 

(1993b) 449 controls 	paranasal sinuses, Years since quitting 

USA middle ear <5 1.3 0.7-2.2 
ICD-9:160 5-9 1.2 0.5-2.8 

>10 0.4 0.2-0.7 	 Pur treed <0.01 

e 
Relerence 	 Number if cases 

Country 
Years of study 

Nam etal. (1992) 	204 cases 

USA 	 408 controls 

Vaughan et cl. (1996) 	231 cases 

USA 	 246 controls 

ЅmоК iпg oategоrыеs 	Relative Risk 	95% Cl 	 Comments 

Men 
Current smoker 
	

1.5 	 0.9, 2.6 

Never smoker 
	

1 

Current smoker 
	

1.0 (reference) 
Years since quitting 
<5 
	

1.2 
	

0.7, 2.2 
?5 
	

0.6 
	

0.3, 1.1 

Women 
Current smoker 
	

2.0 
	

1.0, 4.0 

Never smoker 
	

1 

Current smoker 
	

1.0 (reference) 
Years since quitting 
<5 
	

1.3 
	

0.5, 3.4 
	

p for trend <0.001 
>5 
	

03 
	

0.1, 13 

Current smoker 
Packs/year 

1-4 
	

1.9 
	

0.9, 4.0 

35-59 
	

3.0 
	

1.3. 6.8 

60+ 
	

4.3 
	

1.5, 12.4 
Former smoker 
	

1.3 
	

0.7. 2.3 
Never smoker 
	

1 

Current smoker 
Years since quitting 
<5 

5-14 

>- 15 

1.0 (reterence) 

0.1 
0.2 
0.2 

0.0, 0.6 

0.1, 0.7 
0.0, 0.8 	 p for trend = 0.003 
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Risk of Cardiovascular Diseases After 
sm®king Cessati®n 

Coronary Heart Disease (CID) 

Introduction 

Coronary heart disease (CHD), also 
called lschaemic Heart Disease (1HD), is 
the largest disease entity within the 
group of cardiovascular diseases (CVD) 
and is estimated to be the leading cause 
of mortality in the world (World Health 
Organization, 1999). WHO has 
estimated that CHD is responsible for 
13% of all male deaths and 12% of all 
female deaths, 56% of which occur 
before age 75. There are a number of 
well-established risk factors for develop-
ment of CVD, most of them related to 
lifestyle. These include smoking, 
dyslipidemia, hypertension, diabetes, 
obesity, physical inactivity, psychosocial 
factors and genetic factors. Risk of CHD 
increases with increasing age, with 
women developing disease approxi-
mately 10 years later than men. 

The relationship between smoking 
and CHI is well established, with ciga-
rette smokers having 1.5-4 times higher 
risk than never smokers, depending on 
quantity smoked, age and gender 
(USDHHS, 1990; Doll et at, 1994; 
Prescott et al., 1998а; Asia Pacific 
Cohort Studies Collaboration, 2005). 
This has been shown in numerous 
studies comprising study populations of 
all races. In recent years experimental 
studies on both animals and humans  

have focused on the mechanisms 
through which cigarette smoking causes 
CHD, and findings have supported 
results from observational studies. 
Smoking has been estimated to cause 
as much as 22% of cardiovascular dis-
ease mortality in European and North 
American societies, with lower fractions 
in societies with lower smoking 
prevalence (WHO, 2002). 

Is the risk of disease lower in 
former smokers than in current 
smokers? 

The risk of CHD has consistently been 
shown to be lower in former smokers 
than in continued smokers. ln 1990, after 
an extensive review of the literature, the 
US Surgeon General concluded that 
smoking cessation reduces the risk of 
CHD substantially in men and women of 
all ages. The excess risk was estimated 
to be reduced by half after 1 year of 
abstinence, followed by a gradual 
decline. Risk reduction was seen both in 
disease-free subjects and subjects with 
established disease (USDHHS, 1990). 

To evaluate the relationship between 
smoking cessation and CHD we 
describe findings from previous reviews 
(the US Surgeon General's Report from 
1990) and meta-analysis (Cochrane 

Report from 2003), prospective cohort 
studies of low-risk populations (Table 1), 
randomized controlled trials (Table 2), 
cohort studies including time-course of 
risk reduction (Table 3) and case-control 
studies reporting on risk by duration of 
smoking abstinence (Table 4). Since 
effect of smoking cessation may differ 
according to pre-existing disease, 
findings are reported separately for high-
risk (pre-existing CHD) and low-risk sub-
jects (without established disease). 
Findings on effect of smoking cessation 
in epidemiological studies have been 
supplemented by laboratory studies of 
cardiovascular disease mechanisms, as 
described earlier in this Handbook. 

Because of the abundance of studies 
addressing risk of CHD in relation to 
smoking habits, we rely on data included 
in already-published reviews and 
meta-analyses, and update these when 
possible. Studies were limited to those 
with CHI morbidity and CHD mortality 
as outcomes. These endpoints were 
chosen because they are the most com-
monly used study outcomes in CHI, 
thus allowing for comparison between 
different studies. In addition they are less 
subject to bias and misclassification. 
5tudies were included based mainly on 
quality of data, sample size and repre-
sentation of different populations around 
the world. The associations of smoking 
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аx.1-.}[:~ t,PT"7 bl o?fi'?C.Т~1ЛT.г  -г  ч~ ,пт F -7.5W 	sA 
.'. 	4.i, °:.,,4. 

Reference study Proportion Number of Duration CID-mortality Comments 
Country population former deaths or follow-up Ft Ft- (95% CI) 

smokers at event of CID (years) 
baseline 
(%) Current 	Former 

vs never 	vs never 

Rogot & Murray US Veterans [16] 107 563 16 1.6 	 1.2 Smoking status 
(1980) Study deaths assessed at 
USA (Dorn Study) baseline 

293 958 
veterans 

Cook at a1. British Regional 35 333 events 6.2 Men 	 Men Smoking status 
(1986) Heart Study [3.2] 	 12.3] assessed at 
UK (Random baseline 

sample) 
7 735 men 
Age 40-59 

Willat et a1. Nurses Health 36 307 events 6 Women Women Smoking status 
(1987) Study 65 fatal Ciglday 1.5 (1.0, 2.1) updated 
USA 119 404 female 242 non-fatal 1-4 	2.4 (1.1, 5.0) regularly 

nurses 15-14 42(31,5.6) 
Age 30-55 25-34 54(3:8,7.7) 

Lacroix et at. Three commu- [20] 729 deaths 5 Men Men Subjects with 
(1991) lilies Study 1.9 (1 .2 	3.0) 1.2 (0.8, 2.0) history of CVD 
USA (Random Women Women or cancer 

sample) 1.5 (0.9, 2.5) 0.5 (0.3, 1.1) excluded. 
7 178 subjects Smoking status 
62% women assessed at 
Age > 65 baseline. 

Adjustment for 
CVD risk factors 

Ben Shlomo et Whitehall Study 26 1 695 deaths 18 1.90 (1.6, 2.2) [1.09] Smoking status 
a1. (1994) 18 370 male assessed at 
UK civil cadre baseline 

Age 40-69 

Doll et ai. British Doctors 13 6 438 deaths 40 Men Men Smoking status 
(1994) Study 1.6 1.2 updated 
UK 34 439 male regularly 

doctors 
Аge>2б  

Friedman et al. Kaiser- 11 31 deaths in 4 1.6 0.9 Smoking status 
(1997) Permanente former smokers assessed at 
USA 25 000 baseline 

Age 20-79 
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Seference 5trлdy Proportion Number of Duration СНD~mortен ty comments 
Country рорu Уati®п  former deaths or follow=uр  яя k (95% Cl) 

sгпоке rs at event of CII (years) . 	, 	.. 

baseline Current Former (%) 
vs never vs never 

Prescott of a1. Copenhagen 18 1 943 events 15 (mean) Men Men Adjusted risk of 

(1998) Prospective 1.8 1.4 Ml informer 

Denmark Population Women Women smokers: Men 

Studies 1.8 1.з  1.11 (0.86,1.42) 

(Random sample) Women 1.05 

30 917 subjects (0.74, 1.50). 

44% Women Smoking data 

Age 2 20 updated 

regularly 

Jee etal. (1999) Korea Medical 21 1006 events 6 2.2 (1.8, 2.8) 2.1 (1.6, 2.7) Smoking status 

Republic of Insurance assessed at 

Korea Corporation baseline 

Study 
106 745 men 

Age 35-59 

Glynn etal. Male Physicians Not given 1 348 events 20 1.8 (1.6, 2.1) 1.1 	(1.0' 	1.2) No history of 

(2005) Health Study CVD or cancer, 

USA 18 662 male RR multivariate 
physicians adjusted 

1so etal. (2005) Japan 25 547 deaths 9.9 Men Men Subjects with 

Japan Collaborative 2.5 (1.8, 3.5) 1.7 (1.2, 2.4) history of CVD 

Cohort Study Women Women or cancer 

for Evaluation of 1.7 (1.2, 2.3) 0.9 (0.3' 2.5) excluded. 

Cancer Risk Smoking 

(JACO) assessed at 
94 683 subjects baseline. Based 

44% women on 4 deaths 

Age 40-79 among female 

former smokers. 

Wen etal. Taiwan civil 14 57 deaths in 11 2.3 (1.4' 3.5) 1.0 (0.5, 1.8) Smoking status 

(2005) servants former smokers assessed at 

Taiwan 30 244 men baseline 

Age~35 

Woodward of al. Asia Pacific [0-62] 8 490 deaths 3-25 1.6 (1.5, 	1.7) [1.241 Pooling of 46 

(2005) Cohort Studies cohort studies. 

Asian countries Collaboration No significant 

Australia 463 674 Asians difference 

New Zealand 33% female between Asian 
98 664 and Australian 

Australasians populations. 
45% female Smoking 
Mean age 42-79 assessed at 

baseline 

In brackets [(:values  calculated by the Working Group 

Age-adjusted relative risk estimates are provided 
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Risk of cardiovascular disease after smoking cessation 

cessation with other CHI manifestations 
such as angina, revascularization proce-
dures severity 0f disease assessed from 
angiography, single photon emission 
computed tomography (SPECT) scan, 
etc., were not included. 

in subjects without established disease 
Prospective cohort studies 
There is no doubt that risk of CND 
decreases after smoking cessation 
(USDHHS, 1990). However, the risk 
reduction following smoking cessation 
may differ according to pre-existing cardio-
vascular disease, with different importance 
of the atherogenic and the more reversible 
thrombogenic effects of smoking. There 
are numerous prospective observational 
studies of healthy and low-risk subjects 
documenting this, as summarized in the 
U5 Surgeon General's Report from 1990 
(USDHHS, 1990). Results from the largest 
and the most recent cohort studies are pre-
sented in Table 1. 

in 1951 all British doctors, the major-
ity of whom were male, were invited to 
join the British Doctors' Study. At study 
onset in 1951, 13% were former smok-
ers; this number had increased to 60% in 
1990. Relative AHD-mortality risk in for-
mer smokers was 1.2 compared with 1.6 
in continued smokers (Doll et ai., 1994). 
In the British Regional Heart study 
based on 7 735 middle-aged men, the 
relative risk (RR) of a CHD event was 3.2 
in current smokers and approximately 2 
in former smokers (Cook et al., 1986). In 
the Copenhagen Prospective Population 
Studies, which followed 30 917 subjects 
with an equal gender distribution for a 
mean of 15 years, relative CHD-mortality 
risk was 1.4 in men and 1.3 in women 
(Prescott etal., 1998b). RR in continued 
smokers was 1.8 in both sexes. However, 
in the same study population, the 
adjusted risk of myocardial infarction 
(Ml) in former smokers did not differ from 
the RR in never smokers, and results 
were similar in women and men 
(Prescott of al., 1998a). In the Whitehall  

study, 18 379 male civil servants were 
followed for 18 years for Ill-mortality 
(Ben Shlomo et al., 1994). Age-adjusted 
relative CHI mortality risk was 1.74 in 
continuous smokers and 1.09 n former 
smokers (values calculated by the 
Working Group). This mortality risk 
increased with amount and duration of 
smoking in former smokers. Former 
smokers who had quit 1-9, 10-29 and 
30 years earlier and accruing 20 or more 
years of smoking had a RR of CHI 
death of 1.3 (95% 01=0.8-2.2), 1.2 (95% 
11=0.9-1.5), and 0.9 (95% СI=0.5-1.8) if 
smoking 1-19 cigarettes per day and 1.6 
(95% CI-10-25), 1.4 (950/ СI-1 .1-1.8) 
and 1.5 (95% С9 =0.9-2.5) if smoking 
>_ 20 cigarettes per day, respectively. 
Counterparts who had quit 10-29 and 
30 years earlier and having smoked for a 
shorter duration (up to 19 years) had a 
RR of CHI death of 0.6 (95% 
Cl=0.3-1.0) and 1.04 (95% 11=0.8-1.4) 
if smoking 1-19 cigarettes per day and 
0.7 (95% 11=0.4-1.3) and 1.3 (95% 
01=0.9-2.0) if smoking >_ 20 cigarettes 
per day, respectively. 

Similar results have been reported 
from USA-based studies. In the Kaiser-
Permanente study of 25 000 subjects, 
relative risk of CII death after 4 years 
of follow-up was 0.9 in former smokers 
and 1.6 in continued smokers (US1-
I-115, 1990). In the US veterans study of 
more than 200 000 subjects, the relative 
risks of CHI mortality were 1.58 in cur-
rent smokers and 1.15 in former smokers 
after 16 years of follow-up (USDHHS, 
1990). In the Nurses' Health Study based 
on 120 000 women the overall RR after 6 
years of follow-up for nonfatal Ml and 
CHI-deaths was 2.1 to 6.0 depending 
on the quantity smoked; RR in former 
smokers was 1.5 (95% 01=1.0-2.1) 
(Willett etal., 1987). in the US physicians 
study, which followed 18 662 male 
physicians for 20 years, the adjusted RR 
of a Ill-event was 1.84 (95% 
Cl-1.62-2.08) in current smokers and 
1.11 (95% 01=0.01-1.22) in former  

smokers. In a USA-based random sam-
ple consisting of 2 709 men and 4 469 
women aged 65 years or older followed 
for 5 years, CVD and CHI mortality risk 
in former smokers at baseline did not dif-
fer significantly from that of never smok-
ers (LaCroix et ai., 1991). Relative mor-
tality risk of CHD was 1.2 (95% 11=0.8-
2.0) in men and 0.5 (95% Cl=0.3-1.1) in 
women. The RR was not affected by 
adjustment for other cardiovascular risk 
factors and was similar to the never 
smokers regardless of the number of 
years since they had last smoked. 

Large studies based on non-
Caucasian populations are mostly lim-
ited to studies from Asia, mainly China 
and Japan. Smoking rates in Asian pop-
ulations are high in men, and quitting 
rates are low (Asia Pacific Cohort 
Studies Collaboration, 2005). In contrast, 
smoking rates in women are low, and 
often it is not possible to analyse 
women's risk associated with smoking in 
detail. In addition to differences in 
smoking behaviour, including types of 
cigarettes smoked, there may also be 
genetic differences in susceptibility to 
the effects of smoking. A large Japanese 
study based on 94 683 men and women 
followed from 1989 to 1999 yielded rela-
tive risks for CID among current smokers 
similar to those found in Western 
studies: RR of 2.51 (95% 01=1.79-3.51) 
in men and 3.35 (95% 01=2.23-5.02) in 
women. Former smokers generally had a 
risk that was intermediate between 
current- and never smokers: in men the 
adjusted risk of CHD was 1.66 (95% 
01=1.15-2.39), in women there were too 
few cases among former smokers to 
calculate valid risk estimates (Iso et al., 
2005). 

A study from Taiwan included 71 361 
government employees from 1989 and 
followed them for an average of 11 
years. Overall, the relative CII mortality 
risk in smokers compared with never 
smokers was 2.25 (95% Cl-1.44-3.53). 
The risk in former smokers was much 
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lower than in continued smokers 
(АR=0.46; 955% Сг l=0.25-0.84) and did 
not differ from never smokers, although 
the estimate was not precise (wide confi-
dence interval): RR=1.0 (95% 01=0.54-
1.84) (Wen etat, 2005). In contrast, in a 
study from Korea of 106 745 men, risk of 
an 1HD event during an average of 6 
years of follow-up was 2.2 (95% Cl-1.8-
2.8) in current smokers and 2.1 
(95% C1=1.6-2.7) in former smokers 
(Jee et a1., 1999). However, for CVD 
mortality the RR was 1.6 (95% 01=1.5, 
1.8) ii current smokers and 1.1 (95% 
C1=0.9-1.3) in former smokers. In the 
Asia Pacific Cohort Studies Collabo-
ration, which pooled data from 40 cohort 
studies comprising 463 674 Asians and 
98 664 Australasians, RR for current 
smokers for all CHI events, fatal and 
non-fatal, was 1.75 (95% C1=1.60-1.90) 
as compared with never smokers. The 
risk in former smokers was 
significantly lower, 0.71 (95% 01=0.64-
0.78), when compared with current 
smokers (Asia Pacific Cohort Studies 
Collaboration, 2005). The majority of the 
Asian studies were from China and 
Japan but also 5outh Korea, Taiwan and 
Thailand were also represented. When 
these Asian studies were subdivided by 
country, no statistical differences were 
noted. 

Light smokers tend to quit more 
easily than heavy smokers (Osier et ai., 
1999) which may ead to overestimation 
of the beneficial effect of cessation 
because the population that quits have 
lower intensities of smoking and shorter 
durations of smoking at the time of ces-
sation than do continuing smokers 
(USDHHS, 1990). Thus, at any age of 
quitting, former smokers have had on 
average less accumulated exposure to 
cigarette smoke. However, the differ-
ences between quitters and continuing 
smokers persist even when differences 
in intensity and duration of smoking are 
controlled in the analyses (USDHHS, 
1990; Kawaki et al., 1994, 1997). 

In summary, risk of CHD in former 
smokers differs between studies as does 
risk in current smokers. When no 
adjustment for accumulated exposure or 
time since quitting is done, the vast 
majority of studies find risk in former 
smokers to be intermediate between 
current and never smokers, which is sim-
ilar to the risk reduction found in obser-
vational cohort studies of high-risk 
subjects. 

In high-risk sиbjecfs 
Randomised intervention trials 
A number of clinical trials in patients with 
established CHD or at high risk have 
attempted to intervene 0f smoking, but 
most have done this in conjunction with 
interventions aimed at other risk factors 
for CHD. Thus, it is difficult to isolate the 
effect on СHD risk due to smoking ces-
sation. Table 2 shows intervention trials 
of subjects at high risk for AHD that have 
succeeded in achieving differences in 
smoking rates between intervention and 
usual care groups. 

One of the first studies with a smoking 
intervention in subjects with high risk of 
CHI was based on 1 441 smokers from 
the Whitehall Study (Rose et a1., 1982). 
The sole intervention was anti-smoking 
advice, with smoking habits recorded at 
1, 3 and 9 years after randomization. 
smoking rates did not differ much in the 
two groups: after 9 years 55% in the 
intervention group and 41% in the 
reference group had quit smoking, but 
some of the participants had changed to 
smoking pipes or cigars. The net 
reduction in the number of cigarettes 
smoked was 30% after 10 years. Neither 
CHD mortality nor all-cause mortality 
differed between the two groups. At the 
10-year follow-up CHD mortality risk was 
7.3% in the intervention group versus 
8.9% in the usual care group, equivalent 
to a RR of 0.82 (95% C1=0.57-1.18). 
After 20 years the RR was 0.87 (95% 
01=0.67-1.13). For all-cause mortality 
the 20-year RR was 0.93 (95% 

C1=0.80-1.09) (Rose et al., 1982; Rose & 
CoIwell, 1992). 

The Multiple Risk Factor Intervention 
(MRFIT) study included approximately 
12 000 middle-aged men (age 35-57) 
with high risk of CII. The multiple inter-
vention tested in the trial consisted of 
advice on changes in diet, weight control 
by reducing caloric intake, hypertension 
treatment and smoking cessation. 
Subjects were randomised to interven-
tion on ai] of these factors or to usual 
care. Participants were seen annually, 
thus minimizing the risk of misclassifica-
tion of smoking status. Overall smoking 
rate was 64% at study onset. Cessation 
rates were higher iп  the intervention 
group: After 6 years 49% had quit in the 
intervention group, versus 29% in the 
usual care group. When comparing 
smokers who had quit for at least 1 year 
with persistent smokers, the adjusted 
RR of CHD death was 0.58 (95% 
01=0.40-0.84), and after at least 3 years 
of smoking cessation the RR was 0.35 
(95% 01=0.20-0.63) (Ockene et al., 
1990). This difference was found despite 
the fact that cigarette smokers switching 
to cigar or pipe smoking were counted 
as former smokers (Heaton et al., 1981). 
After 6 and 8 years of follow-up, all cause 
mortality and CHD mortality did not differ 
between the intervention and the usual 
care groups. However, after 10.5 years of 
follow-up there was a reduction of 
10.6% in CHD-mortality and of 7.7% in 
all-cause mortality in an intention to treat 
analyses (IRFIT 1990). After 16 years 
the RR of acute Ml in the intervention 
group was 0.80 (95% C 1=0.66-0.97) and 
for all-cause mortality was 0.89 (95% 
C1=0.77-1.02) compared with the usual 
care group. 

in the Oslo study, 1 232 healthy men 
aged 40-49 at high risk of CHD based 
on lipid levels, blood pressure and 
smoking habits were randomised to 
receive interventions on diet and smoking 
or to usual care and followed during 60 
months for CHD-events (fatal and 
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non-fatal Ml and sudden cardiac death). 
The intervention group was seen every 6 
months, the usual care group annually. 
At study onset 80% in both groups were 
smokers. After five years of follow-up, 
25% in the intervention group had quit, 
compared with 17% in the usual care 
group, and overall tobacco consumption 
was reduced by 45% in the intervention 
group. The study reported an inverse 
relationship between smoking reduction 
and СНD incidence but this association 
was not statistically significant. After five 
years the intervention group had a 47% 
decline n risk of CHD events, 25% of 
which could be explained by changes in 
smoking (Hjermann et cL, 1986). After 
eight to nine years all-cause mortality 
was reduced by 33%, with greater risk 
reductions for liD-related events: The 
intervention group had significantly 
reduced risk of fatal Cil (RR= 0.41), 
total lID-events (RR=0.56) and CVD-
events (RR=0.39). 

In summary, the controlled trials in 
high-risk populations have yielded 
greater risk-reduction in quitters сorn 
pared to continuing smokers with risk 
reductions similar to those reported in 
observational studies. Although risk 
reduction estimates from the intention-
to-treat analyses are based on a multi- 
factorial intervention and not exclusively 
on tobacco control, the results are con-
sistent with those of studies focusing 
simply on smoking cessation. However, 
with the relatively small differences in 
smoking cessation rates achieved in the 
studies, the differences between inter-
vention group and usual care groups 
may have been caused by other compo-
nents of the intervention `package' 
received, rather than by smoking cessa-
tion per se. 

In populations not at high rids 
Intervention trials 
The Lung Health 5tudy was performed 
on 5 887 middle-aged smokers with mild 
chronic obstructive pulmonary disease 

but not clinical disease. Subjects were 
randomised to one of three groups: inter-
vention groups receiving a smoking ces-
sation programme or the cessation 
programme and medical treatment (ipra-
tropium), and a usual care group. 
Smoking status was assessed biannu-
ally for 10 years. After 5 years, 51% in 
the intervention groups and 28.7% in the 
usual care group were either intermittent 
or sustained quitters. At 14.5 years of 
follow-up relative mortality risk in the 
usual care group was 1.18 (95% 
C1=1.02-1.37) compared with the inter-
vention groups combined. СНD mortality 
rates were higher in the usual care group 
(1.2 versus 0.9 per 1 000 person-years) 
but the difference was not statistically 
significant. When survival was analysed 
according to smoking habits, CID death 
rates were significantly related to 
smoking: the RR for sustained quitters in 
comparison with continuing smokers 
was approximately 0.3 and 0.6 for all-
cause mortality. The authors concluded 
that the lower mortality recorded in the 
intervention group was caused by the 
difference in smoking cessation regis-
tered between this and the usual care 
groups (Anthonisen et al., 2005). 

In subjects with clinicaUy evident disease 
Observational cohort studies of patients 
with CII 
Most studies have shown that 30-60% 
of smokers give up smoking after Ml ( 
Rea et al., 2002; Critchley & Capewell, 
2003; Quist-Paulsen et al., 2005). A 
meta-analysis conducted by the 
Cochrane Collaboration (Critchley & 
Capewell, 2003, 2004) on risk reduction 
associated with smoking cessation in 
patients with established coronary heart 
disease included all prospective obser-
vational studies with sufficient ascertain-
ment of smoking status and follow-up. 
The review focused on all-cause mortality, 
which has been most extensively 
studied, but also reported findings on 

CHI mortality for the studies in which 
this had been included. All-cause mortal-
ity as an end point has the advantage 
that it is a very relevant outcome and not 
subject to bias in disease classification. 
After screening 665 papers, 20 studies 
were included in the meta-analysis 
(Sparrow & Dawber, 1978; Salonen, 
1980; Baughman et al., 1982; Aberg et 
аl., 1983; Daly et al., 1983; 
Bednarzewski, 1984; Johansson et al., 
1985; Perkins & Dick, 1985; 1-lallstrom et 
aI., 1986; Vlietstra etal., 1986; Burretal., 
1992; Sato et al., 1992; Gupta et a1., 
1993; ledback et a1., 1993; Tofler et a1., 
1993; Herlitz et a1., 1995; Greenwood et 
ai., 1995; Voors et a1., 1996; Hasdai et 
al., 1997; van Domburg et al., 2000). the 
most common reasons for exclusion 
include uncertainty about timing of 
smoking cessation, presentation of 
smoking status at baseline only, study 
designs other than prospective cohorts 
(e.g. retrospective cohorts), and present-
ing outcomes for former smokers and 
never smokers together. As the minimum 
follow-up required for inclusion was 2 
years, this review could not examine risk 
reduction within the first two years of 
cessation. Most studies ranged in follow-
up time from 3 to 7 years with a mean of 
5 years (Critchley & Capewell, 2003, 
2004). Eighteen studies originated from 
the USA and Europe (Scandinavia, 
United Kingdom, Ireland, Poland, the 
Netherlands) and ranged in size from 77 
to 4 165 smokers at baseline. Two studies 
were from Asia, one from Japan (n=87) 
and one from India (n=225). The largest 
studies were from the USA, comprising 
approximately 50% of the population 
covered in the meta-analysis. In most 
studies subjects were included a few 
weeks after a coronary event. The study 
thus only includes patients surviving 
their first cardiac event. The combined 
study population consisted of 12 603 
smokers at baseline (20% women) of 
whom 5 659 quit and 6 944 continued 
smoking. The all-cause mortality risk in 
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former smokers compared to continued 
smokers in the included studies ranged 
from 0.34 to 0.81 with a pooled relative 
risk (RR) for all 20 studies of 0.64 (95% 
01=0.58-0.71) (Figure 1). This estimate 
was stable after exclusion of studies 
based on the main cardiac event (Ml, 
coronary artery bypass graft, angio-
plasty, other), quality criteria or period 
when conducted. No indications of differ-
ences between studies done in Western 
countries and non-Western studies were 
found, although the vast majority of stud-
ies were Western. Since women and 
older patients were under-represented, it 
was concluded that results may not be 
applicable to these groups. 

An earlier meta-analysis including 12 
studies, of which 10 were also included 
in the Cochrane Report, estimated a 
slightly larger all-cause mortality risk 
reduction after smoking cessation with 
an OR of 0.54 (95% 01=0.46-0.62) 
(Wilson et at, 2000). This analysis did 
not include the largest study in the 
Cochrane report, a US study of 4 165 
patients in which RR in former smokers 
was 0.68 (95% 01=0.59-0.78) (Vlietstra 
et al., 1986). In this meta-analysis, sub-
group analysis showed greater risk 
reduction in women than in men: 
OR=0.36 (95% 01=0.23-0.54) and 0.52 
(95% 01=0.45-0.58), respectively. How-
ever, the analysis of women was based  

on only 185 patients because several of 
the studies included did not present data 
for each sex separately. The Cochrane 
meta-analysis did not report sex-specific 
results. The overall risk reduction 
reported in this study is of similar magni-
tude to the ones reported in prospective 
cohort studies of low-risk populations. 

Eight of the studies in the Cochrane 
report also reported RR for nonfatal 
re-infarctions. Crude RR's ranged from 
0.10 to 3.87 with a pooled RR of 0.68 
(95% C1=0.57-0.82) (Critchley & 
Capewell, 2003, 2004). A study not 
included in the Cochrane review 
followed 808 active smokers with an Ml, 
and estimated their risk of a recurrent 

Review: 	smoking cessation tir the secondary prevention of coronary heart disease 
Сompari5on : 	01 Ceased v continued smoking 
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Figure 1. smoking cessation for the secondary prevention of coronary heart disease: Total mortality 
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lID event up to б  months, 6-18 
months, 18-36 months, and more than 
36 months after cessation (Rea et al., 
2002).The study found that risk in former 
smokers was comparable to that in con-
tinued smokers up to 36 months after 
cessation, at which point the risk did not 
differ from that in never smokers 
(RR=1.02; 95% Сl=0.54-1.86). [How-
ever, this study was small with estimates 
with wide confidence intervals, and the 
RR in continued smokers compared with 
never smokers differed from that in most 
other studies in being only 1.51 (95% 
01=1 .1-2.1)ј . 

In the Heart Outcomes Prevention 
Evaluation trial (HOPE), with a popula-
tion comprising 5 241 current, former 
and never smokers mainly with ischemic 
heart disease and who did not change 
their smoking status during the trial, 
former smokers did not have a higher 
risk of all-cause mortality (RR= 
0.93;95% CI=0.80-1.08) or of a new Il 
(RR-0.90; 95% C1=0.77-1.05) than 
never smokers. (Dagenais et at, 2005). 
In this study, however, continued 
smokers also had low RR of 11(1.26; 
95% 01=1.01-1.58), suggesting that 
there may have been selection bias. 

Among patients with CHI there 
seems to be an increased risk of sudden 
cardiac death among current smokers 
(RR=2.47, 95% 01=1.46-4.10) com-
pared with never smokers, but the risk in 
former smokers is not increased com-
pared with never smokers (Goldenberg 
et al., 2003). Similarly, in a study of 
patients at high risk of arrhythmic death 
followed for 16 months (the Cardiac 
Arrhythmia Suрprеssion Trial or CAST 
study), risk of arrhythmic death was sig-
nificantly lower in former smokers com-
pared to continued smokers (Peters etal., 
1995). These findings are consistent with 
the acute effects of nicotine or CO (car-
bon monoxide) in causing arrhythmias, in 
addition to the reduced risk of thrombosis 
observed following cessation. 

Absolute risk reduction 
Despite the low magnitude in the relative 
risks of developing CII associated with 
smoking, due to the high baseline risk of 
CHD events in never smokers, smoking 
causes more deaths from OlD than 
from any other disease. As opposed to 
cancer (in particular lung cancer) and 
COPD, the etiology of CHD is multifacto-
rial with several contributing risk factors 
of comparable importance to smoking. 
As mentioned above, these risk factors 
include age, gender, genetic predisposi-
tion, diet, physical activity, lipids, hyper-
tension, diabetes, BIl and social and 
psychosocial factors. In the absence of 
interaction with other risk factors, the 
absolute risk associated with smoking 
and smoking cessation can be calcu-
lated directly from knowledge of the 
baseline risk. It can be inferred from the 
evidence presented above that the 
absolute risk following smoking cessa-
tion will be lower than the risk that would 
manifest had the smoking habit been 
continued. Whether the absolute risk will 
decrease following smoking cessation 
compared to the risk prior to quitting 
does not have a unique answer, but it will 
depend on the baseline risk and thus on 
presence of the other risk factors con-
tnbuting to the development of CII. It 
will also depend on duration of follow-up 
due to the strong association between 
age and risk of developing CHI. 
However, the relevant comparison for 
the individual contemplating smoking 
cessation is with the risk the person 
would have had he continued being a 
smoker. With similar risk reduction in 
relative terms, the higher the baseline 
risk the greater the risk reduction after 
smoking cessation in absolute risk. Thus 
subjects at high risk of CID, e.g. 
because of older age, diabetes or 
previous myocardial infarction, have 
more to gain in absolute risk reduction 
than do subjects at low risk of CII. 

Among former smokers, is the 
risk of disease lower with more 
prolonged abstinence? 

Based on a review of the available data, 
the US Surgeon General's Report in 
1990 concluded that excess risk of CHI 
caused by smoking is reduced by about 
half after 1 year of smoking abstinence 
and then declines gradually (UsD115, 
1990). After 15 years of abstinence the 
risk of CII is similar to that uf persons 
who have never smoked. The report con-
cluded that among persons with diagnosed 
CHD, smoking cessation also markedly 
reduces the risk of recurrent infarction and 
cardiovascular death. In many studies this 
reduction was 50% or more. 

Well-designed cohort studies have a 
number of advantages over case—con-
trol studies, and they are useful for esti-
mating the long-term benefit of quitting 
smoking. However, the number of 
adverse outcomes in cohort studies is 
small, and very large studies with wide 
time intervals are needed to register 
enough events to detect a significant 
difference in risk between former and 
continued smokers. In addition, in cohort 
studies there are the methodological 
issues of reverse-causality and stability 
of smoking cessation (smoking habit 
changing over time), which are of partic-
ular importance to risk estimation within 
the first years of cessation. For this rea-
son many prospective cohort studies 
choose to exclude the first years of ces-
sation, thus eliminating the possibility of 
examining the precise risk reduction 
immediately 	following 	cessation. 
Case—control studies have the advan-
tage of involving a larger number of 
adverse outcomes, and are less suscep-
tible to misclassification resulting from 
resumption of smoking among former 
smokers. However, case—control studies 
may be subject to recall bias, and hence 
evoking smoking habits in case—control 
studies does not eliminate the problem 
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of reverse causality. In addition, the lack 
of detailed smoking data on fatal cases 
is a limitation of these studies. When 
analysing the impact of time since smok-
ing cessation, the inverse correlation 
between the latter and lifetime accumu-
lated duration of smoking is also a 
methodological concern. 

In the NIH monograph on smoking 
and tobacco control from 1997, the time 
course of risk of CID after smoking ces-
sation in subjects free of disease was 
examined in several large US studies: 
Cancer Prevention Study i (CPS l)(Burns 
et a1., 1997), US Veteran's Cohort 
(irubec et al., 1997), Kaiser-Permanente 
(Friedman еt а1., 1997) and the Nurses' 
Health Study (Kawachi et aL,1 994, 
1997). Most studies have included former 
smokers with a minimum smoking absti-
nence of 1-2 years because of the high 
probability 0f relapse in the first months 
following smoking cessation. This 
requirement has the additional benefit of 
limiting the effects of reverse causality in 
study estimates. Only in the Nurses' 
Health Study (NHS) and the CPS Il were 
the risks immediately following smoking 
cessation estimated. 

In the NHS, there was a rapid decline 
in adjusted risk of total lID upon 
smoking cessation, removing 25% of 
risk (RR=0.75; 95% СI 0.49-1.15) within 
the first 2 years, although the risk was 
still more than double that of never 
smokers (RR=0.24). This rapid decline 
was followed by a slow decline, with risk 
reaching the level of never smokers 
within 10-14 years after quitting. 
Notably, adjustment for other cardiovas-
cular risk factors did not markedly 
change this estimate. Total CVD mortal-
ity risk decrease was similar (RR-0.76; 
95% C1=0.43-1.32). Risk estimates may 
be biased by the 'iii-quitter effect', i.e. 
that some smokers quit due to develop-
ment of disease. To avoid this bias, the 
analyses were repeated with exclusion 
of CVD cases occurring at the beginning 
of each 2-year follow-up. The results of  

this re-analysis indicated that risk reduc-
tion might be greater with a relative risk 
estimate among former smokers of 0.63 
(95% Сl=0,28-1.45) within the two first 
years of cessation. However, although 
the risk reduction was greater, the two 
estimates did not differ significantly. The 
initial rapid decline found in the NHS was 
consistent with previous reports from 
prospective studies (USDHHS, 1990). In 
CPS lithe risk of CII death within the 
first year after quitting was also 
assessed, but results were mixed, with 
both higher and lower risks reported in 
former smokers than in continued 
smokers (see Table 3), probably reflect-
ing the fact that a number of smokers 
quit due to pre-existing or sub-clinical 
disease (USDHHS, 1990). 

In the very large CPS-1 study, which 
included more than 1 000 000 subjects, 
CHI mortality risk in former smokers 
could be analysed in detail. ln female for-
mer smokers risk reached the level of 
never smokers after 10 years of cessa-
tion, in men after 20 years (Burns et al., 
1997). Results were similar irrespective 
of quantity smoked daily. The Kaiser-
Permanente study followed 60 000 sub-
jects for 18 years and reported that 
OlD-mortality risk in women who used 
to smoke was still higher than in never 
smokers, even after 20 years of cessa-
tion (RR=1.1). In men the risk reached 
the level of never smokers after 20 years 
(RR= 1.6) (Friedman et al., 1997). In a 
26-year follow-up of the US Veterans 
Study comprising 248 000 men at base-
line, the CID-mortality risk remained 
slightly increased after more than 30 
years (RR=1.1) of smoking abstinence. 
Risk also increased with number of ciga-
rettes formerly smoked; even up to 30 
years after smoking cessation (Hrubec 
et al., 1997). In the CPS-11 study, risk of 
CSD in men smoking t1 pack a day 
reached the level of never smokers after 
10 years of cessation, whereas in men 
smoking >1 pack a day the time-span 
reported for a reduction in risk reaching  

the level of never smokers was mors 
than 15 years. In women the risk 
remained elevated even after t'15 years 
for both levels of former consumption 
(RR-1.17 and 1.12, respectively) 
(USDHHS, 1990). 

Other prospective studies have 
reported increased risk even many years 
after smoking cessation: in the British 
Doctors 5tudy risk of CII in men was 
1.3-1.4 at 5-9 years after cessation and 
was still increased after 15 years of 
abstention (RR= 1.i to 1.3) (Doll & Peto, 
1976). 1n the British Regional Heart 
Study, the risk of CHI among men also 
remained elevated (RR=1.7) more than 
20 years after cessation, although there 
were only 11 cases in this group (Cook 
et al., 1986). In a Danish population 
study, the overall risk of Ml in former 
smokers did fit differ from that of never 
smokers (Prescott et al., 1998а). 
However, when restricting analyses to 
recent quitters foi owed for approxi-
mately 14 years, the RR of Ml in former 
smokers was 0.82 (95% Сl-0.64-1.03) 
compared with continued heavy 
smokers and thus did not reach the level 
0f never smokers within this time-span 
(Godtfredsen et a1., 2003). 

The Whitehall Study also examined 
the time-course of risk reduction follow-
ing smoking cessation (Ben Shlomo et 
a1., 1994). They found a fall in mortality in 
the first 19 years after quitting. However, 
after this period there appeared to be 
little further reduction in risk, and there 
was no significant trend with years since 
quitting. Heavy smokers showed a signif-
icant elevated risk up to 30 years after 
quitting. 

In a Japanese study comprising 
approximately 95 000 persons with 10 
years of follow-up, the adjusted risk 
declined after smoking cessation, but 
was still 0.91 (95% C1=0.59-1.40) in 
former smokers compared to continuing 
smokers after 2-4 years and 0.83 (95% 
11=0.56-1.24) after 5-9 years. However, 
the risk reached the level of never 
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Reference study Population Outcome smoking Category Relative Risk Comments 

Country (95%) 

Cederlof of ai. Swedish Study lID mortality Current smoker 1.7 Not reported Smoking assessed 

(1975) 51 911 men Years since quitting at baseline 

Sweden age 18-69 1-9 1.5 

<20 cig/day 0.9 10 years follow-up 

гг  20 cig/day 0.6 

10 1.0 

<20 cig/day 0.9 

>- 2 0 cig/day 1.1 

Never smoker 1 

Dill & Peto (1 976) British Doctors' CHD mortality Current smoker 1.7 Smoking data 

UK Study Years since quitting updated regularly 
34 439 males <5 1.9 
age 55-64 5-9 1.4 20 years follow-up 

10-14 1.7 

г  15 1.3 

Never smoker 1 

Cook et a1. (1986) British Regional CID event Current smoker 3.2 Smoking assessed 

UK Heart Study Years since quitting at baseline 
7735 теп  <-5 3.1 

age 40-59 6-10 1.9 6.2 years follow-up 

11-20 2.3 

>20 1.7 lschaemic heart 
Never smoker 1 disease in men 

55-64 years 

USDHHS (1990) Cancer Prevention CHD mortality Men Women 

Unpublished Study (CPS I l) <20 cig/day <20 mg/day 

tabulations >1 200 000 men 

and women Current smoker 1.93 1.76 
Years since quitting 

<1 1.43 2.13 

1-2 1.61 0.87 

3-5 1.49 1.31 

6-10 1.28 0.74 

11-15 0.99 1.20 

216 0.88 1.17 

20 mg/day > 20 c!g/day 
Current smoker 2.02 2.27 

Years since quitting 

<1 2.56 1.41 

1--2 1.57 1.16 

3-5 1.41 0.96 

6-10 1.63 1.88 

11-15 1.16 1.37 

~ 16 1.09 1.12 

Never smoker 1 1 

Т  
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RvдatNте  Rдsk 
(95% Cl) 

Smoking Category 

Current smoker 
Men 

	

1.7 	1.3, 2.3 

	

1.1 	0.7, 1.8 

	

0.9 	0.5, 1.5 

	

1.1 	0.8, 1.6 

	

1.0 	0.7, 1.4 

1 

1.7 

	

1.4 	1.0, 2.0 

	

1.2 	0.9, 1.5 

	

1.1 	0.9, 1.4 

	

1.1 	0.9, 1.5 

Years since quitting 
< 5 
6-10 
11-20 
20 

Never smoker 

Current smoker 
Years since quitting 
1-9 
10-19 
20-29 

30 
Never smoker 

Men 

2.66 
1.64 

1.37 

1.13 

0.99 

0.96 

0.93 

0.55 

1 

Men 
2.0 

1.3 

1.3 

1.0 
1 

ï~ 

1.7 

1.5 
1.4 

1.2 

1.1 

1.0 

1 

Years since quitting 
2-4 
5-9 
10-14 
15-19 
20-24 
25--29 
30-34 
35-39 
Never smoker 

Current smoker 
Years since quitting 
2-10 
11-20 
-20 

Never smoker 

Current smoker 
Years since quitting 
c5 
5-9 
10-19 
20-29 
30-39 
40+ 
Never smoker 

Comments 

Women Subjects with 
1.6 history of CVD, or 

cancer excluded 

1.0 	0.5, 2.1 smoking assessed 

1.0 0.5. 2.0 at baseline 

0.5 	0.2, 1.1 
0.8 	0.4, 1.4 

Smoking assessed 
at baseline 

18 years follow-up 

Mortality rate ratio 

Reference Study PopulaSon 	Outcome 
Country 

LaCroix et al. Three communities 	CND mortality 
(1991) 7178 
USA 62% women 

age >- 65 

BenSchlomo etal. 	Whitehall Study 	CHD mortaiity 
(1994) 	 18 370 male civil 
UK 	 employees 

age 40-69 

Women Smoking assessed 
at baseline, 12 

2.23 years follow-up 

1.53 

0.98 Estimates are 
0.84 mortality rate 
0.88 ratios from CHD 
0.96 

0.63 

0.63 

1 

Women Smoking assessed 
2.2 at baseline 

1.4 18 years follow-up 
1.4 

1.1 Current smokers 
1 > 20 ciglday 

Smoking assessed 
at baseline 

26 years follow-up 

Burns et a1. (1997) 	Cancer Prevention 	CHD mortaiily 
USA 	 Study (СР5 I) 

>1 000 000 
59% women 

Friedman et al Kaiser- 	 CID mortality 
(1997) Permanente 
USA 66 000 

59% women 
age >-35 

Hrubec & 	 US Veterans' 	CHD mortality 
McLaughlin 	Cohort 
(1997) 	 248 046 men 
USA 
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Study 
Reference 
Country 

... 

