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Risk factor Level of exposure OR, RR, or HR Adjustments Reference
(95% CI) Study design
Oral cancer
Cigarette smoking in never Ever vs never OR: 1.35 (0.9-2.01) Age, sex, race/ethnicity, education level, Hashibe et al. (2007)

alcohol drinkers

Any smoked tobacco product in
never alcohol drinkers

Cigarette smoking

Cigarette smoking

Cigarette smoking

Cigar smoking in never cigarette
smokers

Ever vs never

Ever vs never

Ever vs never

Ever vs never

Age <45yr

Age > 45yr

Current vs never

Overall
Men

Women

Current vs never

Current vs never

Ever vs never

OR:

OR:

OR:

OR:
OR:

HR:
HR:
HR:
OR:

RR:

OR:

3.2(1.9-5.3)

2.37 (1.74-3.23)

2.87 (2.60-3.18)

1.91 (1.53-2.38)
2.18 (1.99-2.39)

3.53 (2.21-5.65)
4.21 (2.17-8.16)
3.17 (1.52-6.61)
2.11 (1.23-3.62)

3.43 (2.37-4.94)

2.83 (1.91-4.17)

study centre, years of cigar smoking
(continuous), and years of pipe smoking
(continuous)

Age, sex, area of residence, education
level, family history of head and neck
cancer, alcohol consumption, BMI 2 yr
before interview, tea consumption, and
history of candidiasis

Age, sex, country of residence, and
education level

Age, sex, race, education level, frequency
of alcohol consumption, duration of pipe
smoking (for cigar smoking), and duration
of cigar smoking (for pipe smoking)

Age, sex, study, education level, and
frequency of alcohol consumption

Age, sex, education level, BMI, alcohol
consumption, physical activity, total
energy intake, and consumption of fruits
and vegetables

Age, sex, and alcohol consumption

Fully adjusted estimates included when
available

Age, sex, race, education level, frequency
of alcohol consumption, duration of pipe

Meta-analysis of 14 case—control studies in the
INHANCE consortium, including 717 oral cancer cases
and 4051 controls

Radoi et al. (2015)

Multicentre case—control study (ICARE), conducted in
10 departments in France; 689 oral cancer cases and
3481 controls

Anantharaman et al. (2011)

Multicentre case—control study (ARCAGE), conducted
in 14 centres in 10 European countries, not including
France in this analysis; 477 oral cancer cases and 1959
controls

Wyss et al. (2013)
Pooled analysis of cases and controls of the INHANCE
consortium; 4110 oral cancer cases and 18 691 controls

Toporcov et al. (2015)

Pooled analysis of 25 case—control studies in the
INHANCE consortium; 5573 oral cancer cases and
25 976 controls

Agudo et al. (2012)
Multicentre cohort EPIC study in 10 European
countries; 350 oral cancers in 441 211 cohort members

Maasland et al. (2014)
Netherlands Cohort study, including 110 oral cancers
and 4288 randomly selected non-cancer cohort members

Gandini et al. (2008)
Meta-analysis of 11 case—control studies and 1 cohort
study
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Risk factor

Level of exposure

OR, RR, or HR
(95% CI)

Adjustments

Reference
Study design

Pipe smoking in never cigarette
smokers

Cigarette and bidi smoking

Oropharyngeal cancer

Any smoked tobacco product in
never alcohol drinkers

Cigarette smoking

Cigarette smoking

Cigarette smoking

Cigarette smoking

Cigar smoking in never cigarette
smokers

Pipe smoking in never cigarette
smokers

Ever vs never

Ever vs never
Men

Women

Ever vs never

Ever vs never

Ever vs never
Age<45yr
Age > 45 yr
Current vs never
Overall

Men

Women

Current vs never

Ever vs never

Ever vs never

OR: 2.51 (1.68-3.75)

OR: 1.77 (1.2-2.7)
OR: 3.18 (0.6-17.5)

OR: 3.67 (2.53-5.34)

OR: 3.01 (2.71-3.35)

OR: 1.86 (1.47-2.37)
OR: 2.77 (2.50-3.08)

HR: 5.95 (3.41-10.4)
HR: 6.67 (3.05-14.6)
HR: 5.03 (2.05-12.3)

OR: 8.53 (3.38—
21.55)

OR: 2.31 (1.54-3.45)

OR: 1.65 (1.04-2.60)

smoking (for cigar smoking), and duration
of cigar smoking (for pipe smoking)

Age, centre, education level, chewing
habits, and alcohol consumption

Age, sex, country of residence, and
education level

Age, sex, race, education level, frequency
of alcohol consumption, duration of pipe
smoking, and duration of cigar smoking

Age, sex, study, education level, and
frequency of alcohol consumption

Age, sex, education level, BMI, alcohol
consumption, physical activity, total
energy intake, and consumption of fruits
and vegetables

Age, sex, and alcohol consumption

Age, sex, race, education level, frequency
of alcohol consumption, duration of pipe
smoking (for cigar smoking), and duration
of cigar smoking (for pipe smoking)

Wyss et al. (2013)
Pooled analysis of cases and controls of the INHANCE
consortium; 4110 oral cancer cases and 16 152 controls

Balaram et al. (2002)
Multicentre case—control study in India; 591 oral cancer
cases and 582 hospital controls

Anantharaman et al. (2011)

Multicentre case—control study (ARCAGE), conducted
in 14 centres in 10 European countries, not including
France in this analysis; 399 oropharyngeal cancer cases
and 1959 controls

Wyss et al. (2013)

Pooled analysis of cases and controls of the INHANCE
consortium; 3834 oropharyngeal cancer cases and

16 152 controls

Toporcov et al. (2015)

Pooled analysis of 25 case—control studies in the
INHANCE consortium; 4373 oropharyngeal cancer
cases and 25 976 controls

Agudo et al. (2012)

Multicentre cohort EPIC study in 10 European
countries; 203 oropharyngeal cancers in 441 211 cohort
members

Maasland et al. (2014)

Netherlands Cohort study, including 83 oropharyngeal
cancers and 4288 randomly selected non-cancer cohort
members

Wyss et al. (2013)

Pooled analysis of cases and controls of the INHANCE
consortium; 4110 oral cancer cases, 3834 oropharyngeal
cancer cases, and 16 152 controls
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Risk factor

Level of exposure

OR, RR, or HR
(95% CI)

Adjustments

Reference
Study design

Oral cancer and oropharyngeal cancer

Cigarette smoking Ever vs never

Oropharyngeal and hypopharyngeal cancer

Cigarette smoking in never- Ever vs never

drinkers

Leukoplakia

Tobacco smoking (cigarettes Ever vs never

and bidis)

Cigarette smoking 1-10 pack-years

OSF

Cigarette smoking 1-10 pack-years

Erythroplakia

Tobacco smoking (cigarettes Ever vs never

and bidis)

OR: 5.83 (4.40-7.54)

OR: 2.02 (1.34-3.05)

OR: 3.0 (2.5-3.7)

OR:3.3(1.5-7.2)

OR: 1.8 (0.7-5.1)

OR: 1.6 (0.9-2.9)

Age, sex, centre, education level, and
frequency and duration of alcohol
consumption

Age, sex, race/ethnicity, education level,
study centre, years of cigar smoking
(continuous), and years of pipe smoking
(continuous)

Age, sex, education level, BMI, chewing
habits, and alcohol consumption

Education level, occupation, alcohol
consumption, and betel quid chewing

Education level, occupation, alcohol
consumption, and betel quid chewing

Age, sex, education level, BMI, chewing
habits, and alcohol consumption

Lee et al. (2009)

Multicentre case—control study in 14 centres in 10
European countries, not including France in this
analysis; 993 cases and 2221 controls

Hashibe et al. (2007)

Meta-analysis of 14 case—control studies in the
INHANCE consortium including 717 oral cancer cases
and 4051 controls

Hashibe et al. (2000a)

Nested case—control study in a randomized cancer
screening study in India; 927 leukoplakia cases and
47 773 controls

Lee et al. (2003)

Population-based case—control study in Taiwan (China);
125 leukoplakia cases and 500 randomly selected age-
and sex-matched community controls

Lee et al. (2003)
Population-based case—control study in Taiwan (China);
94 OSF cases and 500 controls

Hashibe et al. (2000b)

Nested case—control study in a randomized cancer
screening study in India; 100 erythroplakia cases and
47 773 controls

ARCAGE, Alcohol-Related Cancers and Genetic Susceptibility in Europe; BMI, body mass index; CI, confidence interval; EPIC, European Prospective Investigation into Cancer and Nutrition; HR,
hazard ratio; ICARE, Investigation of Occupational and Environmental Causes of Respiratory Cancers; INHANCE, International Head and Neck Cancer Epidemiology; OPMDs, oral potentially
malignant disorders; OR, odds ratio; OSF, oral submucous fibrosis; RR, relative risk; vs, versus; yr, year or years.
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Risk factor

Level of exposure

OR (95% CI)

Adjustments

Reference
Study design

Oral cancer

Cigarette smoking

Cigarette smoking

Ever vs never:
Pack-years:
Never

>0-10

10-20

20-30

3040

40-50

>50

Pack-years:
Never
>0-10
10-20
20-30
30-40
40-50

>50

VS never:
Intensity:
1-19 cig/day
> 20 cig/day
Duration:
1-19 yr
>20yr

Age > 45 yr:
1.00 (ref)

0.92 (0.79-1.08)
1.39 (1.20-1.61)
2.22 (1.94-2.54)
2.82 (2.47-3.21)
3.25 (2.82-3.74)
3.49 (3.10-3.92)
P <0.001

Age <45yr:
1.00 (ref)

1.11 (0.83-1.49)
1.87 (1.39-2.51)
2.80 (2.06-3.81)
4.09 (2.75-6.07)
3.73 (2.28-6.11)
4.99 (3.22-7.73)
P <0.001

2.21 (1.13-4.31)

4.95 (2.73-8.96)

1.36 (0.60-3.05)
4.90 (2.74-8.77)

Age, sex, study, education level, and
frequency of alcohol consumption

Age, sex, race, education level, fruit
and vegetable consumption, alcohol
consumption, and use of other tobacco

Toporcov et al. (2015)

Pooled analysis of 25 case—control
studies in the INHANCE consortium;
5573 oral cancer cases and 25 976
controls

Stingone et al. (2013)

The Carolina Head and Neck Cancer
population-based case—control study of
squamous cell carcinoma of the head and
neck, recruiting cases and controls from
North Carolina; 192 oral cancer cases
and 1377 controls
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Table S2.2 Tobacco smoking and risk of oral and oropharyngeal cancers — dose—response relationship