Study Population 	Outcome 

г: 

smoking Category Relative Risk 
(95% CI) 

Comments 

CID mortality 

CID mortality 

Nurses' Health 
Study 
117 000 women 
age 3D-55 

Japan 
Collaborative 
Cohort study 
Evaluation of 
Cancer Risk 
(JАСС) 
94 683 
44% women 
age 40-79 

Current smoker 
Former smoker 
Years since quitting 
0 
<2 
2-4 
5-9 
10-14 
г  15 
Never smoker 

Current smoker 
Former smoker 
Never smoker 

Years since quitting 
o 
<1 
2-4 
5-9 
10-14 
215 

3-74 	 2.86, 4,89 
1.57 	 1.17, 2.12 

1 reference 

0.76 0.43, 1.32 
0.90 0.54, 1.51 

0.75 0.47, 1.18 

0.29 0.13, 0.63 
0.42 0.27, 0.66 
0.30 0.24, 0.37 

Men Women 
2.4 	1.7 	3.4 3.6 
1.7 	1.2.2.4 
1 

1.0 
1 

Men 

	

0.3 	0.1, 0.9 

	

0.9 	0.6, 1.4 

	

0.8 	0.6, 1.2 

	

0.5 	0.3, 0.8 

	

0.4 	0.3, 0.6 

Smoking data 
updated 

12 years follow-up 

Total CVD 

Smoking assessed 
2.5, 5.3 	at baseline 
0.4, 2.7 

10 years follow-up 

Kawachi et a1. 
(1997) 
U5А  

so et a1. (2005) 
Japan 

Wen et aL (2005) 
Ta wan 

Taiwan cv I 

employees 
30 244 men 
age >35 

Current smoker 
Former smoker 
Never smoker 

Years since quitting 
Current 
0-5 
0-16 
?17 

	

2.25 	 1.44, 3.53 

	

1.0 	 0.50, 1.84 
1 

1 

	

0.62 	 0.24, 1.58 

	

0.43 	 0.19, 0.96 

	

0.54 	 0.17, 0.78 

smoking assessed 
at baseline 

11 years follow-up 

1HD = lschaemic Heart Disease 

smokers after 10-14 years (0.47; 95% somewhere within that time-span (Wen the studies above (Willett et at, 1981; 
01=0.27-0.83) (Iso et al., 2005). In 	et al., 2005). in a Swedish study of 	Rosenberg et al., 1985, 1990; Kawachi 
another large study from Taiwan that 51 911 men with 183 deaths among 	еtа1.~ 1994; МсЕ lдиff etаL, 1998). In this 
included 30 244 male civil employees, 	farmer smokers during 10 years of fol- study the risk of Ml in current male 
the time-course of CI-ID mortality risk law-up, relative risk of CID compared to smokers was 3-4 and in female smokers 
reduction after cessation in male former never smokers was 1.5 within the first 4.1- The reduction in risk was modelled 
smokers was estimated with different 	1-9 years of quitting and 1.0 after more with the number of months since cessa- 
duration of quitting. The RR of CII 5 than 9 years, thus reaching the level of tion, showing a rapid decrease within the 
years after quitting was 0.62 (95% 	never smokers (Cederlof et at, 1975) 	first 1-2 years followed by a slow 
01=0.24-1 .58) and within the first 16 	Hurley et al. (2005) modelled the time 	decline- in long-time abstinent former 
years was 0.43 (95% С1-0.19-0.96), 	course of Ml risk after quitting in dis- smokers (200 months [approximately 17 
thus reaching the level of never smokers ease-free subjects based on several of years]), the RR was 1.1 in men and 1.3 
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in women compared with never 
smokers. The model may have overesti-
mated risk reduction because it is based 
on thousands of observations from 
case—control studies ( Rosenberg et al., 
1985, 1990; МсЕ lдиff et al., 1998) and 
cohort studies (Willett et a1., 1981; 
Kawachi et al., 1994). The smaller risk 
reduction modelled in women is proba-
bly the result of model-assumptions, as 
the results finds little support in the large 
studies that include women (showing 
larger reductions; see Table 3). 

Most observational cohort studies 
use only baseline information on 
smoking habits and calculate risk reduc-
tion in former smokers from their base-
line information on when they quit. The 
difficulty of tracking smoking habits in 
patients with CHD was demonstrated in 
a study of patients with angina who were 
followed for changes in smoking habits 
during 5 years. Eleven percent changed 
smoking habits at either the 2- or 5-year 
follow-up visits, and 34 of 92 smokers 
(37%) were abstinent at some time 
during follow-up (Corrigan et al., 2002). 
Another methodological issue of particu-
lar concern in studies that rely exclu-
sively on baseline information is the 
inability to detect if smokers who 
succeed in quitting are the persons that 
have greater success in changing their 
life-style in other ways conducive to 
reduction of their risk of new events, i.e. 
change of diet, modifications of the level 
of cholesterol, increase physical activity, 
excess weight loss and compliance with 
medical treatments. These additional 
changes, unrecorded, would tend to bias 
the results attributed to smoking habits 
in direction of overestimating the 
benefits of smoking cessation. However, 
results regarding differences in former 
smokers and continued smokers in 
studies of the prevalence of other cardio-
vascular risk factors do not indicate 
systematic trends to support this possi-
bility (Wilson et al., 2000), and the bene-
fits of cessation persist when these other  

factors are controlled for in the analyses. 
Most studies have found very little 
difference between adjusted and unad-
justed estimates of risk reduction. Sоте  
studies have even found that adjusted 
estimates of risk reduction are greater 
than the crude estimates (Johanson et 
a1., 1985; Greenwood et al., 1995; 
Wilson et al., 2000; Critchley & 
Capewell, 2004). 

Risk of CID increases with accumu-
lated exposure to cigarette smoking, 
although not to the same extent as other 
smoking-related diseases such as 
COPD and lung cancer. The fact that not 
only smoking exposure but also duration 
of smoking are predictive of CII would 
indicate that risk reduction after smoking 
cessation would also depend on accu-
mulated exposure. This was seen in both 
СPS I and Il, in which lID mortality 
risks diminished more rapidly in former 
smokers with previous consumption of 
less than 20 cigarettes per day (`light 
smokers') as compared with former 
smokers who had smoked a greater 
daily quantity but with comparable length 
of cessation ('heavy smokers', USD-
HHS, 1990; Burns et a1., 1997). In light 
smokers risk reached the level of never 
smokers after 10 years of smoking absti-
nence, whereas the risk remained 
slightly elevated even after .20 years in 
heavy smokers. Similar results were 
reported from the US Veterans study, in 
which light smokers reached the CHI-
mortality level of never smokers 30 years 
after cessation whereas in heavy 
smokers risks continued to be higher 
(Hrubec et a1., 1997). 

Another issue of concern regarding 
the time-course of changes in risk is that 
most smokers started to smoke at a 
similar age. Therefore, among former 
cigarette smokers, for any given age, 
duration of smoking will determine the 
number of years since quitting. Hence, 
these two variables will be highly (nega-
tively) correlated and also correlated 
with age and age at initiation. 

It has been difficult to establish that 
the risk associated with smoking also 
depends on age at smoking initiation. 
Attempts have been made to determine 
an independent contribution of younger 
age at initiation with higher risk of lung 
cancer, in which timing of exposure to 
carcinogens in relation to organ growth 
may be of importance, but this has not 
been methodologically possible. In the 
N15 the risk for CHI in former smokers 
did not depend on age at starting to 
smoke, with the exception of the women 
who began before age 15, who had very 
high risks (Kawachi et a1., 1997). Based 
on the largest available dataset, the CPS 
study, it was concluded that the major 
contribution of age of Initiation to 
increased risk was through longer dura-
tion of smoking at any given age and an 
independent effect of age of initiation 
would be small (Burns et al., 1997). Risk 
of CII is not likely to be affected in the 
long term by differences in age of 
smoking initiation, other than the effect 
on duration of smoking. As a conse-
quence, risk reduction after smoking 
cessation will not be affected by age at 
initiation. 

Case—control studies have generally 
been more optimistic regarding how fast 
risk reaches the level of never smokers. 
In three such studies risks were similar 
to that of never smokers within 2-4 years 
(Rosenberg et al., 1985, 1990; Dobson 
et al., 1991). The largest case-control 
study was conducted in Australia and 
New Zealand and comprised approxi-
mately 12 000 subjects (McElduff et a1., 
1998). Risk reduction following cessation 
was similar in men and in women in the 
two populations included and was also 
present irrespective of whether the study 
outcome was a fatal or a non-fatal event 
or whether results were adjusted for 
other cardiovascular risk factors. Results 
were consistent with a rapid decline 
within the first year of smoking cessa-
tion, followed by a more moderate 
decline with risk approaching the level of 
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never smokers within 4-6 years (Table 
4). The lack of decrease in risk or even 
increased risk within the first 5 months is 
likely to be related to the methodological 
issues mentioned above (in the study by 
Rosenberg et al., 1990). In an Italian 
case--control study of subjects with 
acute myocardial infarction, the odds 
ratio was 2.9 in current smokers and 1.6 
in former smokers within the first year 
after quitting, and continued to decline 
but remained higher than in never smok-
ers after 10 years, although the differ-
ence was not statistically significant 
(Negri etal., 1994). Another Italian study 
reported relative risk reduction of similar 
magnitude within the first 5 years follow-
ing cessation, with continued slightly ele-
vated risk compared with life-long never 
smokers with prolonged follow up 
(Bosetti et al., 1999). Two USA-based 
studies of women under age 65 and men 
under age 55 found significant risk 
reduction within the first 2 years, with 
risks approaching the level of never 
smokers shortly thereafter (Rosenberg 
et al., 1985, 1990). Similar patterns 0f 
decline were seen irrespective of former 
daily consumption or duration of 
smoking in both studies. 

In subjects with dinicaily evident 
disease 
In the Cochrane Report the available 
information from each study included 
was not detailed enough to determine 
the time-course of risk reduction 
(Critchley & Capewell, 2003, 2004). The 
authors argued that if risk in former 
smokers continues to decline after 
smoking cessation, one would expect 
risk in former smokers to vary with length 

of follow-up. This was unexpectedly not 
found in the Cochrane meta-analysis, 
and several explanations were offered: 
the timing of the majority of risk reduc-
tion occurs relatively quickly after 
stopping smoking among those with evi-
dent disease, i.e, before the minimum 
length of follow-up of two years required 
for study inclusion in the Cochrane 
review; the variation in length of follow-
up—mostly 3-7 years—was not large 
enough to explore differences. The com-
bined risk reduction in the meta-analysis 
study was 36% with a mean follow-up of 
5 years. The meta-analysis did not 
include risk among never smokers, but a 
risk reduction of 36% compared with 
continued smokers is not likely to be 
equivalent to reaching the level of never 
smokers. 

Ѕummагy 

Cigarette smoking is a major cause of 
coronary heart disease. The risk is man-
ifest both as an increased risk for throm-
bosis and degree of atherosclerosis in 
coronary vessels. The cardiovascular 
risk owing to cigarette smoking 
increases with the amount smoked and 
with the duration of smoking. Former 
smokers have considerably reduced risk 
of CND compared with continued 
smokers. 

Evidence from studies of patients 
with manifest CID point towards risk 
reduction in the order of 35% compared 
with continued cigarette smokers of sim-
ilar accumulated exposure within the first 
2-4 years of smoking cessation. 
Findings from case-control studies and  

cohort studies of subjects without 
diagnosed CII are compatible with this 
conclusion and point toward similar rela-
tive risk reduction following smoking ces-
sation. 

Methodological issues of particular 
concern when assessing risk reduction 
within the first 1-2 years after smoking 
cessation include the issue of reverse 
causation and constancy of smoking 
habits. These issues are of such impor-
tance that the risk reduction in healthy 
subjects immediately following cessation 
cannot be accurately assessed based 
on observational cohort studies or 
case–control studies. 

Detection of risk reduction following 
prolonged abstinence is less subject to 
the methodological concerns delineated 
above, and can rely more on the very 
large observational cohort studies avail-
able to shed light on the time-course 
question. Some studies find the risk to 
be similar to that in never smokers after 
10-15 years abstinence, whereas others 
find a persistent increased risk of 
10-20% even after 10-20 years. The 
main methodological issue in this type of 
study is misclassification of both current 
and former smokers with prolonged 
follow-up. An additional concern is self-
selection of former smokers causing the 
risk associated with smoking cessation 
to be overestimated with prolonged 
period of observations. With these 
methodological issues taken into 
account, the body of evidence points 
toward the risk of CID asymptotically 
approaching the risk of never smokers. 
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Reference study Number it SmоБ  iсg status RR (95%) Comments 
COu П1 у  Рорulаtдоn Cased Controls 

Rosenberg et ak First M1, non-fatal, Cases 1873 Current smoker 2.9 (2.4, 3.4) Current smoker 
(1985) Men agее55 Controls 2775 Former smoker defined as men 
UsA Years since quitting smoking up to one 

e 2 2.0 year prior to Ml onset 
2-3 1.1 

4-9 1.4 Estimates derived 
10-12 1.0 from a graph 
> 12 1.0 
Never smoker 1 

Rosenberg et a1. First M1, non-fatal ' Cases 910 Current 5maker 3.6 (3.0, 4.4) RFt <2 years of 
(1990) Women ageaб5 Controls 2375 Years since quitting abstinence=2.6 

USA e 6 months 3.2 (1.8, 3.8) 
6-12 months 2.3 
1-3 1.5 Estimates derived 
4-6 0.9 from a graph 
7-9 1.1 
10-12 1.0 
Never smoker 1 

Negri et aL Non-fatal Ml Cases 916 Current smoker 2.9 (2.2, 3.9) Adjusted for CVD risk 
(1994) Controls 1106 Years since quitting factors 
Italy 1 1.6 (0.8, 3.2) RR former versus 

1-5 1.4 (0.9; 2.1) continued smokers: 
6-9 1.2 (0.7, 2.1) pel.05 for all intervals 
з  10 1.1 	(0.8, 	1.8) 
Never smoker 1 

Bosetti et a1. Non-fatal Ml Cases 1230 Men Combining data from 
(1999) Controls 1839 Current smoker 3.3 (2.4, 4.6) two studies, adjusted 
Italy Years since quitting for CVD risk factors 

e 5 1.5 (0.9, 2.5) 

>- 5 1.2 (0.8, 	1.7) 

Never smoker 1 

Women 

Current smoker 4.1 	(2.3, 5.7) 
Years since quitting 
e5 2.9(1.3,6.7) 
>_ 5 1.3 (0.6, 2.7) 

Never smoker 1 

Il 
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'Country 

Dobson et al. 
(1991) 
McElduif et a1. (1998) 
Australia, New 
zеа lапд  

Study 	 Number if 	 smоkэ n status 
	

RR (95%) 	 Comments 
Population 	 Cases' Contrв lе  

Cases 5572 	 Men Part of МОNICА, 
Controls 6268 	Current smoker 3.5 (3.0, 4.1) results similar after 

Years since quittiпg adjustment for CVD 
1-5 months 7.4 (4.4, 12.6) risk factors 
6-12 months 3.1 (1.9, 5.2) 
1-3 years 1.6 (1,2, 2.1) 
4-6 1.1 	(0.8, 	1.5) 
7-9 1.0 (0.7, 1.4) 
10-12 1.3 (0.9, 1.8) 
>12 1.1 	(0.9, 	1.3) 

Women 
Current smoker 5.6 (4.5, 7.0) 
Years since quitting 
1-5 months 4.7 (2.4, 9.1) 
6--12 months 2.7 (1.2, 6.4) 
1-3 years 2.1 	(1.3, 3.3) 
4-6 1.0 (0.6, 1.9) 

7-9 1.6 (0.9, 3.1) 
10-12 1.7 (0.9, 3.1) 
>12 1.0 (0.7, 1.4) 
Never smoker 1 

Non-fatal Ml 
Age 35-69 

M1 = Myocardial Infarction 
RR = Relative risk 
95% = 95% confidence interval 

Cerebr®vascular Disease 

I ritroducton 

According to the World Health 
Organization, cardiovascular diseases 
are the leading cause of death and a 
major cause of disability in the world. 
Coronary heart disease is the dominant 
type of vascular disease in Caucasian 
populations, whereas cerebrovascular 
diseases are more important in most 
Asian populations (World Health 
Organization, 2006). Cerebrovascular 
diseases consist of three major disease 
entities: subarachnoidal haemorrhage, 
intracerebral 	haemorrhage 	and 
ischaemic stroke. Transient ischaemic 
attack (T'A), characterised by transient 

neurological symptoms, is a strong 
predictor of subsequent ischaemic 
stroke onset (Johnston et at., 2000). The 
pathophysiological settings of these 
three major sub-types of stroke are 
different, but they share many of the 
same risk factors; high blood pressure is 
the most important, followed by tobacco 
smoking (stegmayer et a1., 1997; Jacobs 
et аL, 1999). Other risk factors that have 
been reported include high serum cho-
lesterol and low high-density lipoprotein 
(HDL) cholesterol levels, left ventricular 
hypertrophy, atrial fibrillation, alcohol 
drinking, sedentary lifestyle, obesity, dia-
betes, systemic low-level inflammation 

measured by serum C-reactive protein 
(CRP) level, and haemostatic factors 
such as plasma fibrinogen level.The role 
of these factors in haemorrhagic stroke 
is to some extent different than in 
ischaemic stroke. 

Numerous studies have shown an 
association between smoking and the 
risk of stroke (Abbott et al., 1986; Colditz 
et a1., 1988; shinton & Beevers, 1989; 
Donnan et a1., 1989; Kuller et a1., 1991; 
Kawachi et al., 1993; Robbins et at., 
1994; Bonita et al., 1999; Anderson et at., 
2004; Mannami et al., 2004; Ueshima et 
a1., 2004; Doll et al., 2004; Asia Pacific 
Cohort Studies Collaboration, 2005). 
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Current smokers have a relative risk of 
stroke of 1.5 to 4 compared with never 
smokers, and many studies have 
demonstrated a clear dose-response 
relationship between the amount of 
tobacco smoking and the risk of stroke. 
5moking-associated risk of stroke, how-
ever, varies markedly between different 
studies, populations, sexes and stroke 
subtypes. In Asian populations the 
smoking-associated relative risk of 
stroke may be lower than in Caucasian 
populations (Iso et аL., 2005; Asia Pacific 
Cohort 5tudiеs Collaboration, 2065). 
On the other hand, because cerebro-
vascular disease is more common in 
many Asian populations, compared to 
the Caucasian populations, their 
smoking-related absolute risk may be 
similar or even higher due to higher 
background risk. 

Depending on the underlying mecha-
nisms, the effects of tobacco smoke on 
stroke risk are both acute and cumula-
tive. The effect of smoking on arte-
riosclerosis is most probably cumulative 
and only partly reversible, whereas the 
effects of smoking on the haemostatic 
system appear soon after the start of the 
exposure, and the effects diminish grad-
ually after the exposure has stopped 
(Hamsten, 1993). 

The effect of smoking cessation on 
the risk of cerebrovascular disease can 
be assessed using the following epi-
demiological study designs: randomised 
clinical (or population) trials, observa-
tional cohort studies, case—control (or 
cohort/referent) studies and cross-sec-
tional analysis. Randomised trials can 
provide the strongest evidence on the 
causal relationship between exposure 
and outcome. However, because the 
harmful health effects of smoking are 
well known, strict individual randomisa-
tion of smoking or smoking cessation is 
not possible. Several intervention stud-
ies have assessed the effect of different 
types of smoking cessation programs on 
cessation. In these studies, smoking  

cessation rate may be larger in the inter-
vention group, but not all of the smokers 
in the intervention group quit, and many 
smokers in the control group do. 
Therefore, most of the evidence about 
the effect of smoking cessation on 
cerebrovasculalar disease risk is based 
on the data from observational studies. 
Cohort studies can assess the effect of 
smoking cessation based on smoking 
status at baseline; and also change of 
smoking status if the smoking data is 
updated during the follow-up. Case—con-
trol studies look at the smoking status 
and history of smoking prior to the stroke 
event, but the data are collected in both 
the diseased and the control groups, 
only after the event in the diseased has 
occurred. This study design is prone to 
both selection and information bias. Data 
on smoking cessation trials can be used, 
but it is questionable whether the data 
can be analysed based on the "intention 
to treat" principle. If the data are 
analysed based on the actual smoking 
status of participants, the study 
approach does not differ, in principle, 
from that of cohort studies. Cross-sec-
tional studies can assess the relation-
ship of smoking status or smoking 
history to the development of subclinical 
arteriosclerosis in cerebral arteries but 
preclude establishing a temporal 
relationship between smoking and bio-
logical determinations. Furthermore, the 
effect of smoking cessation on cere-
brovascular disease risk can be 
expressed as a change in relative risk or 
absolute risk difference. 

Is there a reduction in cerebro-
vascular disease risk following 
sm®king cessation? 

Subjects without clinically evident 
cerebro vascular disease 
Relative risk 
In a rota-analysis including 13 cohort 
and case—control studies with separate 
data on former smokers (from a total of 

32 studies examined), the overall risk of 
stroke was 1.5 (95% С1=1.4-1.6) among 
current smokers and 1.17 (95% 
C1-1.05-1.30) among former smokers 
compared with never smokers (Shiпtоn 
& Beevers 1989). Current and past 
smoking was associated with higher rel-
ative risk in a subset of studies with 
stroke occurring before age 75. The 
authors concluded that although a mod-
est elevation in stroke risk persisted 
among younger former smokers, this rel-
ative risk was substantially less than that 
observed among current smokers. 
Studies published since 1989 or which 
include detailed data on smoking cessa-
tion (repeated assessments of smoking 
status during follow-up or detailed data 
on smoking history at base-line) are 
reviewed here and summarised in 
Tables 5 and 6. 

In the Honolulu Heart Study, which 
included 8 006 men of Japanese ances-
try, smoking status was assessed both 
at baseline and after 6 years of follow-up 
(Abbott et al., 1986). In 12 years of 
follow-up, smokers had 2.5 times higher 
(95% Сl=2.0-3.3) risk of stroke com-
pared with the never smokers after 
adjusting for age, diastolic blood pres-
sure, serum cholesterol, hematocrit, 
body mass and alcohol use. Subjects 
who stopped smoking before the sixth 
year of the follow-up reduced their risk of 
stroke considerably. Compared to the 
never smokers, they had 1.5-fold (95% 
C1=1.0-2.3) risk, whereas those men 
who continued to smoke in the course of 
follow-up had 3.5-fold (95% Сl=2.3-5.5) 
risk. 

The Framingham Heart Study cohort 
included 4 255 men and women aged 
36-68 years and free of stroke or history 
of T'A at baseline. Smoking increased 
the risk of any incident stroke event, and 
the risk of ischemic stroke both in men 
and women independent of other major 
risk factors in 26 years of follow-up (Wolf 
et al., 1988). Smokers had about 1.5 fold 
(RR=1.4 in men and 1.6 in women) 
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adjusted risk compared with never 
smokers, and a clear dose-response 
relationship was found between the 
amount of cigarettes smoked daily and 
the risk of stroke. The study subjects 
were contacted and their smoking status 
updated every two years. About halt of 
the smokers quit during the 26 years of 
follow-up of the study (a quitter was any 
individual who was a cigarette smoker in 
1950 and in 1956 and who stopped 
definitively some time after that interval). 
The risk of stroke decreased markedly 
after two years of abstinence, and after 
five years the risk did net differ from that 
of never smokers. Furthermore, the risk 
of stroke among past smokers returned 
to that of never smokers both among 
normotensive and hypertensive sub-
jects. 

The Nurses' Health Study consisted 
of 117 006 female registered nurses 
aged 30-55 years and free of coronary 
heart disease, stroke and cancer at 
baseline (Kawachi et a1., 1993). The 
cohort was followed 12 years and the 
information on smoking habits was 
updated every two years. Smokers had 
2.7 (95% 01=2.2-3.4) and former smok-
ers 1.3 (95% СI=1.0-1.8) multifactorially 
adjusted relative risks of stroke com-
pared to never smokers. The smoking-
associated risk was higher in subarach-
noid haemorrhage than in ischaemic 
stroke or intra-cerebral haemorrhage. 
The risk increased with the increase 
number of cigarettes smoked daily. The 
relative risk was 2.0 (95% С1=1.3-3.1) 
among light smokers (1-14 cigarettes 
daily) and 4.5 (95% С1=2.8-7.2) among 
heavy smokers (> 35 cigarettes daily). 
Smoking cessation during the follow-up 
reduced the risk of stroke markedly. In 
two years of abstinence, the adjusted 
relative risk of stroke among the quitters 
was 0.82 (95% 01=0.45-1 .51), compared 
with those who continued smoking 
during the follow-up, and in four years the 
risk was reduced to 0.39 (95% Сl-0.17 
0.87), which was practically the same as  

in never smokers (0.37, 95% 01=0.29-
0.46). The risk of subarachnoid haemor-
rhage also decreased after quitting, but 
still remained higher than in those who 
had never smoked. Due to relatively 
small number of former smokers, there 
was some variation in the risk ratios dur-
ing the course of follow-up, particularly in 
the stroke type-specific analyses. 
Among former smokers, the age of start-
ing smoking also affected the risk reduc-
tion after quitting, and the risk decline 
was smaller among those who had 
started smoking before 18 years of age, 
compared with those who had started at 
an older age (Kawachi etal., 1993). 

The British Regional Heart Study 
consisted of 7 264 men aged 40-59 
years at baseline with no recall of previ-
ous ischemic heart disease or stroke 
(Wannamethee et aI., 1995). During a 
13-year follow-up, current cigarette 
smokers had nearly fourfold (RR=3.7, 
95% Сh_2.0-6.9) adjusted risk of stroke 
compared with never smokers. Light 
smokers (1-19 cigarettes daily) had a 
risk ratio of 3.3 (95% 01=1.6-7.1), and 
heavy smokers (? 21 cigarettes daily) 
had a risk ratio of 4.2 (95% 0I=2.2-8.2). 
Former smokers showed lower risk than 
current smokers, but their risk was still 
higher (RR 1.7, 95% 01=0.9-3.3) than 
that in never smokers. The benefit of 
giving up smoking completely was seen 
within five years of quitting. The risk 
reduction was dependant on the amount 
of tobacco smoked prior to cessation. 
Light smokers (.20 cigarеttвs daily) 
reported a risk level similar to those who 
had never smoked, but the heavier 
smokers retained a more than twofold 
risk compared with never smokers 
(RR=2.2, 95% Cl_1.1-4.3). The risk of 
stroke in those who quit during the first 5 
years of follow-up (recent quitters; 
RR=1.8, 95% 01=0.7-4.6) was reduced 
also markedly compared to those who 
continued smoking (RR-4.3, 95% 
Сl=2.1-8.8). The benefit of quitting 
smoking was observed in both  

normotensive and hypertensive men, 
but the absolute risk reduction was 
greater among the hypertensive sub-
jects. 

The American Cancer Society 
Cancer Prevention Study (CPS-I) is the 
largest prospective mortality study of 
diseases caused by tobacco use (Burns 
et al., 1997). The study started in 1959 
and continued until 1972, enrolling 1 078 
894 men and women. Smoking status 
and detailed smoking history was 
assessed at the beginning of the study. 
The 12-year follow-up of the study 
cohort includes more than 11 million per-
son-years. Smoking men and women 
had approximately 1.5-fold risk of stroke 
compared to never smokers. The risk 
varied considerably by age group and 
duration of smoking. Male former smokers 
had 1.6-fold and female former smokers 
2.4-fold risk of stroke during the first 2-4 
years of abstinence; thereafter the risk 
reduced markedly, and 10 years after 
quitting the risk was at the same level 
with never smokers. 

The researchers of the Japan 
Collaborative Cohort Study for 
Evaluation of Cancer Risk (JACC Study) 
followed for 10 years 95 000 Japanese 
men and women aged 40 to 79 years at 
baseline (Iso etal., 2005). Smoking status 
was assessed at baseline and included 
data on the number of cigarettes 
smoked among smokers and the time 
since quitting among former smokers. 
Smoking men had 1.4-fold (95% 
Cl=1.1-1.7) and smoking women had 
1.6-fold (95% 01=1.2-2.2) adjusted risk 
of stroke mortality compared with never 
smokers. In former smokers the relative 
risks were 0.9 (95% 01=0.8-1.2) гn men 
and 1.2 (95% 01= 0.71-2.03) in women. 
Stroke mortality decreased markedly in 
the two to four years after quitting, and 
after 10 years of abstinence the risk did 
not differ from the risk of never smokers. 
The risk reduction was faster and 
returned to that of never smokers in the 
group aged 40-64 years, but some 

248 



Risk of cardiovascular disease after smoking cessation 

residual risk was left in the group aged 
65-79 years. 

Sub-сЁипгса l markers of cerebrovascular 
disease 
Thickness of the carotid artery wall is a 
sub-clinical measure and a predictor of 
increased risk of ischaemic stroke. Tell 
and colleagues found nearly 20 years 
ago that the wall was thicker among 
smokers than among never smokers 
(Tell et al., 1989). Former smokers had a 
thinner wall compared with current 
smokers, but they had thicker walls 
compared with never smokers. The dif-
ferences were significant also after 
adjustment for age, sex, race, hyperten-
sion and diabetes. However, because 
the study was based on cross-sectional 
data, the effect of smoking cessation on 
the progression of atherosclerosis could 
not be directly evaluated, possible only 
with the availability of repeated 
measurements over time. A year later, in 
1990, Whisnant and colleagues reported 
a strong association between the 
number of years of smoking and the risk 
of having severe carotid atherosclerosis 
after adjustment for other risk factors 
(Whisnant et al., 1990). Age was the 
strongest factor affecting this risk, but 
duration of smoking was also associated 
with the risk of carotid atherosclerosis in 
all age groups. Based on mathematical 
modelling, quitting at the age of 40 
markedly decreased the risk of severe 
carotid atherosclerosis in subsequent 
years. 

In accordance with the two previous 
cross-sectional studies, Kiechl and 
colleagues reported a dose response 
relationship between smoking history, 
measured as pack-years, and incidence 
of severe premature arteriosclerosis in 
internal and common carotid arteries 
within five years of follow-up (Kiechl et 
al., 2002). The risk of early atherogene-
sis was strongly associated with lifetime 
smoking exposure, and remained ele-
vated after cessation of smoking. 

Current aid former smokers, however, 
faced an increased atherosclerosis risk 
only in the presence of chronic infections 
(chronic bronchitis, chronic obstructive 
pulmonary disease, urinary infection, 
other chronic infections) or increased C-
reactive protein (CAP) (>1 mg1L). Among 
those who did not have chronic infec-
tions and whose CRP was below 
1 mg1L, the risk of carotid arteriosclero-
sis did not differ significantly between 
current and former smokers and never 
smokers. Smoking alone increased the 
risk only slightly (RR 1.2 [derived from 
a figurej), but if the smoker had also 
chronic infection and increased CRP, the 
risk was about six-told that of never 
smokers without chronic infections or 
inflammation. Relative risk of early arte-
riosclerosis, associated with smoking 
and chronic infections and inflammation, 
was highest among those who were free 
of carotid arteriosclerosis at study base-
line (RR 6 [derived from figure]). 

Absolute risk 
The etiology of cerebrovascular 
diseases, as with other cardiovascular 
and chronic diseases, is multifactorial. 
The causes, or risk factors, include non-
modifiable factors (age, sex, race and 
other genetic factors), partly modifiable 
environmental factors (socio-economic 
position), а  large number of modifiable 
behavioural factors (smoking, diet and 
physical activity) and biological mediat-
ing factors (body weight, blood pressure 
and blood lipids) that are determined by 
genetic, environmental and behavioural 
factors. These factors determine the 
absolute risk, and the effect of smoking 
cessation on the cerebrovascular dis-
ease risk must be assessed in the con-
text of these other factors. In addition, 
the absolute risk in a defined population 
depends on the length of the follow-up. 

A few studies have assessed the 
effect of smoking cessation on the 
absolute stroke risk at different levels of 
other risk factors, particularly hyperten- 

sion. In the 26-year follow-up of the 
Framingham cohort, age-adjusted 
incidence of stroke was 80/1000 among 
normotensive never smoking men, 
8211 000 among normotensive former 
smoking men and 119/1000 among 
normotensive smoking men. Among 
hypertensive men the incidences were 
19011 000, 152/1000 and 24611000, 
respectively. Among women the inci-
dences were 61/1000, 5911000 and 
9111000 in normotensive subjects, and 
16811000, 188/1000 and 273/1000 in 
hypertensive subjects, respectively 
(Wolf et al., 1988). Thus, the relative risk 
of stroke among former smokers com-
pared with current smokers was fairly 
similar among both normotensive and 
hypertensive subjects, but the absolute 
risk difference was larger among hyper-
tensive subjects. 1n the British Regional 
Heart Study, in accordance with the 
Framingham results, the benefit of 
quitting smoking was observed in both 
normotensive and hypertensive men, 
but the absolute risk reduction was 
greater among the hypertensive 
subjects (Wannamethee et аL.,1995). 

The role of other risk factors 
Other risk factors may also modify the 
association of smoking and smoking 
cessation on the risk of cerebrovascular 
disease. If the effect of other risk factors 
on stroke risk is similar in different 
smoking categories (no interaction), the 
effect of these factors when evaluating 
the association between smoking and 
stroke can be controlled by multifactorial 
adjustment. In most studies, adjustment 
for other risk factors did not markedly 
affect the smoking- and cessation-asso-
ciated risk of stroke. Data on the possi-
ble effect modification of other risk 
factors are scarce. ln the study published 
by Kiechl and colleagues, however, cur-
rent and former smokers faced an 
increased atherosclerosis risk only in the 
presence of chronic infections, particu-
larly if the CRP was increased (Kiechi et 
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at., 2002). This finding is interesting but 
needs to be confirmed in other 
populations. 

The effect of smoking cessation 
among cerebrovascuiar disease 
patients 

Data on the effect of smoking cessation 
on the prognosis of patients with existing 
cerebrovascular disease are scarce. 
Mast and colleagues assessed the effect 
of smoking on the risk of high-grade 
carotid artery stenosis among ТiА  and 
stroke patients (Mast et a1., 1998). 
Smoking was an independent determi-
nant of severe stenosis in patients. The 
association differed by ethnicity, and the 
greatest effect was observed among 
whites. However, the authors did not 
assess the effect of smoking cessation 
on the risk of severe carotid artery 
steuosis. 

in a recent British study, current 
smoking was a strong predictor (RR = 
2.3, 95% C1=1.1-4.6 compared with 
never smokers) of total mortality among 
308 stroke patients who were followed 
on average 7.5 years (Myint et at, 2006). 
Also, former smokers had an increased 
but non-significant risk (RR=1.5, 95% 
01= 0.9-2.4), but the study did not 
assess the effect of duration of smoking 
cessation on mortality. 

The Heart Outcomes Prevention 
Evaluation 	(HOPE) 	clinical 	trial 
assessed the impact of cigarette smok-
ing in high-risk patients (stable cardio-
vascular disease or diabetes with at 
least one additional risk factor) 
(Dagenais et aI., 2005). Current smokers 
had a 1.4 fold risk of stroke in 4.5 years 
of follow-up compared with never smok-
ers. The risk of stroke among former 
smokers did not differ from the risk 
among never smokers. 

In their review of the scientific evi-
dence for stroke prevention, Straus and 
colleagues estimated that smoking ces- 

sation among secondary prevention 
patients would reduce the risk of a new 
stroke dvеnt by 33% (95% Cl - 
29-38%)(Straus et a1., 2002). Forty-four 
patients who quit would need to be 
treated to prevent one event a year, 
which is less than the number needed to 
treat for other recommended secondary 
prevention measures such as antihyper-
tensive therapy (requiring treatment of 
51 patients to avoid an event), statifs 
(57 treated patients) or antiplatelet ther-
apy (64-77 treated patients). 

What is the time course of the 
change in risk? 

The studies examining the effect of 
smoking cessation on the risk of stroke 
are less numerous than the studies on 
the risk of coronary heart disease, 
though the time course of risk reduction 
after cessation seems to be fairly similar. 
A marked risk reduction is observed in 
the 2-5 years after quitting, and in most 
studies the risk is at the same level with 
never smokers in 10 years (Wolf et al., 
1988; Kawachi et al., 1993; Burns et al., 
1997;1so et a1., 2005). However, in some 
studies the risk reduction has been 
incomplete after longer durations of ces-
sation, 10-15 years (Abbott et ai., 1986, 
Wannamethee et at, 1995). 

Even though the reduction •of stroke 
risk after cessation seems to be fairly 
fast and complete in general, in some 
sub-groups of the population the risk 
may not subside to the level of never 
smokers. In the British Regional Heart 
Study, light smokers (<20 cigarettes 
daily) experienced a risk reduction to the 
level of those who had never smoked 
within five years of quitting, but quitters 
with past heavier smoking history 
retained a risk more than two-fold that of 
never smokers. In the Nurses Health 
Study the age of smoking initiation 
affected the risk after quitting, and the 
risk decline was smaller among those  

who had started smoking before 18 
years of age compared with those who 
had started at an older age (Kawachi et 
a1., 1993). Age at the time of cessation 
may also influence the timing and mag-
nitude of risk reduction, and the reduc-
tion is faster and more complete among 
younger quitters compared with those 
who quit at older age (Doll et a1., 2004; 
Iso et at, 2005). However, the age of 
starting and stopping smoking and the 
duration of smoking and abstinence are 
inextricably linked, and their effect can-
not be completely separated in the 
analyses. 

Limitations of the data reviewed 

Because our knowledge about the 
association between smoking cessation 
and the risk of stroke is based on obser-
vational studies, some critical considera-
tiens are needed. Even though in most of 
the studies results were adjusted for 
hypertension and other known cardio-
vascular risk factors, the adjustment is 
never complete and some residual con-
founding may remain. Quitters may differ 
from those who continue smoking in 
many ways; they may be lighter 
smokers, have shorter smoking history 
and be less nicotine-dependent, be 
more health conscious and better 
informed on health matters, e.g. having a 
healthier diet with a general lifestyle that 
is healthier, and their educational level 
and socio-economic background may 
differ from that of persistent smokers. All 
these factors most probably overesti-
mate the risk reduction. On the other 
hand, subjects with sub-clinical cardio-
and cerebrovascular symptoms may be 
more prone to stop smoking, which 
causes an underestimation in the reduc-
tion of stroke risk. Similarly, if only those 
subjects who have overt cerebrovascu 
lar disease are excluded at baseline, but 
the study population includes coronary 
heart disease patient, the results may be 
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biased towards underestimation. The 
true reduction may also be underesti-
mated due to misclassification if some 
smokers give up smoking (when the for-
mer smokers are compared with 
smokers) or it some subjects recorded 
as former smokers start to smoke again 
during the follow-up. 

Summary 

Smoking is a strong risk factor for stroke 
incidence and mortality. Based on the 
data from large prospective studies, 

current smokers have relative risk for 
stroke of 1.5 to 4 compared with never 
smokers. Former smokers have 
markedly lower risk than do current 
smokers. Many studies, which did not 
stratify by duration of abstinence, 
showed relative risks that differed from 
never smokers only slightly. 

Studies that have assessed the rela-
tionship of the duration of smoking absti-
nence on stroke risk report a marked risk 
reduction in 2-5 years after cessation, 
and the risk reduction continues up to 15 
years after quitting. In some studies the 
risk declines to the level of never  

smokers within 5-10 years, but some 
studies report increased risk though 
markedly lower than among continuous 
smokers--even after 15 years of absti-
nence, but. The risk reduction can be 
observed after controlling for other major 
risk factors, and both in normotensive 
aid hypertensive persons. No study has 
assessed the effect of smoking cessa-
tion on the long-term prognosis among 
cerebrovascular disease patients. 
However, among stroke patients smok-
ing was a strong predictor of survival in 
7.5 years of follow-up. 

Abdominal Aortic Aneurysm (ААА) 

Introduction 
Cigarette smoking is the strongest inde-
pendent risk factor for AAA and 
accounts for about 75% of AAA (USD-
HHS, 1989; Lederle et a1., 1997). А  
strong and consistent dose-response 
relationship between smoking and the 
risk of ААА  has been documented in the 
literature (USDHHS, 1983), including 
increased risk with greater daily amount 
of smoking (Doll et at., 1994) and longer 
duration (Vardulaki et al., 2000; Singh et 
al., 2001). Other important risk factors 
for AAA include male gender, age, ather-
osclerosis and a family history of ААА. 
There is an inverse relationship with dia-
betes (Lederle et a1., 1997; Blanchard et 
al., 2000; Lederle et a1., 2000). The rela-
tionships between hypertension and 
hyperlipidemia and ААА  are less estab-
lished (Blanchard et at., 2000). 

AAA has traditionally been attributed 
to atherosclerosis, but atherosclerosis 
and its various disease manifestations 
(e.g. coronary artery disease, cere 
brovascular disease and peripheral arte-
rial disease) are more prevalent than 
AAA, contributing to the hypothesis that  

the pathogenesis of AAA may be differ-
ent from other forms of vascular disease 
(Patel etal., 1995; Powell & Greenhalgh, 
2003). The magnitude of AAA risk asso-
ciated with smoking is 2-3 times greater 
than the association of smoking with 
other atherosclerotic diseases (except 
peripheral arterial disease) (Lederle et 
al., 2003), and in contrast to coronary 
artery disease and stroke, the risk of 
ААА  declines more slowly after smoking 
cessation, and does not reach the risk of 
a never smoker, even after many years. 
(Rogot & Murray, 1986; USDHHS, 1989; 
Doll et al., 1994; Alcorn et a1., 1996; 
Wilmink et a1., 1999 ; Vardulaki et a1., 
2000; Singh et al., 2001; Lederle et a1., 
2003). These observations on the rela-
tionship of smoking and AAA also sug-
gest that etiological factors other than 
atherosclerosis contribute to AAA. 

To evaluate the relationship between 
smoking cessation and ААА, we 
describe findings from prospective 
cohort studies that report associations of 
smoking status and death from AAA in 
the general population (Table 7) and 
ultrasonography screening studies for 

AAA in high-risk (older) populations 
(Table 8). Two large ААА  intervention tri-
als are also described, as they con-
tribute information about screening and 
associations with smoking cessation in 
patients with AAA. There is evidence that 
patients with AAA who smoke have 
poorer outcomes, such as death from 
AAA (UKSATP, 2002) or aneurysm 
expansion (MaсSweеnеy et a1., 1994; 
Brady of al., 2003), than those who do 
not smoke. In contrast, however, there 
are relatively little data to evaluate the 
effect of smoking cessation on the nat-
ural history of AAA disease, or surgical 
outcomes of ААА  repair. The effect of 
smoking cessation on the rate of 
aneurysm expansion is important, as 
aneurysm size increases exponentially, 
and size is the major risk factor for rup-
ture, which frequently causes death. 

Publications between 1966 and 2005, 
in English, that reported 50 or more 
aneurysms are included. Smaller studies 
were excluded because of low statistical 
power to compare subgroups of current, 
farmer and never smokers. 
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Is the risk of дisease lower in 
former smokers than in current 
smokers? 

Prospective cohort studies, screening 
studies and the data from the screening 
phase of one clinical trial contribute 
information on this question. 

Prospective cohort studies 
Details from individual prospective 
cohort studies regarding population size, 
number of aneurysms detected, length 
of follow-up, and risk of ААА  in current 
and former smokers compared with 
never smokers are presented in Table 7. 
Prospective cohort studies report the 
risk of death from a number of health 
conditions, including AAA, by smoking 
status. 	Methodological 	limitations 
include that smoking status data is 
generally provided by self-report, and 
data are often incomplete with regard to 
the duration of smoking cessation and 
amount of past smoking. in addition, it is 
not possible to determine the potential 
temporal relationship between smoking 
cessation and course of disease. 

Early data comparing the risk of 
death from ААА  in current, former and 
never smokers were reviewed in the 
1990 U.S. Surgeon General's Report on 
the Benefits of Smoking Cessation 
(USDHHS, 1990). The excess risk of 
death from AAA was approximately 50% 
lower among former smokers than cur-
rent smokers, but remained 2-3 times 
higher than that among never smokers. 

This report included data from the 
Cancer Prevention Study (СPS) I and 
CPS II. 1n СPS I, current male smokers 
had a relative risk of death from AAA of 
4.11 (95% Cl - 3.13-5.40) compared to 
2.4 (95% Cl = 1.73-3.34) in former 
smokers (USDHHS, 1989). СР5 II 
reported a higher risk in current smokers 
(6.0) but a similar relative risk in former 
smokers (2.4) (Lederle et al., 2003). In 
1994 Doll found the death rate from ААА  
in current male smokers (any tobacco) to  

be 62/100 000, compared to 33/100 000 
in former smokers and 15/100 000 in 
never smokers after 40 years of follow-
up (Doll et a1., 1994). There were 1318 
reported deaths from AAA in the U.S. 
Veterans Health Study, and the 
observed to expected (0:E) ratio was 
5.23 for current smokers and 2.58 for 
former smokers. 

Data not available in the 1990 
Surgeon General's Report include a 
Norwegian study showing a relative risk 
of death from ААА  among men of 3.30 
(95% Cl = 2.1-5.2) in current smokers 
and 1.6 (95% Cl = 0.9-2.6) in former 
smokers. The risk among women was 
3.4 (95% Cl = 2.1-5.6) in current 
smokers and 0.42 (95% Cl = 0.06-3.0) 
in former smokers; however, there was 
only one death reported among women 
(Nilsson et al., 2001). Results from a 
study of four combined cohorts by Tang 
et al. show a similar pattern (Table 7) 
(Lederle et al., 2003; Tang et al., 1995). 

In the general or high-risk populations 
Scrесnипg studies 
Screening studies with ultrasonography 
have been conducted to determine the 
prevalence of AAA in both general and 
selected populations, and some proto-
cols included detailed smoking histories. 
Screening studies report prevalent AAA 
disease; since AAA may be present for a 
long, asymptomatic period prior to 
diagnosis, it is difficult to evaluate the 
relationship between smoking cessation 
and risk reduction from the prevalence 
data. With rare exceptions, studies 
determine smoking status by self-report, 
and there is a variable amount of infor-
mation about the duration of cessation 
and amount of past smoking. Other 
methodological limitations include a lack 
of agreement about the aortic dimen-
sions that define ААА  at the small end of 
the spectrum, and these different defini-
tions of what constitutes an AAA can 
dramatically affect the reported rates of 
disease. 

Alcorn et a1. screened 4741 partici-
pants in the Cardiovascular Health 
Study, a population-based longitudinal 
study of cardiovascular risk factors in 
individuals 65 years of age or older 
(Alcorn et al., 1996). They found a total 
of 451 aneurysms: 14.4% in current 
smokers, 11.5% in former smokers and 
6.8% in never smokers (unadjusted and 
adjusted p-values .n0.0001). Singh 
reported similar results from men and 
women screened in Tromso, Norway 
(Singh etal., 2001). Among men, former 
smokers had an OR of 3.6 (95% 
Сl=1.9-7.0, x.0.001) of AAА  compared 
with current smokers (OR-7.4, 95% 
СI=3.7-14.7, р.с0.001). А  similar pattern 
of results was observed in women (for-
mer smokers, 01-1.6, 95% С1=0.8-3.6; 
current smokers, OR=5.8, 95% 
С1=2.9--11.6). Simoni and co-workers 
also reported results from a screening 
trial where nonsmokers had the highest 
likelihood of normal aortic dimensions 
(comprising 11.3% of AAA cases), 
followed by former smokers (49.5%) and 
current smokers (39.2%, р~0.001) 
(Simoni et al., 1995). 

Lederle et a1. have conducted a large 
randomized controlled trial to test the 
effect of early surgical intervention com-
pared with surveillance for small ААА. 
They have published two reports of the 
screening process that describe the 
prevalence of and risk factors for AAA, 
including the effect of smoking and 
smoking cessation (Lederle of al., 1997; 
Lederle etal., 2000).The data contribute 
information regarding the number of 
years since smoking cessation among 
former smokers, and the association of 
smoking status with aneurysm size. In 
the combined group, 18.4% of partici-
pants were current smokers, and 74.8% 
reported ever smoking regularly (cx-
smoking rate 56.4%). The first pL.lblica-
don describes 1 031 aneurysms diag-
nosed in 73 451 veterans screened. The 
OR of smoking for aortic diameter 
3.0-3.9 cm was 2.7 (95% С1=2.4-3.1) 
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and for aortic diameter 4.0 cm or greater 
was 5.6 (95% 01=4.2-7.3) compared with 
subjects with normal aortic diameter. 

in patients with ААА  
lnierven tian trials 
Two large randomized controlled trials 
designed to test surgical interventions 
for ААА  have been completed (UКSАTP, 
2002; Lederle et a1., 2002). screening 
results and baseline data from these stud-
ies provide measures of ААА  
prevalence, and trial protocols provide an 
opportunity to follow aneurysms over time 
by smoking status. Both trials 
collected detailed smoking histories at 
baseline; one followed smoking status in a 
subgroup of patients with ААА  12 months 
after randomization (UКSАТP, 2002), 

The United kingdom Smаll Aneurysm 
Trial showed that early, prophylactic 
elective surgery did not improve short 
term survival in 1690 patients with small 
abdominal aneurysms compared with 
surveillance; however, long-term survival 
was improved in the early surgery group 
(at eight years of follow-up the early 
surgery group showed a survival advan-
tage of 7.2 percentage points over the 
surveillance group, p=0.03)(UКSАTP, 
2002). 0f note, there was a significant 
increase in the rate of smoking cessation 
in the early surgery group (the preva-
lence of smoking decreased from 58% 
to 28% compared with 58% to 48% in 
the surveillance group, p=0.002). The 
adjusted risk of death in continuing 
smokers was significantly elevated over 
that of former smokers (1.25, 95% 
01-1.0-1.5). Former smokers had risk 
similar to that of never smokers (1.25, 
95% 01=0.88-1.0). Surgical repair of 
AAA was the only factor independently 
positively associated with smoking 
cessation (OR=12.8, 95% 01=4.2-38.9, 
рz0.001). The investigators speculate 
that improved long-term survival 1n the 
early surgery group may be due to 
lifestyle changes such as smoking ces-
sation. 

This trial also reported the rate of 
aneurysm expansion and rupture by 
smoking status, including 1167 patients 
with aneurysms who were not enrolled in 
the trial (total n=2 257). The adjusted 
hazard ratio for rupture among those 
with an aneurysm was significantly 
reduced in former smokers compared 
with current smokers (HR=0.59, 95% 
C1=0.39-0.89, p=0.01)(UКSАTP, 1999). 
They further reported a significant asso-
ciation between improved survival and 
decreased AAA rupture rate and former 
smoking or nonsmoking status 
(UКSATP, 2000). At randomization 37% 
of patients smoked, 57% were former 
smokers and 6% had never smoked 
Survival analysis showed that current 
smokers had worse survival than former 
smokers (р=0.02), but this finding was 
no longer significant after adjustment for 
baseline characteristics. When smoking 
status was defined by serum cotinine 
measures rather than self-report, current 
smoking was associated with increased 
mortality (adjusted НR=1.08; 95% 
01=1.01-1.15, р=0.02), but this method 
to define smoking status did not permit 
analysis of the effect of smoking cessa-
tion on risk. This analysis documents a 
considerable rate of misreporting of 
smoking status in this population. 

Is the risk of disease lower with 
more prolonged abstinence? 

Two studies provide insight regarding 
the relationship between the duration of 
abstinence from smoking and risk of 
AAA. In the U.S. Veterans Study there 
was a dose-response relationship 
between the amount of past smoking 
and risk of death from SAA. The mortality 
ratio for past smokers of 40 or more 
cigarettes per day was 3.8; 3.1 for 21-39 
cigarettes per day, 2.7 for 10-20 ciga-
rettes per day and 1.6 for u1 O cigarettes 
per day (Rogot & Murray, 1980). In 
addition, mortality ratios were highest for 

current smokers (approximately 5), low 
for those who stopped for less than 5 
years (approximately 1), highest for 
those who had stopped for 5-9 years 
and 10-14 years (about 3.5 and 4 
respectively), and decreased (approxi-
mately 2.5) for 15-19 years of cessation; 
however, the mortality ratio remained 
elevated as long as 20 years after stop-
ping smoking (1.8) (estimates from bar 
graph; this manuscript did not provide 
exact figures or confidence intervals for 
ratios). The mortality ratio for former 
smokers with 8.5 years of cessation was 
2.75, and 2.58 for those with 16 years 
duration of cessation (Rogot & Murray, 
1980). 

A nested case-control study by 
Wilmink et ai. confirms the benefits of 
smoking cessation and also showed that 
the duration of smoking cessation is sig-
nificantly negatively associated with the 
risk of ААА  (Wilmink et al., 1999). Each 
year of smoking increased the relative 
risk of ААА  by 44% (95% 01=2-6%, 
p<0.001), but the longer the period since 
cessation, the smaller the risk of AAA in 
a model unadjusted for the duration of 
smoking (p=0.004). Compared with 
continuous smoking, the relative risk of 
ААА  in former smokers, adjusted for the 
duration of smoking, was 0.62 for 1-5 
years of cessation (95% 01=0.2-1.7), 
0.47 for 6-10 years (95% C1=0.2-1.3), 
0.61 for 11-20 years (95% 01=0.3-1.3), 
0.28 for 21-30 years (95% 01=0.1-0.7) 
and 0.20 for >30 years (95% 
01=0.1-0.4). This finding was not signifi-
cant after adjustment for the duration of 
smoking. The magnitude of the relative 
risks for small and large aneurysms 
differed in current but not in former 
smokers (5.8, 95% Cl =1.0-34.0 versus 
12.2, 95% 01=4.4-34.0 in current smok-
ers and 3.9, 95% 01=1.6-9.8 versus 4.2, 
95% Ci 0.9-19.0 in former smokers, 
respectively). 
А  study by Vardulaki et a1. shows a 

similar pattern; however, this analysis 
confirms a dose-response relationship 
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between the amount of cigarettes 
smoked m the past and risk of ААА  
(Vardulaki et al., 2000). The prevalence 
of ААА  in never smokers was 1.6%, 
compared to 2.4% in past smokers of 
1-19 cigarettes per day, 5.0% in past 
smokers of 20-24 cigarettes per day and 
6.2% in past smokers of ? 25 cigarettes 
per day (p-d011 ). This study documents 
a significant trend for increased risk of 
ААА  with increased duration of smoking 
(р~0.001), notable because the duration 
of cessation is inversely related to the 
duration of smoking. The U.S. Veterans 
Study (Rogot & Murray, 1980) and the 
nested case-control study by Wilmink et 
al. (1 999) strongly suggest that the risk 
of ААА  in former smokers remains signif-
icantly greater than that of never smok- 

ers as long as 20 years after cessation. 
Screening studies by Lederle et a1. 

report that the risk cf AAA with smoking 
decreased slowly, but significantly, with 
the number of years after quitting 
smoking: for increments of 10 years of 
cessation, the odds ratios were 0.81 
(95% Cl- 0.76-0.86) for ААА  of 3.0-3.9 
cm, and 0.72 (95% Ci=0.65-0.79) for 
AAA of 4.0 cm or more (Lederie et al., 
1997). Similar findings were reported for 
the subsequent 52 475 veterans 
screened (613 cases of ААА  found) 
(Lederle et аl., 200б). The study reported 
for the first cohort and per increments of 
10 years of cessation an odds ratio of 
0.78 (95% Cl=0.72-0.84) for AAA of 
3.0-3.9 	cm 	and 	0.73 	(95% 
Ci-0.66-0.82) for ААА  of 4.0 cm or 

larger. Similar values were reported for 
the second cohort. 

summary 

In synthesis, current smokers are more 
likely to have ААА  than are former 
smokers. 

Prospective cohort studies show a 
higher risk of death from ААА  in current 
smokers compared with never smokers 
and in former smokers compared with 
never smokers. The risk of death from 
AAA in current smokers is greater than 
that of former smokers. 

Peripheral Arterial Disease (PAD) 

Introduction 

Cigarette smoking is the strongest risk 
factor for peripheral arterial disease 
(PAD) in both men and women (USD 
HHS, 1983). The range of relative risk 
reported for current smoking and preva-
lence of PAD is 1.7-139 (WilIigendael et 
al., 2004). The prevalence of PAD is 
greater in men than women and 
increases with age, duration and inten-
sity of smoking (USDHHS, 1983; 
Willigendael et al., 2004). Other impor-
tant risk factors for PAD include hyperlipi-
demia, diabetes and hypertension (U5D-
HHS, 1983). The association between 
smoking and PAD is stronger than the 
association between smoking and car 
diovascular or cerebrovascular disease 
(Fowkes et aI., 1992; Leng et al., 1995). 

The vast majority of PAD patients 
who are not current smokers are former 
smokers, and most studies report the 
rate of ever smoking in patients with PAD 
as greater than 90% (USD115, 1983). 

Due to the high rate of ever smoking, 
studies of PAD that compare disease 
risk in current smokers vs. nonsmokers 
(rather than never smokers) therefore 
reflect the potential benefits of stopping 
smoking. In the following discussion of 
the benefits of smoking cessation for 
PAD patients, however, we have 
restricted the review to studies that dis-
tinguish between never and former 
smokers, and compare risks among 
former smokers to those of current 
smokers and never smokers unless 
otherwise noted. 

The methods used to define PAD 
and measure severity of disease are 
relevant issues to this review. PAD has 
an asymptomatic phase (that may be 
diagnosed using physical examination 
and noninvasive methods) and a symp-
tomatic phase. Symptoms include inter-
mittent claudication (pain with exercise 
that is relieved by rest), rest pain or 
manifestations of tissue necrosis (including  

ulceration and gangrene). Tissue necro-
sis is often a precipitating event for 
revascularization or amputation proce-
dures. Several methods are available to 
make a diagnosis of PAD. Although 
physical diagnosis is frequently used in 
clinical settings, it is relatively insensi-
tive, and research investigations often 
employ combinations of questionnaire 
data and objective measures of vascular 
compromise. Noninvasive measurement 
methods include calculation of the ankle-
brachial index (АB'), a comparison of 
blood pressures in the lower and upper 
extremities, and Doppler ultrasound. 
Invasive methods include traditional or 
magnetic resonance angiography. The 
variation in criteria used to establish a 
diagnosis of PAD likely contributes to 
some of the heterogeneity of results 
observed in the studies presented. 

Cross-sectional studies and prospec-
tive cohort studies have evaluated the 
relationship between PAD and smoking 
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cessation in the general population. In 
patients with clinically evident PAD, 
retrospective and prospective cohort 
studies contribute data. Follow-up data 
from prospective cohort studies (and a 
few randomized controlled trials) that 
compare medical and surgical outcomes 
in continuing smokers, former smokers 
and never smokers are relevant to 
consideration of the benefits of smoking 
cessation for risk of PAD. 

Only publications that reported on the 
risk of PAD and include data on current, 
former and never smoking status are 
reviewed. Case—control studies that ana-
lyzed a minimum of 100 cases and case 
series that described at least 100 
patients are included, unless otherwise 
noted in the text. 

Is the risk it disease lower in 
former smokers than in current 
smokers? 

In the general or in high risk 
populations 
Cross-sеctюпal studies 
Cross-sectional studies confirm the 
strong risk of current smoking for the 
prevalence of PAD (range of odds ratios 
3.5-16) (Table 9) (Fowkes et at, 1992; 
Cole eta'., 1993; ingolfsson etat, 1994; 
Fowler et at, 2002). The odds ratios 
reported for PAD among former smokers 
in cross-sectional studies is consistently 
lower than that for current smoking 
(range of odds ratios 2.0-7.0) and 
significantly greater than that of never 
smokers in some (Fowkes et a1., 1992; 
Cole et ai., 1993; Fowler et a1., 2002) but 
not all studies (Lowe et a1., 1993; 
ingolfsson et at, 1994). The variable 
methods of diagnosis contribute to the 
heterogeneous results. For example, 
PAD is most commonly defined as inter-
mittent claudication, but analyses from 
the Edinburgh Artery Study (Fowkes et 
a1., 1992; Lowe et at, 1993; Fowkes et 
a1., 1995; Leng et at, 1995; Lee et at, 

1996) include individuals with asympto-
matic disease, with a diagnosis 
established by ABI. In general the risks 
for current and former smokers obtained 
in cross-sectional studies are higher 
than those reported in prospective 
cohort studies. 

Prospective cohort studies in the genera! 
popula tion 
Two prospective studies compare the 
risk of former smokers for incident PAD 
(new cases) to that of never and current 
smokers (Table 10). ingolfsson et a1. 
(1994) also calculated the rate ratio for 
incident PAD (adjusted for blood 
pressure and total serum cholesterol) 
among current smokers to that of never 
smokers to be 2.6 [Cl not provided] for 
1-14 cigarettes per day, 7.7 for 15-24 
cigarettes per day and 10.2 for ? 25 
cigarettes per day, with the highest rate 
of disease in current smokers of 15-24 
cigarettes per day (р<0.001). Among 
new cases of PAD (n=96), 94% were 
current smokers. The ratio of the rate of 
PAD in former smokers to that in never 
smokers was 2.3, not statistically signifi-
cant. In addition, the authors report that 
the prevalence of PAD declined by 55% 
from 1968 to 1986 (for patients aged 70 
the decline was from 6.7% to 3.1%, and 
for those aged 60 the decline was from 
3.2% to 1.4%). The incidence rate of 
intermittent claudication declined 66% 
(for patients aged 70 the decline was 
from 600 to 204 cases per 100 000 per 
year, and for those aged 50 the decline 
was from 166 to 56 cases per 100 000 
per year). The decline was attributed to a 
lower prevalence of smoking and 
decreased cholesterol levels among 
Icelandic men (ingolfsson etal., 1994). 

Hoof and colleagues (2001) followed 
a population of patients who had a 
positive screen for asymptomatic PAD 
for 7 years and documented the 
incidence of developing symptoms by 
smoking status. Risk was higher in 
current 	smokers 	(0R 2.2, 	95% 

C1=1.5-3.1) but not in former smokers 
(ОR=0.9, 95% Cl =0.6-1.4), adjusted for 
age, hypertension, diabetes and hyperc-
holesterolemia (Hoof et al., 2001). The 
authors described additional risk factors 
including age, hypertension and dia-
betes, each increasing the likelihood of 
disease. 

In patients with clinically evident PAD 
Cohort Studies 
A group of cohort studies with varying 
lengths of follow up (10 months-7 years) 
has reported on a range of outcomes in 
patients with PAD (Table 11). Results 
from many of these early studies were 
included in the 1996 U.S. Surgeon 
General's Report on the Benefits of 
Smoking Cessation (USDHHS, 1990). 
Quantitative results from several studies 
are highlighted here. Faulkner et a1. 
reported statistically significant improve-
ment in survival rates over 5 years of 
follow-up among former smokers 
compared to continuing smokers (66% 
vs. 36%, p<0.01) (Faulkner et al., 1983). 
The progression of intermittent claudica-
tion to rest pain, over 6 years, was 
described by Jonason et al. in two 
studies (Jonason & Ringgvist, 1985; 
Jonason & Bergstrom, 1987). No partici-
pants who stopped smoking in the 
cohort progressed to rest pain, 
compared with 33 of the 156 (21%) who 
continued to smoke in one cohort 
(Jonason & Ringgvist, 1985) and 261315 
(8%) in the other cohort (р=0.049) 
(Jonason & Bergstrom, 1987). 
Requirement for surgery was more 
common in smokers than former 
smokers (p=0.051) (Jonason & 
Bergstrom, 1987). Similarly, Juergens et 
al. showed that 11% of continuing smokers 
required amputation over 5 years from 
diagnosis, compared to no amputations 
among those who stopped smoking 
(Juergеns et at., 1960). A small study by 
Quick et a1. of changes in АB' measure-
ments (not included in Table 11) showed 
that in smokers who stopped, ABI rose 

257 



5tudy study 

Reference Population 
Country 

Edinburgh Artery 1582 men and 
5tudy women 
Fowkes et al. 55-74 years 
(1992) 
UK 

Diжexве 	Cases 
Definition 

lntеrmitlent 	418 
claudication + 
major and minor 
asymptomatic 
d cease 

Reykjavik Study 9141 men 
lngolfsson et al. 34-80 years 
(1994) 
Iceland 

Edinburgh Artery 1592 men and 
Study women 
Leng et a1. 55-74 years 
(1995) 
UK 

Fowler et al. 	4470 men 
(2002) 	 65-83 years 
Australia 

96 

Intermittent 	131 
claudication + 
major asympto-
matic disease 

Intermittent claudi- 	744 
cation and/or 
ABI<0.Э  

'ARC Handbooks of Саnсег  Prevention 
------------------------ ---------------- 	-------------- - -------------- 

Current Smokers Former Smokers Comments 

OR (versus Never Smokers) 
(96% CI) 

Intermittent intermittent Adjusted for age. 
claudication claudication sex and body- 
3.7 (1.7, 8.0) 3.0 (1.5, 6.3) mass index 

Major Major 
asymptoma tic asymptomatic 
5.6 (3.0, 10.6) 2.8 (1.5, 5.3) 

Minor Minor 
asyтptomatrc asyrnptomat,c 
2.4 (1.6, 3.6) 1.8 (1.2, 2.7) 

Amount smoked 3.5 Adjusted tir age 
1-14 cig/d: 	10.7 
15 24!d: 	13.9 
25+/d: 	8.1 

3.9 (2.2, 6.8) 2.2 (1.2, 3.8) Adjusted for age, 
sex and risk 

Amount smoked Amount smoked factors )blood 
(packs/yr) pressure, high 
с  25 	3.7 с  25 	1.3 density lipoprotein) 
>_ 25 	6.0 ? 25 	4.8 

3.9 (2.9, 5.1) 2.0 (1.6, 2.4) Adjusted for age 
and other risk 
factors significant 
in univariate 
analysis (demo 
graphic, lifestyle 
and medical) 

ABI- Ankle brachial systolic pressure ndex 
OR = odds ratio 
Cl = confidence interval 
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Study 
	 R4® Cases 	 Duration 	Current Smokers vs. 	Former Smokers vs. 

Reference 
	 Follow-up 	Never Smokers 	Never Smokers 

Country 
	 (Years) 	Ratio of Rates (95% confidence interval) 

Reykjavik Study 	8045 men 
	

76 	 18.0 
	

Cigarettes/day 	 2.3 

ingolfsson et al. 	 1-14 	2.6 

(1994) 
	

15-24 7.7*" 

Iceland 
	

25 	10.2'" 

Liты  гg PAID Study 	2327 men and women 
	

245 
	

7.2 
	

2.2 (1.5, з.1> 	 0.9 (0.6.1.4) 

Haoi etal. (2001)' 
The Netherlands 

p-0.001 
'Screening study for asymptomatic and symptomatic PAD in the Netherlands. Incidence reported for new cases diagnosed at follow-up. 

2Adjusted for other risk factors. 

by 8.7 mmHg (change not significant) 
but decreased by 10.2 mmHg among 
continuing smokers (p.0.001) (Quick & 
Cotton, 1982). 

Studres of Outcomes of surgical 
lnterverltiOn 

The increasing use of bypass grafts 
performed to reduce symptoms of PAD 
and to salvage limbs has provided an 
opportunity to follow the outcomes of 
surgical intervention by smoking status. 
These studies, conducted in patients 
with existing disease, are of particular 
interest because factors that alter surgi-
cal outcome may be the same as or 
different from than those that cause PAD. 
In addition, surgical intervention is 
important because it is associated with 
an increased rate of smoking cessation 
compared with medical management. In 
a study by Powell et al., patients who 
underwent vascular reconstruction were 
more likely to stop smoking (801121 
versus 41/135, р.с0.02) than patients 
who did not (Powell & Greenhalgh, 
1990). One-year graft patency was 
significantly better in the group with 

lower thiocyanate level (non-smokers, 
84%), than in the group with thiocyanate 
levels consonant with smoking (63% 
patent grafts). 

A large number of studies compare 
surgical results in smokers to nonsmokers 
(including former smokers and never 
smokers), and the effect of smoking on 
patency of lower extremity grafts is the 
topic of a recent meta-analysis 
(Willigendael et a1., 2005). Continued 
smoking was associated with a threefold 
(95% Сh 2.34-4.08, p<0.0001) increase 
in graft failure compared with those who 
quit at the time of surgery or those who 
had quit prior to surgery. There was no 
difference in patency rate between auto-
genius and synthetic grafts in the group 
of smokers (ОR 0.9, 95% СI=0.6-1.5). 
There was an increase in risk among 
heavy smokers compared with moderate 
smokers, and the authors found that 
smoking cessation (motivated at the time 
of bypass surgery) was associated with 
graft patency rates (80%-92%) similar to 
those of never smokers (70%-100%) 
and significantly better than those of 
smokers (38%-85%, р=0.003). 

The majority of studies do not distin- 

guish between never smokers and 
former smokers, but these data are 
nevertheless relevant to the benefits of 
smoking cessation, because the majority 
of nonsmokers are former smokers. 
Also, some surgical studies group 
patients with PAD who reduce smoking 
with those who become abstinent, 
making it impossible to formally measure 
the benefit 0f cessation. For example, 
Ameli et al. reported that the rate of limb 
loss in continuing smokers of X15 
cigarettes per day compared with that in 
never smokers and smokers of 15 
cigarettes per day or less was five times 
greater at two years of graft reconstruc-
tion, and three times greater at five years 
(p=0.013) (note that the reference group 
includes low-level smokers, former 
smokers and never smokers) (Ameli et 
аl., 1989). 

A relatively small number of studies 
specifically report surgical outcome 
results by current, former and never 
smoking status (Table 12). With one 
exception that showed no Independent 
effect of smoking on graft patency rates 
(Green et al., 2000), these studies sug-
gest smokers who quit during the follow- 
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114 	 42 	® Survival гn former smokers p<0.01 
66% vs 36% in continuing 
smokers 

343 	 39 	o All who develorwd rest pain р=0.049 
(1=26) were smokers com- 
pared to none in the former 
smoker group 

• 31% of smokers and 8% of p=0.051 
former smokers 
underwent surgery 

° In ти!tivariatе  analysis р=6.025 
smoking was only variable 
significantly 
associated with surgery 

Faulkner etal. 	133 men and 
(1983) 	 women 

Symptomatic 
PAD 

Jonason & 354 men and 
Bergstrom women 
(1987) intermittent 

claudication 

5 

7 

'ARC Handbooks of Cancer Prevention 

w 

Study Type stиду 	 DuratIon 
Reference Population 	Follow-up 

Cohort 

Juergens et ai. 520 men and 	 5 
(1960) women 

Arteriosclerosi 
s obliterans 

Number 	Number 	Finсt л  •is 	 Statistical Testing 
Smokers 	Quitters 

159 	 71 	11% o continuing smokers 	Not reported 
reqused amputation 
compared to none in 
quitters 

Cross-sectional 

Gardner 	PAD patients 
(1996) 

Not 
app' cable 

38 	 100' 	a smokers had more severe 	p<0.05 
claudication (occurred 
more quickly and persisted 
longer) 

® At peak exercise, smokers 	р<бΡ.01 
had lower oxygen uptake 

`average duration of cessation was 7 days 

up period have occlusion rates similar to smokers and 11137 months in heavy Is the risk of disease lower with 
never smokers. Privai et a1. describe smokers (Robicsek etat, 1975). A repart more prolonged abstinence? 
the results of 5-year follow-up of 326 of 217 patients, 91% of who smoked A study by Fowler et al. describes the 
patients with aorto-femoral and femoro- prior to operation, found that smoking 	relationship of the duration of smoking 
popliteal grafts. The patency rate in reduction 	to 	less 	than 	5 cessation among former smokers and 
continuing smokers was 46% (n=130), cigarettes per day was associated with a risk of PAD (Fowler et al., 2002). Overall, 
compared with 80% in former smokers higher graft patency rate than continued former smokers (n=478) had an odds 
(n=67) and 70% (n=12) in never smok- smoking (of more than 5 cigarettes per ratio of 2.0 (95% Cl 1.6-2.4) compared 
ers (p0001) (Privai et a1., 1987). day) (Myers et a1., 1978). In this study, with never smokers (n=129). Those who 
Robicsek et al. calculated graft occlusion post-operative smoking, but not the had stopped smoking within one year 
rates per observation month to be 0/502 amount of smoking prior to surgery, had had a persistent elevated risk (ОR=5.4, 
months in never smokers, 11448 months a significant effect on the graft patency 95% C1=2.4 —11.9) that declined steadily 
in former smokers, 11342 months in light rate. 	 as the number of years since stopping 
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-_ 	„ г: 	т 	'. 	.. 	 'r 	т 	T 	w 	ж 	r 	r:, - ч г 	,лs 	:tг ï^',' 

Study Stиду  Duration Smokers Quitters Findings Statistical 
design and Fallow-Up N N Testing 

population in years 

Robicsek Prospeclive < 1 to 10 177 95 • Graft occlusion rates Not reported 

et al (1975) cohort Never smokers 01502 months 
Aorto-iliac or Former smokers 11448 months 
aorto- Continuing smokers <1 pack/day : 11342 months 
femoral Continuing smokers >1 pack/day : 11137 months 
grafts Patency 

Never smokers (1=10): 100% 
Former smokers (n=86): 90% 
Continuing <1 pack/day (n_44): 85% 
Continuing >1 pack/day (n=180): 	69% 

Myers et a1. Retrospective 5 198 37 Ф 	Moderate or heavy smokers before the operation p<0.01 

(1978) cohort study who stopped or reduced to < 5 CPD had higher 
217 men and patency rates than those who continued at >5 CPD 

women Patency rates for those who stopped smoking 
90-95% vs. 65-75% in continuing smokers 

Provan etal. Prospective 5 314 67 Patency rates 
(1987) cohort study Continuing smokers (1=1 30): 46% p<0.01 

326 men and Former smokers (1=67): 80% 
women Never smokers (n=12): 70% 

Green 	et a1. Randomized 5 80 Not 5moking status had no independent effect on 

(2000) CLin cal Trial reported patency rates 
240 patients 
with pros- 
thetic above- 
knee bypass 

grafting 

CPD = cigarettes per day 

Т  
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5tudy 	 N Mean 	Smokers* Smokers Findings 
Duration 	N Who Quit 
Follow-up 	(%) f%f 

Olin of a1. 	112 92 months 	74189 43174 2148 who stopped smoking had amputations vs. 22148 who continued 

(1990) (83) (58.1) to smoke, p<0.0001 
Continued disease activity (claudication. rest pain 	ulceration, thrombo- 
phlebitis) observed in 64% of continuing smokers and in 33% of those 
who stopped (p-0.00t) 

Borner & 69 	10.7 years 48 8148 Among patients who continued to smoke 65% required an amputation; 

Heidrich (20 not (20) twice the rate required in those who stopped 

(1998) classf ad) 

Shigematsu & 287 	19 years 287 1711287 Nos gnificant difference in continuation of clinical symptoms in smokers 

Shigematsu (59.6) vs. former smokers 
(1999) a 	Amputation rate higher in smokers 

Sasaki et a1. 850 	Not reported 7921850 5821729 In those who continued smoking compared to those who stopped: 

(2000) (92.2) (79.8) OR ulcer formation 1.71(95% Cl 1.19, 2.47), p-0.004 
• OR amputation 2.73 (95% Cl 1.86, 4.0), р<0.0001 
® 

	
Fontaines classification significantly mprcved (p.c0.0001) 

Wysokinski 377 	3-6.8 years 377 1101236 Patients who quit smoking had a 50% decrease in disease recurrence 

of al. (2000) (46.6) compared to period when they smoked 

Note that in some cases patients had to be a smoker as a diagnostic criterion for the diagnosis of thromboangiitis obliterans, therefore the 

number of smokers equals the number in the cohort. 
OR, odds ratio 

w 

smoking increased (OR=3.8 for 1-4 
years (95% Сl=2.5-5.7), OR=3.7 for 5-9 
years (95% Cl = 2.5-5.3), ОR=2.7 for 
10-19 years (95% Cl=2.0-3.6) and OR 
=1.3 (95% Сl=1.0-1.7) for 20 or more 
years). This suggests that the risk for 
PAD in former smokers does not return 
to that of never smokers, even after pro-
longed abstinence. 

In addition, Leng et al. showed that 
the amount (amount and duration of 
exposure) of smoking prior to cessation 
had an important effect on risk reduc-
tion. Former smokers who had a smoking 
history of 25 pack-years or more  

retained a high odds ratio for disease 
(OR-48) compared with never smokers, 
while former smokers who had a history 
of 24 pack-years or less had an odds 
ratio virtually identical to that of never 
smokers (OR=1.3) (Leng et' al., 1995). 

The cohort studies following patients 
with clinically evident RAD suggest the 
benefits of smoking cessation in patients 
with disease, especially those who 
undergo surgery, are evident in 1-5 
years of follow-up (Tables 11 and 12), a 
relatively short time period. 

Thrombeangiitis Obliterans 
Thromboangiitis obliterans (Buerger 
disease) is an inflammatory obliterative 
disease of small and medium arteries, 
and is not related to atherosclerosis. The 
disorder is uncommon (0.5-5% as com-
mon as occlusive arterial disease) but of 
considerable interest because of its 
close relationship with smoking. It is 
typically a disease 0f young men who 
use tobacco; in fact, most diagnostic 
criteria preclude making the diagnosis of 
thromboangiitis obliterans in non-
smokers. It is more common in men than 
women, and more common in Asia (and 
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Japan in particular) than in Western 
Europe and the United States. It is 
characterized by a relatively early onset 
(in the thirties or forties) and rapid pro-
gression to claudication, rest pain, ulcer-
ation, and tissue necrosis which often 
necessitates minor and major amputa-
tions. Pathological examinations show 
inflammatory cellular infiltrates in seg-
mental arterial lesions that lead to throm-
bosis and vascular occlusion. 

The literature provides data from 
case series that address the effect of 
smoking cessation on the course of 
thromboangiitis obliterans. Some series 
are from convenience samples (and 
therefore subject to selection bias), and 
others follow patients entered in national 
registries. The studies report variable 
lengths of follow-up, and some are 
limited by small sample sizes and poor 
response rates at the time of follow-up. 
Detailed smoking histories, including the 
time course and duration of smoking 
cessation, are generally not available. 

In spite of these methodological limi-
tations, these studies show a consistent 
benefit of smoking cessation (Table 13). 
Evidence of benefit includes a lower rate 
of symptoms of ischemia such as claudi-
cation (Olin et al., 1990; Sasaki et al., 
2000; Wysokinski et at, 2000), ulceration  

(Olin et al., 1990, Sasaki et al., 2000) 
and amputation (Olin et al., 1990; Borner 
& Heidrich, 1998; shigematsu & 
shigematsu, 1999; Sasaki et at, 2000; 
Wysokinski et at, 2000). In aggregate 
these descriptive studies suggest a 
benefit of smoking cessation for patients 
with clinically evident thromboangiitis 
obliterans, but their small sizes preclude 
estimation of the amount 0f risk reduc-
tion. In addition it is not possible to 
assess the time course of attaining 
benefit, the role of other contributing 
factors or the importance of the duration 
or intensity of smoking. Anecdotally, 
however, many authors comment that 
disease activity quickly becomes 
quiescent in patients who stop smoking. 

Summary 

In synthesis, in populations without 
clinically evident disease, current 
smoking has a consistent and strong 
relationship with PAD. Former smokers 
have a reduced risk compared with 
current smokers, and former smokers 
are at higher risk than never smokers. 
Estimates of risk among former smokers 
vary, in part due to heterogeneous study 
methods. 

Data that address the time course of 
the change in risk with cessation are 
very limited, and the time course is 
different for populations with and without 
clinically evident disease. They suggest 
the reduction in risk of development of 
disease occurs over an extended period 
(at least 20 years). Prospective cohort 
studies suggest that the risk of PAD in 
former smokers remains greater than 
that of never smokers. 

Although there are important limita-
tions to prospective cohort studies 
conducted in patients with clinical 
evidence of PAD, results suggest an 
improvement in clinical outcomes among 
former smokers compared to continuing 
smokers. In contrast to populations with-
out clinically evident disease, patients 
with PAD who stop smoking experience 
complication rates that are similar to 
nonsmokers in a relatively short period 
of time. The benefits of smoking cessa-
tion for patients with disease have been 
observed in studies with 1-5 years of fol-
low-up. This suggests there are impor-
tant benefits of smoking cessation for 
patients with established PAD. 
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Change in Risk of Chronic Obstructive Pulmonary 
Disease (COPD) After Smoking Cessation 

Introduction 
It is generally believed that 15-20% of all 
long-term regular smokers will develop 
clinically overt chronic obstructive 
pulmonary disease (COPD), and most 
COPD cases worldwide are attributable to 
cigarette smoking. The prevalence of 
COPD increases with age and smoking 
habits, and the available data suggest 
that prevalence is rising in many parts of 
the world (Mannino et al., 2602 ; Menezes 
et a1., 2005). Studies of the global 
prevalence of COPD have generally been 
lacking, but the existing evidence and 
mortality statistics from the United States 
demonstrate that COPD will remain a 
major morbidity and mortality burden for 
many decades to come. The prevalence 
of, and death rates due to, COPD are 
probably underestimated because COPD, 
in contrast to diseases such as cancer 
and coronary heart disease, is widely 
under-diagnosed. The beneficial effects of 
smoking cessation on reducing chronic 
respiratory symptoms and slowing the 
accelerated loss of lung function seen in 
smokers have been fully demonstrated. 
However, the effect of smoking cessation 
in patients with severe COPD and on 
COPD-related mortality has not been 
studied extensively. 

Effects of smoking cessation on 
respiratory symptoms 

In a study of the natural history of COPD, 
Fletcher and Pete showed that the 

presence of respiratory symptoms such 
as chronic cough and mucus hyper-
secretion in subjects without airway limi-
tation was a benign condition that did not 
progress to COPD (Fletcher & Pete, 
1977), and this finding was recently con-
firmed by data from Copenhagen 
(Vestbo & Lange, 2002). Nevertheless, 
the presence of chronic symptoms in 
subjects with normal lung function is by 
definition classified as COPD Global 
Initiative for Chronic Obstructive Lung 
Disease (GOLD) stage 0, or "subjects at 
risk for COP D" (NHLB11WHO, 2003). 

The impact of smoking cessation on 
respiratory symptoms has been 
addressed in many studies. In published 
cross-sectional 	studies 	including 
subjects unselected for chronic respira-
tory symptoms, the reported prevalence 
in former smokers have ranged as 
follows: intermittent cough 5-21%, 
phlegm 5-30% and wheeze 1--19%; 
while in smokers the corresponding fig-
ures are 10-40%, li-40% and 7-32% 
respectively (Rijcken et at, 1987; 
Sparrow et al., 1987; Viegi et a1., 1988; 
Brown et al., 1991; Lundback et al., 
1991; Shеrmап  et al., 1992; Sherrill et 
a1., 1993; Bjornsson et ai., 1994; Enright 
et aI., 1994). In these studies, former 
smokers reported less frequent symp-
toms than did current smokers, but the 
prevalence of these symptoms still 
remains greater than that reported by 
never smokers. For instance, the 
Scottish Heart Health Study analysed 

cross-sectionally the impact of smoking 
cessation on chronic cough and phlegm 
in 10 359 men and women by length of 
tobacco abstinence (Brawn et a1., 1991). 
Within a year of quitting smoking, symp-
tom rates were substantially lower than 
in current smokers, and the symptom 
rates in former smokers of more than 2-4 
years were comparable to those in never 
smokers. Longitudinal studies support 
this observation, showing that cough, 
phlegm and wheeze decrease rapidly 
after smoking cessation (Wilhelmsen, 
1967; Comstock et a1., 1970; Buist et al., 
1976; Leeder etal., 1977; Buczko et al., 
1984; Tashkin et a1., 1984; Lange et al., 
1990; Barbee et a1., 1991), in some 
studies within a few months. 

Dyspnoea is a cardinal symptom of 
established COPD, but its assessment in 
studies of the general population 
imposes several problems. First, the 
validity of self-reported dyspnoea can be 
questioned; second, grading of the 
symptom varies across the studies; and 
third, dyspnoea can have causes that 
are other than pulmonary, e.g. heart 
disease and lack of physical fitness. 
Thus, the impact of smoking cessation 
on dyspnoea is not uniform across the 
studies that have evaluated this 
symptom, and some studies have shown 
no effect of stopping smoking compared 
with continuing smoking (Tashkin et a1., 
1984;1srael etal., 1988; Krzyzanowski et 
a1., 1993). Disease severity or an 
increase in body weight after giving up 
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cigarettes may be a factor in the lack of 
improvement in dyspnoea. In a cross-
sectional study, dyspnoea was found to 
be more common in severe COPD, while 
cough and phlegm were more common 
in milder COPD (von Hertzen et at, 
2000). In the Lung Health Study, in which 
5887 heavy smokers with mild-to-
moderate COPD were followed over 
5 years, sustained quitters had the low-
est prevalence of 4 symptoms: cough, 
phlegm, wheezing and dyspnoea 
(Kanner et al., 1999) compared with 
continuing smokers and intermittent 
quitters, and the changes in symptoms 
occurred mainly in the first year after 
smoking cessation (Pride, 2001). 

Reduction in risk of COPD 
compared with continuing smokers 

More than 20 years have passed since 
the Surgeon General's Report sum-
marised evidence, which had been 
emerging since the 19505, on the harm-
ful effects of smoking on lung function 
(USDHHS, 1984). Six years later, 
another report reviewed the health bene-
fits of smoking cessation and identified 
that substantial reductions in disease 
risks and disease progression accrue 
with tobacco abstinence (USDHHS, 
1990). When smoking cessation inter-
vention programmes were first initiated, 
researchers evaluated the impact of quit-
ting smoking on respiratory symptoms 
and on objective measures of pulmonary 
function including spirometry and diffus-
ing capacity. Although the evidence in 
favour of smoking cessation was already 
overwhelming in the 1990 report, most 
of the available studies were cross-sec-
tional, small, included selected popula-
tions or had short follow-up (less than 2 
years). 

According to the GOLD criteria for 
diagnosis and staging of COPD 
(described earlier in the chapter on 
Mechanisms) airflow limitation can sir- 

ply be assessed using forced expiratory 
volume in one second (FEV1) and forced 
vital capacity (FVC). Fortunately, even 
the earliest papers describing lung 
function in relation to smoking cessation 
used spirometry, which is still considered 
the "gold standard" for measuring 
ventilatory capacity in an individual. 
However, the interpretation of epidemio-
logical evidence concerning changes in 
lung function after smoking cessation is 
complicated by factors such as varying 
standardisation and adjustment in 
spirometric measurements, different 
thresholds for defining airway obstruc-
tion and failure to adjust for initial level of 
lung function and cumulative smoking in 
continuing smokers and for subjects who 
quit smoking (discussed in detail below). 
Even though only a minority of smokers 
get COPD, many smokers have acceler-
ated loss of FEV1 compared to never 
smokers. One of the four main conclu-
sions of the 1990 USA Surgeon 
General's Report was as follows: 

"Cigarette smoking accelerates the age-
related decline iп  lung function that 
occurs among never smokers. With sus-
tained abstinence from smoking, the rate 
of decline in pulmonafy function among 
former smokers returns to that of never 
smokers." 

Evidence from cross-sectional studies 
Data comparing lung function measure-
ments in never smokers, former smokers 
and current smokers go back more than 
40 years (USDHHS, 1990). Cross-sec-
tional surveys based on the general pop-
ulation as well as selected cohorts have 
uniformly shown that the level of lung 
function (expressed as either age- and 
height-adjusted FEV1 or percentage of 
predicted value) in former smokers is in 
between that of never smokers and 
current smokers. For instance, this was 
shown in the US Six Cities Study as 
calculation of residual FEV1 in never, 
former and current smokers which 

amounted to, respectively, -34 ml, -257 
ml and -546 ml for men; and -24 ml, -54 
ml and -234 ml for women (Dockery et 
al., 1988). In the Whitehall Study com-
prising more than 18 000 male British 
civil servants, mean FEV1 levels 
adjusted for age and height were 3.3, 3.2 
and 3.1 in never, former and current 
smokers respectively and were nega-
tively affected in ever smokers by 
amount smoked (Higenbottam et al., 
1980). Only one study found lower FEV1 
values in former smokers compared to 
continuing smokers, concluding that this 
was probably explained by the "healthy 
smoker effect" (Xu et al., 1994a). it is, 
however, not possible to draw any defin-
itive inferences about causality from 
cross-sectional studies. 

Evidence from clinical trials and 
longitudinal, population-based studies 
For decades, the continuously emerging 
results from smoking intervention trials 
with various lengths of follow-up and 
large, long-term cohort studies have 
contributed to a firm base of evidence for 
assessing the health benefits of 
stopping smoking on lung function. The 
major advantage of these studies is 
repeated measurements of FEV1 in the 
same individuals overtime, thus allowing 
calculations of the annual rate of decline 
in FEV1, 4FEVi or FEV1-slope for vari-
ous degrees of smoking exposure. 
Furthermore, many of these studies 
include detailed information on smoking 
history and habits as well as a number of 
baseline characteristics, including initial 
lung function. Those studies that were 
well-prepared and well-conducted also 
controlled for other recognized risk 
factors for COPD or factors known to 
affect pulmonary function measurement. 
This section presents a brief description 
of the most important studies along with 
their overall results. More specific and 
detailed effects of smoking cessation on 
the airways are discussed in subsequent 
sections. However, while the impact of 
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smoking cessation on the course if 

FEV1 has been studied extensively, this 
is not the case for the increased 
bronchial hyperresponsiveness that 
often accompanies COPD or the inflarn-
matory changes in the airways of 
smokers. An overview of the longitudinal 
studies of changes in FEV1 following 
smoking cessation is given in Table 1. 

Further evidence from epidemiologic 
observational studies supports the 
cross-sectional hypotheses and findings 
from the smaller clinical trials that 
smoking cessation is associated with a 
less steep FEV1-decline compared to 
persistent smoking regardless of the 
presence of COPD. The best well-known 
studies are the West London Study 
(Fletcher & veto, 1977), the Normative 
Aging Study (Bossé et at, 1981), the 
Whitehall Study (Rose et al., 1982), the 
UCLA study (Tashkin et al., 1984), the 
Tucson study (Camilli et at, 1987; 
Sherrill et al., 1994), the Copenhagen 
City Heart Study (Lange et al., 1989), 
the Six Cities Study (Xu etal., 1992), the 
Vlagtwedde-Vlaardingen study (Xu et a1., 

1994b), the Honolulu Heart Program 
(Burchfiel et al., 1995), the Finnish 
cohorts of The Seven Countries Study 
(Pelkonen etal., 2001), and the European 
Community Respiratory Health Survey or 
ECRHS Il (Chinn etаL, 2005). 

In addition, much of our knowledge of 
smoking cessation and lung function 
during the last decade comes from the 
Lung Health Study (LHS) (Table 1). The 
relevant papers from this ongoing multi-
center clinical trial will be addressed in 
forthcoming 	sections. 	Briefly, 	in 
1986-1988 LHS enrolled 5887 asympto-
matic smokers with mild to moderate air-
way obstruction (FEV1IFVC - 0.7 and 
FEV1 55-90% of predicted normal value) 
and randomised them in two groups: one 
third to receive usual care (UC) and two 
thirds to receive special intervention (Si), 
which consisted of intensive smoking 
cessation assistance. Further, the Si 
group was split in two groups on the 

basis of double-blind prescription of 
either inhaled bronchodilator (iprat-
ropium bromide) or placebo. participants 
were followed with annual spirometry for 
five years, and 11 years after the first 
LHS, a new phase (LHS 3) was 
conducted with repeat spirometry in over 
4000 of the original subjects. Cross-
sectional and sustained quit rates at five 
years were 39% and 22% in the SI group 
and 22% and 5% in the UC group 
(Anthonisen etal., 1994). 

The main outcome variable of 
interest— annual change in post-bron-
chodilator FEV1— was not affected by 
the inhaled bronchodilator, whereas 
smoking cessation increased FEV1 
during the first study year; at subsequent 
visits, the rate of FEV1-decline in sus-
tained quitters was half the rate 
observed in continuing smokers 
(Scanlon et a1., 2000). At the 11-year 
follow-up, results were essentially the 
same (Anthonisen et al., 2002а; Figure 
1). The advantages of this study besides 
its methodology included the high partic-
ipation rate in follow-up visits and the 
ability to identify and adjust for other risk 
factors for excess loss of lung function 
(Table 2). Recently, one of the founders 
of LHS summarized the most important 
conclusions from the study, stating that 
smoking cessation largely prevented 
development of clinically significant 
COPD and that the beneficial effects 
were present for both men and women, at 
all ages and across all levels of baseline 
lung function (Anthonisen of a1., 2004). 