Risk factor Level of exposure OR (95% CI) Adjustments Reference
Study design
Bidi smoking Current vs never: Age, centre, education level, alcohol Balaram et al. (2002)

Oropharyngeal cancer

Cigarette smoking

< 20 bidis/day
> 20 bidis/day

Ever vs never:
Pack-years:
>0-10

10-20

20-30

30-40

40-50

>50

Pack-years:
>0-10
10-20
20-30
30-40
40-50

> 50

2.04 (1.10-3.79)
2.50 (1.41-4.42)

Age >45yr:
1.36 (1.16-1.58)
1.81 (1.56-2.10)
2.56 (2.22-2.95)
3.39 (2.95-3.89)
3.69 (3.17-4.29)
4.96 (4.37-5.62)
P <0.001

Age <45yr:
1.01 (0.73-1.40)
1.81 (1.31-2.50)
2.69 (1.94-3.72)
4.55 (3.02-6.87)
4.09 (2.48-6.73)
3.99 (2.46-6.48)
P <0.001

consumption, and chewing 591 oral cancer cases (282 women) and

582 controls (290 women)

Age, sex, study, education level, and Toporcov et al. (2015)

frequency of alcohol consumption Pooled analysis of 25 case—control
studies in the INHANCE consortium;
4373 oropharyngeal cancer cases and
25 976 controls
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Table S2.2 Tobacco smoking and risk of oral and oropharyngeal cancers — dose—response relationship

Risk factor Level of exposure OR (95% CI) Adjustments Reference
Study design

Oral and oropharyngeal cancers combined

Cigarette smoking Current vs never: Age, sex, centre, education level, and Lee et al. (2009)
Intensity: alcohol consumption Multicentre case—control study
ntensity: (ARCAGE), conducted in 14 centres in
1-2 cig/day 2.44 (1.27-4.69) 10 European countries, not including
. France in this analysis; 993 cases and
3-4 cig/day 2.76 (1.51-5.02) 2291 controls
5-10 cig/day 1.99 (1.44-2.75)
11-20 cig/day 4.24 (3.26-5.52)
> 20 cig/day 4.85 (3.64-6.47)
P <0.01
Duration:
1-20 yr 1.31 (0.94-1.83)
21-40yr 3.76 (2.90-4.87)
>40yr 6.81 (5.06-9.16)

ARCAGE, Alcohol-Related Cancers and Genetic Susceptibility in Europe; Cl, confidence interval; cig, cigarettes; INHANCE, International Head and Neck Cancer Epidemiology; OR, odds
ratio; ref, reference; vs, versus; yr, year or years.
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Risk factor

Level of exposure

ORor RR
(95% CI)

Adjustments

Reference
Study design

Oral cancer

Alcohol consumption in
never-users of tobacco

Alcohol consumption
frequency in never-smokers

Alcohol consumption duration

Alcohol consumption

Ever vs never

Never-drinkers
< 1 drinks/day
1-2 drinks/day
3-4 drinks/day
> 5 drinks/day

Never-drinkers
1-10 yr

11-20 yr
21-30yr
31-40 yr
>40yr

Alcohol consumption alone
vs never-smokers and never-
drinkers

Oropharyngeal and hypopharyngeal cancer

Alcohol consumption
frequency

Never-drinkers
< 1 drinks/day
1-2 drinks/day
3-4 drinks/day
> 5 drinks/day

OR: 1.17 (0.92-1.48)

1.00 (ref)

OR: 1.14 (0.80-1.63)
OR: 1.64 (1.19-2.25)
OR: 1.11 (0.57-2.15)
OR: 1.23 (0.59-2.57)
Ptrend = 0.032

1.00 (ref)

OR: 2.36 (1.43-3.88)
OR: 1.09 (0.65-1.85)
OR: 0.81 (0.49-1.33)
OR: 1.29 (0.88-1.90)
OR: 1.15 (0.77-1.73)
Ptrena < 0.001

OR: 1.1 (0.4-2.6)

1.00 (ref)

OR: 1.39 (0.99-1.96)
OR: 1.66 (1.18-2.34)
OR: 2.33 (1.37-3.98)
OR: 5.50 (2.26-13.4)
Prrend < 0.001

Age, sex, race/ethnicity,
education level, and study
centre

Age, sex, area of residence,
education level, family
history of head and neck
cancer, alcohol consumption,
BMI 2 yr before interview,
tea consumption, and history
of candidiasis

Age, sex, race/ethnicity,
education level, and study
centre

Hashibe et al. (2007)

Meta-analysis of 14 case—control studies in the INHANCE
consortium, including 383 oral cancer cases, 369
oropharyngeal/hypopharyngeal cancer cases, and 5775
controls

Radoi et al. (2015)
Multicentre case—control study (ICARE), conducted in 10
departments in France; 689 cases and 3481 controls

Hashibe et al. (2007)

Meta-analysis of 14 case—control studies in the INHANCE
consortium, including 383 oral cancer cases, 369
oropharyngeal/hypopharyngeal cancer cases, and 5775
controls
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Risk factor Level of exposure ORor RR Adjustments Reference
(95% CI) Study design
Alcohol consumption duration ~ Never-drinkers 1.00 (ref)

Alcohol consumption in
never-users of tobacco

Oral and pharyngeal cancers

Alcohol consumption
frequency

Demographics

Alcohol consumption intensity

1-10yr
11-20 yr
21-30 yr
31-40 yr
>40yr

Ever vs never

<1 drink/day

> 4 drinks/day

Heavy drinking vs non-
drinkers or occasional
drinkers

Men

Women

Asia

North America
South America
Europe
Incidence
Mortality
Light drinking
Moderate drinking
Heavy drinking

OR: 1.76 (0.99-3.14)
OR: 1.34 (0.81-2.11)
OR: 1.95 (1.37-2.77)
OR: 1.44 (0.78-2.66)
OR: 1.51 (0.68-3.37)
Puend = 0.003

OR: 1.38 (0.99-1.94)

RR: 1.21 (1.10-1.33)

RR: 5.24 (4.36-6.30)

RR: 5.49 (4.36-6.92)
RR: 5.69 (3.74-8.66)
RR: 4.75 (3.14-7.17)
RR: 5.36 (4.11-7.00)
RR: 5.21 (3.77-7.19)
RR: 5.63 (4.09-7.77)
RR: 5.51 (4.54-6.69)
RR: 4.25 (3.03-5.96)
RR: 1.13 (1.00-1.26)
RR: 1.83 (1.62-2.07)
RR: 5.13 (4.31-6.10)

3 of 19 studies had no
adjustment

5 of 29 studies had no
adjustment

Adjusted estimates included;

adjustment factors not
specified

Tramacere et al. (2010)
Meta-analysis of 43 case—control studies and 2 cohort studies

Turati et al. (2013)
Meta-analysis of 49 observational studies

Bagnardi et al. (2015)
Meta-analysis of 52 observational studies

BMI, body mass index; Cl, confidence interval; ICARE, Investigation of Occupational and Environmental Causes of Respiratory Cancers; INHANCE, International Head and Neck Cancer

Epidemiology; OR, odds ratio; ref, reference; RR, relative risk; vs, versus; yr, year or years.
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Table S2.4 Alcoholic beverage consumption and risk of oral and oropharyngeal cancers — supplementary data

Organ site Level of exposure OR (95% CI) Adjustments Reference
Study design

Type of alcoholic beverage

Oral cavity Wine vs never (ref) Age, sex, race/ethnicity, study centre, Purdue et al. (2009)
. education level, pack-years of smoking, Pooled analysis of cases and controls from
< 15 drinks/week 1.3(0.7-22) years of cigar smoking, and years of pipe the INHANCE consortium; 344 oral cancer
> 15 drinks/week 5.9 (2.3-15.4) smoking cases, 330 pharyngeal cancer cases, and

3487 controls
Beer vs never (ref)

< 15 drinks/week 2.0(1.4-2.8)

> 15 drinks/week 6.4 (3.9-10.3)

Liquor vs never (ref)

< 15 drinks/week 1.7 (0.9-3.3)

> 15 drinks/week 3.2(1.6-6.4)
Pharynx Wine vs never (ref)

< 15 drinks/week 1.4 (0.9-2.2)

> 15 drinks/week 4.4 (2.0-9.6)

Beer vs never (ref)

< 15 drinks/week 2.3(1.7-3.1)

> 15 drinks/week 4.3 (2.7-6.8)

Liquor vs never (ref)
< 15 drinks/week 2.0 (0.9-4.6)
> 15 drinks/week 3.6 (2.0-6.3)
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Organ site Level of exposure OR (95% CI)

Adjustments

Reference
Study design

Ethnic differences in alcohol risk

Oral cavity Never to < 20 yr 1.0 (ref)
>20-<30yr White: 1.62 (1.36-1.94)
Black: 2.01 (1.07-3.79)
>30yr White: 1.38 (1.20-1.58)
Black: 2.20 (1.38-3.50)
Oropharyngeal cancer Never to < 20 yr 1.0 (ref)
>20-<30yr White: 1.83 (1.56-2.16)
Black: 4.12 (2.33-7.27)
>30yr White: 1.81 (1.59-2.06)

Black: 4.60 (2.79-7.59)

Age, sex, study centre, education level,
pack-years of smoking, duration of cigar
smoking (years), duration of pipe smoking
(years), ever snuff use, and ever chew use

Voltzke et al. (2018)

Pooled analysis of cases and controls from
the INHANCE consortium; 2248 oral
cancer cases, 2154 oropharyngeal cancer
cases, and 9194 controls