A few studies failed to show an overall 
effect of quitting smoking and smoking 
cessation intervention, respectively, on 
FEV1-dеcliпe. The Kaiser-Permanente 
medical care program was a large study 
of 9392 persistent smokers and 3825 
persons who quit smoking between two 
multiphasic health checkups (Friedman 
& Siegelaub, 1980). Self-reported 
chronic cough improved in those who 
quit smoking, but there was no differ-
ence in change in FEV1 between the two  

groups. The authors concluded that the 
short follow-up (mean 1.5 years) was 
responsible for the lack of effect of 
quitting. MRFIT was a randomised, 
controlled risk factor intervention trial 
originally comprising 12 866 men at high 
risk for coronary heart disease (Browner 
etal., 1992). Men with doctor-diagnosed 
COPD were excluded. Spirometry was 
not standardized in the first two it the 
6-7 years of follow-up, which restricted 
analyses to the latter half of the study 
(three annual FEV1-measurements or 
two measurements two years apart, N = 
6347). Overall, the researchers found no 
difference in rate of loss of FEV1 in the 
special smoking cessation intervention 
group (SI) and the usual care group 
(UI). However, they found that smokers 
of 40~ cigarettes/day or 65+ pack-years 
at study entry in the SI group had a 16% 
reduction in the rate of FEV1-decline and 
a higher final FEV1 at the 10% signifi-
cance level compared with the UC 
group. The authors inferred that reasons 
for the apparent underestimation of the 
impact of quitting in lung function 
included confounding due to usage of 
('-Ыocking medication in the 51-group 
and ta the almost equal quit rates in S1 
and UG participants (33% and 20%, 
respectively, р-.0001). However, mis-
classification of tobacco smoking status 
may also play a role. 

Another publication from MRFIT 
limited the analyses to men who never 
used a-blocking drugs (N = 4926) and 
concentrated on comparison of perma-
nent quitters during the first year of the 
study with continuing smokers 
(Townsend et al., 1991). The results 
showed a slower rate of FEV1-decline of 
approximately 8 ml/year in quitters 
compared to sustained smokers. Cross-
sectionally, gradually decreasing level of 
FEV1 was observed across never smokers, 
former smokers, quitters, intermittent 
quitters and continuing smokers (Figure 2). 

Another longitudinal study including 
data on 759 men and 1065 women in 
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Author, 5trtdy No. of subjects Follow-up after Effccl on FEV, Other lung function tests 
rгferепcе  location smoking (rnhlyr) and comments 

Age cessation 

Comslock et at. Baltimore 570 males 5 years Lose of FEV, 1Б  ieee in 
1970 Near York subjects who quгl 

Vdeahingto r 46-59 years smoking 
DC 

lair at a1, 1975 Quebec 52 subjects 8 weeks Not examined Less frequency dependence 
12 subjects studied alter of dynamic compliance 
smoking nessat on 

Bode of cl. 1975 Montreal 50 healthy smokers 6-14 receSs Not osarnined h proveтents in MFF and 
10 subjects studied atte Brig volumes ou cessation 
smoking cessa on 
29-61 years 

Bu1st, 1576 Portland 75 su4jecta 52 weeks No 	gn fioant change Closing volume hi ai сарас lty 
Montreal (CVNC) significant improve, 
Иlinnipeg 21-63 years Decrease in respiratory 

symptoms 

McCarthy of cl, Manitoba i31 nub ente attending a 48 weeks 3 grrificani Improved nitrogen washout 
1976 smoking cessation clinic improvement in FEV, curve. 

17-be years after 24 weeks Improved closing ecturrie & 
capacity, FVC 

Barter & Victoria, 34 subjects with mild chronic Spears Loss of FEV, 
Campbell, 1976 Australia bronchitis is less in former 

45-66 years smokers 

Fletcher & Palo London 792 eubtec s spears at Srtto %loss o1 FEV-similar 

1977 30-59 years intervals 	(mitai) in former smokers and 
never smokers 

Bake at al 1977 Go hsriburg 17 subjects 5 months 5 gnitbrast Significant improvement in VC 
2h 77 убеге  nproveneri' r FEV, 

Zamel et лf, 1979 Toronto 26 Inca thy smokers 2 months P gnifXanl increase in Signifions increase in VC & 
27-45 years FEV, improvement in lreguency 

depesdernce of lung dynamic 
compliance 

Buist vIal, 1979 Portland 15 subjects 30 months FEV, improved VC, CV and slope of single 
21 63 years breath N0 tes mproved 

Мiciгееls dc  l. iNiunpvg 16 never smokers 18 months Non -significant Pulrnonary cas с  recoil 
1979 19 smokers Increase after smoking denroenos alter smoking 

32 46 years cessation cessation 

Fredrrun etal. Oak ahid 9392 smokers 18 months No sis. difference in Ste -reported respiratory 
1980 (Kaiser 3825 quitters FEV, snd FVC symploms decreased in 

Fermarrentaj 20-79 years between smokers and quihers 
quitters 

Nigenbotlam et London 18,000 male civil semants Cross-sectional Level of FEV, similar in Alter smoking cessation 
cl. 1980 ce- cud never smokers Reduced phlegm 

40-64 years aud higherlhan in ishut improvement in lung 
current smokers tunction 

Bossé of cl 1981 Boulon 850 healthy men 5 yrs Greater FEV, decline in No effect of years once 
(Normative aged 20-- years smokers than quitters quitting on retell decrease in 
Aging FEV, and FyC 
Study) 

Nemeryetal, Brussels 105 current smokers Cross-sectional Observed FEV in 
1982 51 titrera smokers short-and long terni 

54 never smokers former smokers close 
to never smokers 

45-55 years 
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Author, study 	No. of subjects Fol low-up aller Effecf on FEV, Other lung function tests 

reference location smoking (mllyr) and comments 

Age cessation 
Hughes et al. 5б  males with emphysema 3 years Greater FEV, decline in Greater SC decline in 

1982 smokers than ex- smokers than former smokers 

45-63 years smokers 

Teshlen eta!, Los Angeles 	2401 subjects 5 years Improvement in FEV, Sigriilrca S lessened decline fn 
1984 Indexes of small airway lung 

25-64 years function; 
Significant it ргоееmerrl 1п  
symptoms of cough, wheeze 
and phlegm production 

Padma et at. Nelherlands 31 subjects with chronic 2-21 years Game rate et FEц,- 
1906 a ruing obstruction decline 1п  former ihaп  

35-60 current smokers 

Camilli mal. 1967 Tucson General population sample Mean 9.4 years Former smokers had lr subjects youngei than 35 
Ar sana of 1705 subjects similar rates e1 FЕΡV, quitting smoking was 

decline as never associated with as increase in 
20-90 years smokers, whereas FFV, 

quitters 56± years) 
had rates in between 
current smokers and 
never srnokers 

Postma & Saler, Netherlands Group 1: 129 subjects with Group 1:8-12 Regular herapy and 

1989 severe chronic 55115w years smoking cessation 
obstruction Grasp 2: 2.8-20 showed slower decline 
Group 2. 138 subjects with years m FEV- 
lses severe airflow 
obstruction 
Group 3: 81 subjects out et 
group 5w th  a дaclfпo of 
FEV, over time 
40-8-5 years 

Lange et a1, 1989 Copenhagen 7764 grouped accord ingto 5years Derronsirablo 
self-reported smoking beneficial effect in 

habits F1_V, decline 
20-93 years 

Tcerrsend et a!, Minneapolis luit center triai of 4926 6 7 years Quitters during the first Analyses were carried cutis 
1991 (19 17) men year had less steep the laser half of the trial 

35-57 years surisk for rates of dccl ne 1n FEV, 
heart dlfesse than crue su lug 

smokers 

Sherrill et a!, 1993 Arizona 633 males 14 years FEV i-decline ratas Former smokers had better 
891 tamales similar in mae former lung luncfion values than 

and never smokers but current smokers 

a 55 years mean 67) faster in te Tale former 
smokers 

Leader et гul 1994 Kenlucky 18 with mild-to-moderate 26 weeks Na sip changes in Sig decrease in OOPD  

СОРОеrrollед.7 FFV. symptoms egg 

completed study 
40--65 

Xu et at 19945 Netherlands 4554 men and eromen 24 years Less steep rates of Compared to non-smokers, 
daims 1п  F45. in female ferrпer smokers hад  

lb-54 yearn quitters compared ta sigпitusuttusterFEV,decliпe, 
continuing smokers whereas male farmer 

smokers dada ower decline 
(non -significant) 

Burchfiel et at, Honelulu 4451 subjects 6 years Less steep rates of 

1995 Richmond decline in F85 osera 

Portland 45-58 years short period of time 
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Author, 	 Study location 	No. otsubjects 	Follow-up 	Effect on FEV, 	Other lung function tests 
reference 	 after smoking 	(mItyr) 	 end comments 

Age 	 ceCanlion 

Pelkri es et a! Seven Countries 1711 men 30 years Quitters had a slower 
2001 Study decline in FE С1, n than 

Finland Middle-aged (rican 50 conбnuous smokers 
years) and never smokers 

Chinn et s! 2075 Еигoреап  6654 w bjects 7-11 years Dan na in FEV1 Maximum benefit needs 
Community ower iп  raIe conlrol of weight gee 
Respiratory sustained quitters and especially in men 
Health Sorvey iп  20-44 years those who quit 
27 countries beSseen surveys and 
amass Europe greater in smokers. 

Knudson et al. Tucson Asymptomatic sibjects Single FЕV, roi measured Cigarette smoking results in 
1989 190 current smokers measurement decrease in D_ 

210 former smokers Revers'ble arid irresernible 
463 never srirokcrs elements 

Improvement in D~ 
15- years following smoking cгssation 

Sanuores et et, Eritiah Colombia 16 smokers before and Varies between Rapid improvement гп  6Сгх  
1902 Mexico City after smoking 24 hours to 3 in moat sabtecle 	folloьving 

cessation months smoking cessation. 1п  some 
subjects, ОL0г  remain 

29-52 years atrnormcl. 

Vile son, 1993 London Cohort of white middle 10 yecre Smoking cessation reverses 
aged men recruited in reduction in 	and 
1974. TLrnNA 
122 men restudied in 
1985. 
42 current smokers 
21 former smokers 
17 gutting smokers 
42 never smokers 

Watson et at, London Changes over 22 years 22 years 
21700 in 84 men 

42 current smokers 
42 never smokers 

Mean 40.5 years 

Anthonisen eta!, Lung Health 5887 smokers 5 years Significant smaller 
1994 Study male and female declines 1n ЕPV- in 

35-60 yrs ntorvcriton groups 
11 	clinicat Early CO bEl (FEV,55- than in control group 
centres in the 90%) 
USA and 1 

Murray et ai, Canada As above 5 years As above Multiple altempfsand 
1998 relapses provides bene ts 

Cleveland 
tinanloni of at, Detroit Baltimore 3926 smokers with 5 years Improvement in FEV Respiratory symptoms do 
2000 Rochester mild-to-moderate not predict lung function. 

Portland ai way obstruction 
Birmingham Los 

Kanner eta!, Angeles 5887 subjects Spears As above Lower respiratory j ceases 
2001 lbinnipeg promote FEV durdriu in 

Minneapolis current (not former) 
Pittsburgh smokers. 
Soil Lake 

Anthoninen eta), 4517 se Ьjecls Follow up eftcr Less decline in FFV ' At 11 years 388' of 
2002a 11 years in sustained quitters continuing smokers had or 

compared to other FEV, e 80%, compared with 
groups 10 	of sus abed go 	ers 

Conned st a1, 3348 men, 1998 5 years FFV1 improved more Smoking cessation has 
2003 women iп  morion 3.7% greater benet ta for women 

predicted) then iп  with mild CCP4 
_ mien_(1.6%) _ 

tctPb = mean exp'raiory tlow' PVC = turned vital capacity; CV = closing volume; D~. end EtL v~ = diffusing capacity of carbon 
monoxide 
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Figure 1. FEV1 (A) and FEV1 % (B) predicted value for sustained 
quitters, intermittent quitters and continuing smokers from the eleven 
year follow-up of the Lung Health Stиду  
The figures show loss of lung function over the years of the LHS in sustained quit-
ters (open circles), intermittent quitters, (grey circles) and continuing smokers (solid 
circles). Reported values are average post-bronchiodilator absolute FEV1 estimates 

(A) and percentage of predicted normal values (B). 

From Anthonisen et ai. (2002а) Smoking and lung function of Lung Health study participants 
after 11 years, American Journal of Respiratory and Critical Care Medicine, Vol. 166 (5): 
675-679. Official Journal of the American Thoracic society. 
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Poland examined twice in 13 years of 
follow-up found the fastest FEV1-decline 
in men who gave up smoking closer ro 
the second examination survey (within 8 
years) (Krzyzanowskl etal., 1986). Only 
women who stopped smoking during the 
first five study years (closer to the base-
line examination) experienced a slower 
rate of loss of FEV . These findings were 
attributed to the fact that many smokers 
quit due to respiratory or other illnesses. 

in conclusion, there is consistent and 
powerful evidence that smoking 
cessation slows the smoking-induced 
accelerated loss of lung function seen in 
continuing smokers. 

The rile it intermittent smoking 
cessation 
Some prospective studies have 
observed that a substantial proportion of 
the study participants who report quitting 
smoking subsequently report relapsing 
or report several more or less successful 
quit attempts. In a number of papers 
these subjects are analysed as intermit-
tent quitters, relapsers, recidivists or 
variable smokers. The effect of this 
smoking behaviour on lung function 
decline compared to sustained smokers 
or quitters is not clear. Comparison of 
the studies is somewhat hampered by 
differences in adjustment for cumulative 
tobacco consumption. In a small 
sub-sample of the Tucson study, the 71 
intermittent quitters actually had a faster 
FЕV1-decline than consistent smokers 
after controlling for amount smoked 
(Sherrill et a1., 1996). Also, a study in the 
Netherlands found that intermittent 
smokers did not differ from continuing 
smokers in terms of lung function loss 
(Xu et a1., 1994b). In contrast, the LHS, 
the Finnish study and the Hawaii study 
found that intermittent smoking was 
associated with slower FEV1-decline 
compared with that among continuing 
smokers (Figure 1) (Burchfiel et at, 
1995; Murray et a1., 1998; Pelkonen et 
al., 2001). Hence, at present it seems 
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Figure 2. Adjusted FEV1 by smoking statuas for IRFIT participants 
Boxes represent mean FEV1 (star) taken at trial midpoint and 95% confidence intervals (height 
of box). Adjustment made by substracting prediced FEV1 by age and height in asymptomatic 
non-smokers, non beta-block treated participants from observed FEV1 . 
"Percentage of group more than 1.65 standard deviations (797 ml) below predicted FEV, 

Reprinted with permission from Townsend eta1. (1991). 
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that it is not possible to establish consis-
tent evidence regarding intermittent 
smoking and lung function changes. 

Change in absolute risk after 
Smoking cessation 

One of the four main conclusions of the 
Surgeon Generals 1990 Report was as 
follows: 

"For persons without overt chronic 
obstructive pulmonary disease (dPI), 
smoking cessation improves pulmonary 
function about 5 percent within a few 

months after cessation." 

The report stated that this improve-
ment corresponded to an actual increase 
in FEV1 of approximately 100 ml, and that 
the finding was based on clinical studies 
with a small number of subjects and a 
short duration of follow-up. 

Among non-smoking healthy persons, 
lung function declines linearly beginning 
at approximately 25 years of age, at a 
rate of 20-30 ml/year (Fletcher & Peto, 
1977). Older persons, smokers and 
patients with COPD or emphysema have 
larger declines, with up to 200 ml/year 
having been reported (Kerstjens et a1., 
1996). Fortunately, the longitudinal stud-
ies described above have assessed 

change in lung function as decline in 
FEV1 expressed as an absolute number  

in ml per year, which makes 
comparisons among different smoking 
habits readily accessible and under-
standable from a public health perspec-
tive. Table 3 provides an overview of the 
change in FEy1 or 4FEV1 (mi/year) after 
smoking cessation (former smokers and 
quitters) when compared to continuing 
smokers for those studies reporting this 
determination. 

Except for results from the general 
population sampled in the Tucson study 
(Camilli et a1., 1987), which showed that 
in subjects younger than 35 years 
smoking cessation increased FEV1 by 
21 and 27 mi in men and women 
respectively when compared to 
never smokers, cohort studies have not 
confirmed that smoking cessation in 
healthy subjects actually increases lung 
function. However, it can be concluded 
on the basis of these studies that 
smoking cessation reduces the rate of 
FEVt-decline by approximately 10 
mi/year, corresponding to a 15--30% 
slower decline than continued smoking. 
in contrast, subjects with impaired lung 
function, as in the LHS, displayed 
significant improvement in FEV1 in the 
first year of the study when quitting 
smoking, and in subsequent years a 
reduction in the rate of decline of 50% or 
higher was seen in quitters. A similarly 
large reduction in ДFEV1 was observed 
in the group of middle-aged men with 
mild COPD in the study by Fletcher and 
Peto (1977). Furthermore, as will be 
discussed later, long-term former 
smokers in most cases have a 4FEV1 
not significantly different from never 
smokers, and although the lost lung 
function is generally not regained, the 
FEV1 slopes in subjects who quit smok-
ing approach the slopes of 
never smokers (Figure 3). To summa-
rize, the absolute risk of COPO is 
reduced by smoking cessation. 
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Change 1 п  risk of chron c obstructive pu macsty disease alter smoking cessation 

. 	вΡ - 	 t вΡ 	a 	 в  r• 	 вΡ в  

Sustained Quitters Intermittent Quitters Continuing Srпokers 5ignifiсапсе  

Baseline characteristics Q (n = 559) 1 (n = 991) $ (n = 2268) (р  <0.05) 

Age, yr 49.1 	(6.8) 48.6 (6.9) 48.3 (6.8) Q  

Sex. % femae 32.9 38.1 36.1 NS 

Married, % 74.1 72.6 69.6 NS 

Years of education 13.8 (2.9) 13.9 (2.9) 13.5 (2.8) Q, S; 1,S 

Nonwhite % 3.3 4.2 4.6 85 

Cigarettes per day 30.1 (12.6) 29.8 (12.3) 32.0 (12.8) Q, S; 1,S 

Salivary cotinine, ngiml 332.4 (199.8) 334.8 (187.0) 389.0 (207.5) Q, s; 1,s 

Age started smoking, yr 17.6 (3.6) 17.8 (3.9) 17.3 (3.8) 1,5 

Pack-years 40.1 	(18.8) 39.4 (18.2) 40.8 (19.0) NS 

Smoke pipes, cigars, % 5.4 4.3 7.5 1. S 

Use alcohol. °10 70.8 71.1 70.2 NS 

Drinks per week among alcoho users 6.4 (5.7) 6.0 (5.3) 6.2 (5.7) NS 

Body mass index, kg!m2 26.0 (3.9) 25.9 (3.9) 25.4 (3.9) Q, S; 1,S 

FEV1 (post-BD), L 2.82 (0.64) 2.74 (0.64) 2.75 (0.61) NS 

FEV1 %predicted (post-BD) 79.4 (9.1) 78.4 (9.2) 78.1 (8.9) Q, S 

FEV1/FVC (post-BD), % 63.1 (5.6) 62.9 (5.5) 63.0 (5.4) N5 

Bronchodllator response, % 4.5 (4.9) 4.6 (4.8) 4.1 	(5.1) 1, $ 

Log methacholine reactivity 

(LMCR), % mg/m1 0.442 (0.388) 0.478 (0.406) 0.444 (0.373) 0, 1 

Men 0.344 (0.349) 0.376 (0.382) 0.353 (0.350) 

Women 0613(0,382) 0.615 (0.370) 0.595(0379) 

Respiratory symptoms 

Chronic cough, % 39.7 40.6 44.3 NB 

Chronic phlegm, % 32.2 35.8 37.7 Q, S 

Chronic bronchitis, % 26.1 26.5 30.3 NS 

Wheezing grade 1 or higher, % 74.4 76.8 76.9 NS 

Dyspnea grade 1 or higher, % 39.0 41.3 44.1 N5 

BD = bronchodilator, FEV 	- toned expiratory volume in 1 sec; PVC = forced vital capacity; Q= sustained quitters; l= intermittent quitters; S= continuing 

smokers; NS=not significant difference 

Reproduced with permission from: Scanlon et a1. (2000), smoking cessation and lung function in mild-to-moderate chronic obstructive pulmonary disease. 

The Lung Health Study. American Journal of Respiratory and Critical Care Medicine, 161:381-390. 
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Rate o! I7еe@inе  in FEV1 (mi/year) 

Study 	 Smоkers 	 Quitters 	Former smokers 	 Comments 
men/women 	men/women 	men/women 

Reference 

West London Values are for men 
Fletcher & Pet o (1977) 55/80 30/37 Not reported without/with mild COED 

Respiratory Study Los Values are for a period of 5 
Angeles (UCLA) 350/270 300/190 260/190 years 
Tashkin, eta1. (1986) 

Krakow study of COPD 
Krzyzanowski ; et a1. 60/42 68/37 63/38 
(1986) 

Tucson (General 42 35 21 Values are for men aged 
Population) 50-69 
Camilli, eta! . (1987) 

Copenhagen City Heart 56/48 43/too few subjects Values are for men and 
study 36/32 women > 55 years 
Lange, et al. (1989) 

г  1RFIТ  Values are for men aged 38- 
Townsend, etal. (1991) 59 50 44 63 

Six US Cities 
Xu, etal. 53/38 41/29 34/30 
(1992) 

Vlagtwedde-Vlaardingen 33/30 20/15 20/19 
Study 
Xe, etal. (1994b) 

Honolulu Heart Program 33.5 22.6 (Exams 1-2) 21.7 Values are for men aged 45- 
Burchfiel; et a1. (1995) 29.7 (Exams 2 3) 68; quitters during the first 2 

years (Exam 1-2; next 2-6 
years (Exam 2-3), are 

adjusted for age and heighl. 

Lung Health Study 62 ±55 47± 57/31±48 Not reported FEV, increased in quitters 
5сапlоп, et al. (2000) during the first year in males 

arid females combined 

Finnish Seven Values are for men aged 
Countries Study 66.0 55.5 49.3 40-59, and correspond to 
Pelkonen, etal. (2001) FEVГ,S 

Lung Health Study 66.1!54.2 30.2/21.5 Not reported Values at the 11-years 
Anthonisen, etal. (2002а) follow up 

EСгIHS I1 (European 35/27 31/22 31/27 Values are for men and 
Comm. Respiratory women aged 20-44 
Health Survey) Unadjusted values reported 
Chinn, etal. (2005) 
Values in Tab е  are mean ±standard dec Stu ns 
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Figure З. Smoking and rate of loss of FEV1 for susceptible smokers 

Change in risk of chronic obstructive pulmonary disease after smoking cessation 

Reduction in risk for those with 
abnormal lung function 

No study has been designed to compare 
rates of FEV1-decline in COPD patients 
who quit smoking with the decline in never 
smokers, but some studies have examined 
the effect of smoking cessation versus con-
tinuing smoking in COPD patients and in 
those with asymptomatic airflow obstruc-
tion. An important problem in detecting 
asymptomatic airflow obstruction is the fact 
that COPD is usually not diagnosed before 
symptoms (dyspnoea, mucus production) 
are present, and at this stage 
the airflow limitation is frequently 
considerable, with an FEV1 < 50-60% of 
predicted value. 

Clinical trials 
In the 1990 Surgeon General's Report, 
only three studies concerning the effect 
of smoking cessation on FEV1 -decline in 
patients with established COPD were 
evaluable. Postma and coworkers studied 
a group of 81 patients with 
moderate—severe COPD followed for 
2--21 years (Postma et al., 1966). The 22 
patients who stopped smoking at enrol- 

ment or during the study experienced a 
АFEV1 of -49 mi/year, which is still faster 
than the decline in never smokers in the 
general population, whereas the sus-
tained smokers declined 85 ml/year. 
Another previous study followed 56 men 
with emphysema for 3-13 years to 
assess 4FEV1 in smokers and former 
smokers (Hughes et al., 1982). Of the 19 
former smokers, 13 had stopped smoking 
less than 2 years before study entry. 
Duration of smoking and cumulative 
tobacco consumption were equal in the 
two groups. ДFEV1 was 15 ml/year in 
former smokers and —57.7 mt/year in the 
continuing smokers. Fletcher and Peto 
also stratified their sample comprising 
792 working men according to preva-
lence of mild airway obstruction and 
found FEV1-declines of 37 ml/year, 62 
mi/year, and 80 ml/year in former 
smokers, light smokers and heavy 
smokers, respectively (Fletcher & Peto, 
1977). In a small trial (n-57) lasting 30 
months, Buist and co-workers found that 
subjects with impaired lung function at 
baseline had greater improvement in 
FEV1% predicted following smoking 

cessation than subjects with normal lung 
function at baseline (Guist etal., 1979). 

Population-based studies 
In the Honolulu Heart Program, separate 
analyses were performed in men with 
impaired lung function (n-216) defined 
as either being iп  the lowest baseline ter-
file of FEV1 or having a Z-score for FEV1 

-1.64 (Burchfiel et al., 1995). The 17 
men with impaired pulmonary function 
who quit within the first two years of the 
study had a slower FEV1 decline than 
those who continued to smoke (4FEV1 
1.8 ml vs. 31.4 ml), whereas this was not 
the case in the 47 men who quit later 
during follow-up (2 to 6 years after base-
line examination) (4FEV1 25.1 ml vs. 
31.4 ml). The study also indicated that 
participants in the low or middle fertile of 
FEV benefited more from quitting than 
those with the best lung function. More 
recently, the 30-year follow-up from the 
Finnish cohorts of the Seven Countries 
Study (Pelkonen of a1., 2001) confirmed 
that quitting smoking during the study 
was associated with slower FEV1-
decline across all tertiles of baseline 
FEV1 as compared to continuing 
smokers (Table 4). A study from 
Copenhagen, Denmark analysed changes 
in smoking habits and risk of a first 
hospital admission for COPD, finding a 
gradient in relative risk (RR) with 
increasing 	tobacco 	exposure 
(Godtfredsen of a1., 2002a). Compared 
with continuing smokers, the RR esti-
mates were 0.25 (95% confidence inter-
val (95% Cl) = 0.20-0.31) for former 
smokers, 0.36 (95% Cl = 0.26-0.49) for 
smokers of <15 cigarettes/day and 0.58 
(95% CI = 0.43-0.80) for quitters who 
smoked X15 cigarettes/day. Smokers 
belonging to the lowest baseline tertile of 
FEV1 who quit during the study showed 
a lower risk of hospital admissions than 
continuing smokers. In the LHS, the 
rates of FEV1-decline of 30 and 21 
mi/year for male and female quitters, 
respectively, at the 11-year follow-up are 

279 



Quitters** Continuous 

Tertile of baseline N Baseline Decline Baseline Decline 

FEVб 75 (ml)' (mllyear) N 	(ml)y (mllyear)° 

Low 111 2565 -48.4 152 	2662 -62.9 

Middle 129 3259 -51.7 123 	3253 -65.0 

High 116 3805 -57.6 101 	3806 -67.2 

г  Tertile limits arec 3019 roI, 3019-3478 ml, and : 3478 ml achieved by dividing height adjusted base-

line FEV0 r values of 1007 study subjects into three ternies. 

y At baseline, adjusted for age and height. 

Adjusted for age; p~0.001 for smoking, p=0.044 for tertile of baseline FEV075, p-0.003 for ago, p=0.018 

for duration of smoking, p=0.765 for smoking tertile it FEV075 (all ANCOVA). 

Including baseline past smokers and permanent quitters. Reprinted from Thorax; 2001, Vol. 56(9)703-
707, Pellionen, etal. with permission from BOJ Pubtahing Group. 
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comparabe to rates for middle-aged, 
healthy never smokers in the general 
population (Anthonisen et a1., 2002а). 

In contrast, the UCLA study did not 
find any difference in FEV -decline 
among male quitters and continuing 
smokers with airflow obstruction, but 
women with airflow obstruction who quit 
had slower decline than continuing 
smokers of the same sex (Tashkin et a1., 
1984). However, it is not clear whether 
this subset analysis controlled for 
cumulative tobacco exposure. The same 
trend was found in the Tucson study, 
which reported an analysis of longi-
tudinal data with time-dependent 
covariates for smoking status and using 
each study subject as his/her own 
control when modelling FEV1 (Sherrill et 
at, 1994). 

In summary, results from smoking 
cessation trials and prospective popula-
tion studies support the observation that 
the rate of FEV1 -decline in people with 
impaired lung function who cease 
smoking returns to that of never smokers 
within a varying time frame (a few months 
to several years after cessation). 

Reduction in risk of COPD for 
those with normal lung function 
or who are asymptomatic 

To date, no study has followed a suffi-
ciently large number of individuals from 
birth through old age to assess growth, 
plateau and decline in lung function. 
Such a study would be informative since 
the range of normal lung function, 
defined as FEV1/FVC >70 and FEV1 
predicted value (predicted for age, 
height, gender and race) between 
80 120%, is very wide. Different theories 
exist as to what extent genetic, 
socio-economic, environmental and 
behavioural (active and passive 
smoking, respiratory infections, air pollu-
tion, diet, physical activity etc.) factors 
determine maximal lung growth in 
children, adolescents and young adults 
(Lebowitz et a1., 1987; Twisk et al., 1998; 
Jackson et at, 2004). It is however clear 
that initiating smoking as a teenager 
negatively affects the maximum attained 
lung function (Samet & Lange, 1996). 

Furthermore, as observed in studies 
of young asthmatics, most studies  

hypothesize that a healthy smoker effect 
exists also in terms of smoking onset: i.e. 
smoking prevalence is higher among 
people with initially better lung function 
whereas subjects with presence of 
respiratory symptoms or impairment 
tend not to take up smoking or quit 
sooner. Hence, cross-sectional data on 
lung function, smoking and smoking 
cessation will tend to produce results 
that are biased towards not finding a 
beneficial effect of smoking cessation, 
since smokers will tend to have better 
lung function at baseline than quitters. 

However, the above-mentioned 
recent longitudinal studies of samples of 
the general population clearly show that 
the reduction in risk of COPD, estimated 
as the attenuated FEV1-dicline, is 
remarkably consistent and reproducible. 
The 1990 Surgeon General's Report 
reviewed 11 longitudinal studies of 
healthy people (general or working pop-
ulation) published between 1969 and 
1985. The percentage reduction in 
FEV1-decline in former smokers/quitters 
compared with continuous smokers 
were quite similar to that reported in the 
newer studies, indicating that secular 
smoking trends (cigarettes with filters, 
low nicotine/tar yield) have not influ-
enced lung function changes in smoking 
cessation. Lastly, not very many studies 
have explicitly explored the relationship 
between smoking cessation and the 
exact timing of signs of reversibility In 
lung function measures. 

Clinical and cross-sectional studies 
A study of 10 healthy male smokers 
(mean age 27 years, mean cigarette 
consumption of 9 pack-years) showed 
significant recovery from abnormal 
pulmonary epithelial permeability after 
three weeks of smoking abstinence, 
indicating reversibility in the small air-
ways function. However, there was no 
effect of short-term smoking cessation 
on any other tests of ventilatory function 
(Minty et al., 1981). Smаll studies 
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conducted in smoking cessation clinics 
show diverging results for groups with 
different lengths of follow-up, with 
improvement in FEV1 after 5-7 months 
but no change from baseline value at 
one or two years (McCarthy et a1., 1976; 
Bake et at, 1977). However, in these 
studies the participants were compared 
with themselves and not with continuing 
smokers, and as such the results are 
subject to regression to the mean (i.e. 
with re-testing, values tend to get closer 
to the average rather than to the original 
higher or lower individual values). Buist 
and coworkers (1979) conducted a 
similar small study with 30 months of 
follow-up and with a stronger 
methodology, finding an increase in 
FEV1 and FVC during the first 6-8 
months after smoking cessation (Figure 
4). A cross-sectional study examined the 
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relationship between timing of smoking 
cessation and reversibility of carbon 
monoxide diffusing capacity (DLco) in 
749 healthy individuals (Knudson et a1., 
1989). Mean duration of smoking cessa-
tion was 12.4 years, and there was no 
significant difference in predicted DLco 
or FEV1 between former smokers and 
never smokers. This was already appar-
ent for women who had quit within 2 
years prior to the study and in men 
within 2-3 years after quitting. Nemery 
and colleagues also cross-sectionally 
assessed observed and "expected" 

changes in lung function with time since 
quitting smoking, and showed that early 
quitting (within 5 years) was associated 
with slower FEV1-decline (Nemery etal., 
1982). As described earlier, the LH5 
found a rapid positive effect on ЛFEV1 
within a year of quitting smoking. 

FEV1 

Population-based studies 
Not all the longitudinal studies agree on 
the timing oi the observed benefits of 
smoking cessation, but again this is in 
part due to different methodological 
approaches. A drawback in general 
population surveys is that the reasons 
for giving up smoking are often 
unknown, increasing the risk of the so-
called reversed causality. If a substantial 
proportion of study participants quit 
smoking due to sub-clinical disease, this 
will dilute estimated differences between 
quitters and continuing smokers, 
especially in studies with a short dura-
tion of follow-up. In the Normative Aging 
Study, former smokers stopped smoking 
after study entry, during the 5-year study 
period and quit rates were evenly 
distributed throughout the follow-up 
interval. Regression analysis found no 
effect of years since quitting on the rats 
of decline of FEV1 and FVC; both were 
significantly lower than in continuing 
smokers, indicating an onset of benefits 
soon after cessation (Bоssé et al., 
1981). However, in other general popula-
tion samples there were significant 
differences in лFЁV1 or relative risk of 
COPD between early and late quitters 
(Tashkin et aI., 1984;Camilli etal., 1987; 
Burchfiel etal., 1995; Godtfredsen etal., 
2002a), as illustrated in Tables 5 and 6. 
However, these studies seem to indicate 
that at least 4-5 years must elapse 
before the rate of FEV1-decline returns 
to that of never smokers. 

Timing of effectif smoking cessation 
on airway inflammation end hyper-
responsiveness 
It is well known that smoking causes air-
way inflammation and that increased 
bronchial hyperreactivity is negatively 
associated with the course of FCV1, 
especially in patients with COPD (Wise 
et al., 2003). However, the order of 
causality in these pathological changes 
is still poorly understood, which impedes 
interpretation of changes in these 

FVC 

Quitters 

Smokers 

Months after clinic 

Figure 4. Lung fonction in quitters and continuing smokers from two 
smoking cessation clinics 
Comparison of mean forced vital capacity (FVC) and forced expiratory volume in one 
second (FEV) expressed as percentage ot predicted values in a group of subjects 
who attended two smoking cessation clinics and succeeded to quit smoking (n=15; 
solid line) or failed to quit for more than a month (n=42; dash line) during 30 months 
follow-up. Asterisk indicate significant differences (p -n 0.05) from baseline values 

Frот  Buist etal. (1979). 
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Smоking status Baseline Annual FEV1 Decline (mllyr)* 
iJ FEVу  (ml) Exam 1-2 Exam 2-3 	Exam 1-3 Р  Value"* 

Continuous 1400 2702 -34.1 -33.2 	 -23.5(-34.3) 0.0001 

Past at Exam 1 1064 2817 -187 -22.8 	 -21.7( 21.4) 0.90 
Quit Exam 1-2 118 2799 -31.7 --19.3 	 -22.6(-22.4) 0.75 
Quit Exam 2-3 268 2653 -33.3 -26.1 	 -29.7(-31.4) 0.0003 
Variable 353 2759 -30.9 -23.5 	 -25.5(-25.8) 0.054 

Never 1248 2888 -21.2 -21.5 	 -21.6(-20.3) - 
 

Adjusted for age at baseline and mean height at three exams using mean values from this population. Values in parentheses are rates of 
FЕVу  decline that have been adjusted for the same variables plus baseline FЕV1 . 
'Two-tailed p values from general linear model for the difference in overall (Exam 1-3) rates of FЕV1 decline between each smoking status 

group and never smokers. 
Reprinted with permission from Burchfiel et a1. (1995). Effects of smoking and smoking cessation on longitudinal decline in pulmonary 
function. American Journal of Respiratory and Clinical Care Medicine, Vol 151(6):1778-85. Official Journal of the American Thoracic Society 

measures after smoking cessation. A 
recent review concluded that, while 
cross-sectional studies of subjects with 
symptoms of chronic bronchitis or overt 
COPD did not find any change in airway 
hyperresponsiveness (AIR) between 
former smokers and continuous 
smokers, the LH5 found a highly signifi-
cant improvement in AIR with smoking 
cessation that was largely mediated 
through the beneficial effect on FEV1-
decline (Willemse et at, 2004а). The 
author of the review subsequently 
showed in a study of 33 COPDpatients 
that the 15 subjects who were tobacco 
abstinent for 1 year exhibited 
significantly less AIR to metacholirie 
challenge and adenosine-5'-monophos-
phate compared to baseline challenge. 
This improvement was not associated 
with changes in FEV1 or sputum inflam-
mation (Willemse of al., 2004b). A study 
of long-term smoking cessation on air-
way inflammation (mean abstinence of 
13 years prior to study entry) in 16 
subjects with chronic bronchitis found no 
differences between former and 
continuing smokers in terms of markers 
of inflammation assessed in bronchial 
biopsies (Turato eta1., 1995). In contrast, 
a 1-year study of 83 healthy smokers 

attending a one-week cessation 
program showed that smoking absti-
nence significantly reduced markers of 
inflammation 	(macrophages 	and 
neutrophils) in sputum compared to con-
tinuing smoking (Swan et a1., 1992). 
Recently, two Dutch studies examined 
the effects of smoking cessation on 
inflammation in healthy and in sympto 
matie smokers. Willemse and colleagues 
(2065) studied a group of 25 smokers 
with normal lung function and 28 smokers 
with COFD attending a smoking cessa-
tion program, finding that inflammation 
persisted after smoking cessation in 
biopsy specimens and inflammatory 
cells increased in sputum specimens in 
the COPD patients, whereas inflamma-
tion significantly decreased in the 
asymptomatic smokers who quit. In the 
second study (Lapperre et a1., 2006), 
only T-lymphocytes and plasma cells 
from bronchial biopsies were related to 
duration of smoking cessation; the 
presence of other inflammatory cells 
was similar in continuing smokers, short 
(<3.5 years) and long-term (> 3.5 years) 
former smokers. The clinical implications 
of these findings are uncertain. 

In conclusion, in healthy population 
samples there is a gradually increasing  

benefit of smoking cessation within 4-5 
years since quitting in lowering of the 
excess decline in FEV1. For individuals 
with symptoms or a diagnosis of dPI, 
the improvement with smoking cessation 
occurs sooner, within 1-2 years. 
Evidence also suggests that smoking 
cessation rapidly reduces the AIR seen 
in COPD; but among smokers and 
COPD-patients with mucus hypersecre-
hon, airway inflammation persists for a 
substantial period, perhaps lifelong, after 
smoking cessation. 

Intensity of Smoking on Risk 
Reduction 
Development of COP' and severity of 
the disease is related to duration of 
smoking and the amount smoked (Antd 
et al., 2001). However, a lower limit 
under which smoking is considered 
"safe" has never been established. All 
the studies described in the sections 
above have to some extent considered 
the participants' cumulative tobacco 
exposure measured as years of 
smoking, daily number of cigarettes or 
pack-years (years as smoker times daily 
number of сigаrettes120). Table 6 pro-
vides an overview of cross-sectional and 
longitudinal studies that have analysed 
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54udy 	 mьвktng duration 	Heavy vs. lôght Pack years Age at quftfing RaSeBine FV Other factors 

LHS 	 More improvement More improvement Not predicuve of AFEV1 and FEV1 
in FEV1 in heavy in FEV1 in youngest changes in FEV1 % predicted smaller 

smokers in Year 1 quintile in Year 1 from Year 1-Year 5 in women than 
men from Year 1 
Year 5 

MRiT 	 Heavy smokers More pack-years Younger age 
(40+) had slower (65+) had slower (35-39 yrs) had 
FEV1 decline FEV decline slower FEV1decliпе  

т  

Honolulu Heart 	Recent quitters 	Non-significant 
Progam 	 (<4 yrs) had faster 	slower FEV1 

FEV1 decline 	decline iп  heaviest 
smokers 

Tucson General Early quitting 
Population Sample (within 6 yrs after 
from the baseline) in men 
Epidemiological aged 50-69 had 
COPD study дFEV1 similar to 

(1987) never smokers 

Copenhagen City No significant No significant 

Heart Study differeпces in differences in 

3FEVi with more 4FEV1 with more 
or less than 5 or less than 15 
years since quitting ciglday 

Normative Aging No effect on 
5tudy лFEV1 of years 

since quitting 
smoking 

Tucson General 
Population 5tudy 
(1994) 

Los Angeles No significant No significant 

Respiratory $tudy differences in differences in 

(UCLA) OFEV1 with 	/- AFEV1 with more 

2.5 years since or less than 15 

quitting but former ciglday 
smokers 	7 yrs 
had slower 
FEV1 decline 

Same level of Low and medium 
improvement in but not high tertile 
бFEV1 across all had slower FEV1 

age groups decline 
(45 49, 50-59, 

60-68) 

Improvement in 
FEV1 stage 
< 35 years, men 
aged 35-49 had 

FEV1 similar to 
never smokers, 
ages 50-69 had 
ntermedlate values 

No significant 
differences in 
АFFV1 below or 
over age 55 yrs 

More pack-years No difference in High baseline 
had faster FEV1 AFЕV1 from never value associated 
decline smokers across all to faster FEV, 

age groups (20-34; decline 
35-42, 43+) 

More pack-years Smaller improve- ЛFEV1 smaller iп  
had faster FEV1 ment in nЕEV, with women than men 
decline in women increasing age 
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study 	 smoking duration 	Heavy vs. light 	Pack-years 	Age at quitting 	easelinе  FEV1 	Other tactors 

Tine Whitehall No effect on FEV1 Lower FEV with Phlegm production 
5tudy of <6 yra, 7-13 increasing cumula- more prevalent 1 п  

years or >13 years five exposure smokers than in 
of cessation former smokers 

Card оvаsсLlаг  FEVГ  level when Results were 
Health S1udy` quitting 	40 years similar in men and 

of age similar to women and when 
never smokers, but analyses were 
decreased when restricted to 
quitting X40 years healthy subjects 

Vlagtиeede Heavy smokers Younger age (<45 FEV1 in female! 
Vlaardingen Study (25+) had slower years) 	had 	slоwеr male quitters 

FEV decline (not FEV1 decline larger! smaller 
signdicant) than never 

smokers, 
respectively 

Gross-sectional studies 

the effect of smoking cessation in 
relation to amount smoked- Interestingly, 
most studies find that although heavier 
smoking is associated with a steeper 
FEV1-decline, heavier smokers seem to 
benefit more from smoking cessation in 
terms of a slower FEV1-decline com-
pared to lighter smokers. Two studies 
found a similar effect on FEV1 after quit-
ting according to past smoking intensity 
(more or less than 15 cigarettes/day) 
(Tashkin etal., 1984; Lange et al., 1989). 
However, cross-sectional data from the 
Whitehall Study revealed that among 
former smokers, cumulative cigarette 
consumption but not years since quitting 
smoking had a negative impact on FEV1 
(Higenbottan et a1., 1980)- In the LНS, 
baseline smoking rate among sustained 
quitters was predictive of change in lung 
function during the first year only, where 
a larger improvement was observed in 
the heaviest-smoking quintile (Scanlon 
et a1., 2000). Only three studies specifi-
cally assessed pack-years of smoking 

and quitting, and the results are conflicting 
(MRFIT (Browner et aL, 1992); the 
Normative Aging study (Bossé et a1., 
1981); and the Tucson study (Camilli et 
a1., 1987; Sherrill et al., 1994)). 

COPD is rare in persons under 40 
years of age. Table 6 shows studies that 
have addressed the effect of smoking 
cessation on lung function according to 
age at quitting and duration of smoking. 
Age at quitting smoking and duration of 
smoking/smoking cessation are highly 
correlated, and comparison of these 
studies is complicated by the different 
analytical 	approaches 	employed, 
differences in baseline assessments and 
varying adjustment for associated 
covariates. Nevertheless, most studies 
find that smoking cessation before 
middle age (40-45 years) is associated 
with a decline in FEV1 that is not differ-
ent from that observed in never smokers 
and shows an improvement in lung 
function over that of smokers who quit at 
older age. The prospective Cardiovas- 

cular Health Study (Higgins et al., 
1993), which included a cross-sectional 
study of smoking and lung function in 
5 201 elderly men and women X65 
years of age, found that subjects who 
reported quitting smoking when 
younger than 40 years had FEVt levels 
comparable to never smokers, whereas 
those quitting in the age interval 40-60 
or 60+ had FEV1 levels that were 7% 
and 14% lower, respectively. However, a 
slower rate of FEV1-decline was seen 
after smoking cessation regardless of 
age at quitting when compared to 
continuing smokers. Indeed, some stud-
ies have detected no differences in 
FEV1 according to age at cessation 

(Bossé et a1., 1981; Lange et a1., 1989; 
Burchfie[ et al., 1995). 

Other factors affecting the effect of 
smoking cessation on lung function 
Sax differences 
For equal amounts of tobacco exposure, 
women are reported to be more 
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susceptible to the deleterious effects of 
tobacco smoke on the lungs than men 
(Prescott et a1., 1997,1998; Chapman et 
al., 2004). Hence, it could be anticipated 
that reversal of the changes in lung func-
tion after smoking cessation affects men 
and women differently. 5evеral studies 
have explored this issue. in the LHS, the 
annual FEV1 -decline was only slightly 
larger among women than men who 
continued to smoke (Connett et al., 
2003). In contrast, female sustained 
quitters had a more than twice as great 
improvement in FEV1 % predicted value 
during the first year of the study, which 
amounted to a net increase of 1.9% by 
year 5 versus a 0.4% net increase in men 
(Connect et a1., 2003). Furthermore, 
female intermittent smokers lost less lung 
function than their male counterparts. 

In a recent report from the European 
Community Respiratory Health Survey 
(ECRHS) comprising 6654 participants 
aged 2044, sustained male, but not 
female, quitters had FFV1-declines that 
were significantly lower than in never 
smokers (Chinn et a1., 2005). The sex 
difference was not significant, however. 
The Tucson study found results compa-
rable to the LHS with a larger age-span 
(20-80 years), but the results were 
reversed when subjects with lung func-
tion in the lowest quartile were excluded 
(Sherrill etat, 1994). In the UCLA study, 
considerable sex differences were also 
noted (Tashkin et at, 1984). Former 
smokers of both sexes had FEV1-slopes 
сотраrаЫе  to never smokers during the 
5-year follow-up, and women who quit 
between baseline and follow-up also had 
FEV1-slopes comparable to never 
smokers despite a lower baseline FEV1 . 
In contrast, ДFEV1 for male quitters was 
intermediate between never or former 
smokers and continuing smokers. 
Furthermore, this study showed that in 
subjects with chronic airflow obstruction 
only women profited from quitting smoking 
compared to continued smoking in terms 
of лFEV1 and nFVC. 

Xu and colleagues examined gender 
differences in smoking and smoking 
cessation 	in 	the 	Netherlands' 
Vlagtwedde-Vlaardingen study (Xu еt 
a1., 1994b). The rate of FEV1 decline in 
former smokers as compared to never 
smokers was more pronounced in 
females than in male participants. 

In summary, no consistent pattern on 
sex differences in effect of smoking 
cessation emerges, likely due to secular 
changes in smoking habits between 
men and women and disparities in the 
studies' adjustment for gender differ-
ences in smoking prevalence, cumula-
tive exposure, inhalation habits and 
other related factors. 

Weight gain 
A few studies have analysed whether the 
favourable effect of smoking cessation 
on lung function is possibly attenuated 
by the weight gain accompanying 
smoking cessation. Weight gain during 
follow-up was associated with increased 
FEV1-decline in quitters, intermittent 
smokers and continuing smokers in the 
LHS (Wise eta1., 1998). However, weight 
gain was more pronounced in quitters 
during the first year (about 5 kg in both 
men and women) and associated with 
an estimated loss in FEV1 of 11.1 mI/kg 
of weight gain for men and 5.6 m1/kg of 
weight gain for women. Similarly, two 
population-based studies reported an 
analogous effect of weight gain in FEV1 , 
suggesting that the initial benefit of 
quitting smoking on FEV1 may be 
reduced with excessive weight gain, 
especially in men (Carey et at, 1999; 
Chinn et al., 2005). 

Respiratory infections/illnesses 
Whether lower respiratory tract 
infections, which are common in exacer-
bations of COPD, aggravate the course 
of FEV1-decline remains controversial. 
Only the LHS has reported on frequency 

of self-reported respiratory illnesses in 
relation to FEV1-decline (Kanner et a1., 
2001). Results showed that during the 
entire study, sustained quitters had 
fewer respiratory illnesses than continu-
ing smokers without influencing FEV1-
decline, whereas in continuing smokers 
a decline in FEV1 was reported with 
increasing number of yearly infections. 

Occupational exposure fo dus Viumes 
Occupationally exposed individuals from 
the general population included in 
ECRHS did not show a steeper FEVi-
decline than those with white-collar 
occupations during the nine-year follow-
up (Sunyer et al., 2005). However, the 
study population was relatively young, 
20-45 years at baseline, and hence had 
a reduced occupational cumulative 
exposure. Some studies have examined 
the concomitant effects of smoking 
cessation and occupationaI exposure on 
lung function decline. In a recently 
published study of French workers 
occupationally exposed to respiratory 
pollutants participating in a smoking 
cessation programme, smoking absti-
nence was associated with a small but 
significant improvement in FEV1 com-
pared with continuing smokers after 1 
year (Bohadana et a1., 2005). A recent 
study of the general population in 
Norway found that the remission of 
respiratory symptoms after smoking 
cessation was considerably less in sub-
jects who reported previous occupa-
tional exposure to dust or fumes (Eagan 
et aI., 2004). Another paper from Norway 
of 231 asbestos-exposed men, of whom 
only 10 ceased smoking, also found 
reductions in respiratory symptoms and 
FEV1 -decline over 2 years after quitting 
smoking (Waage et a1., 1996). A recent, 
large longitudinal study with almost 30 
years of follow-up found increased 
COPD mortality among dust-exposed 
construction workers independent of 
smoking (Bergdahl et at, 2004). 
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Effect of smoking cessation on 
mortality and morbidity from 
C®РD 
Mortality 
Low lung function is an independent 
predictor of all-cause mortality. In the 
United States, for example, death rates 
from COPD have increased in recent 
decades while trends for other diseases 
have shown gradual declines (Figure 
5). COPD is predicted to become the 
third leading cause of death worldwide 
by 2020 (Murray & Lopez, 1997; 
Chapman et a1., 2006). The 1990 
Surgeon General's Report evaluated 
studies of the effect of smoking cessa-
tion on COPD mortality in the general 
population and in COPD patients, 
including results from landmark studies 
such as the British Doctors Study, the 
Whitehall Study, the American Cancer 
Society's CPS Il and several other large 
prospective studies. In these studies the 
absolute reductions in mortality risk 
after quitting smoking were between 
32-84% compared with continuing 
smokers, and were highly dependent on 
duration of smoking and amount 
smoked. Even in studies with up to 25 
years of follow-up, former smokers have 
elevated risk of COPD mortality com-
pared with never smokers. In addition, a 
few studies analysed COPD mortality in 
former smokers by years since quitting 
smoking. Also, in apparently healthy 
quitters the risk of dying from COCO 
remains higher than in continuing smokers 
for up to 10 years following tobacco 
abstinence (Rogot & Murray, 1980). 

Since 1990, further evidence from 
recent studies (Table 7) has strength-
ened the conclusions described above. 
Owing to the underdiagnosis and 
inaccuracy in coding of COPD as under-
lying or contributing cause of death, 
many recent studies of smoking and 
mortality have focused on mortality from 
all causes, cardiovascular disease 
and/or cancer. Recently the LHS pub- 

lished 14.5-year mortality results 
(Anthonisen et a1., 2005): Mortality from 
respiratory disease other than cancer 
constituted 7.8% of all deaths, and mor-
tality rates from these diseases were sig-
nificantly lower in the intervention group 
than in the usual care group and did not 
differ depending on placebo or active 
treatment (lpratropium). After 40 years of 
follow-up on male British doctors, Doll 
and colleagues found that mortality rates 
for COPD in former smokers were in 
between those for never and current 
smokers (Doll et a1., 1994). Similar 
results were found in the Whitehall Study 
and MRFIT studies (Kuller et a1., 1991; 
Ben Shlomo etal., 1994), and in a large 
cohort from Norway (Tverdal et a1., 
1993). By contrast, a study from Finland, 
a Spanish study of men aged 65 years or 
older and the Copenhagen City Heart 
Study found COPD mortality rates (RR) in 
quitters similar to rates in continuing 
smokers (Lange et a1., 1992; Sunyer et 
a1., 1998; Pelkonen et al., 2000). However, 
in the Danish study this was only seen in 
women. These studies included, however, 
few deaths from COPD. 

Results from a pooled analysis of 
population studies in Denmark showed 
a gradual increase in mortality rates 
from respiratory disease with fewer 
years since quitting and greater amount 
smoked (Godtfredsen et ai., 2002b), but 
the adjusted hazard ratio for COPD 
mortality was not significantly lower in 
quitters compared with continuing 
smokers. Lastly, a study of 139 young 
patients (~53 years of age) with very 
severe COPD followed for up to 8 years 
showed that intensity of cigarette 
smoking and smoking since study entry 
(as opposed to stopping smoking) were 
associated with poorer survival (Hersh 
et a1., 2004). Patients who remained 
quitters during the duration of the study 
(n=79) had significantly higher survival 
rates than patients who took up smoking 
(n=28). 

Morbidity 
The effect of smoking cessation on 
hospital admission for COPD has not 
been extensively studied. In the LHS 
there were no differences between the 
groups in hospitalisation due to 
respiratory disease (Anthonisen et a1., 
2002b). In the Copenhagen City Heart 
study and in the Glostrop Population 
study, the adjusted relative risks of 
hospitalisation from COPD in former 
smokers, as compared to never 
smokers, were 2 (95% Cl = 1.5-2.7) and 
1.6 (95% Cl = 0.8-3.4) respectively 
(Prescott et ai., 1997). Both estimates 
were substantially lower than those 
reported in continuing smokers. In the 
study by Godtfredsen and others 
(2002а), which pooled data from three 
prospective population studies in 
Copenhagen, with up to 23 years 0f 
follow-up, the relative risks of admission 
to the hospital for COPD were 0.14 (95% 
CI = 0.08-0.25) in never smokers, 0.30 
(95% Cl = 0.18-0.5) in former smokers, 
0.40 (95% CI - 0.29, 055) in quitters 
who smoked X15 grams of tobacco per 
day (g/day), and 0.66 (95% Cl = 
0.47-0.93) in quitters who smoked >_ 15 
g/day when compared to heavy smokers. 

Does the risk return to that of 
never smokers with long duration 
of cessation? 

Based on evaluation of the evidence in 
the preceding sections, this question can 
be answered for the following outcomes: 

a) Lung function decline 
b) Morbidity 
c) Mortality 

а) Lung function 
Sufficient documentation exists to con 
сlиде  that among smokers who quit the 
habit after ages 40-45, the excess loss 
of lung function is not regained. 
However, prospective studies based on 
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Reference 	 Stцdy Iocetieri 

Rogot & Murray 1980 	USA 

Ben-Shlomo et ad., 1994 	Britain 

Change in risk of chronic obstructive pulmonary disease after smoking cessation 

.:. 	 _ 
No. of sub)ects 	 Comments 

Aproximately 200 000 U.S. 	COPD mortality rates larger in former smokers than current smokers 

veterans (men) 	 until 10 years after smoking cessation; hereafter lower rates informer 

followed for 16 years 	 smokers than current smokers 

19 018 men from the Whitehall 	COPD mortality rates in never, former and current smokers were 

Study followed for 18 years 	0.6811000, 0.9511000 aid 2.211000 per year 

Lange et аd,1992 	Denmark 	 14 214 men and women from 	Compared to never smokers RR for COPD mortality in women 

the Copenhagen City Heart 	former smokers was 11 (95% C = 2.5 53), 1n continuing smokers 

Study followed tir 13 years 	15 (95% Cl = 3л-65); for men RR iп  former smokers 3.0 (95% Cl 
- 0.9-10), in continuing smokers 6.4 (95% CL - 2.0-20). 

Tverdal etal., 1993 	Norway 68 000 men and women aged Mortality rates for former smokers were intermediate between rates 

35-49 years and followed for for never smokers and current smokers in both men and women . 

mean 13 years 

Sunyer et al., 1998 	Spain 477 men from Barcelona aged There was similar prevalence of self-reported respiratory illness in 

above 65 years and followed for former- and current smokers, and similar mortality rates as well 

8 years (6.0(1000 compared to 1.711000 per year in never smokers). 

Pelkonen at a1., 2000 	Finlarid 1582 middle-aged men followed Them was lower total mortality in never smokers, past smokers and 

for up to 30 years quitters. The relative risk 0f COPD mortality was 2.5 (95% Cl = 

0.7-9.7) compared to continuing smokers. 

Godtfredsen et al., 2002b 	Denmark 19 732 subjects from 3 The relative risk of mortality of COPD after smoking cessation is 

population studies in Copenhagen 0.77 (95%С1 = 0.4--1.4) compared to continuing smokers. There 

followed for mean 15.5 years was no comparison with never smokers. 

Hersh et al., 2004 	USA 139 men under 53 years with Recent smoking status predicts mortality independent of the effects 

severe COPD followed from of fetrme smoking intensity. Smoking cessation confers a survival 

1994-2002 benefit even in patients with very severe COPD. 

Dol et al., 1994 and 	Britain 34 439 male Mortality rates from COPD 1n former smokers were intermediate 

2005 British doctors between never smokers and continuing smokers. 

50 years of observations 

Anthonisen etal., 2002b 	Eleven clinica! centres 5887 smokers, men and women There were 149 deaths during the study, caused largely by lung can- 

in the U5A and 	35-60 years 	 car and cardiovascular disease. Smoking cessation was associated with 

Canada 	 Ear y COPD (FEV1 55--90%) 	significant reductions in fatal cardiovascular and coronary artery ri s- 

ease.Toо  few COPD deaths to allow a well-powered analysis. 

Anthonisen etal., 2005 
	

After 14.5 years of follow-up 731 patients died. 41 cause mortality 

was sign icantly lower in the special intervention group than in the 

usual care group. This was despite only 21.7% of individuals giving 

up smoking after 5 years in the special intervention group. 

The 2 studies from Denmark Included some patients in common. 
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the general population have shown that 
the accelerated FEV1-decline decreases 
within a few years of smoking cessation, 
and with more than approximately 5 
years abstinence the subsequent rate of 
decline is comparable to people who 
have never smoked. The large, ran-
domised, multicenter smoking cessation 
trial, The Lung Health study, recruited 
predominantly asymptomatic, middle-
aged smokers with mild to moderate 
COPD determined by abnormal lung 
function test results in 1986-1988. In this 
study, smoking cessation but not admin-
istration of a bronchodilating drug was 
associated with an initial rise in FEV1 
during the first study year and subse-
quently a decline rate comparable to 
never smokers throughout the remaining 

4 study years. At a follow-up survey 11 
years after entry, the results were the 
same. Furthermore, beneficial effects on 
lung function after stopping smoking 
were established in all "sub-group" 
analyses, i.e. for both sexes, at all ages, 
across all levels of baseline lung function 
and amount smoked at baseline. 

b) COPD morbidity 
Evidence is sparse, and when it comes 
to hospital admission for COPO there is 
substantial uncertainty in registration of 
the discharge diagnosis. In the cohort 
studies from Copenhagen, risk of hospi-
ta' admission for COPD in former smokers 
was still twice that of never smokers 
even after many years of follow-up. 
However, with more detailed analyses of 

smoking habits, former smokers, quitters 
who were baseline light smokers and 
quitters who were baseline heavy 
smokers had excess risks of 10, 20 and 
40%, respectively, compared to never 
smokers for hospitalisation. Overall, the 
risk of COPD morbidity appears to be 
slightly elevated even after many years 
of sustained smoking cessation. 

c) COPD mortality 
Sufficiently large studies with mortality 
from COPD as primary or contributing 
cause of death in relation to smoking 
cessation are in part lacking, due to the 
under-diagnosis of COPD on death 
certificates. The results from studies 
discussed previously indicate that 
mortality rates from COPD decline 

Compared to 1965 Rate 

3.0 	
-59% 	 -64% 

2.5 

2.0 

1.5 

1.0 

а .5 

o 

-35% 	 +163%  

1965- 1998 	1965- 1998 	1965- 1998 	1965- 1998 	1965- 1998 
Ischemic heart disease 	Stroke 	Other cardiovascular 	COPD 	Other causes 

diseases 

Figure 5. Age-adjusted disease specitic mоrtаlïty rates in the UJ А  between 1965-198В  
Change in age-adjusted death rates in the USA, between 1965 and 1998, for a) coronorary heart disease (59% decline), b) 
stroke (65% decline), c) other cardiovascular diseases (35% decline), d) chronic obstructive pulmonary disease (163% 
increase) and e) all other causes (7% decline). 
Adapted from www.GOLDCOРП.org  
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progressively after smoking cessation 
compared with sustained smoking, but 
that risk of mortality from COPD and all 
causes is still elevated in comparison 
with never smokers. The most compre-
hensive study in this respect is the large 
study of male British doctors, which pub-
lished results from 50 years of observa-
tion in 2004 (Doll et at, 2004). Age-stan-
dardised mortality rates per 1000 
men/year for COPD, assessed between 
1951 and 2001, were 0.11, 0.64, and 
1.56 for never smokers, former smokers 
and current smokers, respectively. 
Survival analyses were carried out for 
all-cause mortality for never smokers, 
continuing smokers and former smokers 
by age at stopping smoking. Evidence of 

reverse causality (the "ill quitter" effect) 
was present when comparing mortality 
ratios for equal age groups of quitters 
and continuing smokers obtained cross-
sectionally, as revealed by higher 
mortality rates among quitters. On the 
other hand, even one year after quitting, 
rates were lower than in continuing 
smokers. For smokers in the oldest age-
group, 75-84 years (longest duration fol-
low-up), the following mortality ratios 
were found (per 1000 men): 51.7, 53.1, 
69.1, 78.9 and 112.2 for never smokers, 
former smokers quitting at age 35-44, 
45-54, 55-64 and in continuing smokers, 
respectively. The authors concluded that 
for men born around 1920 smoking 
cessation at age 50 halved the risk of 

premature death, and quitting at age 30 
conveyed the same risk as that in life-long 
non- smokers. 

In conclusion, while there is a rapid 
improvement in terms of normalising the 
rate of loss of lung function after quitting 
smoking, for endpoints such as 
morbidity and mortality from COPD, the 
risk does not seem to decline to the level 
of never smokers, even after long term 
cessation. This is not likely due to mis-
classification of smoking status in the 
studies but may reflect "reverse causal-
ity", meaning that some smokers quit 
because of symptoms of disease. For 
СОРD, which has a long latency period 
before clinical manifestations emerge, 
this is a plausible explanation. 
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This section presents the findings of a 
systematic review of published papers in 
Chinese to assess whether smoking 
cessation results in benefits to lung func-
tion or affects mortality due to chronic 
obstructive pulmonary disease (CO PD) 
among Chinese populations. 

The Chinese tobacco industry sold 
1.95 trillion cigarettes in 2005, generating 
US$2б  billion in taxes. The Chinese 
Center for Disease Control and 
Prevention estimates that smoking-
related diseases kill about 1 million 
people in China every year (.]iao, 2006). 

In 1990' tobacco caused about 0.6 
million Chinese deaths, a figure that is 
expected to rise to 3 million per year by 
the middle of this century. Of the Chinese 
deaths caused by tobacco, the major 
disease was COPD (45%), followed by 
lung cancer (15%), oesophageal cancer, 
stomach cancer, liver cancer, stroke. 
ischaemic heart disease, and tuberculo-
sis (5-8% each) (Liu et al., 1998). This 
pattern of tobacco-attributable mortality 
is very different from those in countries 
such as the United States and the United 
Kingdom, where ischaemic heart 
disease is the major cause of tobacco 
deaths. 

Although the relative risks for the 
major tobacco-induced diseases, espe-
cially COPD, are lower in China than in 
North America and Europe, the back-
ground rates of such diseases (except 
ischaemic heart disease) in never 
smokers are much greater in China. 

Hence, the absolute risk for COPD is 
substantial among the smokers, produc-
ing a greater absolute number of COPD 
deaths and a greater proportion of 
COPD among all deaths attributable to 
tobacco. 

Furthermore, there is evidence that 
the relative risk of COPD deaths among 
quitters is higher than that in continuing 
smokers (Lam etal., 2002). Although this 
can be explained by reverse causality, 
such results, together with the layman 
observation that some smokers died 
quickly soon after quitting, could 
reinforce the misbelief of the public (and 
some healthcare professionals) that 
quitting may be harmful for people with 
chronic lung disease. 

Literature search 

The literature search for papers pub-
lished in China was done in December 
2005 by a team in the Department of 
Epidemiology, 4th Military Medical 
University, Xi'an, China. Three scientists 
independently assessed the papers for 
inclusion in this review, and disagree-
ments were resolved by discussion with 
a senior fourth scientist. The databases 
searched included the MEDLINE, 
PubMed, CBM disc, CNKI and VIP data-
bases and the China Proceedings of 
Conference Database. All studies that 
examined smoking, quitting and lung 
function in China published before 
October 2005 were identified by using 

the following medical subject headings: 
"Mainland China", "smoking cessation", 
"smoking", "quitting", "obstructive lung 
diseases", 	"chronic 	obstructive 
pulmonary diseases", "lung function", 
"FVC" and "intervention measure" in 
English or Chinese. The reference list of 
relevant articles and reviews were exam-
ined for additional references. Only 
papers which reported lung function 
values to allow assessment of benefits of 
smoking cessation (quitting) on lung 
function and related health effects, and 
on mortality due to COPD or respiratory 
diseases were included. Of the 169 
items found initially, 13 papers were 
included. 

Studies from Taiwan identified in Pub 
Med using the terms "smoking cessation 
and Taiwan" were also searched, yield-
ing 17 items, of which one paper was 
relevant (Hsu & Pwu, 2004). Similarly, 
the Taiwan National Central Library 
National Periodical Centre database was 
examined using the Chinese term for 
smoking cessation, which yielded 17 
items. inly two papers, both in English, 
were included (iso & Pwu, 2004 and 
Yang & Yang, 2002); one of them had 
already been found in Publed. The 
PubMed search also yielded two papers 
in English on smoking, quitting and 
mortality, one from a Xi'an cohort study 
(with a similar paper in a Chinese jour-
nal) and the other from a Hong Kong 
cohort study. No papers on the effects on 
symptoms were found, but there was 
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one study on inflammation. The final list 
of 17 papers was determined by the 
Hong Kong scientist invited to the 
Handbooks Working Group. 

Critical appraisal of the literature 
reviewed 

Most of the papers from China were 

written in Chinese, mostly published 
in local journals and a few in national 

journals. Only one Xi'an-Hong Kong 

and one Hong Kong paper were in 

English and published in interna-
tional journals. The 2 papers from 
Taiwan were in English but were pub-

lished in local journals. 

® All of the papers in Chinese were 
short (mostly 1-3 pages). This was, 
and still is, quite common for papers 
in Chinese journals. 

Because of this limitation in the 
length of the papers, detailed infor-
mation on methods was lacking. The 
results were usually presented 
briefly in a few tables (mostly 1-3). 
The discussion was also short. The 
number of references was small 
(mostly fewer than 5) and mostly 
restricted to papers in Chinese. 

The present review included 6 
prospective and 7 cross-sectional 
studies on lung function, one paper 
on inflammation and 3 prospective 
studies on mortality. 

We identified four papers from 2 
prospective studies that included 
former smokers and never smokers 
but did not include current smokers. 
Such studies could show that 
ex-smokers had poorer lung function 
than never smokers but could not 
provide evidence on the benefits of 
quitting, as there was no comparison 

between former smokers and contin-
uing smokers. Hence they were 
excluded from the present review. 

The sources of subjects and the 
methods of sampling or subject 
selection were reported inade-
quately if at all in most of the China 
papers. The representativeness of 
the subjects was unclear and selec-
tion bias could not be assessed. 
Some papers had some obvious 
selection bias, which could have 
resulted in under- or over-estimation 
of the effects of quitting. 

® The sample size was often small, 
and statistical power was uncertain 
(but should be low). 5атр lе  size 
calculations were not reported. 

® Validation of quitting was not done in 
any of the papers. Only self-reported 
data were available. 

Publication bias (papers showing 
benefits of quitting) for papers which 
were primarily aimed to assess the 
benefits of quitting is likely to be 
present, which can result in over-
estimation of the benefits. 

Effects of smoking cessation on 
lung function 

Effects on large airway obstruction 

Prospective studies/data: 
In China, there were 4 prospective 
studies on healthy subjects, the largest 
and longest in terms of follow-up was 
carried out by Wang et a1. (1999) in 
Beijing and was based on the North 
China Lung Function Normal Values pro-
ject, in which over 500 subjects were 
examined in 1984. At baseline, 150 
retired subjects (130 men and 20 
women) with no history of heart and lung 
diseases and no recent respiratory infec- 

tuons were selected for further follow-up. 
This group included 32 current smokers, 
58 former smokers and 60 never 
smokers. Among former smokers, the 
length of abstinence varied between 6 
and 26 years. At 13-year follow-up ехат  
ination in 1997, all lung function indices 
in the 3 groups declined from the base-
line values. 

Smokers had greater declines in 
ventilatory function (forced vital capacity 
(FVC) and forced expiratory volume in 
one second (FEV1%)), small airway 
function (V50, V25, V75) and diffusion 
capacity than did never smokers 
(р~0.01). Former smokers showed 
declines in FEVi% similar to that in 
never smokers but a smaller decline 
than observed in smokers (p-value not 
shown). FEV1 results were not reported. 
Note that FEV1% can mean FEV1 
observed/FEV1 predicted or FEV1/FVC. 
Although some authors in China recom-
mended the latter, the authors of this 
paper did not specify the definition used 
when referring to FEV1 %, probably 
meaning FEV1IFVC. 

Another prospective study in Nanjing 
(Jiang et al., 1994) included 38 male 
smokers and 30 male former smokers, 
who had no symptoms and normal large 
airway function on lung function tests 
(vital capacity (VC) X80% of predicted, 
FEV1% >75% or maximum voluntary 
ventilation (MVV) X80% of predicted) but 
abnormal small airway function (defined 
as closing volume/vital capacity -
CVNC%, closing capacity/total lung 
capacity -CC/TLC% X125% of normal 
predicted values or/and V50, V25 X75% 
of normal predicted values). At 7-year 
follow-up, the smokers were aged 43-63 
years, had smoked for >_ 15 years or 14 
pack-years and were still smoking. 
Former smokers were those who had 
stopped within a half-year after baseline 
lung function test and hence had 
stopped for at least 6.5 years. They had 
smoked for a mean duration of 20.9 
years and were aged 38-66 years 
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(mean 58) at follow-up. After 6-7 years, 
there were no significant differences in 
pre- and post-quitting FEV1%among for-
mer smokers. However, the 29 continu-
ing smokers showed deterioration in 
small airway function and a varying 
degree of large airway disorders (with 
significant reduction of FEV1% and 
MVV; p с0.01). 

A study with a short follow-up in 
Lanzhou (Yang, 1999) examined 100 
healthy workers aged 22-45 (sex not 
reported). Of the 50 smokers with nor-
mal chest X-ray, 20 quit smoking. At 1 
year follow-up, recent quitters (with 
quitting for <_ 1 year) had similar FEV1 (L) 
to that of non-quitters (3.72±0.57 versus 
3.68±0.78; p> 0.05). However, declines 
in FEV1 between baseline and 1-year 
follow-up were not reported. 

A study in Baotou (Wang & Wang, 
2000) examined 134 male smokers who 
intended to quit and followed up 67 who 
had quit for >_ 3 months. The quitters 
were aged 14-46, and had smoked for 
0.5 to 31 years. Fifty never smokers were 
used as controls. After quitting, there 
were improvements in FEV1, and 
FEV1/FVC (p values not reported), and 
post-quitting values were similar to those 
in never smokers. There were no signifi-
cant reductions in prevalence of exces-
sive morning phlegm and other nonspe-
cific symptoms (p X0.05). Smokers were 
not included; hence, there were no data 
for comparison purposes in this study. 
The duration of quitting was short. The 
duration between the beginning of ces-
sation and the lung function measure-
ments (i.e. duration of follow-up) was 
over 3 months. A description of this and 
previous studies is shown in Table 1. 

The largest prospective study in 
China on subjects with chronic 
cough/phlegm but no COPD (with 
FEV1IFVC ? 70%) at baseline was 
based on a large community intervention 
study involving smoking cessation and 
other treatments (Xie et aL, 2001). In 
1992, 67 251 farmers were first exam- 

med in three districts in Beijing, 
Qianjiang (Hubei Province) and 
Shenyang (Liaoning Province). Of these, 
1999 farmers were found to have chronic 
obstructive pulmonary symptoms 
(cough and/or phlegm for >_ 2 years and 
cough and/or phlegm for 3 months every 
year) but no airway obstruction 
(FEv1/FvC >_ 70%). In 2000, 1114 were 
selected by stratified random sampling; 
869 (78%) had complete data. 
Nonresponders were mainly those who 
had died or were not at home. There 
were 218 never smokers, 487 smokers 
and 164 quitters (Table 1). 	Quitters 
were defined as those who smoked at 
baseline but had stopped for one month 
or more at follow-up, and smokers were 
defined as those who smoked at base-
line (smoking years times cigarettes per 
day >1) and had not quit during follow-
up. At 8-year follow-up, significant differ-
ences in annual FEV1 and FEV1/FVC 
decline were found among never smok-
ers, quitters and smokers, with p <0.05 
for a smaller FEV1 decline in quitters 
compared with smokers. In multivariate 
analysis of variance, the declines in both 
indices were still smaller in quitters than 
in smokers (p <0.05). COPD was 
defined by FEV1/FVC <70%. During the 
8-year follow-up, the cumulative 
incidence of COPD was 18.1%. The 
crude 8-year incidence rates of COPD in 
never smokers, quitters and smokers 
were, respectively, 13.5%, 15.3%, 
23.7% in men; 8.3%, 13.2%, 20.5% in 
women; and 9.2%, 14.6% and 23.2% in 
total, with p <0.05 between quitters and 
smokers in the comparison grouping 
both genders. 	Although there were 
clear trends, tests for trends and crude 
odds ratios were not calculated. The 
adjusted odds ratio for COPD in the 
whole group was 2.50 for smokers 
versus never smokers (р-0.О05), and 
1.06 for quitters versus never smokers 
(p-0.87). 	Compared with smokers, 
quitters showed reduced risks of devel-
oping COPD (adjusted 0R 0.45, 

р=0.005). 	Note that because quitting 
was defined as smoking at baseline and 
stopping for at least 1 month, the rela-
tionship between duration of quitting and 
its benefits could not be assessed. It is 
not clear whether there were any quitters 
at baseline. 

A hospital intervention study in 
Shandong by Wang et a1. (2002) 
included 310 patients with respiratory 
symptoms and small airway abnormalities 
but normal large airway function (FEV1 
observedwpredicted >_ 80%; FEV1/FVC >_ 
70%; V50, V25 observed/predicted 
<70%). Of the 115 smokers, 72 quit 
smoking (<_ 6 months) (Table 1). The quit-
ters showed no significant changes in 
FEV /FУС% and FEV1 observed/pre-
dicted %, but their small airway functions 
improved. It should be noted that 
FEV1IFVС  and FEV1 observed/pre-
dicted % were slightly greater after 
quitting (p >0.05). 

Cross-sectional studies/data: 
In China, cross-sectional data were 
reported sn the prospective study by 
Wang et a1. (1999) (Table 1). At baseline, 
in 1984, and at 13-year follow-up in 
1997, FEV1% and FVC showed a trend 
of increasing values across the groups 
of smokers, former smokers and never 
smokers (tests for trend not reported). 

There were 4 cross-sectional studies 
which showed lung function data by 
smoking status of healthy middle-aged 
subjects. The largest, by Zhang & Li 
(1993) in Nanjing, was on healthy 55-70 
year old men and included 100 subjects 
for each of the 3 groups, with mean ages 
of 64, 64 and 57, in current, former and 
never smokers respectively. The 
smokers smoked 20-40 cigarettes per 
day for 15-40 years, and the former 
smokers had similar smoking history but 
had quit for 5-30 years. Peak flow, FVC 
and FEV1 /FVC were different (p<0.01) 
with increasing magnitude for smokers, 
former smokers and never smokers 
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Reference, No of subjects, Duration Effects on FEV1 Other lung function 
Location Age (years), Follow-up and tests 

Health status Cessation Comments 

Jiang et a1. (1994) Current smokers: 38 7 years Former smokers: no sig- Fi mer smokers: 63% 
Nanjing (43-63 years) nificant decline in post with small airway func- 

Former smokers: 30 Quit for ? 6.5 years versus pre- quitting till improved. 
(38-66 years) FEV1% (observed/ Current smokers: 76% 

predicted) with small airway func 

Nо  symptoms, normal 29 current smokers with 
tion deterioration 

large airway function, small airway function FEV, changes not abnormal small airway decline: FEV reported for 11 current function at baseline observed/predicted smokers with no small 
decfine (pe0.01) airway function dеыiпе. 

Yang, (1999) 	 Current smokers: 50 	1 year 	 At 1 year follow-up, no 
Lanzhou 	 Never smokers: 50 	 significant differences in 

(22-45 years) 	 Quit <_ 1 year 	 FEV1 between former 

and never smokers 
20 of 50 current smokers 
quit at 1 year follow-up 

Healthy subjects 

Wang eta?. (1999) 	Current smokers: 32 	13 years 	 Former and never 
Beijing 	 Former smokers: 58 	 smokers similar decline 

Never smokers: 60 	Quit 6-26 years 	 in FEV1/FVC but smaller 
decline than current 

55-65 years 	 smokers (p=not 
available) 

Healthy subjects 

Wang & Wang (2000) 	Current smokers: 134 	Duration nat reported Post quitting FEV1 and 
Baotou 	 64 quit FEV1/FVC greater than 

64 continuing 	 Quit o 3 months pre quitting values  
Never smokers: 	50 (p=not eva able) 

14-64 years 
Post-q pitting FEV1 and 
FSV1IFVC not signifi- 
cantly different from 
values in never smokers 

Declines in FEV1 not 

reported: data were 
cross-sectional 

Former and never 
smokers: similar decline 
in small airway function, 
but smaller decline than 
current smokers. 
Decline in DL00 current 
smokeroformer 
smokeronever smoker. 
At follow-up selected 
sample of 150 
healthy subjects of 
original 500 

Data of continuing 
smokers not reported 
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Аиthлr, Reference, No of subjects, duration Effects on FEV1 Other lung function 
Location Age (years), Follow-up and tests 

Stealth eta'}us Cessation Comments 

Xie et aI, (2003) Current smokers: 487 8 years Unadjusted annual FEV 

Beijing Former smokers: 164 decline: 8 year incidence of 

Qianjiang Never smokers: 	218 Quit 1 month to < 8 Current smokers —41.4 СdРD (PEVHFVС  
(Hubei Province) years Former smokers = 30.4 <7О%): 
Shenyang 15 years or older Never smokers 	= 32.8 Current smokers = 
(Liaoning Province) (mean age: 45 years ± 23.2 

11) Former versus current Former smokers = 
smokers: р<0.05 14.6% 

Had chronic bronchitis Current versus never Never smokers 	= 
symptoms smokers: p<0.05 9.2 
(cough/phlegm) but no Former versus never 
COPD smokers: р~0.05 COPD Odds Ratio = 

0.45, р=0.005 
Adjusted: Comparing former to 
Current smokers - 37.3 current smokers. 
Former smokers = 28.1 Adjusted value. 
Never smokers 	= 39.5 

Wang at at Current smokers: 115 6 month Post-quitting FEV1 Post-quitting small 
(2002) 72 quit observed/predicted and airway function greater 
(Shandong Province) 43 continuing Quit for <_ 6 months FEV1 /FVC greater than than pre-quitting, p<0.05 

pre-quitting values, but 

18-64 years not statistically different 25% quitters with 
abnormal small airway 

Patients with cough, function returned to 

phlegm or dyspnoea; normal; none of non- 
with abnormal small air- quitters 	had a similar 
way function but no experience (p<0.05) 

COPD, chronic bronchitis 
or lung disease 

(p value for trend not reported); former 
smokers had significantly greater peak 
flow and FVC than smokers (p <0.01). 

Another cross-sectional study on mid-
dle-aged subjects by Zhao (1989) in 
Leshan, Xichuan Province included 38 
smokers (37 men; age 35-55) without 
symptoms and with normal chest X-ray 
and ECG; 38 never smokers matched by 
sex, occupation, residential district and 
age (± 5 years) to the smokers; and 29 
men who had quit for at least 1 year. 
Smokers had significantly smaller FVC 
and FEV1IFVC than never smokers (p 
<0.61 and <0.001). Former smokers had  

greater FEV1!FVC than smokers 
(p <0.001). 

The third cross-sectional study on 
healthy middle aged and older men by 
Wang etal. (2001) iп  5henyang included 
24 subjects in each of the 3 smoking sta-
tus groups with mean ages of 67-68 
years. The smokers were healthy and 
had no history of chronic lung diseases, 
and had smoked for 12-51 years (mean 
29.8±6.2). The former smokers had quit 
fo; 10-23 years (mean 17±6.2). Both 
former smokers and never smokers had 
significantly better lung function (FVC, 
FEV1, FEVi1FVC) than did smokers  

(p <0.05 to <0.01). Never smokers had 
better indices than former smokers, but 
the differences were not significant. 

The fourth cross-sectional study, by 
Huang & Tan (1995) in Nanning, 
Guarrgxi Province, included male 
employees of a steel factory with no 
respiratory symptoms, no history of res-
piratory and lung diseases, no history of 
exposure to toxic substances and with 
normal chest X-ray and ECG. There 
were 17 former smokers who had 
smoked 15-20 cigarettes per day for 6-8 
years and 14 farmer smokers who had 
smoked over 20 cigarettes per day for 
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11-15 years; both groups had quit for 
over 2 years. They were matched with 
the same number of smokers and non-
smokers by work and living environment, 
age (± 5 years), height (± 5 cm) and 
weight (± 5 Kg). Former smokers and 
current smokers had similar mean age at 
first smoking and mean daly cigarette 
consumption. Former smokers who quit 
after smoking for 6-8 years had no sig-
nificant differences from non-smokers or 
from current smokers г n the lung function 
indices recorded (including FVC, FEV1, 
FEVi1FVC). However, former smokers 
who quit after smoking for 11-15 years 
had significantly better FEV~IFVC than 
smokers (p'0.05) and no significant dif-
ferences in FVC, FEV1, and FEV1IFVC 
from those of non-smokers. There was 
an increasing trend (p for trend not 
shown) for FEVi1FVC across the 3 
groups (smokers for 11-15 years, quit-
ters after smoking for 11-15 years and 
non-smokers), and former smokers' 
FEV1 IFVC was significantly greater than 
that of smokers (p <0.05). These results 
suggest that smoking for many years is 
likely to induce irreversible damages that 
are not completely reversible following 
cessation. 

There were two cross-sectional 
studies on healthy elderly subjects. The 
cross-sectional study on the elderly by Li 
et a1. (2004) in Hubei province rncluded 
40 subjects (sex not reported; likely all 
men) aged >_ 60 years with no heart or 
lung diseases, normal ECG, and a chest 
X-ray showing no tuberculosis or cancer. 
There were 10 healthy never smokers, 15 
former smokers who had quit for 10+ 
years, and 15 smokers who had smoked 
more than 20 pack-years. Increasing 
trends in VC, FVC, FEV1 and peak expira-
tory flow (PEF) were found across smokers, 
former smokers and never smokers 
(p value for trend not shown). Former 
smokers had significantly better FVC, 
FEV1 and PAF than smokers (p .0.05). 

The second cross-sectional study 
was a lung function study in Nanjing  

(Jiangsu Province) by Dai (1997), which 
included 61 men and 8 women aged 
61-72 who had no respiratory symp-
toms, normal physical examination and 
chest X-ray, and had smoked 15-20 cig-
arettes per day for 28-32 years. 
Eighteen participants (16 men) were 
current smokers, while former smokers 
were 28 (25 men) who had quit for 6 
years and 23 (21 men) who had quit for 
3 years. There were no significant differ-
ences in age or years of smoking among 
the groups. Decreasing trends in FEV1 , 
FEV1IFVC, and PEF across the groups 
(6-year quitters, 3-year quitters and 
smokers) were observed (p for trend not 
shown). The 6-year quitters had 
significantly better PEF than the 3-year 
quitters. The results suggest that quitting 
for a longer duration can have greater 
benefits 0f large airway function than 
quitting for a shorter duration. Because 
non-smokers were not included, it was 
not clear whether the lung function of the 
6-year quitters had returned to that of 
non-sm o Ке  rs. 

A cross-sectional study in Taipei, 
Taiwan by Yang & Yang (2002) included 
109 current smokers (78% smoked z20 
cigarettes per day and 29% for X20 
years), 82 former smokers (having quit 
for > 6 months, mean 5.6 ±1.7 years) 
and 180 never-smokers from 737 sub-
jects randomly selected from the general 
population. The 371 subjects (mostly 
men; gender distribution not reported) 
had no past history of cardiopulmonary 
diseases, no occupational exposure, no 
airway infections in the previous 2 
weeks, had normal chest X ray and ECG 
and had, as well, completed lung func-
tien tests, measurements of total 
respiratory resistance (Ars) and a 
bronchial challenge test. Those who had 
cough and phlegm but otherwise had 
"healthy respiration" were included. 

There were no significant differences 
in mean age (40-43 years) or body size 
among the 3 smoking status groups and 
the duration and intensity of smoking did  

not differ significantly between current 
and former smokers. FVC and FEV1 
were similar in the 3 groups. FEV1IFVF 
in non-smokers were significantly higher 
than those in smokers and former 
smokers, but no significant differences 
were found between smokers and former 
smokers. 

The 4 prospective studies described 
earlier showed consistent evidence that 
among healthy subjects, smoking 
reduced large airway function, and 
smoking cessation resulted in improved 
function or smaller decline with age as 
compared to continued smoking. Results 
of the two intervention studies were 
consistent (Xie et al., 2001; Wang et al., 
2002). The cross-sectional studies all 
showed a trend of increasing large air-
way function across smokers, former 
smokers and non-smokers, which also 
suggested that smoking cessation was 
beneficial, specifically for FEV1, among 
middle-aged asymptomatic smokers, 
smoking cessation delayed the decline 
of FEV1 when compared to continuing 
smokers, and the decline became simi-
lar to nonsmokers after cessation for 6 
years or more. Among young and 
healthy smokers, the benefits can be 
observed after cessation for a few 
months. Among smokers with chronic 
cough and phlegm but no COPD, cessa-
tion for at least one month to 8 years 
delayed decline of FEV1 and reduced 
the risk of developing COPD compared 
with continuing smokers. 

Effects on small airway function 

Prospective studies or data 
In China, the largest prospective study, 
by Wang of a1. (1999) on 150 healthy 
retired cadres, showed that smokers had 
a significantly greater decline in small 
airway functions (V50, V25, V75; p <0.01) 
compared with never smokers, and former 
smokers (quitting for 6-26 years) showed 
smaller declines than smokers (p values 
not reported (Table 1)). There were 8 
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former smokers who quit before the age 
of 40, and there were no significant 
differences in their small airway function 
changes compared with those of never 
smokers (data not shown). 

The Nanjing prospective study by 
Jiang et al. (1994) described earler 
included 38 smokers and 30 former 
smokers with asymptomatic small airway 
obstruction. At 7-year follow-up, 76.3% 
(29/38) of the smokers had deterioration 
of small airway function (V50, V25; 
p <0.01) whereas 63.3% (19130) of the 
former smokers had improvements. 

The Lanzhou study by Yang (1999) 
showed no significant differences in 
small airway function between former 
smokers (quitting for <1 year) and 
persistent smokers. Former smokers 
had greater V75, V25 and maximum 
mid-expiratory flow (MMEF) than persis-
tent smokers but smaller V50; the latter 
appeared anomalous as it went }n the 
opposite direction (p >0.05). However, 
smokers had worse small airway func-
tion (V25, V50, V75 and MMEF) than 
never smokers (p <6.01). The Baotou 
study (Wang & Wang, 2000) also found 
improvement in MMEF after quitting for 
>_ 3 months (p value not shown). 

An intervention study in Shandong by 
Wang eta'. (2002) included 310 patients 
with no history of chronic bronchitis or 
lung diseases but with cough, phlegm or 
chest tightness and small airway 
abnormalities (V50 and V25 < 70% of 
predicted values) but no large airway 
obstruction (FEV1>_ 80% predicted; 
FEV1 IFVC > 70%). There were 115 
smokers, and after smoking cessation 
counseling, 72 had quit smoking. At 
6-month follow-up, lung function 
returned to normal in 18 quitters. Of the 
43 who did not quit, none had lung func-
tion back to normal (25% versus 0%; 
p <0.05). Although the authors attributed 
the significant improvement of small 
airway function (V50, V25 observed/pre-
dicted %) to quitting (p <0.05), some 
could have improved due to relief of  

respiratory symptoms. The duration of 
quitting was too short (<_ 6 months), 
and the smoking history was not reported. 

Cross-sectional studies/data: 
Cross-sectional data from the prospec-
tive study by Wang et al. (1999) at base-
line and follow-up showed consistently 
increasing trends in smokers, former 
smokers and never smokers for small 
airway function (V50, V25 and V75) (p 
for trend not reported). 

The largest cross-sectional study 
(Zhang & Li, 1993) showed significant 
differences in V75, V50 and V25 among 
the 3 groups defined by smoking status 
(p for 3 groups <0.01) and increasing 
trends. These were significantly greater 
in former smokers compared to smokers 
(p <0.01), and in never smokers 
compared to former smokers (p <0.01). 

The second cross-sectional study by 
Zhao (1989) showed that smokers had 
significantly smaller small airway func-
tion indices (V25, V50, V75, MMEF) than 
did never smokers, and former smokers 
had better values than smokers (p <0.01 
to <0.001). 

The third cross-sectional study by 
Wang et al. (2001) showed that former 
smokers and never smokers had signifi-
cantly better MMV and MMEF than 
smokers (p  <0.05 to <0.01), and never 
smokers had significantly better values 
than did former smokers (p <0.05). 