Cl, confidence interval; INHANCE, International Head and Neck Cancer Epidemiology; OR, odds ratio; ref, reference; vs, versus; yr, year or years.
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OPMD Level of exposure OR (95% CI) Adjustments Reference
Location, study design
Multiple Ever vs never 0.63 (0.33-1.21) Age, sex, education level, fruit and vegetable  Li et al. (2011)
OPMDs intake, and current smoking Puerto Rico (USA); case—control study; 95 OPMD cases, 155 benign
oral lesion controls
Multiple Current (monthly, 2.7(1.2-6.3) Sex, age, socioeconomic status, 3-carotene- Amarasinghe et al. (2010b)
OPMDs weekly, daily) containing fruit and vegetable portions, BMI,  Sri Lanka; case—control study; 101 OPMD cases, 728 controls
smoking, betel quid chewing, and alcohol
consumption
Leukoplakia Current vs never Men: 0.76 (0.42— Age, sex, tobacco smoking, and betel quid Yang et al. (2010)
1.38) chewing Taiwan (China); case—control study; 224 leukoplakia cases, 1365
Women: 1.10 (0.72— coni@R
1.69)
Leukoplakia Current vs never 1.8 (1.1-2.8) Education level and occupation Lee et al. (2003)
Taiwan (China); case—control study; 125 leukoplakia cases, 500
controls
Leukoplakia Ever vs never 1.4(1.2-1.7) Age, sex, education level, BMI, smoking, and  Hashibe et al. (2000a)
tobacco chewing India; case—control study; 927 cases, 47 773 controls
Leukoplakia Occasional vs never 0.28 (0.03-2.56) Tobacco smoking and areca nut chewing Shiu et al. (2000)
Frequent vs never 3.00 (0.27-33.5) Taiwan (China); case—control study; 100 cases, 100 controls
OSF Current vs never Men: 0.68 (0.28— Age, sex, tobacco smoking, and betel quid Yang et al. (2010)
1.64) chewing Taiwan (China); case—control study; 89 OSF cases, 1365 controls
Women: 0.98 (0.53—
1.82)
OSF Current vs never 1.8(1.1-3.1) Education level and occupation Lee et al. (2003)
Taiwan (China); case—control study; 94 OSF cases, 500 controls
Erythroplakia Ever vs never 3.0 (1.6-5.7) Age, sex, education level, BMI, smoking, and  Hashibe et al. (2000b)
tobacco chewing India; case—control study; 100 erythroplakia cases, 47 773 controls
Multiple Ever vs never 1.4 (0.7-2.7) Age, sex, education level, BMI, smoking, Thomas et al. (2003)
OPMDs tobacco chewing, fruit intake, and vegetable India; case—control study; 115 multiple OPMD cases, 47 773 controls

intake

BMI, body mass index; OPMDs, oral potentially malignant disorders; OR, odds ratio; OSF, oral submucous fibrosis; vs, versus.
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Risk factor

RR or OR (95% CI)?

Adjustments
Comments

Reference
Location, study design

Oral cancer

Several smokeless tobacco
products

Naswar

Snuff

Chewing tobacco

Tobacco chewing® and mishri

Overall: 3.53 (2.75-4.51)
Oral snuff (n = 8):

4.18 (2.37-7.38)
Snus/moist snuff (n = 3):
0.86 (0.58-1.29)

Nasal snuff/dipping (n = 6):
1.20 (0.80-1.81)

Overall: 11.8 (8.4-16.4)
Men: 16.4 (10.7-25.1)
Women: 18.8 (12.5-28.2)

Oral cavity: 3.01 (1.63-5.55)
Gum: 12.7 (4.76-33.7)
Oropharynx: 1.07 (0.55-2.08)

Oral cavity: 1.81 (1.04-3.17)
Gum: 3.07 (1.10-8.59)
Oropharynx: 0.98 (0.57-1.68)

Oral cancer

Tobacco chewing®: 8.51 (4.90-14.77)

Mishri: 3.41 (1.90-6.12)

Overall estimates include products such as paan
tobacco, gutka, and mainpuri, which are areca nut
products with added tobacco

Estimates adjusted for tobacco smoking and alcohol
consumption

Data reported for never-smokers

Estimates adjusted for age, sex, education level,
income, tobacco smoking, alcohol consumption, and
dietary habits

Asthana et al. (2019)
Worldwide

Meta-analysis of 37 studies (61 estimates)
published until 2016 on oral cancers; excluded
studies on oral and pharyngeal cancers combined.
Authors restricted to studies of > 200 people where
case ascertainment was by histology or cancer
registry and which were at least adjusted for
smoking

Khan et al. (2019)
Pakistan

Meta-analysis of 6 studies on oral and
oropharyngeal cancers combined in the population
in Pakistan published until mid-2017. Cases were
ascertained by histological/medical records

Wyss et al. (2016)
USA

Pooled analysis of 11 case—control studies in the
USA (1981-2006) of oral cancer (2034),
oropharyngeal cancer (2373), and 8375 controls in
the INHANCE consortium

Gupta et al. (2017)
Pune, India

Hospital-based case—control study in Pune, India,
in 20142015, which recruited 187 cases of
histologically confirmed oral cancer and 240
hospital-based age- and sex-matched controls
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Risk factor RR or OR (95% CI)? Adjustments Reference
Comments Location, study design
Shammah Oral cancer Estimates adjusted for khat chewing, cigarette Quadri et al. (2015)

Shammah (snuff)

OPMDs

Chewing tobacco and snuff

Chewing tobacco and snuff

Shammah

20.14 (8.23-49.25)

Oral cancer
39 (14-105)°

Leukoplakia
Chewing: 2.5 (1.3-5.0)°
Snuff: 18.4 (8.5-39.8)°

Leukoplakia
Chewing: 60 (27.8-129.5)°
Snuff: 86.9 (39.9-189.5)°

Leukoplakia
Shammah use: 2.17 (0.95-4.96)°

smoking, and pipe smoking

Estimates adjusted for age, sex, EBV status, and
smoking

Estimates adjusted for age, cigarette smoking, and
alcohol consumption

Estimates adjusted for age

Jazan, Saudi Arabia

Hospital-based case—control study on 48
histologically confirmed oral cancer cases and 96
controls. Shammah use, duration, khat chewing,
cigarette smoking (number of packs per day), and
pipe smoking were recorded via questionnaire

Nasher et al. (2014)
Yemen

Hospital-based case—control study in Yemen of 60
oral cancer cases and 120 hospital-based age- and
sex-matched controls. Cases were confirmed by
histopathology

Tomar et al. (1997)

USA Cohort of 17 027 children aged 12-17 yr who
participated in the 19861987 National Survey of
Oral Health in schoolchildren in the USA, of whom
3.1% used any smokeless tobacco, 2.0% used snuff,
and 1.5% used chewing tobacco. Oral lesions were
classified broadly as “white or whitish oral soft-
tissue lesions” (leukoplakia)

Ernster et al. (1990)
USA

Cohort of 1109 baseball players who underwent
training in 1988 (median age, 18 yr), of whom 75%
used snuff and 21% chewed tobacco; 42% were
current users and 13% were former users as defined
at entry. Leukoplakia identified by dentists on entry
and biopsy-confirmed

Scheifele et al. (2007)
Yemen

Hospital-based case—control study of 54
leukoplakia cases and 58 habit-matched controls
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Table S2.6 Smokeless tobacco use and risk of oral or oropharyngeal cancer or OPMDs

Risk factor RR or OR (95% CI)? Adjustments Reference
Comments Location, study design
Shammah Leukoplakia-like Multivariate model adjusted for age and education Al-Tayar et al. (2015)
level Yemen

Former users: 3.65 (1.51-8.82)

. Cross-sectional study in 2014 involving 346 male
Current users: 16.70 (8.75-1.87) residents aged > 18 yr. An interview-based
questionnaire was used to collect information on
sociodemographic characteristics, oral hygiene
practices, shammah types, and patterns of use.
Diagnosis of leukoplakia-like lesion based on Axell

criteria

Cl, confidence interval; EBV, Epstein—Barr virus; INHANCE, International Head and Neck Cancer Epidemiology; OPMDs, oral potentially malignant disorders; OR, odds ratio; RR, relative risk; yr,
year or years.

2RR or OR (95% CI) for ever-users versus never-users or for users versus non-users, unless indicated otherwise.
b Current chewers versus non-chewers.

¢ May include areca nut products (including betel quid) with added tobacco.
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Table S2.7 Smokeless tobacco use and risk of oral cancer or OPMDs — dose-response relationship

Risk factor RR or OR (95% CI) Study design Reference
Adjustments Location
Comments

Oral cancer

Tobacco chewing and Duration of chewing: Hospital-based case—control study in 2014-2015 that recruited 187 cases of Gupta et al. (2017)

mishri <10yr:5.22 (1.95-13.90) (f:l(l)sr'][;)rloolglcally confirmed oral cancer and 240 hospital-based age- and sex-matched Pune, India

Shammah?

Chewing tobacco?

11-20 yr: 6.65 (2.96-14.96)
21-30 yr: 8.33 (4.13-16.78)
31-40 yr: 9.25 (4.47-19.16)

> 41yr: 11.17 (5.37-23.24)
Frequency of chewing (times/day):
1-5: 2.18 (1.14-4.20)

6-10: 8.73 (4.23-18.02)

>10: 41.87 (19.61-89.40)

Duration of use (% of cases/% of controls):

<10yr: 4.16/8.33
10-20 yr: 14.58/0.69
P <0.001

Frequency of tobacco chewing (times/day):

1-2: 1.72 (0.56-5.37)

3-5: 2.44 (1.08-5.52)

6-10: 8.19 (3.73-17.99)
>10: 20.02 (8.15-48.98)
Duration of tobacco chewing:
<20yr: 1.78 (0.72-4.42)
20-40 yr: 12.78 (7.04-23.20)
> 40 yr: 8.10 (4.02-16.31)

Estimates adjusted for age, sex, education level, income, tobacco smoking, alcohol
consumption, and dietary habits

Hospital-based case—control study on 48 cases of histologically confirmed oral cancer ~ Quadri et al. (2015)
and 96 controls. Shammah use, duration, khat chewing, cigarette smoking (number of ~ Jazan, Saudi Arabia
packs per day), and pipe smoking were recorded via questionnaire

Estimates adjusted for khat chewing, cigarette smoking, and pipe smoking

Hospital-based case—control study that recruited 123 cases of histologically confirmed  Wasnik et al. (1998)
oral and pharyngeal cancers combined and 246 hospital-based age- and sex-matched Nagpur, India
controls falling into 2 groups: non-cancer controls and other cancer controls.