Another cross-sectional study by 
Huang & Tan (1995) showed increasing 
MMEF across smokers who had smoked 
for 6-8 years, former smokers after 
smoking for 6-8 years and quitting for 2 
years or longer, and non-smokers; and 
also across smokers who had smoked 
for 11-15 years, former smokers after 
smoking for 11-15 years and non-smok-
ers (p for trend not shown). Smakers 
who had smoked for 11-15 years had 
significantly lower MMEF than former 
smokers and former smokers had signif-
icantly lower MMEF than non-smokers 
(p <0.05). 

The study by Li and co-workers 
(2004) on elderly subjects showed 
increasing trends in MMEF across 
smoking status groups (p for trend not 
shown). Former smokers had signifi-
cantly better MMEF than smokers 
(p <0.05) but worse MIEF than never 
smokers (p  <0.05). 

The other study that included elderly 
subjects (lai, 1997) showed decreasing 
trends in MMEF, MEF75, MEF50 and 
MEF25 across the 3 smoking groups 
considered, quitters for 6 years, quitters 
for 3 years and current smokers (p value 
for trend not shown). 

The study by Yang & Yang (2002) 
found that FEF 25-75 and FEF75 (mean 
forced expiratory flow at middle half and 
at 75% FVC respectively) in non-
smokers were significantly higher than 
those in smokers and former smokers, 
but no significant differences were found 
between smokers and former smokers 
(with former smokers having slightly 
better values than smokers). 

The results of the prospective and 
cross-sectional 	studies 	reviewed 
showed that smoking cessation resulted 
in improved, or a smaller decline in, 
small airway function compared with that 
of continuing smokers. 

Effects on hyperinfiation 
Only 4 cross-sectional studies reported 
data on hyperinflation (residual volume 
(RV), functional residual capacity (FRC), 
RV/TLC). Zhao (1989) reported that 
smokers had significantly greater RV, 
FRI and RV/TLC than never smokers, 
and former smokers had smaller values 
than smokers (p  <0.01 and <0.001), with 
decreasing trends in smokers, former 
smokers and never smokers (p for trend 
not reported). Wang et a1. (2001) also 
showed decreasing trends of RV and 
RV/TLC across the 3 groups (p for trend 
not reported). The differences between 
former smokers and smokers, never 
smokers and smokers, and never 
smokers and former smokers were all 
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significant (р  <0.05). Similar trends were 
reported by Li et al. (2004) for RV and 
RV/TLC, with significant differences 
between former smokers and smokers 
(p.nO.05). 

The study by Dai (1997) did not 
include non-smokers. Decreasing trends 
of RV and RV/TLC across the groups of 
smokers, 3-year quitters, and 6-year 
quitters (p for trend net reported), and 
the differences between the 2 groups of 
quitters were significant (р<0.05). 
However, both groups of quitters had 
greater FRC than smokers, and the dif-
ference between the quitters was not 
significant. This latter result was incon-
sistent with the expected benefits of 
reduction of FRC in quitters. 

Overall, the results of the 4 studies 
were consistent, especially for RV and 
RVTTLC, suggesting some reduction in 
hyperinflation in those who quit smoking 
as compared with continuing smokers. 
The values of TLC were not reported in 
all 4 studies. 

Effects on gas transfer 
Only one prospective study in China 
reported data on carbon monoxide (00) 
diffusion. The cross-sectional data from 
the prospective study by Wang et al. 
(1999) in 1984 and 1997 showed increas-
ing trends of DLco (carbon monoxide dif-
fusing capacity) — across the 3 groups of 
current smokers, former smokers and 
never smokers. The prospective data 
showed that the declines in each of the 3 
groups during the 13 years of follow-up 
were significant (p <0.05), and such 
declines were attributed to aging. The 
declines were the greatest in smokers 
and smallest in never smokers, with 
former smokers in between. Although 
tests for trend were not reported, the 
trends in both cross-sectional and 
prospective data were consistent. The 
methods of DLco measurement were not 
reported. 

The cross-sectional study by Yang & 
Yang (2002) measured DLco using an  

integrated and automated Chestac-65 
lung function analyser (CHEST 
Corporation, Tokyo, Japan) finding sig-
nificantly lower DLco and DLco1VA (VA: 
alveolar volume) in smokers than non-
and former smokers (p<0.001); 
former smokers had significantly greater 
values than smokers (p <0.001). 

After correction for age and body size, 
the % predicted DL00 and % predicted 
DLGO/VA of current smokers were still 
lower than those of non-smokers and 
former smokers (p <0.005). VA was not 
significantly different in the 3 groups 
(p=0.63). Furthermore, the % predicted 
DLco of 46 men who quit within the past 
5 years and of 36 who quit for longer 
than 5 years were 106% and 105% 
respectively, suggesting that the 
improvement in DL0o after quitting was 
rather rapid. 

Hence, both studies above were 
consistent, with prospective and cross-
sectional data showing that smoking 
cessation in healthy individuals can 
improve or reduce the decline in gas 
transfer with age. It should be noted that 
the values of DLco (ml/minlmmHg) in the 
non-smokers in Yang's study (age 
39.9±14.1) and in Wang's study in both 
1984 (age 55-65) and 1997 (13 years 
older) were 26.6±5.5, 22.5±3.1, and 
20.7±3.1 respectively. 

Effects on inflammation 
An intervention study conducted in Jinan 
by Wang et a1. (2005) randomly selected 
50 subjects (42 smokers and 8 non-
smokers; 45 men and 5 women; age 
25-70) with confirmed small airway 
disease (SAD) and 40 without SAD (34 
men, 5 women; age 23-72; smoking sta-
tus not specified) from employees of the 
Jinan Railway Company who had health 
examinations in 2062. Smoking cessa-
tion counseling was provided to the 
smoking SAD subjects with follow-up in 
1 and 3 months. At baseline, the 50 SAD 
sub)ects had significantly higher values 
of TNF-a, TGF-f31 and IL-8 than did the 

40 subjects without SAD (p <0.05). Of 
the 42 smoking SAD subjects, 36 had 
quit smoking at 1-month follow-up, and 
post-quitting values of TNF-о  and IL-8 
were significantly lower than pre-quitting 
values (p <0.05); there was no significant 
difference in TGF-(31. At 3-month follow-
up, 32 employees had remained 
abstinent, and post-quitting values of 
inflammation were significantly lower 
than values before quitting (p <0.05 for 
TGF-R1; p X0.01 for TNF-a and 1L-8). No 
comparisons by smoking status are 
provided in the group without SAD. 

This study suggests that SAD is 
associated with increased levels of 
cytokines and that smoking cessation for 
1-3 months can reduce non-specific 
inflammation as evidenced by lower 
cytokine levels. TNF-a and IL-8 levels 
decreased more rapidly than TGF-Д1, 
suggesting that short-term cessation is 
first associated with changes in infi!tra 
tion and exudation and later on with 
pathological changes in structura! 
remodeling. 

Effects on bronchial responsiveness 
The study by Yang & Yang (2002) 
assessed the effects of cigarette 
smoking and cessation on bronchial 
reactivity by measuring bronchial 
responsiveness to methacholine. Three 
indices of bronchial responsiveness 
were derived: baseline respiratory 
resistance (Ars); the cumulative dose of 
methacholine (DA) causing an increase 
in Rrs by twice the baseline values 
(bronchial sensitivity); and the slope of 
the linearly decreased respiratory 
conductance (SGrs), representing 
bronchial reactivity. Current smokers had 
significantly higher baseline Ars (p <0.001) 
and bronchial responsiveness than did 
non-smokers and former smokers. Rrs 
increased twofold or more by the highest 
dose of methacholine in 24.7% of 
current smokers (p <0.0001), in 19.5% 
of former smokers (p=0.28), and in none 
of never smokers. Smokers had 
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significantly lower DA than former 
smokers. These results suggest that 
smoking cessation can partially reverse 
the adverse effects of smoking, but the 
study could not examine the effects of 
duration of cessation. 

Effects of smoking cessation on 
mortality 

There were only three studies on cessa-
tion, COPD and respiratory mortality in 
Chinese, and all were cohort studies 
(Table 2). Lam et a1 (2002) followed up 
1268 retired male subjects aged 60 or 
older from 1987 to 1999 in Xi'an. At 
baseline, 388 were never smokers, 461 
were former smokers and 419 were 
current smokers; the prevalence of 
COPD was 12.6%, 330.4% and 25.3%, 
respectively. During the 12-year follow-
up, 299 had died, including 30 due to 
COPD. 

The relative risk (RR) and 95% 
confidence interval for ever smoking, 
after adjusting for potential confounders 
for COPD, was 3.23 (95% confidence 
interval (95% Cl) =0.95-10.91) (p-0.06). 
The risk of death for ever smoking 
increased with the amount smoked per 
day and duration of smoking (p for trend 
'cliii). Compared with current 
smokers, former smokers had lower 
risks of coronary heart disease mortality 
but higher risks of COPD mortality. The 
RR of COPD in former versus never-
smokers was 4.10(95% Cl =1.18-14.28) 
and 2.13 (95% Cl = 0.55-8.30) in current 
smokers. This was the first report on 
Chinese showing higher risks of COPD 
death in former smokers (with or without 
existing diagnosed COPD at baseline) 
than those in current smokers. These 
results could be explained by the "ill 
quitter effect' or reverse causality, as 
smokers who were ill due to COPD 
would be more likely to quit smoking and 
would die earlier than smokers who were 
healthier, even with COPD. This is more  

remarkable for COPD than coronary 
heart disease or lung cancer because 
COPD tends to have an insidious onset 
with symptoms slowly worsening and 
undiagnosed over many years before 
becoming irreversible and resulting in 
death. Because of the small sample size 
and small number of deaths, even 
though the proportion of former smokers 
was high at baseline (36.4%), analysis of 
the effects of duration of quitting on 
mortality was not possible. Furthermore, 
changes in smoking status during the 
12-year follow-up were not reported. 

In Taiwan, a prospective study by Hsu 
& Pwu (2004) followed 4049 subjects 
(2311 men and 1738 women) aged 60 
years or older from 1989 to 1993 and 
1996. There were 2033 never smokers, 
616 former smokers and 1399 current 
smokers. In men, 55.3% and 24.4% 
were current and former smokers, 
respectively, while in women these 
percentages were only 7.0% and 3.0% 
respectively. For former smokers, about 
40% had quit within the past 5 years and 
25.5% had quit over 20 years previously; 
the duration of cessation was not speci-
fied for the remaining subjects in the 
group. The outcomes included self-
reported chronic diseases and mortality. 
COPD was not used as an outcome; 
instead, "lower respiratory tract dis-
eases" including asthma, bronchitis and 
tuberculosis was reported. From 1989 to 
1996, compared with never smokers, 
current and former smokers were more 
likely to have lower respiratory disease 
(RR=1 .6, 95% Cl =1.3-2.0 and 1 .4, 95% 
Cl =1.0-1.9 respectively). Among former 
smokers, there was no clear trend of 
increasing RR by years of smoking and 
no relationship was found for years since 
quitting (RR for 1-5 years = 1.0; 6-20 
years = 0.9 (95% Cl = 0.4-2.3); > 21 
years = 0.9 (0.4-2.4)). Former (RR=1.3, 
95% Cl -1-1.7) and current smokers 
(RR=1.2, 95% Cl=1-1.5) had increased 
risk of death (all cause) over that of 
never smokers. Potential reasons for not  

finding any benefits from quitting 
included: smoking behaviour could have 
changed during follow-up; the data 
collection procedures were not reported, 
and although the sample was claimed to 
be nationally representative the sample 
size and duration of follow-up appeared 
inadequate, and the authors did not 
report the number of events (incidence 
of disease and mortality); and it is not 
clear how the missing subjects due to 
loss in follow-up were handled in the 
analysis. 

A population-based prospective study 
initiated in long Kong in 1991 by Ho et 
al. (1999) followed up 2032 subjects 
(999 men and 1033 women) aged 70 
years or older for three years. At base-
line, the number of never, former and 
current smokers in men was 302, 444 
and 248, and in women, 763, 185 and 85 
respectively. The mean duratkon of ever 
smoking was 44.5 years in men and 40.9 
years in women, and the mean duration 
of quitting was 14,2 and 15.6 years 
respectively. The baseline prevalence of 
COPD in the 3 groups was 6.6%, 12.4% 
and 13.3% in men and 3.9%, 8.6% and 
12.9% in women respectively. At 36- 
month 	follow-up, 	1156 	were 
re-contacted: 534 (280 men and 254 
women) had died and 342 were lost to 
follow-up. COPD deaths (IСD9 code: 
490-496) were pooled with pneumonia 
(485, 486) into "respiratory diseases", 
with 89 deaths in men and 68 deaths in 
women. 

Both male (RR=1.4, 95% Cl = 
0.9-1.9) and female current smokers 
(RR=1.6; 95% СI=1.0-2.5) had 
increased all-cause mortality compared 
with never smokers; and similar results 
were observed for former smokers (men, 
RR-1.2; 95% Сl=0.9-1.6; women, 
RR=1.7; 95% СI=1.2-2.4), with signifi-
cant trend with amount smoked daily in 
women (p-0.028) but not in men. For 
respiratory diseases, the RR was 1.1 
(0.6-2.1) and 1.1 (0.6-2.0) in current 
and former smokers in men, and 0.5 
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Reference No of subjects, sm®kд rrg status, 
Location number of deaths duration of follow-up 

Но, at a1, (1999) 2030 (999 men, 1033 women) > 70 years 
long Kong Men 	Women 

Current smokers: 	248 	85 
Former smokers: 	444 	185 
Never smokers: 	302 	763 

534 deaths: 157 due to "respiratory diseases" 
(including COPD) 

3 years of follow-up 

7xr1 ~[r L tшr.~ 

Results 

RR for respiratory disease death 
Former smokers versus never smokers: 
Men 	1.1 (95% Cl: 0.6, 2.1) 
Women 2.3 (95% Cl: 1.3, 4.0) 

Current smokers versus never smokers 
Men 	1.1 (95% Cl: 0.6, 2.0) 
Women 0.5 (95% Cl: 0.1, 2.1) 

Short follow-up 

Sma11 number of current and former smokers among 
women 

I-tsu & Pwu (2004) 	 4049 (2311 men, 1738 women) ? 66 years 
Tawain 

Current smokers: 1400 
Former smokers: 616 
Never smokers: 2033 

7 years of follow-up 

Lower respiratory tract disease 
incidence and mortality 

RR for COPD death 
Ever smokers versus never smokers: 
3.2 (95% Cl: 0.95, 10.9) 

Increasing trend with amount and duration of smoking 
(pе0.б01) 

RR for COPD 
Former smokers versus never smokers: 
4.1 (95% Cl: 1.2, 14.3) 
Current smokers versus never smokers: 
2.1 (95% Cl: 0.6, 8.3) 

First report in Chinese showing reverse causality 

Smаll number of COPD deaths 

12 years of follow-up not long enough 

RR for lower respiratory tract disease incidence and 
death: 
Former smokers versus never smokers: 
= IA (95% Cl: 1.0—i .9) 
Current smokers versus never smokers: 
= 1.6 (95% Cl: 1.3-2.0) 

Current smokers: no clear trend of increasing risk for 
years of smoking 
Former smokers: no clear trend of decreasing risk for 
years since quitting 

Short follow-up; number of COPD deaths not reported 
(probably small) 

Lam et al. (2002) 
Xian 

1268 men ? 60 years 

Current smokers: 419 
Former smokers: 461 
Never smokers: 	388 

299 deaths: 30 due to COPD 

12 years of follow-up 

RR = Relative Risk; 95% Cl - 95 % confidence interval on the RR estimate. 
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(0.1-2.1) and 2.3 (1.3-4.0) in women, 
respectively. The significantly increased 
RR in female former smokers suggested 
reverse causality. It should be noted that 
this cohort study had only a short follow-
up, and the subjects were older than 
those in the Xi'an and Taiwan cohorts. 

All three of the above studies had 
small numbers of COPD deaths, and the 
95% confidence intervals of the relative 
risks were wide. However, the increased 
risks of deaths from COPD or respiratory 
diseases due to smoking were consis-
tent with other large Chinese studies (Liu 
еt al., 1998; Niu et at, 1998; Lam etal., 
2001), confirming that smoking causes 
increased COPD deaths in Chinese 
people. Because of the short duration of 
follow-up (except for the Xi'an study, 
though its duration was probably not 
long enough), reduced risks of COPO 
deaths in former smokers versus 
smokers were not found; instead, there 
is some evidence of reverse causality, 
which is consistent with studies in 
Europe and North America. 

Conclusions 

Various limitations, including the uncer-
tain quality of most papers, have been 
acknowledged in this section. Results 
from the Chinese prospective aid cross-
sectional studies examined showed 
beneficial effects of smoking cessation 

on large and small airway function in 
healthy middle-aged and older subjects 
and in subjects with respiratory symp-
toms and/or some lung function deficits. 
There is good evidence of benefits on 
hyperinflation, gas transfer and bronchial 
responsiveness as shown by a few 
studies, which can add to the scarce evi-
dence available in the literature. 
Whereas smoking can clearly increase 
the risk of COPD deaths, the benefits of 
cessation 0f COPD mortality have not 
been observed in the Chinese рори lа  
tion. Instead, excess risks among older 
quitters were found, probably due to 
reverse causality. 

The extent of the benefits before and 
after quitting, in terms of absolute values 
or percentages, is uncertain, especially 
in relation to the amount and duration of 
smoking before quitting, duration of 
quitting, age at quitting and follow-up. 
Most of the data were in men, as the 
prevalence of smoking is very low in 
Chinese women. It should be noted that 
the epidemic of smoking-related morbidity 
and mortality in China is still at an early 
stage relative to North American and 
European 	countries, 	and 	the 
prevalence of former smokers is also low 
in Chinese men. Relapse to smoking 
among quitters is not uncommon, but 
there are no data on the extent of 
relapse and its effect on chronic lung 
disease (and other diseases) in China. 

Public Health Recommendations 

The mistaken belief that quitting could 
be harmful, especially among elderly 
smokers in China and perhaps in other 
developing countries, is common and 
based on an understandable misinter-
pretation of the observation that some 
smokers had died from COPD soon after 
quitting. The lack of awareness of the 
seriousness of having COPD symptoms 
and the benefits of cessation and other 
such mistaken beliefs, if not appropri-
ately handled, could lead to a reluctance 
of smokers with chronic respiratory 
symptoms and/or COPD to quit 
smoking. Health care professionals 
should be prepared to correct the 
misunderstanding. 

Larger prospective studies on healthy 
middle-aged subjects with information 
on cessation during several time points 
over a follow-up period of over 10 years 
are needed for both lung function and 
mortality and morbidity studies. Long-
term follow-up studies on smoking 
cessation among smokers with varying 
degree of COPD are also needed to 
clarify how reverse causality can mask 
rhe benefits of cessation. 
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Trends in Lung Cancer Mortality in Selected 
Countries 

This section aims to examine the 
contribution of differences in both current 
smoking prevalence and smoking 
cessation to observed divergences in 
lung cancer mortality rates across 
countries. To illustrate these relations, 
smoking and lung cancer mortality data 
from the US and Japan will be pre-
sented. These two countries were 
selected for comparison because of the 
availability of data on smoking preva-
lence and cessation by birth cohort for 
long enough periods to allow comparisons 
to mortality data. Observed lung cancer 
rates are influenced both by the peak 
smoking prevalence for a cohort and the 
amount of cessation in that cohort and 
both of these measures change sub-
stantially across cohorts. In addition, 
these two countries are in different 
stages of their tobacco epidemic. 

Trends of lung cancer mortality 
by calendar time 

Recent trends in lung cancer mortality 
rates differ by country, even among 
developed countries (WHO database of 
mortality and population estimates: 
http:dwww-dep.iarc.fr/WHO; Marugame 
& Yoshimi, 2005). Given that 70-90% of 
lung cancer is attributable to cigarette 
smoking in the countries where smoking 
prevalence is high (USDHHS, 2601; 
Vineis et al., 2004), trends in birth-cohort 
specific lung cancer mortality rates 
generally follow the trends in smoking 

behavior by birth cohort with an appro-
priate time lag of approximately 20 
years. However, since the rate of lung 
cancer for a cohort is heavily influenced 
by the duration of smoking, it is 
important to observe country-specific 
rates of both initiation and cessation 
when examining lung cancer rates in 
different countries. 

For most developed countries, 
age-specific male lung cancer mortality 
rates first began to decrease among 
younger age groups, and these 
decreasing trends gradually extended 
to older age groups (Figure 1). 
Examples of countries with these 
trends include the United Kingdom, the 
United States, Italy, Finland, the 
Netherlands, Canada, Australia and 
New Zealand. In a number of developed 
countries, however, these trends were 
not observed, including France, Spain 
and Japan (Figure 1). In these coun-
tries, decreasing trends were observed 
among some vider age groups, but 
younger age groups showed increasing 
mortality rates with time. 

Trends in female lung cancer 
mortality rates generally followed the 
patterns observed in males with a delay 
of several decades (Figure 2). In several 
developed countries, female lung 
cancer mortality rates began to 
decrease in younger age groups, then 
extended to older age groups. 
Countries with this pattern include the 
United Kingdom, the USA, Canada, 

Australia and New Zealand (Figure 2). In 
other developed countries, however, 
these trends were not observed. In Italy, 
France, Spain and Japan, lung cancer 
rates for younger age groups are either 
flat or increasing (Figure 2), illustrating 
that many countries are in different 
stages of the tobacco epidemic (see 
Figure 2, page 4), and some of them are 
still in a progressing stage that may 
result in the influence of smoking being 
under-estimated. 

Lung cancer risk increases with 
increasing cumulative exposure to 
smoking, but there is a time lag between 
exposure and occurrence or death from 
lung cancer. Because each birth cohort 
has a specific history of exposure to 
smoking, and this history varies from 
cohort to cohort, the relationships 
between smoking and lung cancer in 
population trends can be most clearly 
seen when data are presented by birth 
cohort. 

Trends in lung cancer mortality 
by birth cohort 

For countries such as the United 
Kingdom, the USA and Italy showing 
decreasing lung cancer mortality rate 
trends in men (Figure 3), peak age-
specific mortality rates occurred in the 
same birth cohort, often up to the age 
groups in their 50s or 60s. For older age 
groups, the birth cohort in which 
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mortality rates peaked tended to shift to 
earlier birth cohorts. In contrast, 
Japanese male age-specific mortality 
rates by birth cohort show a different 
pattern. The age-specific rates increase 
in more recent cohorts with a decline 
noted for the 1930-34 cohort across all 
age groups. For those born in cohorts 
after 1935, an increasing trend of age-
specific rates is demonstrated. Age-spe-
cific rates for age groups over age 70 
may be leveling off, but have not shown 
clear decreasing trends so far. 

Age-specific lung cancer mortality 
rates have different pattern for females in 
both the USA and Japan (Figure 4). 
When US female age-specific mortality 
rates are compared by birth cohort, peak 
mortality rates are observed in the 1940 
birth cohort in the age groups up to 
45-49 years. At ages 50-59, the birth 
cohort at which peak mortality occurred 
shifts to earlier birth cohorts, at ages 
60-69 rates may be leveling off, and 
above age 70-74 rates continue in an 
upward trend. Female age-specific mor-
tality rates in Japan at younger ages 
show a generally increasing trend, in 
contrast to the decline for more recent 
cohorts observed among US women. 
Although the trends are not clear, the 
rates for Japanese women over age 60 
years may be leveling off for cohorts 
born after 1920. 

Peak age-specific mortality rates 
occurred in the same birth cohort for 
young age groups, and the peaks shift to 
earlier birth cohorts for older age groups. 
One possible explanation for this obser-
vation is that lung cancer mortality rates 
for younger age groups are mainly 
affected by reductions in rates of 
smoking initiation, while those for older 
age groups are also affected by 
increases in rates of smoking cessation 
as well as changes in smoking initiation. 
For countries where the pattern of lung 
cancer mortality rates did not follow a 
pattern of decreasing trends for all age 
groups, including Japan, France and 

Spain, rates of smoking initiation have 
not decreased as markedly and may 
even have increased among females. In 
addition, the increases in rates of 
cessation observed in countries with 
decreasing mortality trends may have 
been delayed or blunted. 

Trends in smoking prevalence for 
the USA and Japan in relation to 
lung cancer mortality trends by 
birth cohort 

Compared to the data availability on the 
trends of lung cancer mortality, data on 
smoking prevalence were rather limited 
for long-term trends by birth cohort for 
the majority of the countries examined. 
Since the USA and Japan had relatively 
sufficient data on long-term trends for 
smoking prevalence, further analysis is 
focused in these two countries. 

Cigarette consumption per capita in 
the и1 Я  and Japan 
Cigarette consumption per capita is a 
crude index of the population burden of 
smoking. Figure 5 shows trends in ciga-
rette consumption per capita (in individu-
als 18 years old or older) in the USA and 
Japan. In the USA, per capita cigarette 
consumption started to increase rapidly 
after the first decade of the 1900x, and 
continued an upward trend until the early 
196бs. It then stayed at a level of approxi-
mately 4000 cigarettes/year for a decade, 
began a downward trend in the 
mid-19705 and today has reached a level 
of approximately 2000 cigarettes/year. In 
Japan, per capita cigarette consumption 
slowly increased from 1920 to 1940, tem-
porarily dropped after the end of World 
War 11 (1945), and increased again from 
the late 1940s to early the 19705, 
reaching a peak of approximately 3500 
cigarettes/year. It then began a down-
ward trend in the early 1980s that has 
reached a level below 3000 cigarettes) 

year by the year 2000. The decreasing 
trend in Japan started much later than in 
the USA and has progressed more 
slowly, at least as of the year 2000. 

Data source of smoking prevalence by 
birth cohort 
In this section, we report US age-spe-
cific prevalence of current and ever-
smokers by birth cohort estimated from 
a dataset that combines the 1965-2001 
National Health Interview Surveys 
containing 	smoking 	information 
(http:icisnet.cancer.gov; available as an 
electronic appendix to the Handbook at 
http:/1www.IARC.fr). The age-specific 
estimates of ever-smoking prevalence 
are based on age of smoking initiation 
and adjusted for the differential mortality 
between ever- and never smokers using 
the cross-sectional prevalence of ever-
smokers by cohort from consecutive 
surveys. Since ever-smokers tend to die 
at a higher rate than never smokers, the 
prevalence of ever-smokers by cohort 
declines in later surveys as they pass age 
50. Thus, the estimated age-specific ever-
smokers prevalence decreases after 
middle age (Figures 6 and 7). The 
prevalence of former smokers was 
calculated by subtracting the prevalence 
of current smokers from the prevalence of 
ever-smokers. 

Estimates of age-specific prevalence 
of smoking by birth cohort in Japan have 
been recently reported by Marugame et 
al. (2006). The authors estimated the 
age-specific prevalence of current 
smoking for each cohort born from 1906 
to 1952, using the baseline data pooled 
from four prospective studies (242 330 
men and 274 075 women). Using the 
same data, courtesy of Marugame, the 
Working Group calculated age-specific 
prevalence of current smokers and 
ever-smokers for each birth cohort born 
from 1900 to 1950 (by 10-year birth 
cohorts) by counting the number of 
current smokers and ever-smokers at 
each age based on individual data on 
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Per capita cigarette consumption (18 years or older) 
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Ca cedar year 

Data are not ava Iаые  for 1941-43 in Japan because of the Second World War. 
Data sources: US Department of Agriculture Economic Research Service (http://iisda.mann  ј t.согnеll.еdu/dаtа  sets/specia1ty194012) 

Health Piet (http://www.health-net.or.jpltobacсo/mе0sO2.html)  
Tobacco 1ristitute of Japan (httр: lwww.tioj.or.jplindex.htm1) 

Figure 5. Trends cf cigarette consumption per capita in the LISA and Japan 

age at smoking initiation and cessation. 
The prevalence of former smokers was 
calculated by subtracting the prevalence 
of current smokers from the peak preva-
lence of ever-smokers. In contrast to US 
age-specific prevalence of ever-smokers 
(Figures 6 and 7), Japanese age-specific 
prevalence of ever-smokers does not 
move downward, even after middle age 
(Figures 8 and 9). This is because the 
estimation of the Japanese prevalence of 
ever-smokers is based on age at 
smoking initiation, with data obtained 
from a single survey for each cohort study 
and not adjusted for differential mortality. 
This may lead to a slight underestimation 
of smoking prevalence for calendar years 
remote from the time of the survey. 

Prevalence of current and former 
smokers according to attained age by 
birth cohort US men 
For all cohorts examined of US men, the 
prevalence of current smoking increased 
rapidly after age 12, peaked at about 
age 30 and then decreased as the 

cohort ages (Figure 6). In more recent 
years of birth, the peak prevalence of 
current smoking occurs at a younger 
age. For the 1950 birth cohort, peak 
current smoking prevalence occurs at 
around 20 years of age, whereas among 
those born in 1910 the peak prevalence 
occurs at around 30 years of age (Figure 
6). The absolute level of peak prevalence 
of current smoking for specific birth 
cohorts was almost constant for cohorts 
born from 1906 to 1930, then declined 

after the 1930 birth cohort. The preva-
lence of former smoking increases 
rapidly after age 30, and recent cohorts 
tend to show increases in the rates of 
smoking cessation that begin at earlier 
ages and are greater in magnitude than 
those of earlier cohorts. 

Japanese men 
Among Japanese men the prevalence of 
current smoking began to rise steeply at 
age 20 in all cohorts examined, consid-
erably later than the same cohorts of 
U.S. males (Figure 8). In the 1900 birth 
cohort, current smoking prevalence 
peaked at around age 40 and then 
decl(ned with increasing age. As year of 
birth advanced, the peak prevalence of 

313 



IARC Handbooks of Cancer Prevention 

00 
1900 birth cohort 

— 	 ------ 	 – 140 

1934 birth cohort 
- 

m 

ô `~ r ~ 	-~ 	к  '• 

 

ы  

-ff 
( 

E / 

0 10 	2G 	30 	4G 	EO 	БD 	г0 	8~ 	В~ 
Age (years) 

U 	10 	ц 	v[• 	40 	~С~ 	Ьй 	6v 	Oiv 

Age (yеars)м  

	

1910 birth cohort 	 1940 birth cohort 
mo 	 10- 

û 

(:- 

о  m .п  вo ла 	 јо  eс  чa 	 o io zo aa ;c 	ео  та  во  чо  

	

Age (уфаrs} 	 Age (уеаrs) 

	

1920 birth cohort 	 1954 birth cohort 
100 	 144 ,.. - 

m 	 а) 

ј
00 	 (~ 	 Ш  и0 

Cv 1 

40 ô - / 	 ~ 	

// 

~ 	 _ 4П 	 1' 	4* 

~ 

	

~1'Г 
 

с 	10 	20 	30 	ПС 	ЭG 	Е;1 	7C 	9J 	90 	 0 	1J 	20 .~a:.~ . d~ .SSG 	60 	]i 	DG 	9G 

	

Age (years) 	 Age (ysers) 

Data source: NCI — CISNET 

Figure 6. Age-specific prevalence of current and former smokers by birth cohort in US whig males 

current smokers was registered at 
younger ages, and the onset of the steep 
rise in smoking prevalence also 
appeared at an earlier age (Figure 8). 
For the 1950 birth cohort, the peak 
prevalence of current smoking was seen 
around 25 years of age. The absolute 
level of peak prevalence of current 
smoking increased for cohorts born 
between 1900 and 1920 and then 
declined slightly in subsequent cohorts. 
Prevalence of former smoking started to 
increase around age of 40 and then 
increased as the cohort aged, but the 
prevalence of former smoking at any 

given age was low compared with the 
same cohorts of US men. 

иЅ  women 
The pattern of smoking prevalence 
across cohorts of US women (Figure 7) 
is quite different from that of US men 
(Figure 6). For the 1900 birth cohort, the 
prevalence of current smokers started to 
increase at around age 15, peaked 
around age 50 and then decreased as 
the cohort aged. As year of birth 
advanced, age at peak prevalence of 
Current smokers decreased. For the 
1950 birth cohort, the peak occurred at 

around 25 years of age, at almost the 
same age as for men. In contrast to the 
US men, there was a substantial shift in 
the age of peak prevalence of smoking 
towards younger ages across the 
cohorts examined. The absolute level of 
peak prevalence of current smoking 
among US women increased with 
advancing birth cohort from 1900 to 
1920, remained constant from 1920-
1940, and began to decrease with the 
1950 birth cohort. For the 1900 birth 
cohort, the prevalence of former smokers 
started to increase around age 50 and 
then continued to rise as the cohort 
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Figure 7. Age-specific prevalence of current and former smokers by birth cohort in UЅ  white females 

aged. In successive cohorts, the 
prevalence of former smoking increased 
rapidly after age 30; more recent cohorts 
tended to show increases in the rates of 
smoking cessation at earlier ages and are 
greater in magnitude than those of earlier 
cohorts. The variation across cohorts in 
terms of age at peak prevalence and 
cessation patterns is more dramatic for 
US women than for US men. 

Japanese women 
Among Japanese women born in 1900, 
there is a slow rise in the prevalence of 
current smoking beginning around the 
age of 20 (Figure 9). Smoking preva-
lence peaked at about ages 50-65 and 

then decreased as the cohort aged. 
Compared with US females (Figure 7), 
the absolute level of peak prevalence of 
current smoking was much Sower, around 
15%. According to Marugame and 
colleagues (2006), cohorts born after 
1950 show an increasing trend of 
ever-smoking prevalence reaching 
approximately 20%. In the cohorts 
examined, the prevalence of former 
smokers was very small and is likely to 
have limited impact on female lung 
cancer trends in the general population. 
In Japan, no substantial decrease in 
smoking initiation or increase in smoking 
cessation occurred, based on the base-
line survey of the above cohorts 
conducted in 1990. More recent trends in 

current smoking prevalence up to the 
year 2002 show a further decrease of 
current smoking among Japanese men 
in older age groups, but increasing trends 
are observed in younger women 
(Ministry of Health, Labour and Welfare, 
2004). 

Cumulative exposure to smoking 
for specific birth cohorts and its 
relation to lung cancer mortality 
trends by birth cohort 

The cumulative exposure to smoking at 
any given age for a specified birth 
cohort is a function of rates of initiation 
and cessation that occur prior to that 
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Figure 8. Age-specific prevalence of current and former smokers by birth cohort in males, Japan 

age. Cumulative exposure increases 
with age within the same birth cohort. 
Linking cumulative exposure to lung 
cancer risk requires consideration of the 
appropriate lag time between exposure 
and manifestation of disease risk. 

Figure 10 shows the scheme for 
determining cumulative prevalence-years 
for current smokers from age 0 to 29 (or 
49) years and cumulative prevalence-
years for former smokers from age 0 to 
69 years. The former is an indicator of 
smoking initiation, reflecting both preva-
lence and age at initiation, and the latter  

is an indicator of smoking cessation. For 
men, age 29 was chosen because most 
male smokers have initiated smoking by 
this age. The Working Group believes that 
this indicator will be associated with the risk 
of lung cancer in age groups up to 70 years. 
The combination of indicators for initiation 
and cessation will be associated with the risk 
of lung cancer in older age groups, such as 
those 70 to 80 years of age. ln this chapter, 
data for these two parameters are presented 
separately in order to examine the differing 
effects of smoking on lung cancer risk on a 
population basis when exposure is 

increasing in one part of the population and 
decreasing in another. 

For US women, cumulative preva-
lence-years for current smokers from 
age 0 to 49 years was chosen since the 
prevalence of current smokers continued 
to increase after 30 years of age, espe-
cially for earlier cohorts. The level of 
peak prevalence of current smoking was 
very low in Japanese women, precluding 
examination of smoking and lung cancer 
mortality trends. 

Among US male cohorts (Figure 
lIA), cumulative prevalence-years of 
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Figure 9. Age-specific prevalence of current and former smokers by birth cohort in females, Japan 

current smoking from ages 0 to 29 
increased slightly from 1900 to 1905, 
became almost constant from 1905 to 
1925 and then decreased steadily 
across subsequent cohorts. The 
increase from 1900 to 1905 was due to a 
shift of age at smoking initiation to 
younger ages. The decline after 1925 
was mainly due to the decrease in 
smoking initiation rate. The cumulative 
prevalence-years for former smokers 
increased across all of the birth cohorts. 
When comparing smoking prevalence 

by birth cohort with trends in lung cancer 
mortality rates, the deceasing trends of 
current smokers prevalence-years after 
the 1925 birth cohort would correspond 
to decreased lung cancer mortality 
trends seen after the 1925 birth cohort 
for the age group below 55-59 years 
(Figure 11 B). However, an increasing 
trend in the lung cancer mortality rates in 
the 1905 to 1925 birth cohorts could not 
be explained by a constant level of 
cumulative prevalence-years of current 
smoking in the same birth cohorts. 

Lung cancer mortality rates for age 
groups above 60 years peaked in cohorts 
born prior to 1925; and the mortality peak 
rate moved to earlier cohorts with increas-
ing age (Figure 11 B). This relationship 
could correspond to the increasing cumu-
lative prevalence-years for former 
smokers for the 1905-25 birth cohorts 
(Figure 11 A). For age groups above 70 
years, there were slight decreasing trends 
that could correspond to the effect of 
increasing prevalence-years for former 
smokers from 1900 to 1925. 

v 
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Cumulative prevalence-years for 
Japanese male current smokers for ages 
0 to 29 years (Figure 12А) were lower 
than the levels fir US men. Japanese 
male cumulative prevalence years 
increased from the 1900-04 to the 
1925-29 birth cohort, decreased from 
the 1925-29 to the 1935-39 birth 
cohort, then increased in later cohorts. 
The decrease from 1925-29 to 1935-39 
was due to a decreased initiation rate, 
probably due to a limited supply of 
cigarettes during and just after World 
War li. Cumulative prevalence-years for 
Japa-nese male former smokers gradu-
ally increased after the 1900 birth 
cohort. Compared with US male cohorts, 
the level of cumulative prevalence-years 
was substantially lower. 

When comparing smoking preva-
lence by birth cohort (Figure 12А) with 
trends in lung caner mortality rates for 
Japanese men (Figure 12В), the 
increasing trends of prevalence-years for 
current smokers for 0 to 29 years of age 
from the 1900-04 to the 1925-29 birth 
cohort could correspond te the increas-
ing trends of lung cancer mortality for 
these birth cohorts. Decreasing cumula-
tive prevalence-years for current 
smokers from the 1925-29 to the 
1935-39 birth cohorts, and increasing 
trends afterwards (Figure 12А), offer an 
explanation for the decreasing and 
increasing trends for lung cancer mortality 
in the same cohorts (Figure 12В), The 
prevalence of former smokers was low, 
and the effect of the increasing prevalence  

was not apparent even in older age 
groups. 

Cumulative prevalence-years for US 
female current smokers from age Ito 49 
years (Figure 13A) increased from the 
1900 cohort to the 1930 cohort, 
remained almost constant up to the 
1935 cohort, and then decreased in 
subsequent cohorts. Cumulative preva-
lence-years for US female former smokers 
from ages 0 to 69 years increased 
steadily across all cohorts after the 1900 
birth cohort. Compared with U5 and 
Japanese men, the level of cumulative 
prevalence-years for female former 
smokers was higher than in Japanese 
men and lower than in US men. 

When comparing smoking preva-
lence and trends in age-specific lung 
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cancer mortality rates by birth cohort for 
age groups below age 55-59 years 
(Figure ЗB), both prevalence-years for 
current smokers from ages 0 to 49 years 
and lung cancer mortality trends are 
similar. Both trends increased for the 
cohorts born from 1900 to 1930, 
remained constant for the cohorts born 
1930 to 1935, and decreased from the 
1940 birth cohort onward. 

Lung cancer mortality for the age 
groups 60 years or older was still 
increasing for Us women. This increase 
may be due to increasing trends in 
smoking initiation and cumulative preva-
lence-years for current smokers from 0 
to 49 years. These possible effects may 
have overwhelmed the effect of 
increasing smoking cessation in these 
birth cohorts. 

Discussion 

For US men, significant change in terms of 
smoking initiation and cessation occurred 
during the 20th century. Trends in lung can-
cer mortality by birth cohort can be 
explained by parameters related to 
smoking initiation and cessation, such as 
cumulative prevalence-years of current 
smokers from 0 to 29 years of age and 
cumulative prevalence-years of former 
smokers from 0 to 69 years of age. Trends 
in lung cancer mortality below age 70 were 
affected by smoking initiation and those 
above age 70 by both initiation and 
cessation. 

Among Japanese men, parameters 
measuring smoking cessation, such as 
cumulative prevalence-years of former 
smokers, are not yet large enough to  

affect lung cancer mortality rates. 
Japanese male lung cancer mortality is 
mainly explained by the smoking 
initiation parameter, cumulative preva-
lence-years of current smokers from 
ages 0 to 29 years. Restrictions in the 
cigarette supply during and after World 
War Il explain the temporary decrease of 
smoking initiation for the 1930-44 birth 
cohorts, which also translated into a 
decrease in lung cancer mortality for 
these cohorts. 

Among US women, trends in lung 
cancer mortality below 60 years of age 
by birth cohort can be explained by 
smoking initiation with cumulative preva-
lence-years of current smokers 
expanded to ages 0 to 49 years. For 
those above 60 years of age, the 
increasing trend of smoking initiation 
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overwhelmed the effect of increasing 
smoking cessation. 

Among US men, increasing cessation 
was observed across all birth cohorts 
and a decrease in initiation occurred with 
the 1930 and subsequent birth cohorts. 
Among Japanese men, there was no 
substantial decrease in initiation or 
increase in cessation across the birth 
cohorts. US women experienced simulta-
neous increases in initiation and in ces-
sation across cohorts born from 1900 to 
1930 (though the former effect over-
shadowed the latter). A decrease in 
initiation occurred in the 1940 and following 
birth cohorts. For Japanese females, 
smoking cessation rates were not large 
enough to affect lung cancer mortality. 

Comparison of US and Japan trends 
to the experience of other countries is 
pertinent. In the United Kingdom, 
Finland, Canada and Italy, where male 
lung cancer mortality rates began to 
decrease first in younger age groups 
and only subsequently extended to older 
age groups, similar to the trends in the 
USA, the decrease in smoking initiation 
occurred within a short interval after 
rates of smoking cessation began to 
increase (La Vecchia et at., 1986) Wald 
et a1-, 1988; Pelletier et al., 1996; 
Laaksonen etal., 1999). 

In Spain, where lung cancer mortality 
in younger age groups is still increasing, 
similar to Japan, the decrease in 
smoking initiation has not started yet  

and an increase in smoking cessation is 
not yet evident. In France, the preva-
lence of current smoking is decreasing 
among males and stable among females 
in the past 20 to 30 years (Marques-
VidaI et a1., 2003; Hill & Laplanche, 
2004). Lung cancer mortality in younger 
age groups is increasing for both sexes, 
and the decreasing trend in male 
smoking prevalence has not yet been 
reflected in lung cancer mortality. 
Different trends in lung cancer mortality 
from other developed countries can also 
be explained by differences in the timing 
of reductions in smoking inibation and 
increases in smoking cessation 
(Fernandez et at., 2003). This illustrates 
that even within developed countries 

320 



Trends in lung cancer mortality in selected countries 

A 
	 в 	 Rate per 1010021 

1500 	 1000 

1490 

1200 i 

Canent smoker, aoe 0-49 	: 

101)5~ 	 100 

ј  
400

-~ 
Former smoker, age o-69 

~ 600 	 ~ 

Ч~ 

400  
r' 	 15 

N 

20O 	'0'` ! 

0 . 

1800 2005 1910 1915 1020 4925 1930 1935 1946 1845 1950 

Yегг  ог  tr:пп  

85-'- 

8G-54 

75-70 

- 70-74 

-F5-69 
60-64 

— 55-59 

,7``- 	50-54 
45-49 

Year of birth 

Oats sources: NO — CISNET and WHO Mortality Database 

Figure 13. Trends of prevalence-years of current and former smokers (A) and age-specific lung cancer 
mortality rates (B) by year of birth in UЅ  white females 

there are substantial differences in both tude of the effect due to those changes Conclusion 
age of onset of smoking and age of onset should be considered. More sophisti- Differences in patterns of smoking initia- 
of cessation among established smokers. cated 	statistical 	modelling 	will 	be tion and cessation have been identified 

For US women, the trends are similar needed 	to 	examine 	these 	smoking for 	Japan 	and 	the 	USA. 	These 
to those of men in recent cohorts. In changes. differences in behaviors by birth cohort 
earlier cohorts of U.S. females, however, In the USA, switch from non-filter to underlie some of the variations in lung 
the peak prevalence of current smoking filter 	cigarettes 	occurred 	rapidly 	from cancer mortality rates between these 
shifted substantially to younger ages in 1950 to 	1960 and somewhat 	more countries. When 	interpreting observed 
later birth cohorts. This makes it difficult gradually from 1960 to 1985. In Japan, trends of lung cancer mortality and Pre- 

to 	set 	the 	parameters 	for 	smoking the shift to filters began slightly later but dieting future trends, it is necessary to 
initiation—specifically, 	to 	fix 	the 	age was essentially complete by 1975. The consider both 	initiation 	and cessation. 
range for calculating cumulative preva- type 	of 	filter 	predominantly 	used 	in Data documenting smoking behavior are 
lence-years 	for 	current 	smokers. 	1n Japan was a charcoal filter, while plain not readily available for many countries 
addition, in the case where increases in acetate filters are more widely used in at present. 
initiation 	and 	cessation 	occurred the USA. These factors do not seem to 
simultaneously, 	as 	observed 	for 	US explain the differences in lung caner 
women, not only timing but also magni- rates between the two countries. 

321 



ARC Handbooks of Cancer Prevention 

References 

Fernandez E, Schiaffino A, Borras JM, et al. 
(2003). Prevalence of cigarette smoking 
by birth cohort among males and females 

in Spain, 1910-1990. Eur J Cancer Prey, 
12(1):57-62. 

Hill C, Laplanche A (2004). Le tabac en 
France, les vrais chiffres. Paris, 	La 

Documentation Française.[ln French] 
La Vecchia C, Decarli A, Pagano R (1986). 

Prevalence of cigarette smoking among 
subsequent cohorts of Italian males and 

females. Prey led, 15(6):606-6t3. 
Laaksonen M, Uutela A, Vartiainen E, et al. 

(1999). Development of smoking by birth 
cohort in the adult population in eastern 
Finland 1972-97. Tob Control, 8(2):161-
168. 

Marques-Vidal P, Ruidavets JB, Cambou JP, 

et al. (2003). Changes and determinants 
in cigarette smoking prevalence in south-
western France, 1985-1997. Eur J Public 
Health, 13(2):168-170. 

Marugame T, Yoshimi I (2005). Comparison 
of cancer mortality (lung cancer) in five 
countries: France, Italy, Japan, UK and 
USA from the WHO Mortality Database 
(1960-2000). Jрп  J Clin mcii, 35(3):168-
170. 

Marugame T, Kamo K, Sobue T, et al. (2006). 
Trends in smoking by birth cohorts born 
between 1900 and 1977 in Japan. Prey 
led, 42(2):120-127. 

Ministry of Health Labour and Welfare (2004). 
The National Nutrition Survey in Japan 
2002. Tokyo, Dai-/chi Shuppan Publishing 
Co. Ltd. [In Japanese] 

Pelletier F, Marcil-Gratton N, Legare J 
(1996). A cohort approach to tobacco use 
and mortality: the case of Quebec. Prey 
[tied, 25(6):730-740. 

United States Department of Health and 
Human Service (USDHHS) (2001). 
Women and Smoking. A Report of the 

surgeon General. Atlanta,GA, 	U.S 
Department of Health and Human 
Services, Centers for Disease Control and 
Prevention, Office of Smoking and Health. 

Vineis P, Alavanja M, Buffler P, et al. (2004). 
Tobacco and cancer: recent epidemio-
logical evidence. J Nail Cancer 1st, 
96(2):99-106. 

Wald N, Kiryluk S, Darby S, et aI. (1988). UK 
smoking statistics. oxford, New York, 
Oxford University Press. 

Websites 

U.S. Department of Agriculture Economic 
Research Service: 
http://usda.mannlib.cornell.eduldata-sets/ 
specialty194012! 

Cigarette consumption data in Japan: 

Health-Net 	http://w+лw.health-net.or.jpltoba- 
cco/menu02.htmi 

Tobacco Institute of Japan 
http:llwww.tioj.or.jplindex.html 

Population data of Japan: Population 
estimates. Statistics Bureau, Ministry of 
Internal Affairs and Communications, Japan: 
http:/1www.Stat.go.jplenglishldataГ insuilindex 
.htm 

WHO database of mortality and population 
estimates httрлwww-dep.iarc.fr  

US National Health Interview Surveys 
http://cisnet.cancer.gov  

Smoking behaviour estimates for the United 
States (courtesy of David Burns) 
http:t/www.IARC.fr  

322 



Prediction of Lung Cancer Mortality Fates in 
Selected Countries 

Introduction 

This chapter describes a statistical 
analysis aimed at predicting future rates 
of lung cancer mortality in selected 
countries and investigating possible 
changes in these rates associated with 
reductions in the percentages of indivi-
duals who smoke. These projections are 
performed in order to give a possible 
picture to the future morbidity and 
mortality from persistent smoking. By 
demon-strating the potential magnitude 
of the number dying from on-going 
smoking, it is hoped that this will 
illustrate the needs to assist in smoking 
cessation 

The predictions are based upon two 
methods. The first uses Age—Period-
Cohort (АРC) models (Osmond, 1985; 
Robertson & Boyle, 1998) to predict 
future rates and is a simple descriptive 
prediction of what is expected to happen 
assuming that past trends and associa-
tions in the data continue into the future. 
This method is exactly the same as that 
used by loller et al. (2002) and Quinn of 
al. (2003). Within this model the age 
effects represent the increasing risk of 
dying from lung cancer in older age 
groups. Period and cohort both repre-
sent time trends in the mortality rates. 
Period effects represent changes to the 
trends which affect all age groups at the 
same calendar time and are often asso-
ciated with treatment effects, diagnostic  

effects or the appearance of a new risk 
factor which affects everyone at the 
same time. The cohort effects represent 
long term behavioural patterns which 
change over time such that cohorts born 
in different periods have different 
patterns. Lifetime cigarette consumption 
is generally thought of as a cohort effect. 

In the second prediction method we 
investigate the association between the 
levels of smoking at particular ages and 
lung cancer mortality. The percentages 
of individuals in a cohort smoking at the 
age of 20, 30 or 40 are used as cohort-
specific predictor variables to replace the 
cohort effects in the same general APC 
model. The percentages of individuals 
smoking 10, 20 or 30 years in the past 
are also considered. These can be 
thought of as period-specific predictor 
variables and replace the general period 
effects in the АРC model. 

There have been a number of 
previous attempts to predict lung cancer 
incidence of mortality based upon 
smoking history. in the most recent, 
Shibuya ы  al. (2005), lung cancer 
mortality data from 1950 to 2000 were 
used to predict mortality up to 2035 in 
the United States, Canada, the United 
Kingdom and Australia. The period 
effects in an APC model were replaced 
by a continuous explanatory variable' 
which was the product of the average tar 
content of cigarettes and tobacco  

consumption lagged by 25 years. The 
available data gave age- and period-
specific values for the explanatory vari-
able from 1950 to 1998. Consumption 
prior to 1950 was estimated using an 
Age Cohort model, and independent 
time ser;es models were used to forecast 
future values of the tobacco variables 
and the effects for future cohorts. The 
predictions showed a decrease in lung 
cancer mortality for men in all countries, 
but with higher rates in United States 
and Canada than in Australia and the 
United Kingdom. For women a rise is 
forecast in United States, Canada and 
Australia before a decline. The rates in 
the United Kingdom have peaked and 
are forecast to decline. 

Brown and Kessler (1 988) analysed 
lung cancer mortality in the United 
States from 1958 to 1982 replacing the 
period effects in the АРC model by a 
lagged measure of the population's 
exposure to tar. They then forecast 
mortality to 2025. 5tevens and 
Moolgavkar (1979) replaced the cohort 
parameters in the APC model by a non-
linear combination of the proportion of 
smokers and the cumulative number of 
cigarettes smoked by specific cohorts 
and age groups. 

The common feature of these studies 
is that they replace either the period or 
the cohort effect (but not both) in the 
АРC model with population estimates of 
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some tobacco related consumption. This 
strategy breaks the inherent linear 
dependency leading to non-identifiability 
in AРС  models (Robertson & Boyle, 
1998) provided there is not an exact 
linear relationship between the tobacco-
related variable and period or cohort 
(Holford, 1992). 

The choice of tobacco-related vari-
able does not appear to be exceptionally 
crucial to the projections, as similar 
results have been obtained using differ-
ent variables. For this study data on 
current smoking prevalence by age 
group and period or cohort were used for 
those countries with long series of data. 
Although tobacco consumption data 
may be more readily available, attention 
was focused on prevalence of smoking, 
as this is related to cessation and 
initiation of tobacco use. Some data 
were also available on the percentage of 
a cohort who were ever smokers as well 
as the percentage quitting smoking at 
different ages, but these data were not 
consistently available for all countries. 

Methods 

We obtained lung cancer mortality data 
and population estimates in five-year 
age groups from the 1950s up to the 
latest available data for each country 
from the WHO database (http:/lwww-
dep.iarc.fr.WHO). The countries which 
were selected represent the main 
groups of North, Central and South 
America (United States, Costa Rica and 
Chile), Europe (United Kingdom, France, 
Spain, Poland and Hungary), and 
Australasia (Australia, Japan, China, 
Hong Kong and Singapore) where there 
are known to be different patterns of 
smoking behaviour and lung cancer 
mortality. Furthermore, the selected 
countries all had long-term series of 
mortality data with no gaps, and the 
latest data ranged from 2060 to 2602. 

Long-term smoking data were  

obtained for the United Kingdom, the 
United 5tates and Japan. For the United 
States and Japan, cohort-specific 
estimates of the percentage of males 
and females smoking at specified ages 
were available from cohorts born from 
1900 to 1980. The Japanese data 
(Marugame et aI., 2006) came from two 
sources, the first covering the period 
1900-1980 and the second 1989-2003. 
We amalgamated these data and used a 
generalized additive model using a 
bivariate smoothing of age and period to 
interpolate the missing data (Hastie & 
Tibshirani, 1990; Keiding & Carstensen, 
2006). The USA data were derived from 
National Health Interview Surveys 
1965-2001(http:l/www.cdc.gov/nchslnhis  
.htm 	and 	httpJ/cisnet.cancer.gov). 
Detailed documentation of the develop-
ment of the smoking behaviour 
estimates for the United States by sex, 
race/ethnicity, and five-year birth cohorts 
by Burns and colleagues is available as 
an electronic appendix to the Handbook 
at http:/11ARC.fr. The data for the United 
Kingdom came from the General House-
hold cross sectional survey (GHS) 
(http:llwww.statistics. goy. uklssdlsur-
veyslgeneral_household_survey.asp) 
and were available from 1973. The GHS 
began reporting on smoking every other 
year in 1973 and yearly since 2000. It is 
the official source for smoking preva-
lence figures for Great Britain. The sur-
vey covers Great Britain only (i.e. 
England, Scotland and Wales) and not 
Northern Ireland. 

There is a lack of data on smoking 
prevalence among the older cohorts at 
younger ages, and we employed some 
imputation techniques to try to estimate 
these missing data, which is needed to 
relate the lung cancer rates to smoking 
rates by age group and cohort. There is 
a strong association between the 
age-specific smoking patterns in the 
United States and the United Kingdom 
over the period when concurrent data 
were available, which enabled the devel  

opment of a linear regression prediction 
model. For men, an adjustment for 
period was also needed, but not for 
women, as there was evidence of a lag 
in age-specific smoking prevalence for 
men but not for women. The validity of 
this imputation was checked against 
historical published data from the United 
Kingdom (Forey & Lee 2002) which is 
derived from tobacco company surveys. 
The estimates in Forey and Lee (2002) 
had the same pattern as the imputed 
data but were consistently about 10% to 
20% higher. 

The mortality rates were modelled as 
a function of age, calendar period and 
birth cohort. Birth cohort was calculated 
as age subtracted from calendar period. 
Since the data were aggregated into 
five-year age groups and five-year 
calendar periods, the birth cohorts are 
synthetic, and partly overlapping. 

Lung cancer mortality in Japan has 
been forecast using a Bayesian version 
of the APC model (Kaneko et a1, 2003). 
The model can be written as: 

where Rap is the mortality rate in age 
group a in calendar period p, Аa is the 
age component for age group a, D is the 
common drift parameter (Clayton & 
Schiff fers, 1987), Р  represents the non-
linear period curvatures and Q is the 
non-linear cohort curvatures. This 
Poisson regression model often gives a 
good fit when modelling cancer mortality 
rates, though not for lung cancer, where 
there are large numbers of cases in all 
age groups; hence extra Poisson 
models were used (Breslow, 1984). 

The 	exponential 	multiplicative 
relationship between the rate and the 
covariates can produce predictions in 
which the rates grow exponentially with 
time. This is especially a problem for 
long-term predictions. Following Moller 
et al. (2002), we used a power link 
instead of the log link to level off the 
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exponential growth in the multiplicative 
model. Also, current. trends can be 
expected to extrapolate more reliably for 
the near future than for more distant 
periods. Consequently, the linear trend 
(drift) was dampened towards zero in all 
the prediction periods except the first 
one, In the second period only 75% of 
the drift was projected, and 50% in the 
third. For the fourth and fifth five-year 
prediction periods only 25% was 
projected, and for subsequent periods 
only 20%.This is based on the belief that 
trends would eventually tend to flatten. 

A third problem is that if there is a 
recent sharp change in the trends, the 
model would project the average 
increase based upon all the time 
periods, which would not reflect the 
recent change in the trends. If the rates 
displayed significant curvature in the 
observed time period, the trend in the 
last 10 years was used as the drift 
component to be рrо}ectеd. This allows 
recent changes in the rates to be used 
for the predictions and is important 
where there has been a historic long-
term increase in rates but a recent slow-
ing down or decrease. 

An empirical evaluation (loller et а1, 
2003) showed that all these modifica-
tions resulted in better predictions for 
cancer incidence in the Nordic countries 
in the period 1993-1997. The power 
model used in the Nordic incidence 
predictions has therefore also been used 
for the present mortality predictions: 

Rap - (Аa + D ' p + Рp + С~)5 , where 
Rai Ад , Р  and Q are defined as in the 
multiplicative model. 

Mortality rates were directly age-
standardised using the world standard 
population ('ARC, 1976). Truncated rates 
based upon those aged 40-84 are also 
presented, as the predictions based 
upon smoking data can only be made for 
those aged over 40 in view of the lagged 
nature of these variables. Predictions of  

age-specific cancer mortality were made 
up to 2056, but the reliability of these 
long-term projections is very poor. This 
manuscript concentrates on the results 
up to 2020. When making the projec-
tions, we used the age effects estimated 
from the data from 1950-2000. Age 
groups 20-24 to 80-84 were used in the 
estimation. Furthermore, the period 
effects for future periods were taken to 
be the same as the period effect for the 
last observed period. Similarly for new 
cohorts, who are too young to be 
included in the estimation of the effects 
using data from 1950 to 2000, the esti-
mated effect was taken to be the same 
as that of the youngest observed cohort. 
This implies that for future periods and 
cohorts there is no curvature, and the 
drift is the most important parameter for 
the trend in the long-term predictions. 

The reason that predictions more 
than 20 years into the future are 
considered is that some of the important 
smoking parameters in the smoking 
predictions are lagged 20 or 30 years. 
Consequently, the effects of changes in 
lung cancer mortality associated with 
future changes to smoking percentages 
can only be observed more than 20 
years into the future. 

The most universally available 
smoking prevalence data is the percent-
age of the population currently smoking 
at specified ages and time periods. 
When including these data in the predic-
tion models the period effects, Р  or the 
cohort effects, С  _a, in the АРС  model, 
leap = ехр(Аa + ~A + Cpa) are replaced 
with variables derived from the smoking 
data. specifically, the cohort effects are 
replaced with the percentage of the 
cohort who were smokers at the ages of 
20, 30, 40 or 50. The period effects are 
replaced by the percentage in the age 
group who were smokers 10, 20 or 30 
years in the past. The latter is similar to 
the methodology of Shibuya et a1. 
(2605). When making predictions based 
upon these models, various assume  

tiоns are made about the smoking levels 
in the future. 

The model selection of the appropri-
ate lagged percentage or cohort 
smoking at a particular age was based 
upon minimisation of the residual 
deviance. The models used to predict 
lung cancer mortality had linear terms 
for the smoking percentages. The 
appropriateness of the linear association 
was investigated using generalised 
additive models and smoothing splines 
(Hastie & Tibshirani, 1990). There were 
no gross deviations from linearity. 

Results 

Figure 1 shows the truncated 40-84 
age-adjusted rates tir lung cancer 
mortality among men from 1970 
onwards. This graph shows rates in the 
United Kingdom declining from their 
initial high levels. In all other countries 
there is an initial rise to a peak in the 
range 1980-2010. Earlier peaks are 
observed in the United States, Australia, 
Hong Kong and Singapore. Poland, 
Hungary, Spain and Japan are the coun-
tries where the epidemic has only just 
peaked or is not predicted to peak until 
2010. For women the rates are lower 
than for men but the peak in the 
epidemic comes later (Figure 2). The 
temporal trends in these predictions are 
primarily influenced by the damped drift 
and the cohort effects. Beyond 2030 the 
majority of the cohort effects are 
assumed to be the same as the 
youngest cohort during the estimation 
period, and most of the projections 
would be mere speculation. 

The smoking data (not shown) 
revealed decreasing rates in alt ages in 
recent periods in the United States and 
United Kingdom for both men and 
women. The temporal decline in the age 
group 20-24 has levelled off, and shows 
some signs of increasing among men 
and women in the United Kingdom and 
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particularly low, though again there is 
evidence of an increase among those 
aged less than 50, especially in the 
younger age groups. 

Predictions based upon smoking data 
for the United States are presented in 
Figures 3 and 4, for the United Kingdom 
in Figure 5, and for Japan in Figure 6. 
Comparing Figures 4, 5 and б  with 
Figures 1 and 2 shows that the predic-
tions based upon the Cohort Smoking 
model are close to those of the APC pre-
dictions. In Figure 4 there is a sharp 
change in the predicted rates associated 
with various percentage reductions in 
smoking at lag 10 years. This arises 
because there has been a general 
decline in smoking among the older age 
groups and assuming no further 
changes in smoking percentages this 
decline is halted. A 10% decline in smok-
ing every 10 years continues the trend of 
the recent past in these age groups. 
Similar comments apply to men and 
women in Japan. 

As shown in Figure 3, the models fit 
reasonably well to the data, as mea-
sured by the closeness of the observed 
lines to the fitted points, given that they 
are quite simple prediction models. This 
was true for the other countries as well 
(graphs not shown). The greatest lack of 
fit arises with the younger age groups. 
This does not have a great deal of 
influence on the predicted truncated 
age-standardised rates in Figure 4, as 
these groups do not have a high rate. 
The projected effects of the smoking 
cessation scenarios are all super-
imposed in the near future, as these are 
based upon lagged data and the 
smoking prevalence is known. For men, 
strong declines in lung cancer mortality 
are predicted, but these level off at 
around 2030 in line with the APC 
Predictions (Figure 1) as the 1960 
cohort reaches 70 and the majority of 
the cohorts in the projections have not 
yet begun smoking. Differences among 
the smoking cessation scenarios 
appear 10 to 20 years into the future 
and to maintain the projected decreases 
in lung cancer mortality among women 
from 2000 to 2010 further reductions in 
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Figure 1. Observed and predicted truncated age 40-84 world standard 
age adjusted lung cancer mortality rates for men in selected countries 
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smoking prevalence on the order of 
10% every five years are needed. 

For the United Kingdom (Figure 5), 
the truncated 40-84 age standardised 
rates are projected to fall from the year 
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2000 rate of 116 per 100 000 to 40-44 
per 100 000 by 2030 for men and from 
60 per 100 000 to around 33-37 for 
women. For women there is less varia-
tion in the projections for the United 

Kingdom than in the UsA, as there have 
been trends toward reduced smoking in 
the United Kingdom since the 1970's for 
most age groups. The projections are not 
heavily influenced by the levels of 
smoking cessation, as the current levels 
of smoking prevalence are low relative to 
what they were in the past. 

In Japan, there are abrupt changes 
when the discounted smoking rates in the 
future start to have an influence on the 
projections (Figure 6) especially when the 
period effect is replaced by smoking at a 
lag of 20 years. In men this occurs 
because there have been decreases in 
smoking among older men; if these 
decreases are halted then the rates are 
projected to rise from 2020, although they 
are projected to level off from 2000 to 
2020 at around 85 per 100 000. Among 
women, smoking is increasing among the 
young and decreasing among the elderly; 
this combination leads to a projected 
increase in 40-84 age-standardised lung 
cancer mortality rates from 23 per 100 
000 in 2000 to 28 per 100 000 in 2020. 
The projected abrupt change in 2020 
occurs because the smoking prediction is 
based upon keeping the rates as they 
currently are at the last available date or 
discounting them by a fixed percentage 
every five years. Set against the back-
ground of steadily increasing smoking 
percentages among younger women less 
than 60, these smoking forecasts repre-
sent an abrupt change to the previous 
trends. 

In the last two sets of predictions 
(Figure 7 and Figure 8), both of the tem-
poral variables are replaced with the 
corresponding smoking variable. Cohort 
is replaced by the percentage of the 
cohort smoking at age 20 and period by 
the percentage of the age group 
smoking 20 years in the past. While the 
fit of the model is not as good as either of 
those based upon one temporal variable 
(compare the left-hand graphs in Figure 
7 to those in Figure 3), this model has no 
unspecified temporal variables, and the 

1990 	 1290 	 2007 	 272 
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Figure 2. Observed and predicted truncated age 40-84 world standard 
age adjusted lung cancer mortality rates for women in selected 
countries 
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Figure З. Predicted rates (per 100 000) of lung cancer in the United 5tates by age group and year of birth 
for men (top graphs) and women (bottom graphs) 

Тhe left band graphs are based upon a model with terms for Age + Cohort + Percentage of the Age Group Smoking 20 Years in the past (10 
women). Predictions from 2003 to 2018 (2008 women) are based upon existing smoking data. The smoking percentages used for the pre-
dictions from 2023 (2013 women) onwards are based upon the last available data for each age group discounted by 10% every 5 years. 

The right hand graphs are based upon a model with terms for Age + Period + Percentage of the Cohort smoking at age 30. Predictions from 
2003 to 2018 are based иpоn existing smoking data. The smoking percentages used for the predictions from 2023 onwards are based upon 
the last available data for each cohort discounted by 10% every 5 years. 

In each graph the black lines with circles superimposed represent the observed rates. The circles represent the fitted values from the predic-
tion model and the blue lines represent the predictions from the model into the future. 

predictions arе  based solely upon the 
age effect and smoking data. A similar-
тoдel was suitaЫe fо r men in Japan but 
not for women, where a big increase was 
predicted as a consequence of the 
relatively high rates of smoking 
among older Japanese women prior to 
1970 (now declining slowly) and an 

increase in smoking among young 
Japanese women. 

Discussion 
The predictions of lung cancer mortality 
in Figures 3-6 are based upon 
Age—Period—Cohort models in which 

one, or both, of the temporal variables 
(period or cohort) are replaced by a 
smoking-related variable, such as the 
percentage of a cohort smoking at 20 or 
30 years of age or the percentage in the 
age group smoking 20 years in the past. 
In the left-hand graphs the predicted 
changes in the rates over the period 
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Figure 4. Predicted truncated (40-04) age standardised rates (per 100 000) of lung cancer in the United 
States by age group and year of birth for men (top graphs) and women (bottom graphs) 

The leh hand graphs are based upon a model with terms for Age + Cohort + Percentage of the Age Group Smoking 20 Years in the past (10 
Years for women). Predictions from 2003 to 2018 (2008 women) are based upon existing smoking data. The smoking percentages used for 
the predictions from 2023 (2013 women) onwards are based upon the last availab e data for each age group discounted by 0% to 10% every 
5 years. 

The right hand graphs are based upon a model with terms for Age + Period + Percentage of the Cohort Smoking at age 30. Pred otions from 
2003 to 2018 are based upon existing smoking dat а. The smoking percentages used for the predictions from 2023 onwards are based upon 
the last available data for each cohort discounted by 0% to 10% every 5 years. 

2000-2020 are assoclated with changes 
in the smoking pattern which have 
already taken place over the last 20 
years and temporal effects due to 
cohort. The predicted changes in the 
rates after 2020 are associated with pos-
tulated reductions in smoking over the 
next 20 years and temporal effects due 
to cohort. In most cases recent cohorts 
have a reduced mortality, adjusting for 
smoking, and the continuation of this 

effect alone into the future is associated 
with a reduction in the rates. 

1n the right-hand graphs the pre-
dicted changes in the rates over the 
period 2000-2020 are associated with 
changes in the smoking rate at ages 20 
or 30 among cohorts born before the 
1970s and temporal effects due to 
period. The predicted changes in the 
rates after 2020 are associated with pre-
dicted reductions in smoking at ages 20  

or 30 among cohorts born before the 
1970s and temporal effects due to 
period. In most cases recent periods 
have a reduced mortal'гty, after 
adjustment for smoking by cohorts, and 
the continuation of this effect alone into 
the future is associated with a reduction 
in the rates. 

The predictions based upon a 
cohort's smoking rates at a particular 
age are not greatly affected by changes 
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Figure 5. Predicted truncated (40-04) age standardised rates (per 100 000) of lung cancer in the United 
Kingdom by age group and year of birth for men (top graphs) and women (bottom graphs) 

The left hand graphs are based upon a model with terms for Age + Cohort Percentage of the Age Group Smoking 10 Years in the past. 
Predictions from 2003 to 2008 are based upon existing smoking data. The smoking percentages used for the predictions from 2013 onwards 
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in this ыariable over time. This is associ-
ated with the long time lag; for example, 
for the cohort born in 1970 smoking at 
age 30 is known in 2000 and is used to 
predict mortality at all ages up to 80, 
which is in 2050. The predictions based 
upon the lagged percentage of the age 
group smoking in the past are more 
affected by changes in this percentage. 
Within this model the changes in smoking 
rates now will have predicted effects on 
all ages 20 years into the future. 

In general terms, the predictions here 
are quite similar to those of Shibuya et 
al. (2005). Indeed, the Age + Cohort + 
Lagged percentage of the age group 

smoking model is very similar to the one 
used by them. The reliability of any 
forecast of future trends based on his-
torical mortality data also depends 
heavily on the appropriateness of the 
statistical model used and the assump-
tions that are either made explicitly or 
are built into the statistical processes. 

The validity of some of these (power link 
and damped drift) have been checked 
for short-term predictions of cancer 
incidence (loller ai al., 2002, 2003), 
but there still remains the issue that all 
predictions depend upon the assump-
tions that the previously observed 
trends and associations will continue. 

Limitations 
This analysis has concentrated on the 
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The left hand graphs are based upon а  model with terms for Age + Cohort + Percentage of the Age Group Smoking 20 Years in the past. 
Predictions from 2003 to 2018 are based upon existing smoking data. The smoking percentages used for the predictions from 2023 onwards 
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effects of lagged smoking prevalence on 
current lung cancer mortality rates, 
which are a combination of previous 
smoking initiation and cessation. The 
number of countries which have 
sufficient long-term series of smoking 
prevalence data is limited; hence this 
modelling cannot easily be extended to a 
wide range of countries. In order to carry 
out this type of predictive modelling if is 
necessary to have data on smoking 

prevalence by age group going back at 
least 20 years before the beginning of 
the cancer mortality data. For many 
countries there is cancer mortality data 
from the 1950x; therefore smoking 
prevalence data from the 1930's to the 
present would be required ta fully utilise 
the mortality data. 

implications 
Assuming that lung cancer mortality is 

causally related to smoking prevalence 
in the past, the implications of these 
projections for smoking cessation are 
that continued efforts need to be made 
in smoking cessation to maintain the 
projected decline in lung cancer 
mortality that is likely to occur in the near 
future in the United Kingdom and United 
States. Smoking prevalence among men 
aged 30-34 in the United Kingdom has 
fallen from 80% in 1945 to 35% in 2006; 
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Figure 7. Predicted rates (per 100 000) and truncated (40-84) age standardised rates (per 100 000) of lung 
cancer in the United States by age group and year of birth for men (top graphs) and women (bottom 
graphs) 

The graphs are based upon a model with terms for Age + Percentage of the Age Group Smoking 20 Years in the past + Percentage of the 
Cohort smoking at age 20. Predictions from 2003 to 2013 are based upon existing smoking data. The smoking percentages used for the 
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In each of the left hand graphs the black lines with circles superimposed represent the observed rates. The circles represent the fitted values 
from the prediction model and the Ыue lines represent the predictions from the model into the future. 

it is dramatic trends such as these 
which are associated with the large 
predicted fall in the 40-84 truncated 
age-standardised rates of lung cancer 
mortality from 194 per 100 000 in 1985 
to about 60 per 100 000 in 2020. Similar 
comments can be made about women 
in the United Kingdom and men in the 
USA, where there are already positive 
trends in smoking cessation, especially 

among older age groups. Continuation 
of these trends will have a positive 
impact on the projected lung cancer 
mortа  ity rates. 

Of the groups we studied, smoking 
cessation activities are likely to have the 
greatest impact among women in the 
United States and in Japan. The history 
of smoking cessation is not as long in 
these communities, and indeed in some  

age groups there is a strong rise in 
smoking. Unless there are continued 
successful efforts at smoking cessation, 
then the projected recent decline in lung 
cancer mortality among females in the 
United States from the peak in 2000 to 
2020 may continue but with a much shal-
lower downward gradient. Among 
Japanese men, cancer rates, rather than 
levelling off at their peak in 2000-2020. 
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may continue to rise. Even maintaining 
the current smoking percentages among 
Japanese women is projected to have a 
benefit in reducing projected lung cancer 
mortality, as rates are projected to 
increase dramatically from 2000-2020 in 

association with increased smoking 
among women currently aged under 60. 
Smoking cessation policies are a priority 
and need to be maintained. Similar 
predictions should hold for other coun-
tries where there are also increases in 

the prevalence of women smoking. Thus, 
the need to improve smoking cessation 
and prevention of smoking initiation to 
reduce the projected increase in lung 
cancer mortality. 
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summary 

When assessing risk reduction within the 
first two years after smoking cessation, 
certain methodological issues of particu-
lar concern, including reverse causation 
and constancy of smoking habits, 
complicate €nterpretation of the data. 
Assessment of risk reduction following 
long term abstinence is less subject to 
these methodological concerns and can 
rely more on the very large observational 
cohort studies available to shed light on 
the issue. These methodological 
challenges in studying the effects of ces-
sation are pertinent to all of the diseases 
covered in the Handbook and were 
acknowledged when examining the 
available evidence. 

Lung Cancer 

A large number of epidemiolagic studies 
have compared lung cancer risk in per-
sons who stop smoking with the risk of 
those who continue. The major published 
studies show lower lung cancer risk in 
former than in current smokers. The 
absolute annual risk of developing or 
dying from lung cancer does not 
decrease after stopping smoking. 
Rather, the principal benefit from cessa-
tion derives from avoiding the much 
steeper increase in risk that would result 
from continuing to smoke. Within five to 
nine years after quitting, the lower lung 
cancer risk in former compared with 
otherwise similar current smokers 

becomes apparent and diverges 
progressively with longer time since ces-
sation. There is a persistent increased 
risk of lung cancer in former smokers 
compared to never smokers of the same 
age, even after a long duration of 
abstinence. Stopping smoking before 
middle age avoids much of the lifetime 
risk incurred by continuing to smoke. 
stopping smoking in middle or old age 
confers substantially lower lung cancer 
risk compared with continuing smokers. 

The full benefits of smoking cessation 
and hazards of continued smoking are 
underestimated, at least iп  absolute 
terms, in studies of populations where 
the maximum hazards of persistent 
lifetime smoking have not yet emerged. 
Individuals and policymakers who live in 
countries where lung cancer risk is still 
increasing should recognize that the 
maximum hazard from continuing to 
smoke --and the maximum benefits from 
cessation—have not yet been reached. 
Studies of cessation in these circum-
stances will seriously underestimate the 
long-term benefits of cessation. 

Laryngeal Camer 

Four cohort studies and at least 15 
case-control studies have reported infor-
mation on smoking cessation and 
laryngeal cancer. These studies indicate 
that the risk of laryngeal cancer is 
considerably reduced in former smokers 

compared with current smokers. The 
relative risk steeply decreases with time 
since stopping smoking, with reductions 
of about 60% after 10 to 15 years since 
cessation, and even larger after 20 
years. The favourable effect of stopping 
smoking is already evident within a few 
years after cessation. However, after 
stopping smoking, former smokers still 
have elevated risks of laryngeal cancer 
as compared to never smokers for at 
least twenty years. 

Oral Cancer 

The results of four cohort studies and at 
least 25 case-control studies on oral and 
pharyngeal cancers have shown the risk 
for former smokers to be intermediate 
between those of non-smokers and 
current smokers. in studies where risks 
were analysed by duration of 
abstinence, there was generally a 
decreasing relative risk with increasing 
duration of abstinence compared with 
continuing smokers. In several studies, 
the risk remained elevated compared 
with never smokers during a second 
decade of abstinence, but reached the 
level of never smokers thereafter. 

Oesophageal Cancer 

The results from at least 10 cohort and 
10 case-control studies indicate that 
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former smokers have a lower risk than 
current smokers of squamous-cell 
oesophageal cancer. Most investigations 
have shown that the risk of oesophageal 
cancer remains elevated many years (at 
least 20) after cessation of smoking. 
After 10 years since cessation of 
smoking, former smokers still have twice 
the oesophageal cancer risk of never 
smokers. 

A few studies have investigated the 
effect of smoking cessation on adeno-
carcinoma, indicating no clear reduction 
of risk. The data on oesophageal 
adenotarcinoma are too limited, 
however, to provide adequate inference 
on the relation with time since smoking 
cessation. 

Ѕt®mach Cancer 

Epidemiological studies show that 
former smokers have a lower risk for 
stomach cancer than do current 
smokers. Increasing number of years 
since cessation and younger age at ces-
sation were associated with decreasing 
risk in comparison with continuing 
smokers in most studies. 

Liver Dancer 

The risk of cancer of the liver appears to 
be lower in former than in current 
smokers, but the data are inconsistent 
across geographic areas. There is inade-
quate information to assess the effect of 
time since cessation. 

Pancreatic Cancer 

The risk of pancreatic cancer is lower in 
former than in current smokers. The risk 
declines with time since cessation 
compared to continuing smokers, but 
remains higher than that in never smokers 
for at least 15 years after cessation. 

Bladder Cancer 

The risk of cancer of the bladder is lower 
in former than in current smokers. The 
relative risk declines with time since 
cessation in comparison with continuing 
smokers, but remains higher than that 
for never smokers for at least 25 years 
after cessation. 

Renal Cell Cancer 

The risk of renal cell cancer is lower in 
former than in current smokers. Based 
on limited evidence, the relative risk 
declines with time since cessation in 
comparison with continuing smokers, 
but remains higher than that for never 
smokers for at least 20 years after 
cessation. 

Cervical Cancer 

The risk of squamous cell carcinoma of 
the cervix is lower in former smokers 
than in current smokers. Following 
cessation, the risk in former smokers 
rapidly decreases to the level of never 
smokers. 

Myeloid Leukemia 

The risk of myeloid leukemia may be 
lower in former smokers than in current 
smokers, but available data are inconsis-
tent. There is inadequate information to 
assess the effect of duration of 
abstinence. 

Nasopharyngeal and Bin®nasal 
Cancer 

The risk in former smokers seems to be 
lower than in current smokers for 
nasopharyngeal carcinoma. There is 
inadequate information to assess the 

effects of duration of abstinence. 
For sinonasal carcinoma as well 

there is inadequate information to 
assess the effect of abstinence. 

Coronary Heart Disease (CID) 

Cigarette smoking is a major cause of 
coronary heart disease. The risk is 
manifest both as an increased risk for 
thrombosis and as an increased degree 
of atherosclerosis in coronary vessels. 
The cardiovascular risk caused by 
cigarette smoking increases with the 
amount smoked and with the duration of 
smoking. Former smokers have 
considerably reduced risk of CID com-
pared to smokers. 

Evidence from studies of patients 
with manifest CID point toward a 
relative risk reduction in the order of 35% 
compared with continued cigarette 
smokers of similar accumulated expo-
sure within the first two to four years of 
smoking cessation. Findings from case-
control studies and cohort studies of 
subjects without diagnosed CII are 
compatible with this conclusion and 
point toward a similar relative risk 
reduction following smoking cessation. 

Some studies of prolonged 
abstinence find the risk to be similar to 
never smokers after 10 to 15 years of 
abstinence, whereas others find a 
persistent increased risk of 10-20% even 
after 10 to 20 years. The main method-
ological issue in this type of study is 
misclassification of both current and 
former smoking status with prolonged 
follow-up without re-assessment of 
smoking status. An additional issue is 
self-selection of former smokers. Taking 
these methodological issues into 
account, the body of evidence suggests 
that the risk of CID with long-term 
abstinence approaches the risk of never-
smokers asymptotically. The risk reduc-
tion is observed after controlling for other 
major risk factors. 
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Cerebrotcascular Disease 

smoking is a cause of stroke. Data from 
large prospective studies revealed that 
current smokers have a relative risk of 
1.5 to 4 for stroke compared with never-
smokers. Former smokers have 
markedly lower risk compared to current 
smokers. 

Studies that have assessed the effect 
of duration of abstinence on stroke risk 
report a marked risk reduction by two to 
five years after cessation, and the 
relative risk decreases for up to 15 years 
after cessation. In some studies, the risk 
returns to that of never smokers by five 
to ten years, but other studies report 
small increased risks even after 15 years 
of abstinence; all of these studies show a 
lower risk for former smokers than for 
continuing smokers. The risk reduction is 
observed after controlling for other major 
risk factors. 

There is inadequate evidence to 
assess the effect of smoking cessation 
on the long-term prognosis among cere 
brovascular disease patients. 

Abdominal Aortic Aneurysm (ААА) 

Prospective cohort and screening 
studies show that the risk of death from, 
and prevalence of, AAA is large (RR: 4.0-
8.0) in current smokers compared with 
never smokers. The magnitude of this 
relative risk is greater than that observed 
in other forms of CVD for current 
smokers. Former smokers have a lower 
risk of ААА  than do continuing smokers. 
The limited data that address the 
relationship between the duration of 
cessation and risk of AAA suggest that 
cessation is associated with a slow 
decline in risk that continues for at least 
20 years after stopping smoking. The 
risk rematns greater than that of a never 
smoker, even after a prolonged duration 
of abstinence. This pattern is different 

from that observed in patients with 
coronary heart disease and cerebrovas-
cular disease in that the risk remains 
significantly higher than that of never 
smokers. In patients with an established 
diagnosis of ААА, the single published 
intervention study concludes that former 
smoking status is associated with 
reduced all-cause mortality and AAA 
rupture compared with continued 
smoking. 

Peripheral Artery Disease (PAD) 

Data that address the time course of the 
change in risk with cessation are very 
limited, and the time course is different 
for populations with and without clinically 
evident disease. 

In populations without clinically 
evident disease 

Current smoking is a major cause of 
PAD. Former smokers have a reduced 
risk compared with current smokers. In 
former smokers without clinical evidence 
of disease, the reduction in risk of devel-
opment of disease occurs over an 
extended period (at least 20 years), but 
the time course of reduction in risk is 
poorly characterized. Prospective cohort 
studies suggest that the relative risk of 
PAD in former smokers remains greater 
than that of never smokers even after 
long duration of abstinence (at least 20 
years). 

In populations with clinically evident 
disease 

In patients with clinical evidence of PAD, 
the evidence suggests an improvement 
in clinical outcomes among forcer 
smokers compared to continuing 
smokers. PAD patients who stop 
smoking experience complication rates 
that are simi{ar to those who are classi-
fied as nonsmokers in the studies in a 

relatively short period of time following 
cessation (within one to five years), and 
the rates are substantially below those of 
continuing smokers. However, studies in 
patients with clinically evident PAD often 
classify smoking status as current 
smoker, ex-smoker and `nonsmoker', 
with nonsmokers including never 
smokers and smokers who stopped 
before the beginning of follow-up. The 
evidence as a whole suggests there are 
important benefits of smoking cessation 
for patients with established PAD. 

Chronic Obstructive Pulmonary 
Disease (COPD) 

Former smokers have lower risk of 
accelerated loss of lung function and 
COPD-related morbidity arid mortality 
than do continuing smokers. 

Evidence from cross-sectional and 
longitudinal studies shows that symp-
toms of chronic bronchitis (chronic 
cough, mucus production and wheeze) 
decrease rapidly within a few months 
after smoking cessation. Prevalence of 
these symptoms is the same as that 
reported by never smokers within five 
years of sustained smoking abstinence. 
With respect to lung function loss, cohort 
studies of the general population show 
that the accelerated decline in FEV1 
observed in current smokers reverts to 
the age-related rate of decline seen in 
never smokers within 5 years of smoking 
cessation. In people diagnosed with mild 
to moderate COPD, an increase in FEV1 
during the first year after smoking cessa-
tion has been observed; in following 
years, the rate of decline in FEV1 in sus-
tained quitters has been half the rate of 
that observed in continuing smokers. 

Data on lung capacity and hospital 
admission for patients with severe 
COPD are limited, but available 
evidence suggests that smoking cessa-
tion results in a reduction in excess lung 
function loss and a decrease in risk of 
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hospitalization for COPD in comparison 
with continuing smokers. Evidence from 
several long-term studies indicates a 
substantial reduction in mortality risk in 
former smokers compared with 
continuing smokers. Assessment of risk 
reduction for COPD mortality following 
smoking cessation is complex because 
of reverse causality. For example, there 
is a persistent increased risk of COPD 
mortality with long duration of 
abstinence. 

COPD in China 

China is the worIds largest producer of 
tobacco and cigarettes, with the world's 
largest number of smokers and largest 
number of tobacco deaths (about 1 
million per year). 0f all the diseases 
contributing to tobacco-related mortality, 
the most numerically significant is 
COPD, constituting 45% of tobacco-
related deaths. Hence, China has the 
world's largest number of COPD deaths 

due to smoking, about 450,000 per year. 
Evidence from 17 studies in the 

Chinese medical literature on the effects 
of cessatэon in COPD, though limited in 
quality and quantity, supports the finding 
that among middle-aged asymptomatic 
subjects, smoking cessation delayed the 
decline of FEy1 when compared with 
continuing smokers. The decline 
became similar to that in never smokers 
after cessation for six years or more. In 
young and healthy smokers, the benefits 
of smoking cessation (improvements in 
FEV1, or decline relative to continuing 
smokers) can be observed after cessa-
tion for a few months. Among subjects 
with chronic cough and phlegm but no 
COPD, cessation for at least one month 
to eight years delayed decline of FEV1 
and reduced the risk of developing 
COPD compared with that of continuing 
smokers. Whereas smoking can clearly 
increase the risk of COPD deaths, the 
benefits of cessation on COPD mortality 
have not been observed in the Chinese  

population. Instead, studies found 
excess risk among older quitters, 
probably due to reverse causality. It is 
not clear why Chinese never smokers 
have a much higher prevalence of 
COPD than those in North America; 
possible explanations are poor indoor air 
quality from burning of biomass and/or 
genetic differences. In addition, there is а  
common belief among the Chinese 
public that smoking cessation may be 
harmful in smokers with COPD. Smokers 
who already have serious COPD, 
diagnosed or undiagnosed by a doctor, 
may appear to die from COPD soon after 
quitting smoking (reverse causality). 
Because of the higher proportion of 
COPD among the total tobacco death 
toll in China, smoking cessation on a 
large scale is likely to result in greater 
long-term effects on COPD morbidity 
and mortality than for other diseases, 
such as lung cancer and ischaemic 
heart disease. 
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Cancer 

Question 1: Is the risk of cancer lower in former smokers than in otherwise similar current smokers? 

• The risk of lung cancer is lower in former smokers than in current smokers. 

• The risk of laryngeal cancer is lower in former smokers than in current smokers. 

• The risk of oral and pharyngeal cancer is lower in former smokers than in current smokers. 

• The risk of squamous cell carcinoma of the oesophagus is lower in former smokers than in current 
smokers. There is inadequate evidence to evaluate the risk of adenocarcinoma of the oesophagus after 
stopping smoking. 

• The risk of stomach cancer is lower in former smokers than in current smokers. 

® The risk of liver cancer appears to be lower in former smokers than in current smokers, but available data 
are limited and inconsistent across geographic areas. 

• The risk of pancreatic cancer is lower in former smokers than in current smokers. 

s The risk of bladder cancer is lower in former smokers than in current smokers. 

• The risk of renal cell carcinoma is lower in former smokers than in current smokers. 

® The risk of squamous cell carcinoma of the cervix is lower in former smokers than in current smokers. 

® The risk of myeloid leukemia may be lower in former smokers than in current smokers, but available data 
are inconsistent. 

• The risk in former smokers seems to be lower than in current smokers for nasopharyngeal carcinoma 
based on the limited available evidence. 

• There is inadequate information to determine the change in risk for sinonasal carcinoma in former 
smokers. 
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Cancer 

Question 2: Among otherwise similar former smokers, is the risk of disease lower with more prolonged 
abstinence? 

In former smokers, the lower lung cancer risk compared with that in otherwise similar current smokers 
becomes apparent within five to nine years after quitting and diverges progressively with longer time since 
cessation. 

• For laryngeal cancer, the benefits of cessation relative to continued smoking increase with increasing 
duration of abstinence. 

в  The reduction in the risk of oral and pharyngeal cancer for former smokers compared with current smokers, 
increases with increasing duration of abstinence. 

• For former smokers, the reduction in the risk of squamous cell carcinoma of the oesophagus versus that of 
current smokers increases with increasing duration of abstinence. 

• The reduction in the risk of stomach cancer for former smokers versus current smokers increases with 
increasing duration of abstinence. 

® For liver cancer, there is inadequate information to assess whether a reduction in risk for former smokers 
compared with current smokers increases with increasing duration of abstinence. 

® The reduction in the risk of pancreatic cancer for former smokers compared with current smokers increases 
with increasing duration of abstinence. 

® The reduction in the risk of bladder cancer for former smokers compared with current smokers increases 
with increasing duration of abstinence. 

® The reduction in the risk of renal cell carcinoma for former smokers compared with current smokers 
appears to increase with increasing duration of abstinence based on the limited available evidence. 

o For cervical cancer, the benefits of cessation in former smokers compared with current smokers seem to 
be fully achieved in the first five years of abstinence. 

• For myeloid leukemia, there is inadequate information to assess whether the possible reduction in risk for 
former smokers as compared to current smokers increases with increasing duration of abstinence. 