Although paan with added tobacco was the most commonly used product (42% of

cases), exclusive tobacco use was reported to be prevalent in almost 20% of the cases

Estimates adjusted for age, sex, occupation, income, tobacco smoking, and alcohol
consumption
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Table S2.7 Smokeless tobacco use and risk of oral cancer or OPMDs — dose-response relationship

Risk factor RR or OR (95% CI) Study design Reference
Adjustments Location
Comments
Retention time of tobacco in the mouth:
< 30 minutes: 2.57 (1.17-5.68)
30-60 minutes: 5.01 (2.61-9.59)
> 60 minutes: 33.64 (15.32-73.64)
Overnight: 35.88 (13.38-95.53)
OPMDs
Shammah Relative risk per 1 incremental unit of use: Cross-sectional study in 2014 involving 346 male residents aged > 18 yr. An Al-Tayar et al. (2015)
Feeney (st 117 (102 136) oo S et e et cllct nformatinon s Davan Valy Y
Duration of being a user (in years): Leukoplakia-like lesion based on Axell criteria was the outcome of interest
1.07 (0.98-1.17) Multivariate model was adjusted for age and education level
Duration of retention in the mouth (in
minutes):
1.02 (0.95-1.10)
Shammah® Frequency of use (times/day): Hospital-based case—control study of 54 leukoplakia cases and 58 habit-matched Scheifele et al. (2007)

1-5: 1 (ref)

5-10: 1.93 (0.55-6.74)

>10: 4.90 (1.99-12.08)

Duration of use per serving (minutes):
<1:1 (ref)

1-5: 2.71 (0.96-7.68)

>5:6.91 (2.66-17.95)

Mouth-rinse after use:

No: 1 (ref)

Yes: 0.39 (0.18-0.85)

controls

Estimates adjusted for age

Yemen
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Table S2.7 Smokeless tobacco use and risk of oral cancer or OPMDs — dose-response relationship

Risk factor

RR or OR (95% Cl)

Study design Reference
Adjustments Location
Comments

Chewing tobacco®

Snuff?

Duration (months):
1-12: 2.0 (0.6-6.1)
13-24: 6.6 (1.7-25.2)

> 24:13.4 (6.1-29.5)
Frequency (days/month):
1-14:2.9 (1.1-7.9)
15-29: 4.8 (1.3-18.2)
30-31: 12.1 (5.5-26.5)
Exposure time (minutes):
1-30: 2.8 (1.1-7.1)
31-105: 6.3 (2.7-14.5)
>105: 11.1 (4.3-29.1)
Duration (months):
1-12: 8.1 (3.8-17.4)
13-24: 23.3 (10.5-51.4)
> 24:58.9 (21.3-162.6)
Frequency (days/month):
1-14: 4.2 (1.6-11.4)
15-29: 7.9 (2.9-21.7)
30-31:51.4 (19.7-133.7)
Exposure time (minutes):
1-30: 9.5 (4.3-20.7)
31-105: 14.6 (5.5-39.0)
> 105: 26.7 (9.8-72.9)

Cross-sectional study of 17 027 children aged 12-17 yr who participated in the 1986—  Tomar et al. (1997)
1987 National Survey of Oral Health in schoolchildren in the USA, of whom 3.1% USA

used any smokeless tobacco, 2.0% used snuff, and 1.5% used chewing tobacco. Oral

lesions were classified broadly as “white or whitish oral soft-tissue lesions”

(leukoplakia)

Estimates adjusted for age, cigarette smoking, and alcohol consumption

Cl, confidence interval; OPMDs, oral potentially malignant disorders; OR, odds ratio; ref, reference; RR, relative risk; yr, year or years.

2RR or OR (95% CI) for ever versus never.

b RR or OR (95% CI) for current versus never.
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Table S2.8 Chewing of areca nut (including betel quid) with added tobacco and risk of oral cancer or OPMDs

Risk factors

RR or OR (95% CI)?

Reference
Location
Study design/comments

Betel quid + tobacco

Gutka, mawa, mainpuri

Chewing betel quid with added tobacco

Gutka

Oral and oropharyngeal cancer:
Overall meta-RR: 9.6 (5.9-15.6)
Men meta-RR: 5.4 (3.9-7.4)
Women meta-RR: 14.6 (7.6-27.8)
Oral cancer:

Meta-RR: 8.5 (6.5-11.1)

Buccal mucosa, cheek cancer:
Meta-RR: 13.6 (6.9-26.9)
Tongue cancer:

Meta-RR: 4.1 (2.6-6.5)

Palate cancer:

Meta-RR: 2.1 (1.0-4.1)
Oropharyngeal cancer:
Meta-RR: 4.4 (2.2-8.5)

Oral cancer:

OR: 1.2 (1.1-1.3)

Oral and pharyngeal cancers combined:

OR: 1.56 (0.65-3.73)

Oral cancer:
OR: 5.1 (2.0-10.3)

Guha et al. (2014)
Indian subcontinent

Meta-analysis of 50 reports published in 1933-2013. Estimates reported for betel
quid + tobacco use only; estimates adjusted for both tobacco use and alcohol
consumption

Azhar et al. (2018)
Pakistan

Hospital-based case—control study in 2015-2016; 62 oral cancer cases and 62
controls

In the study, gutka, mawa, and mainpuri, 3 areca nut products with added tobacco,
were categorized as “smokeless tobacco”. Estimates are given of this group of
products. No adjustments were reported

Gunasekera et al. (2015)
Sri Lanka

Case—control study; 78 cases of oral and pharyngeal cancer and 51 controls.
Estimates adjusted for alcohol consumption, tobacco smoking, and HPV16/18 status

Mahapatra et al. (2015)
Manipal, India

Hospital-based case—control study in 2003; 134 oral cancer cases and 268 controls.
Estimates adjusted for other tobacco and oral dip products, alcohol consumption,
diet, education level, social class, age, and sex
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Table S2.8 Chewing of areca nut (including betel quid) with added tobacco and risk of oral cancer or OPMDs

Risk factors

RR or OR (95% CI)?

Reference
Location
Study design/comments

Betel leaf, areca nut, lime, tobacco

Chewing betel quid with added tobacco

Gutka

Gutka

Gutka chewing

Areca nut + betel leaf + lime + catechu + tobacco

Oral cancer:

OR: 4.7 (1.1-19.9)

Oral cancer:

OR: 2.2 (1.3-3.7)

Oral cancer:®

OR: 12.8 (7.0-23.7)

Leukoplakia:

OR: 2.5 (1.1-5.6)
OSF:

OR: 17.7 (4.8-64.6)
Oral cancer:

OR: 1.6 (0.5-4.5)
Oral cancer:

OR: 3.0 (1.3-7.4)

Oral cancer and OPMDs:

OR: 10.97 (7.93-15.17)

Amtha et al. (2014)
Jakarta, Indonesia

Hospital-based case—control study in 2005 and 2006; 81 oral cancer cases and 162
controls. Estimates adjusted for alcohol consumption, tobacco smoking, and diet

Mondal et al. (2013)
India

Hospital-based case—control study in 2010-2012; 124 oral cancer cases and 140
controls. Adjustments were not given

Madani et al. (2012)
Pune, India

Hospital-based case—control study in 2005-2006; 350 oral cancer cases and 350
controls. Estimates adjusted for other tobacco and oral dip products, alcohol
consumption, non-vegetarian dietary habits, education level, occupation, age, and
sex

Khan et al. (2020)
Mangaluru, India

Retrospective cohort study from hospital records in 2013-2017 of 1007 people.
Estimates adjusted for alcohol consumption and tobacco smoking

Anwar et al. (2020)
Pakistan

Cross-sectional study; 186 cases of OSCC diagnosed in 2007. Estimates adjusted
for other tobacco and other types of chewing substances, occupation, marital status,
age, and sex

Rimal et al. (2019)
Nepal

Cross-sectional study in 2012-2014; 60 oral cancer cases and 468 OPMD cases. No
information given about the adjustment

Among the OPMDs, a high prevalence of tobacco pouch keratosis and of OSF was
noted
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Table S2.8 Chewing of areca nut (including betel quid) with added tobacco and risk of oral cancer or OPMDs

Risk factors

RR or OR (95% CI)?

Reference
Location
Study design/comments

Smokeless tobacco + betel quid chewing

Chewing betel quid with added tobacco

Tobacco paan masala (gutka)/Tobacco paan

Areca nut category (included mostly gutka)

Betel quid composed of betel leaf, areca nut, lime

and tobacco or betel leaf, lime and tobacco

Betel leaves, areca, lime, tobacco

OPMDs:?
OR: 4.65 (2.79-7.76)

OPMDs:
OR: 2.5(1.2-5.5)

OSF:
Gutka OR: 10.77 (8.18-14.18)
Tobacco paan OR: 7.89 (4.02-15.47)

Leukoplakia:

Male OR: 0.77 (0.22-2.92)
Female OR: 3.63 (1.10-13.26)
OSF:

Male OR: 15.05 (2.19-298.01)
Female OR: 18.17 (2.53-369.12)
OPMDs:

OR: 14.9 (4.5-49.3)

OSF:
OR: 16.2 (5.9-44.9)

Worakhajit et al. (2021)
Thailand

Community-based case—control study in 2019-2021; 562 OPMD cases and 886
controls. Estimates calculated by multivariate logistic regression analysis

Kadashetti et al. (2015)
India

Hospital-based case—control study; 100 OPMD cases and 100 controls. Estimates
calculated by multivariate logistic regression analysis

Mehrotra et al. (2013)
India

Population-based case—control study; 448 OSF cases and 2688 controls. Estimates
were adjusted for the effect of other factors (not further defined)

Ray et al. (2013)
Kolkata, India

Case—control study in 2010-2011; 698 OPMD cases and 948 controls

The areca nut category included gutka and betel quid (not stated whether with or
without tobacco); however, gutka was the most used product. Estimates were
unadjusted

Amarasinghe et al. (2010a)
Sri Lanka

Nested case—control study; 102 OPMD cases detected in the cohort of 1029
participants. Estimates adjusted for tobacco smoking, alcohol consumption,
occupation, education level, diet, age, and sex

Ariyawardana et al. (2006)
Sri Lanka

Hospital-based case—control study; 74 OSF cases and 74 age- and sex-matched
controls
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Table S2.8 Chewing of areca nut (including betel quid) with added tobacco and risk of oral cancer or OPMDs

Risk factors

RR or OR (95% CI)?

Reference
Location
Study design/comments

Betel quid with added tobacco

OR adjusted for tobacco smoking and alcohol consumption:

Multiple OPMDs:

Overall: 50.7 (21.5-119.5)
Women: 61.5 (21.3-177.3)
Men: 37.6 (8.65-163.8)
Leukoplakia (n = 577):
Overall: 10.0 (8.3-12.0)
Women: 197.0 (22.6—0)
Men: 4.1 (3.3-5.1)

OSF (n = 124):

Overall: 55.6 (27.4-112.7)
Women: 59.0 (27.7-125.7)
Men: 48.7 (6.3-374.7)
Erythroplakia (n = 76):
Overall: 28.6 (13.3-61.4)
Women: 50.5 (14.8-172.7)
Men: 15.8 (5.9-42.0)

OR restricting to non-smokers and non-drinkers:

Multiple OPMDs (n = 67):
71.0 (24.8-202.8)
Leukoplakia (n = 339):
72.2 (44.1-118.1)

OSF (n = 110):

73.0 (32.9-162.2)
Erythroplakia (n = 41):
63.7 (18.7-217.2)

Jacob et al. (2004)
Kerala, India

Case—control study design with cross-sectional data from a trial; 927 leukoplakia
cases, 170 OSF cases, 100 erythroplakia cases, 115 multiple OPMD cases, and
47 773 controls
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Table S2.8 Chewing of areca nut (including betel quid) with added tobacco and risk of oral cancer or OPMDs

Risk factors RR or OR (95% CI)? Reference

Location

Study design/comments
Areca nut or paan masala + chewed tobacco OSF: Ranganathan et al. (2004)

OR: 6.1 (1.8-21.3)

Chewing paan with added tobacco Any oral mucosal lesions
OR: 1.4 (0.5-3.7)
Leukoplakia:
OR: 5.2 (1.3-21.4)

Chennai, India

Hospital-based case—control study in 2000-2003; 185 OSF cases and 185 controls.
Adjustments not reported

Pearson et al. (2001)

Multicentre cross-sectional study in Bangladeshi adults aged > 40 yr in the United
Kingdom; 137 study participants. Estimates calculated by multivariate logistic
regression analysis

Cl, confidence interval; HPVV16/18, human papillomavirus type 16/18; OPMDs, oral potentially malignant disorders; OR, odds ratio; OSCC, oral squamous cell carcinoma; OSF, oral submucous fibrosis;

RR, relative risk; yr, year or years.
2RR or OR (95% CI) for chewers versus non-chewers or for users versus non-users, unless indicated otherwise.

b Current and former chewers versus non-chewers.
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Table S2.9 Chewing of areca nut (including betel quid) with added tobacco and risk of oral cancer or OPMDs — dose-response relationship

Risk factors OR (95% ClI)

Reference
Location
Study design/adjustments/comments

Chewing betel quid (containing Oral cancer:
areca nut, tobacco, or both) Cumulative use (chew-years?) vs no use:
Overall; 12.4 (9.6-16.1)

<86:5.3(2.9-9.7)

86-170: 9.6 (6.0-15.4)

171-289: 16.1 (9.4-27.6)

290-404: 22.5 (11.9-42.7)

> 404: 22.7 (11.1-46.6)

Dose-response: quantity and duration vs none:

1 quid/day for 1 yr: 3.9 (1.9-8.2) to
> 10 quids/day for > 10 yr: 8.1 (5.0-13.2)

Chewing betel quid composed ~ OPMDs:
of betel leaf, areca nut, lime,

and tobacco or betel leaf, lime,
and tobacco 1-3: 2.6 (0.6-11.4)

4-5:10.2 (2.8-37.0)
6-10: 17.7 (5.1-61.3)
>10: 75.5 (17.6-324.7)

Daily use (quids/day) vs no chewing:

Age started chewing (yr) vs no chewing:
<18:15.2 (4.2-54.2)

>18: 9.4 (3.0-29.4)

Duration (yr) vs no chewing:
<10:8.1(2.3-28.5)

10-20: 8.2 (2.2-30.3)

> 20: 18.6 (4.9-69.6)

Madathil et al. (2016)
India

Hospital-based case—control study; 331 oral cancer cases and 355 controls. Estimates adjusted for bidi and cigarette
smoking, alcohol consumption, missing teeth, and diet

Note from the authors: In India, tobacco is usually included in the betel quid

Amarasinghe et al. (2010a)
Sri Lanka

Community-based nested case—control study in 2006-2007; 102 OPMD cases detected in the cohort of 1029
participants. Estimates adjusted for age, sex, tobacco smoking, alcohol consumption, education level, occupation,
BMI, and diet

The estimates reported here included both betel quid with and without tobacco

BMI, body mass index; CI, confidence interval; OPMDs, oral potentially malignant disorders; OR, odds ratio; vs, versus; yr, year or years.

a1 “chew-year” was defined as the equivalent of chewing 1 quid every day for 1 year.
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Table S2.10 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

Oral cancer

Betel quid without tobacco

Betel quid chewing

Betel quid

Oral cancer (meta-RR):

Indian subcontinent: 2.4 (1.8-3.2)
Taiwan (China): 11.0 (4.9-24.8)
Buccal mucosa, cheek cancer:
Indian subcontinent: 2.1 (1.0-4.1)
Tongue cancer:

Indian subcontinent: 1.6 (1.1-2.3)
Palate cancer:

Indian subcontinent: 5.1 (1.1-24.9)
Oropharyngeal cancer:

Indian subcontinent: 2.6 (1.7-3.9)

Oral and oropharyngeal cancer (meta-RR):

Indian subcontinent overall: 2.9 (2.2-3.9)
Men: 2.1 (1.5-3.1)

Women: 3.0 (1.8-5.1)

Taiwan (China) overall: 11.5 (4.6-29.0)
Men: 8.6 (4.1-17.9)

Oral cancer:

9.2 (2.8-30.7)

Oral cancer:

12.0 (3.5-40.3)

Guha et al. (2014)
Indian subcontinent; Taiwan (China)

Meta-analysis of 50 reports published in 1933-2013. Estimates adjusted for both tobacco use and alcohol
consumption

Chang et al. (2011)
Taiwan (China)

Cohort study in 2005-2010; 282 oral cancer cases and 13 321 controls. Estimates reported here are for non-
smokers and non-drinkers. Multivariate logistic regression model

Lin et al. (2011)
Taiwan (China)

Cohort study in 2005-2008; 10 657 study participants. Estimates reported for non-smokers and non-drinkers.
Multivariate logistic regression
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Table S2.10 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

Betel quid without tobacco or paan

Dried fibre shell of processed betel
quid

Betel quid chewing

Betel quid chewing

Supari

Betel quid chewing

Tobacco-free betel quid: unripe areca
nut, slaked lime, and a piece of betel
leaf or inflorescence or stem of Piper

betle Linn.

Areca quid chewing

Oral cancer death:

HR: 12.5 (5.5-28.8)

Oral cancer:
5.4 (3.3-8.8)

Oral cancer:
13.5(9.7-18.6)

Oral and pharyngeal cancer (SCC):

14.0 (8.7-22.5)
Oral cancer:
9.0 (3.8-21.2)

Oral cancer:
6.6 (3.0-14.8)

Oral cancer:

17.3 (9.0-33.2)

Oral cancer:

HR: 1.6 (1.3-2.0)

Oral cancer:

19.9 (11.5-34.3)

Wen et al. (2010)
Taiwan (China)

Cohort study of adults; 177 271 study participants. Estimates adjusted for age and alcohol consumption
represent total risk for chewers compared with non-smoking non-chewers

Hu et al. (2020)
Hunan Province, China

Case—control study in 2014-2015; 304 cases and 304 controls. Estimates adjusted for smoking, alcohol
consumption, age, sex, education level, occupation, and marital status

Yang et al. (2014)
Taiwan (China)

Case—control study in 2004—-2011; 463 oral cancer cases, 129 oropharyngeal and hypopharyngeal cancer
cases, and 623 controls. Estimates are crude estimates

Loyha et al. (2012)
Thailand

Case—control study in 2010-2011; 104 oral cancer cases and 104 controls. Estimates adjusted for occupation,
tobacco smoking, betel quid chewing, and interaction term of sex and alcohol consumption

Madani et al. (2012)
India

Hospital-based case—control study in 2005-2006; 350 oral cancer cases and 350 controls. Estimates adjusted
for other tobacco and oral dip products, alcohol consumption, non-vegetarian dietary habits, education level,
occupation, age, and sex

Chen et al. (2011)
Taiwan (China)

Case—control study; 247 oral cancer cases and 338 controls. Adjusted for age, education level, employment
status, religion, and covariates (use of alcohol, betel quid, and cigarettes)

Lee etal. (2011)
Taiwan (China)

Case—control study in 2001-2007; 1522 study participants. Estimates adjusted for sex, ethnicity, education
level, diet, cigarette smoking, and alcohol consumption

Zavras et al. (2011)
Taiwan (China)

Case—control study in 2007-2009; 240 oral cancer cases and 347 controls. Adjusted for age, sex, tobacco,
alcohol, and areca nut use
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Table S2.10 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

Betel quid chewing

Betel quid chewing

OPMDs

Avreca nut chewing

Chewing betel quid without tobacco

Chewing areca/betel quid

Chewing betel quid without tobacco

Oral cancer:

20.1 (12.6-32.0)

Oral cancer:

45.4 (21.1-97.5)

OPMDs:
25.3 (20.8-30.7)

OPMDs:
5.5(1.6-19.2)

OSF:

Overall: 4.5 (1.2-16.9)
Men: 2.9 (0.3-29.3)
Women: 5.6 (1.1-28.0)

OR adjusted for tobacco smoking and alcohol
consumption:

Leukoplakia:

Overall: 4.0 (2.7-6.1)
Women: 16.8 (8.9-31.8)
Men: 2.2 (1.1-4.5)

OSF:

Overall: 47.2 (20.2-110.4)
Women: 42.8 (17.0-107.7)
Men: 108.1 (11.0-)

Chen et al. (2009)
Taiwan (China)

Case—control study in 2007-2009; 174 oral cancer cases and 347 controls. Multiple logistic regression
models after controlling for age, sex, alcohol consumption, tobacco use, and areca nut chewing

Chung et al. (2009)
Taiwan (China)

Case—control study in 1999-2001; 160 oral cancer cases and 218 controls. Multiple logistic regression model
after adjustment for age, cigarette smoking, and betel quid chewing

Yen etal. (2011)
Taiwan (China)

Cohort study in 2003-2008; 79 940 study participants. Estimates adjusted for education level, tobacco
smoking, and alcohol consumption

Amarasinghe et al. (2010a)
Sri Lanka

Case—control study; 1029 study participants. Adjusted for sex, age, education level, occupation, BMI, diet,
tobacco smoking, and alcohol consumption

Yang et al. (2005)
Taiwan (China)

Case—control study; 62 OSF cases, 62 oral mucosal lesion cases, and 62 controls. Estimates were for
chewers who were not smoking vs non-chewers

Jacob et al. (2004)
Kerala, India

Case—control study; 927 leukoplakia cases, 170 OSF cases, 100 erythroplakia cases, 115 multiple oral
precancer cases, and 47 773 controls. Estimates adjusted for age, sex, education level, BMI, tobacco
smoking, and alcohol consumption
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Risk factor?