• For nasopharyngeal carcinoma, there is inadequate information to assess whether a reduction in risk tir 
former smokers compared with current smokers increases with increasing duration of abstinence. 
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Questions and answers 

Cancer 

Question 3: Does the risk return to that of never smokers after a Tong period of abstinence? 

® There is а  persistent increased risk of lung cancer in former smokers compared to never smokers of the 
same age, even after a long duration of abstinence. 

® The risk for laryngeal cancer does not return to that of never smokers after a long duration of abstinence: it 
remains higher than that in never smokers for at least two decades after cessation. 

• The relative risk for oral cancer for former smokers who have stopped for at least twenty years is not 
increased over that of never smokers. 

® The relative risk for carcinoma of the oesophagus does not return to that of never smokers after a long 
duration of abstinence: it remains higher than that in never smokers for at least two decades after cessation. 

• There is inadequate information to evaluate whether the risk of stomach cancer for former smokers ever 
returns to that of never smokers. 

• There is inadequate information to evaluate whether the risk of liver cancer for former smokers ever returns 
to that of never smokers. 

• The risk for pancreatic cancer for former smokers who have stopped for at least twenty years appears to 
return to that of never smokers. 

• The risk for bladder cancer dois not return to that of never smokers after a long duration of abstinence: 
it remains higher than that in never smokers for at least twenty-five years after cessation. 

• There is inadequate information to evaluate whether the risk for former smokers ever returns to that of never 
smokers for renal cell carcinoma. 

e The relative risk for cervical cancer returns to that of never smokers within five years after smoking cessation. 

• There is inadequate information to evaluate whether the risk of myeloid leukemia for former smokers ever 
returns to that of never smokers. 

• There is inadequate information to evaluate whether the risk for former smokers ever returns to that of never 
smokers for cancers of the nasopharynx. 
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Cardiovascular Diseases 

Question 1: Is the risk of cardiovascular disease (CVD) lower in former smokers than in otherwise 
similar current smokers? 

® There is unequivocal evidence of reduced risk for coronary heart disease (CHI) morbidity and mortality in 
former smokers compared with continuing smokers. This is true for healthy subjects and patients with 
already-diagnosed CHD. 

® Former smokers have a markedly lower risk of cerebrovascular disease compared to current smokers. 
No study has assessed the effect of smoking cessation on the long-term prognosis among 
cerebrovascular or stroke patients. However, among stroke patients smoking was a strong predictor of 
survival within a decade of onset. 

• In the absence of clinically evident disease, former smokers have a lower risk of abdominal aortic 
aneurysm (ААА) compared with continuing smokers. For patients with AAA, the risk of ААА  expansion, 
rupture or death is reduced in former smokers compared with that in continuing smokers. 

o The risk of peripheral arterial disease (PAD) is reduced in former smokers without clinically evident disease 
compared with that in continuing smokers, but is greater than the risk found in never smokers. In patients 
with clinical evidence of PAD, the evidence suggests an improvement in clinical outcomes among former 
smokers compared to continuing smokers. 

Question 2: Among otherwise similar former smokers, is the risk of disease lower with more 
prolonged abstinence? 

• In former smokers without CID there is a substantial reduction in risk of CID compared with that of 
continuing smokers within the first two to four years of smoking abstinence, followed by a slower decline of 
risk, with risk approaching that of never smokers in fifteen to twenty years. For methodological reasons, the 
assessment of risk reduction is problematic within the first two years of cessation. 

a Evidence from studies of patients with manifest CID point toward a relative risk reduction of recurrent 
reinfarction or death on the order of 35 percent compared with continuing smokers of similar аcсuтulаtеd 
exposure within the first two to four years of smoking cessation. The data are inadequate to assess the 
magnitude of risk reduction with longer duration of abstinence for patients with clinically evident CII. 

• There is a marked reduction in stroke risk with two to five years of abstinence from smoking 
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Questions and answers 

Cardiovascular Diseases 

® In the absence of clinically evident disease, the reduction in risk for AAA among former smokers compared 
with that in continuing smokers shows a decline over at least ten years and probably as long as twenty 
years after smoking cessation. Former smokers have a slower rate of aneurysm expansion than 
continuing smokers and a lower rate of rupture, but the time course is not known. 

® The decline in risk of PAD in former smokers without clinically evident disease compared with that in 
continuing smokers occurs over a prolonged period, at least twenty years. The reduction in risk for former 
smokers with clinically evident disease, compared to continuing smokers, occurs within one to five years. 

Question 3: Does the risk return to that of never smokers after a ling period of abstinence? 

• After a long duration of abstinence, the risk of CHD for former smokers approaches that of never smokers. 
However, the increased risk for former smokers with a long duration of abstinence, if any, is expected to be 
too small to be reliably determined. 

• For patients with established disease, the question is not applicable. 

0 In some studies the risk of stroke decreases to the level seen in never smokers within five to ten years, but 
other studies report small increases in risk even after fifteen years of abstinence. All of these studies show 
a lower risk for former smokers than for continuing smokers. 

. The risk of AAА  in former smokers without clinical evidence of disease does not return to the level of risk of 
never smokers, even after long periods of abstinence. 

• For patients with clinical evidence of disease, the question is not applicable. 

• The risk of PAD in former smokers without clinically evident disease does not return to the level of risk of 
never smokers. 

• For patients with clinically evident disease, the question is not applicable. 
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Chronic Obstructive Pulmonary Disease (COPD) 

Question 1: Is the risk of COPD lower in former smokers than in otherwise similar current smokers? 

Both chronic cough and phlegm production improve after smoking cessation. 

In unselected populations, smoking cessation slows the smoking-related accelerated decline in lung 
function, measured as forced expiratory volume in one second (FEV1 ). 

a The Lung Health Study (LHS) of smokers with mild to moderate airway obstruction showed over eleven 
years that smoking cessation slowed the rate of FEV1 decline. Smoking cessation prevented or delayed 
development of severe COPD irrespective of baseline lung function, smoking intensity, age or gender. 

® In severe COPD, limited data indicate that smoking cessation is associated with a lower rate of FEV1 decline 
and less risk of hospital admission for a COPD exacerbation compared with continuing smoking. 

® smoking cessation leads to decreased mortality from COPD compared with continued smoking. 

Question 2: Among otherwise similar former smokers, is the risk of disease lower with more 
prolonged abstinence? 

• In cross-sectional and longitudinal studies, self-reported symptoms of chronic bronchitis decreased by one 
to two months after smoking cessation. 

+ Population based cohort studies show that the rate of FEV1 decline in former smokers returns to the rate of 
never smokers within five years after smoking cessation. Smokers with normal lung function who quit before 
age 40 have a normal age-related FEV1 decline, and do not generally develop COPD from their past 
smoking. 

m In the LHS of smoking cessation in subjects with mild to moderate COPD there was an increase in FEV1 
during the first year after smoking cessation. In the subsequent eleven years, the rate of FEV1 decline in 
sustained quitters was approximately half the rate of decline of the continuing smokers. The decreased rate 
of FEV1 decline in former smokers with airway obstruction is confirmed by cohort studies with varying 
follow-up periods. 

® Long-term studies of smoking cessation in more severe COPD show that the rate of FEV1 decline and 
relative risk of hospitalization with COPD exacerbation in former smokers decreases over a twenty-year 
period compared with that of continuing smokers. 
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Questions and answers 

Chronic Obstructive Pulmonary Disease (COPD) 

Smoking cessation reduces the risk of COPD mortality, but the data demonstrating the timing of this effect 
are difficult to interpret. In earlier studies, mortality rates from COPD were paradoxically increased for up 
to ten years after smoking cessation compared to continued smoking but thereafter rates decreased. 
Recent studies do not have sufficient size or strength to clarify this issue, and the increased mortality in the 
early period following cessation may be the result of the population of former smokers containing 
substantial numbers of smokers who quit because they had developed COPD. 

Questiоn 3 Does the risk return ta that of never smokers after a long period of abstinence? 

® Longitudinal data show that the prevalence of chronic cough and phlegm production returns to the level of 
never smokers after a long duration of abstinence. 

® Population-based cohort studies show that the rate of FEV1 decline in former smokers becomes the same 
as in never smokers within five years of quitting smoking. 

® While smoking cessation in subjects with mild to moderate COPD decreases the rate of FEV1 decline, the 
lung function lost before cessation is not fully recovered. However, there is a greater capacity for recovery 
of lung function in subjects who stop smoking before age 40. 

® In subjects with more severe COPO, the FEV1 decline and risk of hospital admission for COPD remain 
higher for former than for never smokers. 

® Available data show a permanently elevated COPD mortality risk in former smokers compared with never 
smokers; however, this effect may be the result of the population of former smokers containing substantial 
numbers of smokers who quit because they had developed dPI. 
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Evaluation Table 

Is There Sufficient Evidence to Address Questions on the Effects of 5mоkirtg Cessation on Risk of Disease? 
1, Risk for Former smokers Is there sufficient evidence to determine whether the risk of disease is lower in former smokers than in 

otherwise similar current smokers? 

2. Risk with Prolonged Abstinence: Is there sufficient evidence to determûne л  helhег, among otherwise similar former smokers, the risk of disб  
ease is lower with more prolonged abstinence? 

3. Residual Increased Risk: Is there sufficient evidence to determine whither the risk returns to that of never smokers after long periods of abstinence? 

Disease 	 Risk for Former Sm®kers (1) 	Risk with Prolonged Abstinence (2) Residual Increased Risk (3) 

Cancers 
Lung cancer ■ • • 
Laryngeal cancer ® ■ ■ 

Oral cancer • ■ • 
Squamous cell esophageal cancer . ■ ■ 

Esophageal adenocarcinama ❑ Q ❑ 

5tomach cancer . Q 0 
Liver cancer ❑x ❑ ❑ 

Pancreatic cancer ■ • 0 
Bladder cancer • ■ • 

Renal cancer ■ D ❑ 

Cervical cancer ■ ■ ■ 

Myeloid leukemia f1- ❑ ❑ 

Nasopharyngealcancer D ❑ ❑ 

Sinonasal cancer Q ❑ Q 

Vascular Disease 
CHD incidence and death in subjects without ■ ■ • 

established disease 
CHD incidence and death in those with clinical ■ ■ Not applicable 

evident disease 
Cerebrovascular disease incidence and death ® ■ C7 

for those without established disease 
Cerebrovascular disease incidence and death ❑ ❑ Not applicable 

for those with clinical disease 
Aortic aneurysm incidence and death for those ■ D ❑D 

without established disease 
Aortic aneurysm incidence and death for those ■ ❑ Not applicable 

with clinical disease 
PAD incidence and death for those without ■ ® D 

estabi shed disease 
PAD incidence and death for those with ll Not applicab e 

clinical disease 

Lung Disease 
Cough and phlegm production ■ ■ • 
Decline in FEV1 in healthy subjects ■ ■ ■ 

Damne in FEV1 for those with mild! ■ ■ Not applicable 

moderate disease 
Decline in FEV1 for those with severe ■ ■ Not app' cable 

disease!Morbldity 
Mortality from COPD • • 0 

Level of evidence to address questions: 
■ Adequate: The evidence is adequate to draw a clear conclusion on the question; ❑x 	Linnited: The evidence to answer the question is suggestive; the 

interpretation is considered by the Working Group to be credible, but chance bias, confounding or other factors cannot be adequately evaluated 

+/- ConflIctIng: The data provide conflicting answers to the question; ❑ Absence of Observations: There is an absence of data or data are inadequate to address 

the question. 
FEV1: Forced expiratory volume in one second; CID: Coronary Heart Disease; PAD: Peripheral Artery Disease 
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Paced on the evidence available, the 
Working Group developed several 
recommendations. These recommenda-
tions are divided into Public Health and 
more specific disease Research 
recommendations. 

Public Health Recommendations 

Cessation of cigarette smoking pro-
duces short-term benefits for reducing 
the disease burden for current smokers, 
both as individuals and as subgroups of 
the population. For most countries, 
existing risk data are likely to underesti-
mate both the magnitude of the disease 
burden that will occur due to current 
smoking behaviors and the benefits that 
might be achieved with increased rates 
of cessation. This underestimation is 
likely to be substantively larger for 
countries in the early stages of the 
tobacco epidemic. 

Public Health Recommendation: 
Methods for more accurately defining 
current disease burdens due to tobacco 
use and predicting the future benefits of 
cessation are necessary for countries in 
all stages of the tobacco epidemic (see 
Figure 2, page 4, Lopez et at, 1994) 
Accurate estimates of the burden of 
disease that could be avoided with 
smoking cessation are invaluable in 
forming appropriate public policy. 

The full benefit of cessation is now 
evident in the population-based death 
rates for countries where the tobacco 
epidemic has progressed to the stage of 
falling smoking prevalence. However, 
increased rates of cessation will be 
required in these countries to sustain the 
observed disease rates of decline. The 
effects of quitting could be more rapidly 
apparent on a population scale than the 
effects of not starting to smoke. 

Public Health Recommendation: 
Measures of cessation rates and cumu-
lative cessation that can be obtained in 
countries with limited resources are 
necessary, as are methods for acquiring 
and disseminating these measures. 
simply tracking smoking prevalence in 
the population may lead to inaccurate 
assessment of the current and future 
disease burden due to tobacco use and 
the potential to avoid it through 
increased cessation. 

Cessation provides a benefit even for 
older groups of the population, but much 
of the disease risk of smoking can be 
avoided by cessation by middle age. In a 
similar fashion, countrEes that are in the 
middle stages of the tobacco epidemic 
can avoid much disease risk if they could 
increase rates of cessation in their popu-
lations. Effective control of lung cancer in 
particular requires effective anti-smoking 
policies to discourage cigarette  

consumption and encourage early 
quitting. 

Younger individuals and countries in 
the early stages of the tobacco epidemic 
can avoid almost all of the tobacco-
related morbidity and mortality that 
would otherwise occur if the smokers in 
those countries can be persuaded to 
quit. Results from the British Doctors 
Study show that quitting smoking before 
middle age avoids the majority of the 
excess risk sustained by continued 
smoking. Helping large numbers of adult 
smokers to quit (preferably before middle 
age, but also in middle age) might avoid 
one hundred million or more tobacco-
related deaths in the first half of this 
century. Large numbers of deaths during 
the second half of the century could also 
be avoided if many of those who, despite 
warnings, still start to smoke in future 
years could be helped to stop before 
they are killed by the habit. 

Pиbliс  Health Recommendatjon: 
Besides measuring the prevalence of 
smoking, with initiation and cessation 
rates, policymakers in countries at all 
stages of the tobacco epidemic should 
take appropriate steps to reduce 
tobacco use among ail age groups. 

Appropriate policy measures are 
outlined in the Framework Convention 
for Tobacco Control, and numerous 
organizations, starting with the World 
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Health Organization, have initiated 
detailed steps for how to achieve these 
measures. Experience in initiating these 
policy measures abounds in various 
countries – both in the developed and 
developing countries. 

Pubic Health Recommendation: 
Methods to estimate the future tobacco-
related disease burden and the benefits 
of cessation for countries which are both 
early in the tobacco epidemic and which 
have limited resources would be helpful, 
as would the formulation of estimates 
that are useful in guiding public policy in 
these countries. For example, the ability 
to assess the impact of morbidity and 
mortality from COPD iп  China could 
significantly help China recognize the 
extensive burden of this particular 
disease 0f their society. 

Various countries have done much 
work in developing smoking cessation 
guidelines that follow evidence-based 
methodologies. However, depending on 
the regulatory environment and culture, 
not all methods are applicable or 
available in all regions of the world. 

Public Health Recommendation: 
Country-specific and culture-appropriate 
methods to achieve effective smoking 
cessation are badly needed iп  many 
countries of the world. 

The mistaken belief that quitting 
smoking could be harmful, especially 
common among elderly smokers in 
China and perhaps in other developing 
countries, is based on an under-
standable misinterpretation of the obser-
vation that some smokers had died from 
chronic obstructive pulmonary disease 
(COPD) soon after quitting. 5uch 
misconceptions, coupled with a lack of 
awareness of the seriousness of having 
COPD symptoms and the benefits of 
cessation, if not appropriately handled, 
could lead to a reluctance of smokers  

with chronic respiratory symptoms 
and/or COPD to quit smoking. 

Public Health Recommendations 
Nealthcare professionals should be 
prepared to correct this type of 
misunderstanding. Countries should 
consider ways to educate the public that 
quitting smoking is beneficial regardless 
of an individuals state of health. 

Recommendations for Future 
Research 

Studies with long-term follow-up 
requiring repeated assessment of 
smoking status, specifically of sustained 
cessation—as opposed to cross-sec-
tional determinations—would augment 
our understanding of the extent and 
timing of changes in symptoms, morbidity, 
hospital admissions and mortality 
following smoking cessation. These 
studies could also allow exploration of 
the degree of reverse causality. 

Understanding of the mechanisms by 
which smoking causes disease is rapidly 
expanding, and biomarkers useful for 
examining these mechanisms are 
available and are increasingly predictive. 
Evidence examining changes in these 
biomarkers among former smokers as 
they quit and as they continue their 
abstinence is very limited. Research on 
changes in disease mechanisms among 
former smokers is likely to offer impor-
tant insights into disease causation and 
reveal methods by which the disease 
burden might be reduced among 
smokers of long duration. 

As prevalence data are being 
developed globally, it would be helpful to 
develop cessation data simultaneously 
(stratified by both gender and age) in the 
same countries. This information could 
then be used to develop models for 
predicting lung cancer mortality (such as 
those demonstrated in the modeling 
section in this Handbook). In addition,  

the collection of such information would 
aid in assessing the efficacy of each 
country's smoking cessation/tobacco 
control 	policies 	as 	they 	are 
implemented. 

The number of countries which have 
sufficiently high-quality long-term series 
of smoking prevalence data is limited. In 
order to carry out this type of predictive 
modeling it is necessary to have data on 
smoking prevalence by age group going 
back at least 20 years before the 
beginning of the cancer mortality data. 
For many countries there is cancer 
mortality data from the 1950s, and 
smoking prevalence data from the 1930s 
to the present would be required to fully 
utilize the mortality data. Therefore, if 
we are to assess the future impact of 
smoking and its relationship to disease 
mortality, both pieces of information 
must be collected. 

General Research Recommendations: 
Future research should involve studies 
with long-term follow-up and repeated 
smoking status assessment. These 
studies should use newly available bio-
markers to assess changes iп  disease 
mechanisms among forer smokers. 
Studгеs of prevalence should collect 
cessation data simultaneously as these 
data can be used to develop models for 
predicting mortality. Prevalence data 
should include information by age group 
that predates mortality data by at least 
20 years. 

Proposals for studies of specific 
diseases 

The summation of the available data in 
this Handbook on the changes in risk 
associated with smoking cessation has 
highlighted specific gaps in our under-
standing of the relationship between 
smoking and certain specific disease 
states, including chronic obstructive 
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Recommendations 

pulmonary disease, cardiovascular 
disease, and cancer. Further data on the 
potential role of smoking cessation in the 
management of other diseases, 
including tuberculosis and AIDs1HIV, 
would also have great value. 

Chronic Obstructive Pulmonary Disease 
(COPD) 
There is a pressing need for long-term 
prospective studies of smoking cessa-
tion—as opposed to cross-sectional 
determinations—to be carried out in 
highly characterized patients with 
COPD of differing severity and with 
appropriate control groups, requiring 
repeated assessment of smoking 
status, specifically of sustained cessa-
tion. These studies could help under-
standing the extent and timing of 
changes in symptoms, morbidity, 
hospital admissions and mortality fol-
lowing smoking cessation. 

In those studies, lung function tests 
should encompass assessment of large 
and small airways, together with 
measures of inflation and interstitial gas 
transfer. It will be important to have CT 
scans to identify emphysema, while 
novel techniques such as MRI scanning 
have the potential to visualise small 
airways (Hill & van Beek, 2004). The 
studies should involve biomarkers of 
translational 	medicine, 	including 
genomic and proteomic analysis that 
could be performed on blood, breath, 
and sputum. Especially in more severe 
COPD, it will be important to assess 
dyspnoea, exercise response, quality of 
life, frequency of exacerbations and 
effects on mortality {Anthonisen et a1., 
2002; Celli et a1., 2004). These large-
scale studies of cancer risk could 
simultaneously evaluate risk of cardio-
vascular and respiratory disease. 

In countries such as China, and 
perhaps other developing countries, 
research questions should include why 
the incidence of COPD in non-smokers  

is increased over more developed 
countries such as the USA or the United 
Kingdom. This would include studying 
other potential risk factors that are 
causative for COPD besides cigarette 
smoking and how they affect the rates of 
d PI, and if they modify disease 
resolution with smoking cessation. 

Larger prospective studies on healthy 
middle-aged subjects with information 
on cessation during several time points 
over a follow up period of over 10 years 
are needed for both lung function and 
mortality and morbidity in China. 
Long-term follow-up studies on smoking 
cessation among smokers with varying 
degree of COPD are also needed to 
clarify how reverse causality can mask 
the benefits of cessation. 

14esearcfт  Recommendatjons: 
Long-term prospective studies involving 
CT and 'Ri scans and comprehensive 
tests of lung function, inflation and inter-
stitial gas transfer, are necessary to 
increase our understanding of the rela-
tion between COPD aid smoking cessa-
tion. Further research is especially war-
ranted in countries such as China where 
high rates of COPD present a significant 
health risk. 

Cardiovascular disease (CVD) 
In patients with clinically evident 
coronary heart disease, there is a lack of 
data to assess the magnitude of risk 
reduction with longer durations of 
abstinence (2-4 years). Few studies 
have explored the effect of smoking 
cessation in CVD patients and whether 
their relative risk ever returns to that of 
the never smoker. 

No study has explored the effect of 
smoking cessation on the long-term 
prognosis of the patient with cerebrovas-
cular disease, particularly after 5 years 
of cessation. 

Research Recommendations: 
Further studies in CVD should assess 
risk reduction after long-term smoking 
abstinence, in particular among patients 
with cerebro vascular disease. 

Mechanisms of Cancer 
As the number of former smokers in a 
population increases, it will become 
increasingly important to be able to 
identify the pre-malignant and inflamma-
tory changes that could predict the onset 
of either malignancy (for example with 
lung cancer) or reversiЫe/treataЫe 
COPD. This work will necessarily require 
accurate identification 0f smoking status 
during long-term follow-up. Biomarkers 
might then be identified that could 
distinguish lesions that are not life-
threatening from those that are, and 
gene expression profiles might be found 
that predict which lung lesions are most 
likely to change from indolent to 
malignant. 

Research is needed on biomarkers to 
distinguish latent from aggressive 
sub-clinical molecular lesions in the 
lung, and to characterize individual 
profiles of persistent airway epithelial cell 
deregulated gene expression. Research 
also is needed to identify gene expres-
sion profiles that result in conversion of 
lung lesions from indolent to malignant. 
Discovery of gene pathway-specific 
interventions would offer the potential to 
mitigate the specific steps in this 
conversion. 

Whether the changes described in 
the lung cancer mechanisms section are 
simply the result of cumulative exposure 
(similar to the effectif cigarettes per day 
and duration of smoking on lung cancer 
risk following cessation) or if they are 
also affected by repair of the genetic 
damage or a reversal of the cellular 
environment that allows normal cells to 
out-compete damaged cells is not 
known. 
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Research Recommendations: Further 
work in cancer mechanisms should 
focus on identifying characteristics—

such as gene expression profiles or 
other biomarkers—that predict malig-
nancy Identification of these character-
istics could provide an avenue for 
preventing the development of cancer. 
Research is also needed to answer the 
following questions: 

® Do all of the genetic changes that 
lead to cancer persist to the same 
extent as cessation duration 
extends? 

Is there a difference in extent of 
changes between smokers and 
former smokers not explained by 
intensity and duration of exposure? 

• Do changes progress in the absence 
of smoking, and do some progress 
faster than others? 

We know already enough about the 
impact of smoking to act aggressively to 
prevent initiation and promote cessation 
of tobacco use. However, there is still 
much to be examined to better under-
stand the changes that occur with 
cessation, their time course and 
methods to intervene to prevent disease 
onset. With the information presented in 
this 1-landbook, and pursuing the 
recommendations above, we should be 
able to mitigate the unacceptable 
morbidity and mortality that is presently 
predicted from current models. 
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Starting in 2006, the series of 
International Agency for Research on 
Cancer ('ARC) Handbooks of Cancer 
Prevention will add tobacco control as a 
new area of prevention for their reviews. 
When appropriate, in addition to cancer, 
other health outcomes preventable by 
avoiding tobacco use may be included 
for evaluation in a Handbook. 

The text that follows is organized in 
two principal parts. The first addresses 
the general scope, objectives and struc-
ture of the Handbooks of Tobacco 
Control. The second describes the scien-
tific procedures for evaluating cancer-
preventing agents or interventions. 

The Working Procedures described 
herein are largely taken from the 
Handbooks of Cancer Prevention 
devoted to Chernoprevention and 
Screening, and from the recently 
updated 'ARC Monograph Preamble 
(January 2006). 

The term "exposure" appears repeat-
edly in these procedures, borrowed from 
the 'ARC Monographs devoted to the 
evaluation of carcinogenicity. Epidemio-
logical studies conducted to assess the 
association between exposure to a given 
hazard and disease outcome are based 
0f the meaning of the term "exposure" 
implying increased risk to an undesired 
health effect. Hence when describing the 
criteria used to judge the quality of 
epidemiological studies, the traditional 
meaning of the term "exposure" is pre-
served (as opposed to a "protective  

exposure", assessed in the Chemopre-
vention Handbooks). However, in this 
series of Handbooks dedicated to the 
evaluation of the preventive effects of 
compounds, biological or pharmaceuti-
cal products, behaviours, programs and 
interventions, the traditional meaning of 
the term "exposure" is unfitting. 
Therefore in several instances the term 
"intervention', which lacks a hazardous 
connotation, is preferred. Examples of 
interventions with expected benefits in 
the area of tobacco control are smoking 
cessation, banning of smoking in public 
places and taxation on cigarettes. The 
evaluation of their health effects may be 
the focus of future Handbooks. 

Part one: 

General principles 

General scope 
The prevention and control of cancer are 
the strategic objectives of the 
International Agency for Research on 
Cancer. Cancer prevention may be 
achieved at the individual level by avoid-
ing cancer-causing agents and at the 
population level by adopting programs, 
legislation and regulations to reduce 
exposure to cancer-causing agents. 

The Напdboоks of Tobacco Control 
will evaluate the available evidence on 
the role of chemical compounds, biologi-
cal and pharmaceutical products, behav  

jours, programs and interventions in 
reducing tobacco use and decreasing 
tobacco-associated morbidity and mor-
tality. The aim of the Handbook series is 
to provide the scientific community, 
policymakers and governing bodies of 
1ARC member states as well as of other 
countries with evidence-based assess-
ments of these interventions at the 
individual and population levels, with the 
ultimate goal of assisting in the global 
implementation of tobacco control 
provisions within national and interna-
tional programs aimed at reducing 
tobacco-related morbidity and mortality. 

Objectives 
The objective of the programme is to 
prepare, and to publish in the form of 
Handbooks, critical reviews and consen-
sus evaluations of evidence on the 
preventive effect or risk reduction result-
ing from interventions focusing on 
tobacco control, with the help of an inter-
nationally formed Working Group. The 
Handbooks may also indicate where 
additional research efforts are needed, 
specifically when data immediately rele-
vant to an evaluation are not available. 
The evaluations in the Handbooks are 
scientific and qualitative judgements of 
the peer-reviewed published data, con 
ducted during a week-long meeting of 
peer review and discussions by the 
Working Group. 
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Topic for the Handbook 
The topic to be evaluated in a Handbook 
is selected approximately twelve months 
prior to the meeting by the head of the 
Tobacco Unit after consultation with 
'ARC scientists involved in tobacco 
research. A Handbook may cover a 
single topic or a group of related topics. 

Meeting Participants 
Soon after the topic of а  Handbook is 
chosen, international scientists with rele-
vant expertise are identified by 1ARC 
staff, in consultation with other experts. 
Each participant serves as an indepen-
dent scientist and not as a representa-
tive of any organization, government or 
industry. 

Five categories of participants can be 
present at Handbook meetings: Working 
Group Members, Invited specialists, 
Representatives of national and interna-
tional health agencies, Observers and 
the ]ARC Secretariat. Participants in the 
first two groups generally have published 
significant research related to the topic 
being reviewed or in tobacco control in 
particular. 'ARC uses literature searches 
to identify most experts. Consideration is 
also given to demographic diversity and 
balance of area of expertise. All partici-
pants are listed, with their addresses 
and principal affiliations, at the beginning 
0f each Handbook volume. 

The Working Group is responsible 
for the critical reviews and evalua-
tions that are developed during the 
meeting. The tasks of the Working 
Group are: (i) to ascertain that all 
appropriate data have been col-
lected; (ii) to select the data relevant 
for the evaluation on the basis of sci-
entific merit; (iii) to prepare accurate 
summaries of the data to enable the 
reader to follow the reasoning of the 
Working Group; (iv) to critically eval-
uate the results of epidemiological, 
clinical, and other type of studies; (v) 
to prepare recommendations for 

research and for public health action; 
and (vi) if the topic being reviewed so 
permits, to make an overall evalua-
tion of the evidence of a protective 
effect or reduced risk associated with 
the exposure or intervention focus of 
the evaluation. Working Group 
members are selected based on 
knowledge and experience pertinent 
to the topic evaluated and absence 
of real or apparent conflicts of 
interest. 

2. Invited Specialists are experts who 
also have critical knowledge and 
experience but have a real or appar-
ent conflict of interest. These experts 
are invited when necessary to assist 
in the Working Group by contributing 
their unique knowledge and experi-
ence during subgroup and plenary 
discussions. They may also 
contribute text on the intervention 
being evaluated. Invited Specialists 
do not serve as meeting chair or 
subgroup chair, or participate in the 
evaluations. 

3. Representatives of national and 
international health agencies may 
attend meetings because their agen-
cies sponsor the programme or are 
interested in the topic of a 
Handbook. Representatives do not 
serve as meeting chair or subgroup 
chair, draft any part of a Handbook, 
or participate in the evaluations. 

4. Observers with relevant scientific 
credentials may be admitted to a 
meeting by 'ARC in limited numbers. 
Priority will be given to achieving a 
balance of Observers from 
constituencies with differing per-
spectives. They are invited to 
observe the meeting and should not 
attempt to influence it. Observers 
serve as sources of first-hand 
information from the meeting to their 
sponsoring organizations. Observers 
also can play a valuable role in 
ensuring that all published informa-
tion and scientific perspectives are 

considered. Observers will not serve 
as chair or subgroup chair, draft any 
part of a Handbook, or participate in 
the evaluations. At the meeting, the 
chair and subgroup chairs may grant 
Observers the opportunity to speak, 
generally after they have observed a 
discussion. 

5. The 1ARC Secretariat consists of 
scientists who are designated by 
'ARC and who have relevant 
expert se. They serve as rapporteurs 
and participate in all discussions. 
When requested by the meeting 
chair or subgroup chair, they may 
also draft text or prepare tables and 
analyses. 

The WHO Declaration of Interest form is 
sent to each prospective participant at 
the first contact, with the preliminary 
letter presenting the Handbook meeting. 
]ARC assesses the declared interests to 
determine whether there is a conflict that 
warrants some limitation on participa-
tion. Before an official invitation is 
extended, each potential participant, 
including the 'ARC Secretariat, 
completes the WHO Declaration of 
Interests to report financial interests, 
employment and consulting, and individ-
uaI and institutional research support 
related to the topic of the meeting. 
Working Group Members are selected 
based on the absence of real or 
apparent conflicts of interest. If a real or 
apparent conflict of interest is identified, 
then the expert is asked to attend as an 
Invited Specialist. The declarations are 
updated and reviewed again at the 
opening of the meeting. Interests related 
to the subject of the meeting are dis-
closed to the meeting participants and in 
the published volume (Cogliano et al., 
2004). 

Data for the Handbooks 
The Handbooks review all pertinent 
studies on the intervention to be evalu-
ated. Only those data considered 
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relevant to evaluate the evidence are 
included and summarized. Those judged 
inadequate or irrelevant to the evaluation 
may be cited but not summarized, if a 
group of similar studies is not reviewed, 
the reasons are indicated. 

With regard to reports of basic scien-
tific research, epidemiological studies 
and clinical trials, only studies that have 
been published or accepted for publica-
tion in the openly available scientific liter-
ature are reviewed. In certain instances, 
government agency reports that have 
undergone peer rev}ew and are widely 
available can be considered. Exceptions 
may be made ad hoc to include unpub-
lished reports that are in their final form 
and publicly available, if their inclusion is 
considered pertinent to making an evalu-
ation. Abstracts from scientific meetings 
and other reports that do not provide 
sufficient detail upon which to base an 
assessment of their quality are generally 
not considered. 

Inclusion of a study does not imply 
acceptance of the adequacy of the study 
design or of the analysis and interpreta-
tion of the results, and limitations 
identified by the Working Group are 
clearly outlined in square brackets (ie, [ ] 
). The reasons for not giving further 
consideration to an individual study are 
also indicated in square brackets. 
Important aspects of a study, directly 
impinging on its interpretation, are 
brought to the attention of the reader. In 
general, numerical findings are indicated 
as they appear in the original report; 
units are converted when necessary for 
easier comparison. The Working Group 
may conduct additional analyses of the 
published data and use them in their 
assessment of the evidence. These 
analyses are outlined in square brackets 
in the Handbook. 

Working Procedures 

(a) Literature to be reviewed 

After the topic of the Handbook is 
chosen, pertinent studies are identified 
by 'ARC from recognized sources of 
information such as Publed and made 
available to Working Group members 
and Invited Specialists to prepare the 
working papers for the meeting. Meeting 
participants are invited to supplement 
the 'ARC literature searches with their 
own searches. Studies cited in the 
working papers are available at the time 
0f the meeting. 

(b) Chair of the Meeting 
A provisional chair of the Handbook 
meeting will be identified soon after the 
topic of a Handbook is chosen. The 
provisional chair may help develop an 
outline for the Handbook early on, par-
ticipate on conference calls with 
Working Group members and Invited 
Specialists in preparing for the meeting, 
provide early feedback on working 
papers and chair the meeting. The 
provisional chair will be formally elected 
chair of the meeting on the first day of 
the event. 

(e) Working papers 
The first version of the working papers is 
compiled and formatted by 'ARC staff 
about two months prior to the meeting, 
or as soon as they are received, and 
made available ahead of time through 
IARC's Internet to Working Group mem-
bers, Invited Specialists and the 'ARC 
Secretariat. Reception of working 
papers ahead of the established 
deadline is encouraged, as it allows 
review of their content, facilitating identi-
fication of information gaps early 
enough. When possible or when 
deemed necessary, some working 
papers may be discussed early on 
among experts to expedite the review 

process 	to 	be 	accomplished 
during the meeting. A conference call 
will be scheduled after reception of all 
working papers and prior to the 
meeting, with the aim of identifying 
areas deserving additional work by 
experts before the meeting. 

Acknowledgement of significant con-
tributions to the chapters by colleagues 
of the invited experts, either at their 
home institution or elsewhere, can be 
included in the Handbook under an 
acknowledgement paragraph to be 
shown following the listing of the meeting 
participants. 

(d) Meeting 
The Working Group members meet at 
'ARC for seven to eight days to discuss 
and finalize the texts of the Handbook 
and to formulate the evaluations. The 
Working Group members and Invited 
Specialists are grouped into sub-groups 
according to their area of expertise. 
Sub-groups meet during the first three to 
four days to review in detail the first 
versions of their working papers, 
develop a joint subgroup draft, and write 
summaries. Scheduling of plenary and 
sub-group time may change from one 
Handbook meeting to another. Care is 
taken to ensure that each study 
summary is written or reviewed by 
someone not associated with the study 
being considered. During the last few 
days the participants meet in plenary 
session to review the subgroup working 
papers. Working Group members 
develop the consensus evaluations. 

(e) Post-Meeting 
After the meeting, the draft of the 
Handbook composed during the meet-
ing is verified (by consulting the original 
literature), edited and prepared for 
publication by 'ARC staff. The aim is to 
publish Handbooks within six months of 
the meeting. If applicable, summaries 
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reporting the results of the evaluation 
may be available on the 'ARC website 
(http:!!www.iarc.fr) soon after the 
meeting, and a short report may be 
published in the international literature. 

Part twо: 

Sciеntifiс  review of the 
evidence and evaiva.tion 

7. âeientific Review 
The results of the studies reviewed will 
constitute the evidence forming the 
foundation of the evaluation. The validity 
of these studies should be examined 
critically to determine the weight of the 
studies contributing to the assessment. 
This will entail judging the appropriate-
ness of study design, data collection 
(including adequate description of the 
intervention and follow-up), data 
analysis, and ultimately deciding if 
chance, bias, confounding or lack of 
statistical power may account for the 
observed results. The experts will ascer-
tain how the limitations of the studies 
affect the results and conclusions 
reported. The criteria that follow apply to 
epidemiological and clinical studies and 
therefore may not be as relevant to 
studies where other quality criteria 
would be indicated—for example, those 
assessing the impact of economic 
policies. 

(а) Qualify of studies considered 
It is necessary to take into account the 
possible roles of bias, confounding and 
chance in the interpretation of epidemio-
logical studies. Bias is the operation of 
factors in the study design or execution 
that lead erroneously to a stronger or 
weaker association than in fact exists 
between 	the 	exposure/intervention 
being evaluated and the outcome. 
Confounding is a form of bias that occurs 
when the association with the disease is 

made to appear stronger or weaker than 
it truly is as a result of an association 
between the apparent causal factor and 
another factor that is associated with 
either an increase or decrease in the 
incidence of the disease. The role of 
chance is related to biological variability 
and the influence of sample size on the 
precision of estimates of effect. 

In evaluating the extent to which 
these factors have been taken into 
account in an individual study, the 
Handbook considers a number of 
aspects of design and analysis as 
described in the report of the study. 

First, the study population, disease 
(or diseases) and exposure/intervention 
should have been well defined by the 
authors. Cases of disease in the study 
population should have been identified 
independently of the intervention of 
interest, and the intervention should 
have been assessed in a way that was 
not related to disease status. 

Second, the authors should have 
taken into account in the study design 
and analysis—other variables that can 
influence the risk of disease and that 
may have been related to the interven-
tion of interest. Potential confounding by 
such variables should have been dealt 
with either in the design of the study, 
such as by matching, or in the analysis, 
by statistical adjustment. In cohort 
studies, comparisons with local rates of 
the disease may or may not be more 
appropriate than those with national 
rates. Internal comparisons of disease 
frequency among individuals at different 
levels of the intervention are also 
desirable in cohort studies, since they 
minimize the potential for confounding 
related to difference in risk factors 
between an external reference group 
and the study population. 

Third, the authors should have 
reported the basic data on which the 
conclusions are founded, even if sophis-
ticated statistical analyses were 
employed. They should have given the  

numbers of exposed and unexposed 
cases and controls in a case-control 
study and the numbers of cases 
observed and expected in a cohort 
study. Further tabulations by time since 
exposure began and other temporal 
factors are also important. In a cohort 
study, data on all cancer sites and all 
causes of death should have been given 
to reveal the possibility of reporting bias. 
In a case-control study, the effects of 
investigated factors other than the expo-
sure of interest should have been 
reported. 

Finally, the statistical methods used to 
obtain estimates of relative risk, absolute 
rates of cancer, confidence intervals and 
significance tests, and to adjust for con-
founding should have been clearly 
stated by the authors. These methods 
have been reviewed for case-control 
studies (Breslow & Day, 1980) and for 
cohort studies (Breslow & Day, 1987). 

Aspects that are particularly impor-
tant in evaluating experimental studies 
are: the selection of participants, the 
nature and adequacy of the randomiza-
tion procedure, evidence that random-
ization achieved an adequate balance 
between groups, the exclusion criteria 
used before and after randomization, 
compliance with the intervention in the 
intervention group, and `contamination' 
with the intervention in the control group. 
Other considerations are the means by 
which the end-point was determined and 
validated, the length and completeness 
of follow-up of the groups, and the 
adequacy of the analysis. Detailed 
analyses of both relative and absolute 
risks in relation to temporal variables, 
such as age at first exposure, time since 
first exposure, duration of exposure, 
cumulative exposure, peak exposure 
(when appropriate) and time since expo-
sure ceased, will be reviewed and sum-
marized when available. 

Independent population-based studies 
of the same exposure or intervention 
may lead to ambiguous results. 
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Combined analyses of data from multi-
pie studies may be a means of resolving 
this ambiguity. There are two types of 
combined analysis: The first involves 
combining summary statistics such as 
relative risks from individual studies 
(meta-analysis), and the second 
involves a pooled analysis of the raw 
data from the individual studies (pooled 
analysis). 

The advantages of combined 
analyses include increased precision 
due to increased sample size as well as 
the opportunity to explore potential 
confounders, interactions and modifying 
effects that may explain heterogeneity 
among studies in more detail. A 
disadvantage of combined analyses is 
the possible lack of compatibility of data 
from various studies due to differences 
in subject recruitment, data collection 
procedures, measurement methods and 
effects of unmeasured covariates that 
may differ between studies. 

Meta-analyses may be conducted by 
the Working Group during the course of 
preparing a Handbook and are identified 
as original calculations by placement of 
the results in square brackets. These 
may be de-nove analyses or updates of 
previously conducted analyses that 
incorporate the results from new studies. 
Whenever possible, however, such 
analyses are preferably conducted prior 
to the Handbook meeting. Publication of 
the results of such meta-analyses prior to 
or concurrently with the Handbook 
meeting is encouraged for purposes of 
peer review. The same criteria for data 
quality that would be applied to individual 
studies must be applied to combined 
analyses, and such analyses must take 
into account heterogeneity between 
studies. 

(b) Criteria for causality 
After the quality of each study has been 
summarized and assessed, ajudgement 
is made concerning the strength of 
evidence that the exposure or interven- 

tion in question reduces the risk of 
disease or is protective for humans. Hill 
(1965) lists areas for evaluating the 
strength of epidemiological associations 
used in the review of human data when 
assessing carcinogenesis. These 
criteria, in many instances, will apply to 
the assessment included in a Handbook: 

® Consistency of observed associa-
tions across studies and populations; 
Magnitude of the reported associa-
tion; 
Temporal relationship between expo-
sure/intervention and change in 
disease; 
Exposure-response biologic gradient; 

® 	Biological plausibility; 

o Coherence of results across other 
lines of evidence; and 

® Analogy present in related exposures 
and their effects on health. 

If the results are inconsistent among 
investigations, possible reasons (such 
as differences in level of exposure/inter-
vention) are sought, and results of stud-
ies judged to be of high quality are given 
more weight than those of studies 
judged to be methodologically less 
sound. 

When several studies show little or no 
indication of an association between a 
intervention and cancer prevention, the 
judgement may be made that, in the 
aggregate, they show evidence of lack of 
effect. The possibility that bias, con-
founding or misclassification of exposure 
or outcome that could explain the 
observed results should be considered 
and excluded with reasonable certainty. 

2e Ѕumпвary of the data reviewed 
(evidence) 
This section summarizes the results 
presented in the preceding sections in a 
concise manner. 

3. Eva ivatjon caf the evidence 
An evaluation of the strength 0f the evi-
dence fir disease prevention or reduc-
tion in morbidity and mortality is made 
using standard terms. It is conceivable 
that not every exposure/intervention 
reviewed in a Handbook of tobacco con-
trol will permit a formal evaluation of the 
evidence, as traditionally done in other 
Handbooks of Cancer Prevention and in 
the Monographs. In evaluating the 
strength of the evidence, a topic may 
allow a more formal evaluation (i.e. 
assigning causality or a protective effect 
in the prevention of cancer). 

If assignment of causality is pertinent 
and possible, the possible outcomes of 
an evaluation can include: 

Sufficient evidence of a reduction in risk.' 
The Working Group considers that a 
causal relationship has been established 
between the intervention under consid-
eration and a reduction in morbidity and 
mortality. That is, a relationship has been 
observed between the expo-surelinter-
vention and disease morbidity and 
mortality in studies in which chance, bias 
and confounding could be ruled оut with 
reasonable confidence. A statement that 
there is sufficient evidence should be 
followed by a separate sentence that 
identifies the types of cancer and other 
diseases where a decreased morbidity 
and mortality was observed in humans. 

Limited evidence of a reduction iп  risk 
An association has been observed 
between the expo-sure/intervention 
under consideration and a reduction in 
disease morbidity and mortality for 
which a causal interpretation is 
considered by the Working Group to be 
credible, but chance, bias or confounding 
could not be ruled out with reasonable 
confidence. 
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Inadequate evidence of а  reduction in 
risk 
The availabIe studies are of insufficient 
quality, consistency or statistical power 
to permit a conclusion regarding the 
presence or absence of a causal associ-
ation between the exposure/intervention 
and a reduced morbidity and mortality. 
Alternatively, this category is used when 
no data are available. 

Evidence suggesting lack of effect 
There are several adequate studies that 
are mutually consistent in not showing 
an association between the expo-
sure/intervention and disease morbidity 
and mortality. A conclusion of evidence 
suggesting lack of risk reduction is 
inevitablylimited to the disease sites, 
conditions and levels of control, and 
length of observation covered by the 
available studies. 

4. Overall evaluation 
The overall evaluation, usually in the 
form of a narrative, will include a sum-
mary of the body of evidence considered 
as a whole and summary statements 
made about the health protective or pre-
ventive effect, or adverse effects, as 
appropriate. 

5. Recommendations 
After reviewing the data and deliberating 
on them, the Working Group may formu-
late recommendations, where applica-
ble, for further research and public 
health action. 
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