Reference
Location
Study design/adjustments/comments

OR (95% CI)P

3 types: areca nut with a piece of
inflorescence of Piper betle Linn.,
areca nut with a piece of betel leaf, and
both mixed

Avreca nut chewing

Chewing betel quid without tobacco

Erythroplakia:

Overall: 12.5 (3.7-42.4)

Women: 22.7 (4.4-116.7)

Men: 6.6 (0.8-57.0)

OR restricting to non-smokers and non-drinkers:
Leukoplakia:

Overall: 22.2 (11.3-43.7)

OSF:

Overall: 56.2 (21.8-144.8)

Cross-sectional study in 2014; 2300 study participants. Estimates adjusted for tobacco smoking and alcohol

Erythroplakia:
Overall: 29.0 (5.6-149.5)
Leukoplakia: Lee et al. (2003)
223 (11.3-43.8) Taiwan (China)
OSF:
40.7 (16.0-103.7)
OPMDs: Juntanong et al. (2016)
8.8 (3.2-245) Thailand
consumption
Leukoplakia: Yang et al. (2010)

Men: 6.6 (3.5-12.3) Taiwan (China)

Women: 15.6 (8.3-29.4)
OSF: alcohol consumption as covariates
Men: 22.9 (7.3-71.7)

Women: 13.0 (5.2-32.6)

Case—control study in 1994-1995; 219 leukoplakia or OSF cases and 876 controls. Estimates were for
current chewers, adjusted for education level, occupation, cigarette smoking, and alcohol consumption

Cross-sectional study in October—December 2005; 2 cancer cases, 313 precancers, 340 OPMD cases, and
1365 healthy people. Adjusted ORs computed by multiple logistic regressions with sex, age, smoking, and
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Table S2.10 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs

Risk factor? OR (95% CI)° Reference
Location
Study design/adjustments/comments
Betel quid chewing Leukoplakia: Chung et al. (2005)
8.6 (0.8.88.2) Taiwan (China)
Cross-sectional study in 1998-1999; 1075 study participants. Estimates for chewers who were not smoking
OSF: ‘g
or drinking
65.9 (3.9-0)
Paan without tobacco (a mixture of Leukoplakia: Pearson et al. (2001)

betel leaf, areca nut, and lime) 3.7 (0.9-15.1)

Bangladesh

Multicentre cross-sectional study on Bangladeshi adults aged > 40 yr in the United Kingdom; 137 study
participants

BMI, body mass index; Cl, confidence interval; HR, hazard ratio; OPMDs, oral potentially malignant disorders; OR, odds ratio; OSF, oral submucous fibrosis; RR, relative risk; SCC, squamous cell carcinoma;

Vs, VErsus; yr, year or years.

2 As reported in the publication.

b OR (95% ClI) for chewers versus non-chewers, unless indicated otherwise.
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Table S2.11 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs — dose—response relationship

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

Dried fibre shell of processed betel quid

Betel quid chewing

Betel quid chewing

Oral cancer:

Frequency of use (times/day):
1-10: 4.7 (2.7-78.0)

11-19: 8.8 (2.3-34.8)

> 20: 8.0 (3.3-20.1)
Duration of use (yr):
<10:5.3(2.9-9.9)

10-19: 4.8 (2.4-9.6)

> 20-29: 8.4 (2.4-29.0)
Age at start of chewing (yr):
< 30:15.3(3.4-68.3)
>30:4.7 (2.8-7.8)

OPMDs:

Intensity of chewing, HR:
High: 4.5 (2.7-7.6)

Low: 2.4 (1.6-3.6)

Oral cancer:

Quantity (packs of 20 quids/yr):

0.21-11.50: 5.3 (3.7-7.5)
>11.50: 13.5 (9.7-18.7)

Hu et al. (2020)
Hunan Province, China

Case—control study in 2014-2015; 304 cases and 304 controls. Estimates adjusted for
smoking, alcohol consumption, age, sex, education level, occupation, and marital status

Yen et al. (2019)
Taiwan (China)

Cohort study based on both nationwide oral and colorectal cancer screening programmes
implemented in 2004-2009; 235 234 study participants; OPMD, n = 33 082. Intensity
corresponds to duration x quantity; low intensity (< median) and high intensity (> median).
Estimates were for chewing only compared with smoking only. Adjusted by multivariate
analysis

Yang et al. (2014)
Taiwan (China)

Case—control study in 2004-2011; 463 oral cancer cases and 623 controls. Estimates
adjusted for age, ethnicity, education level, tobacco smoking, and alcohol consumption
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Table S2.11 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs — dose—response relationship

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

Betel quid chewing

Tobacco-free betel quid: unripe areca nut, slaked
lime, and a piece of betel leaf or inflorescence or
stem of Piper betle Linn.

Chewing betel quid without tobacco

Oral cancer:

Age at start of chewing (yr):
1-20: 9.4 (4.3-20.3)

> 20: 15.0 (7.2-31.0)
Duration of chewing (yr):
1-20: 20.0 (8.8-45.6)
>20:9.0 (4.4-18.6)

Oral cancer:

Age at start of chewing (yr), HR:

<20:2.5(1.9-3.4)
>20:1.5 (1.2-1.8)

Daily use (quids/day), HR:
1-19: 1.6 (1.3-2.0)

>20: 1.6 (1.3-2.0)
OPMDs:

Quantity chewed (quids/day):

1-3: 2.6 (0.6-11.4)
4-5:10.2 (2.8-37.0)
6-10: 17.7 (5.1-61.3)

> 10: 75.5 (17.6-324.7)
Age at start of chewing (yr):
<18:15.2 (4.2-54.2)

> 18: 9.4 (3.0-29.4)
Duration of chewing (yr):
<10:8.1(2.3-28.5)
10-20: 8.2 (2.2-30.3)

> 20: 18.6 (4.9-69.6)

Chen et al. (2011)
Taiwan (China)

Case—control study; 247 oral cancer cases and 338 controls. Adjusted for age, education
level, employment status, religion, and covariates (use of alcohol, betel quid, and cigarettes)

Lee et al. (2011)
Taiwan (China)

Hospital-based case—control study in 2001-2007; 1522 study participants. Estimates
adjusted for sex, ethnicity, education level, diet, cigarette smoking, and alcohol consumption

Amarasinghe et al. (2010a)
Sri Lanka

Case—control study; 1029 study participants

Adjusted for sex, age, education level, occupation, BMI, diet, tobacco smoking, and alcohol
consumption



IARC Handbooks of Cancer Prevention
Vol 19 — Oral Cancer Prevention
Section 2 Web-only Tables

Table S2.11 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs — dose—response relationship

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

Betel quid without tobacco

Betel quid chewing

Betel quid without tobacco

Oral cancer death:
Quantity (pieces/day), HR:
1-5:5.3 (2.1-13.7)

6-9: 12.1 (4.3-33.6)

>10: 25.6 (10.0-65.6)

Dose-response by quid chewed (pieces/day):

Leukoplakia:

1-10: 2.1 (1.6-2.8)
11-20: 3.0 (2.1-4.3)
>20:5.4 (3.8-7.5)
Erythroplakia:

1-10: 3.7 (1.6-8.8)
11-20: 13.8 (5.8-33.0)

> 20: 36.6 (15.9-84.2)
OSF:

1-10: 1.3 (0.9-1.7)
11-20: 3.9 (2.8-5.6)
>20: 6.9 (5.0-9.6)
Leukoplakia:

Duration of chewing (yr):
1-10: 16.3 (7.5-35.7)
>11:12.6 (4.2-38.0)
Frequency of chewing (times/day):
1-10: 12.4 (5.7-27.2)
>11:57.6 (17.5-189.3)

Wen et al. (2010)
Taiwan (China)

Cohort study of adults; 177 271 study participants. Estimates adjusted for age and alcohol
consumption represent total risk for chewers compared with non-smoking non-chewers

Yen et al. (2007)
Taiwan (China)

Cohort study in 1998-1999; 8360 study participants. Estimates vs occasional use of non-
smoking, non-drinking chewers. Adjusted for age, education level, occupational level, and
quantity of the 3 risk factors (betel quid, cigarette, and alcohol use)

Jacob et al. (2004)
Kerala, India

Case—control study; 927 leukoplakia cases, 170 OSF cases, 100 erythroplakia cases, 115
multiple oral precancer cases, and 47 773 controls. Estimates adjusted for age, sex,
education level, and BMI, in non-smokers and non-drinkers
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Table S2.11 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs — dose—response relationship

Risk factor?

OR (95% CI)P

Reference
Location
Study design/adjustments/comments

3 types: areca nut with a piece of inflorescence
of Piper betle Linn., areca nut with a piece of
betel leaf, and both mixed

OSF:

Duration of chewing (yr):
1-10: 39.1 (13.8-110.9)
>11:15.2 (2.68-86.3)

Frequency of chewing (times/day):

1-10: 28.9 (9.9-597.6)
>11:133.0 (29.6-597.6)
Erythroplakia:

Duration of chewing (yr):
1-10: 14.09 (2.2-91.8)
>11:28.0 (2.0-386.9)

Frequency of chewing (times/day):

1-10: 11.6 (1.7-78.3)

> 11: 68.9 (6.0-787.0)
Leukoplakia:

Duration of chewing (yr):
1-10: 15.9 (7.1-35.6)

11-20: 20.7 (8.9-48.2)

> 21: 24.0 (10.8-53.4)
Dose-response: 3.0 (2.3-3.9)
Quantity of chewing (pieces/day):
1-10: 16.6 (8.2-33.8)

11-20: 21.0 (8.8-49.7)
>21:38.5 (14.1-105.1)
Dose-response: 3.8 (2.8-5.1)

Lee et al. (2003)
Taiwan (China)

Case—control study in 1994-1995; 219 leukoplakia or OSF cases and 876 controls.
Estimates adjusted for education level, occupation, cigarette smoking, and alcohol
consumption
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Table S2.11 Chewing of areca nut (including betel quid) without tobacco and risk of oral cancer or OPMDs — dose—response relationship

Risk factor? OR (95% Cl)° Reference
Location
Study design/adjustments/comments

OSF:

Duration of chewing (yr):

1-10: 30.9 (11.3-84.7)

11-20: 41.9 (14.1-124.9)

>21:39.3 (11.7-131.7)

Dose-response: 4.2 (2.9-5.8)

Quantity of chewing (pieces/day):

1-10: 31.4 (11.9-82.5)

11-20: 37.4 (12.6-110.4)

> 21:53.5 (16.4-174.8)

Dose-response: 4.1 (2.9-5.8)
Avreca nut chewing Leukoplakia: Shiu et al. (2000)
Intensity of chewing: Taiwan (China)
Low: 9.1 (1.0-81.6)
High: 22.5 (1.4-351.0)

Case—cohort study in 1988-1998; 435 leukoplakia cases. Adjusted for alcohol consumption
and cigarette smoking

BMI, body mass index; CI, confidence interval; HR, hazard ratio; OPMDs, oral potentially malignant disorders; OR, odds ratio; OSF, oral submucous fibrosis; vs, versus; yr, year or years.
2 As reported in the publication.

b OR (95% CI) for chewers versus non-chewers, unless indicated otherwise.
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Risk factor

Level of exposure

Range of RR or OR (95% ClI)?2

References

Oral cancer

Oral/oropharyngeal HPV16
DNA

HPV16 L1 serum antibodies

HPV16 E6 serum antibodies

Oropharyngeal cancer

Oral/oropharyngeal HPV16
DNA

HPV16 L1 serum antibodies

HPV16 E6 serum antibodies

Positive vs negative

Seropositive vs
seronegative

Seropositive vs
seronegative

Positive vs negative

Seropositive vs
seronegative

Seropositive vs
seronegative

Case—control studies: ORs ranging from 1.0 to 3.4
Cohort studies: RR of 4.5

Case—control studies: ORs ranging from 1.2 t0 5.5
Cohort studies: RRs ranging from 1.2 to 3.6
Case—control studies: ORs ranging from 0.9 to 4.9
Cohort studies: RR of 1.3

Case—control studies: ORs ranging from 14.6 to 131.0
Cohort studies: RR of 22.4

Case—control studies: ORs ranging from 1.1 to 182
Cohort studies: RRs ranging from 2.3 to 14.4
Case—control studies: ORs ranging from 9.2 to 231

Cohort studies: RRs ranging from 98 to 274

Pintos et al. (2008); Gillison et al. (2012); Agalliu et al. (2016)

Herrero et al. (2003); Gillison et al. (2012); Anantharaman et al. (2013);
Kreimer et al. (2013)

Herrero et al. (2003); Gillison et al. (2012); Anantharaman et al. (2013);
Kreimer et al. (2013)

D’Souza et al. (2007); Gillison et al. (2008, 2012); Agalliu et al. (2016);
Tota et al. (2019)

Mork et al. (2001); Pintos et al. (2008); Gillison et al. (2012);
Anantharaman et al. (2013); Kreimer et al. (2013)

Pintos et al. (2008); Gillison et al. (2012); Anantharaman et al. (2013);
Kreimer et al. (2013)

Cl, confidence interval; HPV, human papillomavirus; OR, odds ratio; RR, relative risk; vs, versus.

@ Estimates across studies are adjusted for age, sex, smoking, and alcohol consumption.

Prepared by the Working Group.
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Reference Outcome
Study type and

location

Specific exposure

Individual effects,

OR or RR, (95% CI)

Joint effects and interaction tests, OR or RR
(95% CI)

Interpretation

Tobacco smoking x alcohol consumption

Anantharaman et al. Oral cancer
(2011)
Multicentre case—control
study in Europe
Oropharyngeal
cancer
Hashibe et al. (2009) Oral cancer
Pooled analysis of 17
case—control studies in
Europe and the USA
Pharyngeal
cancer
Petti et al. (2013) Oral cancer

Meta-analysis of 14
studies, 7 in India and 7
in Taiwan (China)

Smoking

Smoking

Tobacco use
(chewing + smoking)

Tobacco use
(chewing + smoking)

Smoking

Chewing betel quid with or without tobacco x other risk factors

Petti et al. (2013) Oral cancer
Meta-analysis of 14

studies, 7 in India and 7

in Taiwan (China)

Muwonge et al. (2008) Oral cancer

Nested case—control in
Trivandrum, India

Chewing betel quid
with or without
tobacco

Chewing paan with
or without tobacco

Ever smoking: 2.4 (1.7-3.2)

Ever alcohol consumption: 1.0 (0.5-2.2)

Ever smoking: 3.7 (2.5-5.3)
Ever alcohol consumption: 1.2 (0.5-2.8)
Ever smoking: 1.7 (1.1-2.8)
Ever alcohol consumption: 0.7 (0.6-1.0)

Ever smoking: 1.9 (1.4-2.6)

Ever alcohol consumption: 1.3 (0.9-1.8)
Smoking: 3.6 (1.9-7.0)

Alcohol consumption: 2.2 (1.6-3.0)

Ever chewing: 7.9 (6.7-9.3)
Ever smoking: 3.6 (1.9-7.0)

Ever alcohol consumption: 2.2 (1.6-2.9)

Ever chewing: 4.8 (2.2-10.5)
Ever smoking: 1.3 (0.6-2.6)
Ever alcohol consumption: 1.2 (0.3-6.0)

Smoking + alcohol consumption: 7.1 (5.0-10.0)

Multiplicative interaction parameter: 2.8 (1.3-6.1)

Smoking + alcohol consumption: 9.9 (6.7-14.8)
Multiplicative interaction parameter: 2.2 (0.9-5.2)
Smoking + alcohol consumption: 4.8 (2.6-8.8)

Multiplicative interaction parameter: 3.1 (1.8-5.2)

Smoking + alcohol consumption: 5.4 (3.2-9.2)
Multiplicative interaction parameter: 1.9 (1.4-2.6)
Smoking + alcohol consumption: 6.3 (5.4-7.3)

RERI estimates:
15(-2.1t03.4)

Chewing + smoking: 16.0 (13.7-18.8)
Chewing + alcohol consumption: 10.4 (8.0-13.6)

Chewing + smoking + alcohol consumption: 40.0
(35.1-45.8)

RERI estimates:
Chewing + smoking: 5.5 (1.1-8.2)
Chewing + alcohol consumption: 1.3 (—1.3 to 4.5)

Chewing + smoking + alcohol consumption: 28.4
(22.9-33.7)

Chewing + smoking: 5.5 (2.6-11.4)
Chewing + alcohol consumption: 6.4 (2.8-14.6)

Chewing + smoking + alcohol consumption: 4.8
(2.5-9.3)

Greater-than-multiplicative
interaction

Greater-than-multiplicative
interaction

Greater-than-multiplicative
interaction

Greater-than-multiplicative
interaction

Consistent with risk
additivity

Greater-than-additive
interaction with smoking
and alcohol consumption

Consistent with risk
additivity
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Reference Outcome Specific exposure Individual effects, Joint effects and interaction tests, OR or RR Interpretation
Study type and (95% CI)
location OR or RR, (95% CI)
Subapriya et al. (2007) Oral cancer Chewing paan with Ever chewing: 4.1 Chewing + smoking: 3.94 Consistent with risk
Case—control study in or without tobacco . . . additivity
Chidambaram. India Ever smoking: 7.45 Chewing + alcohol consumption; 4.21
Ever alcohol consumption: 3.88 Chewing + smoking + alcohol consumption: 11.34
Znaor et al. (2003) Oral cancer Chewing betel quid Ever chewing: 3.4 (2.0-5.7) Chewing + smoking: 4.8 (2.8-8.3) Greater-than-multiplicative
ﬁ‘a(js}z—control study in without tobacco Ever smoking: 2.4 (1.9-3.1) Chewing + alcohol consumption: 4.4 (1.5-12.3) interaction with smoking
Ever alcohol consumption: 2.6 (1.4-4.6) Chewing + smoking + alcohol consumption: 8.1
(4.7-14.0)
Chewing betel quid Ever chewing: 9.3 (6.8-12.7) Chewing + smoking: 8.5 (6.1-11.9) Consistent with risk
with added tobacco Chewing + alcohol consumption: 24.3 (14.9-39.6) additivity
Chewing + smoking + alcohol consumption: 16.3
(12.1-22.0)
Znaor et al. (2003) Pharyngeal Chewing betel quid Ever chewing: 1.6 (0.6-4.2) Chewing + smoking: 4.9 (2.3-10.4) Greater-than-multiplicative
I(;e(ljsiz—control study in cancer without tobacco Ever smoking: 3.5 (2.54.9) Chewing + alcohol consumption: NR interaction with smoking
Ever alcohol consumption: NR Chewing + smoking + alcohol consumption: 10.7
(5.5-20.9)
Chewing betel quid Ever chewing: 3.7 (2.2-6.3) Chewing + smoking: 4.5 (2.7-7.6) Greater-than-multiplicative
with added tobacco Chewing + alcohol consumption: 4.3 (1.7-10.6) interaction with smoking
Chewing + smoking + alcohol consumption: 13.4
(8.9-20.3)
Sankaranarayanan etal.  Gingival Chewing paan with Ever chewing: 8.8 (3.6-21.5) Chewing + smoking: 16.3 (6.5-40.9) Greater-than-additive
(1989) cancer or without tobacco r . . . interaction with smoking
Case—control study in Ever smoking (bidi): 3.8 (1.2-11.7) Chewing + alcohol consumption: 21.3 (7.7-58.8) and alcohol consumption
Kerala, India Ever alcohol consumption: NR Chewing + smoking + alcohol consumption: 21.4
(6.8-67.2)
Lee et al. (2003) Leukoplakia Chewing betel quid Ever chewing: 10.0 (3.1-32.7) Chewing + smoking: 40.2 (16.3-99.2) Greater-than-additive

Case—control study in
Taiwan (China)

without tobacco

Ever smoking: 2.4 (1.0-5.5)
Ever alcohol consumption: 1.0 (0.4-2.6)

Chewing + alcohol consumption: 16.8 (7.2-39.5)
Synergy index estimates:

Chewing + smoking: 3.8 (1.4-10.5)

Chewing + alcohol consumption: 1.1 (0.6-2.1)

interaction with smoking
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Reference Outcome Specific exposure Individual effects, Joint effects and interaction tests, OR or RR Interpretation
Isgga‘ifotnype and OR or RR, (95% CI) (95%C1)

Lee et al. (2003) Oral Chewing betel quid Ever chewing: 39.3 (7.5-206.9) Chewing + smoking: 57.9 (16.0-209.6) Consistent with risk
$:?Vi;zo(nérhoiln:t)udy in ?iubbrrgsl::ous without tobacco Ever smoking: 2.3 (0.6-9.1) Chewing + alcohol consumption; 31.7 (10.1-99.3) additivity

Hashibe et al. (2000b)
Case—control study in
Kerala, India

Erythroplakia

HPV16 infection x other risk factors

Anantharaman et al. Oropharyngeal
(2016) cancer

Joint analysis of a

multicentre case—control

study and nested case—

control study in Europe

D’Souza et al. (2007) Oropharyngeal
Case—control study in cancer
Maryland, USA

Smith et al. (2004) Oral and
Case—control study in oropharyngeal
lowa, USA cancers

Chewing paan with
or without tobacco

HPV16 L1 serology

HPV/16 E6 serology

HPV16 L1 serology

Oral HPV16 DNA

Oral hrHPV DNA

Ever alcohol consumption: 0.7 (0.1-3.4)

Ever chewing: 43.3 (13.3-141.1)
Ever smoking: 5.8 (1.3-25.3)
Ever alcohol consumption: 3.7 (0.9-16.1)

HPV16: 5.8 (4.0-8.4)

Ever smoking: 6.7 (4.0-11.2)
HPV16: 235.7 (99.9-555.7)
Ever smoking: 6.8 (4.5-10.3)

HPV16: 37.1 (15.6-88.4)
Smoking (> 20 pack-years): 2.8 (1.2-6.4)

Alcohol consumption (> 15 drink-years):
25(1.1-5.5)

HPV16: 17.2 (6.4-46.3)
Smoking (> 20 pack-years): 2.4 (1.2-4.7)

Alcohol consumption (> 15 drink-years):
2.2 (1.1-43)

hrHPV: 1.4 (0.5-3.6)
Smoking (> 30 pack-years): 1.6 (0.9-2.8)

Alcohol consumption (> 21 drinks/week):
2.6 (1.4-4.8)

Synergy index estimates:

Chewing + smoking: 1.4 (0.4-4.7)

Chewing + alcohol consumption: 1.2 (0.6-2.5)
Chewing + smoking: 50.1 (14.1-178.4)

Chewing + alcohol consumption: 43.1 (16.1-115.3)

HPV16 + smoking: 9.1 (5.9-14.1)
Synergy index: 0.7 (0.5-1.1)

HPV16 + smoking: 355.8 (177.0-715.3)
Synergy index: 1.3 (0.5-3.4)

HPV16 + smoking: 27.8 (6.7-114.6)
HPV16 + alcohol consumption: 29.1 (7.4-115.3)

HPV16 + smoking + alcohol consumption: 19.4
(3.3-113.9)

HPV16 + smoking: 13.2 (2.4-65.8)
HPV16 + alcohol consumption: 16.6 (3.6-81.9)

HPV16 + smoking + alcohol consumption: 11.0
(1.0-120.6)

hrHPV + smoking: 5.5 (2.1-14.1)

hrHPV + alcohol consumption: 18.8 (5.1-69.5)
Synergy indices:

hrHPV + smoking: 4.5 (0.7-27.4)

hrHPV + alcohol consumption: 7.4 (1.7-33.4)

Consistent with risk
additivity

Consistent with risk
additivity

Consistent with risk
additivity

Consistent with risk
additivity

Consistent with risk
additivity

Consistent with risk
additivity for smoking.
Greater-than-additive
interaction with alcohol
consumption
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Table S2.13 Combined effects of established risk factors

Reference Outcome Specific exposure Individual effects, Joint effects and interaction tests, OR or RR Interpretation
Study type and (95% CI)
location OR or RR, (95% CI)
Schwartz et al. (1998) Oral and HPV16 L1 serology  HPV16: 1.7 (1.1-2.6) HPV16 + smoking: 8.5 (5.1-14.4) Greater-than-additive
Case—control study in oropharyngeal . . interaction with smoking.
Washington State, USA  cancer Current smoking: 3.2 (2.0-5.2) HPV16 + alcohol consumption: 4.4 (2.5-7.6) Consistent with risk
Alcohol consumption (> 15 drinks/week):  Synergy indices: additivity for alcohol
2.0 (1.1-3.6) consumption

HPV16 + smoking: 2.6 (1.3-5.0)
HPV16 + alcohol consumption: 1.5 (0.6-3.4)

Cl, confidence interval; HPV, human papillomavirus; hrHPV, high-risk human papillomavirus; NR, not reported; OR, odds ratio; RERI, relative excess risk due to interaction; RR, relative risk.
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Reference

Study type

Description of chronic mechanical irritation

OR (95% CI)

Velly et al. (1998)

Lockhart et al. (1998)
Rosenquist (2005)

Vaccarezza et al. (2010)
Piemonte et al. (2010)

Bektas-Kayhan et al. (2014)

Manoharan et al. (2014)

Huang et al. (2015)

Li et al. (2015)
Singhvi et al. (2017)

Case—control

Case—control

Case—control

Case—control
Cross-sectional
Case—control

Meta-analysis

Case—control

Case—control

Meta-analysis

Piemonte and Lazos (2018) Case—control

Chen et al. (2018)

Case—control

Oral sore from ill-fitting dentures

Broken teeth

Dental and prosthetic factors

> 5 defective teeth

Poorly fitting or defective complete dentures
Recurrent sores from ill-fitting denture
Chronic mechanical irritation

Chronic trauma

Denture

II-fitting denture

Bad prosthesis

Recurrent oral ulcerations

Recurrent oral ulcerations in non-smokers
Recurrent oral ulcerations in non-drinkers
Repetitive dental ulcers

Denture

II-fitting denture

Chronic mechanical irritation

Repetitive dental ulcer (women)

Repetitive dental ulcer (men)

2.3 (1.2-4.6)
1.13 (0.75-1.69)

No significant differences
3.1(1.2-8.2)

3.8 (1.3-11.4)

4.58 (1.52-13.76)

P <0.0001

P =0.0001

1.42 (1.01-1.99)

3.90 (2.48-6.13)

2.33 (1.79-3.04)

3.96 (2.11-7.44)

5.21 (2.42-11.18)

4.71 (2.37-9.36)

5.12 (3.17-8.28)

1.45 (1.28-1.64)

2.62 (2.1-3.25)

4.84 (2.12-11.08)

6.00 (3.67-9.80)

4.76 (2.75-8.21)

Cl, confidence interval; OR, odds ratio.

Section 2 Web-only Tables
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
Coffee consumption
He et al. (2020) 6456 patients with Oral Highest vs lowest category of coffee consumption: Each study had its own Recall bias of case—control studies.
Meta-analysis of 14 case—  oral cancer cavity . covariates for which the The significant associations may be
control studies and 5 p i | Case—control 4 studies 0.79 (0.40-1.56) estimates were adjusted affected by study design, year of
cohort studies erceg ?ge m:4e5(y P=0512 publication, country where the study
:a”foewmm : th° I took place, and lifestyle habits. The
(t) i 0.among the I*=81.2% mean age of participants and the
studies Pheterogeneity = 0.001 prevalence of oral cavity cancer in
Exposure ) different age groups was lacking from
assessment method: Cohort 0 studies - most studies. The current analysis is
FFQ Intermediate vs low coffee consumption: based on pooled data, and detailed
subgroup analyses were not
Case—control 3 studies 0.76 (0.54-1.06) conducted
P =0.108
12=47.8%
Pheterogeneity =0.147
Cohort 0 studies -
Miranda et al. (2017) 5151 patients Oral Highest vs lowest category of coffee consumption: Each study had its own The exact location of the cancers was
Meta-analysis of 13 case— cavity and . covariates for which the taken into account, highlighting that
control studies and4 Exposure ¢ method: pharynx Overall 17 studies g'(igO(%'gg ~0.84) estimates were adjusted the inverse association was clearer
cohort studies la:&;;sgssmen metnoa: e when cases of pharyngeal or
Case—control 13 studies 0.67 (0.53-0.84) pharyngeal cancers were taken into
P =0.033 account together with oral cancer
. cases
Cohort 4 studies 0.86 (0.69-1.08)
P =0.085 High-quality studies without
. . publication bias observed
Americas 5 studies 0.80 (0.52-1.13)
P =0.049 Little information was provided on
. ) the coffee beans (Arabica or
Asia 4 studies 0.65 (0.44-0.97) Robusta), the brewing procedure, the
P=0128 concentration of caffeine, or the size
Europe 8 studies 0.64 (0.48-0.85) of the cups used
P=0.072 Also, different categories of coffee
> 300 cases 7studies  0.73(0.60-0.90) consumption in the studies do not

P =0.159

allow quantification of the association
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
< 300 cases 10 studies 0.64 (0.45-0.91) The temperature of the coffee was not
P =0.006 controlled
Oral Overall 6 studies 0.82 (0.58-1.16) Tobacco and alcohol consumption
cavity P =0.056 may differ across the selected articles
Pharynx Overall 4 studies 0.72 (0.54-0.95)
P =0.188
Galeone et al. (2010) 1191 oral cavity, Oral Consumption of caffeinated coffee (cups/day): Age, sex, race/ethnicity, Large number of oral cancer cases
Pooled analysis of 9 case— 2112 cavity Non-drink 177 1 education level, study, included
control studies of oropharynx/hypoph ON-Grinkers (20 cigarette smoking (pack- Lack of inf ti HPV
INHANCE cohort arynx, 612 oral Drinkers 953 0.62 (0.40-0.99) years), duration of cigar . ?‘C t9 mLorrEa |fo_nfon i th
(Europe, North America, cavity/pharynx smoking, duration of pipe intection. L-ack ot intormation on the
Central America) NOS, 1224 >0to<3 538 0.65 (0.42-1.02) smoking, alcohol intake duration of coffee drinking. Lack of
' : ' ' information on the type of beans
LZ?;ZQZ?]LC;Q;g 3to4 259 0.52 (0.27-0.98) \fArIS:??rt];:aal?ed vegetable and (Arabica or Robusta). Some of the
controls >4 156 0.46 (0.30-0.71) case—control studies may overlap with
case—control studies included in the
76% male for Increment of 0.96 (0.92-0.99) other meta-analysis studies, because
cancer of total oral 1 cup/day references to the studies correspond
cavity/pharynx Prond < 0.01 to currently unpublished data
(70.3% controls), et <90
and 90.3% male for Pheterogeneity < 0.01
laryngeal cancer . . .
(70.4% controls) COar\?ilty Consumption of decaffeinated coffee (cups/day):
Exposure Non-drinkers 512 1 (ref)
assessment method: Drinkers 89 1.17 (0.81-1.69)
FF
Q >0to<1 37 1.18 (0.67-2.08)
>1 52 1.51 (0.97-2.35)
Increment of 1.04 (0.87-1.23)
1 cup/day
Ptrend = 0.17

Pheterogeneity =0.67
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
Tea consumption
Ren et al. (2010) 481 563 Oral Hot tea HR: Age, sex, tobacco smoking,  Large prospective analysis with
USA participants; cavity consumption: alcohol consumption, BMI,  exposure information collected before
Enrolment 1995-1996; 286 402 men and N 153 1 education level, ethnicity, cancer diagnosis. Lag analysis was
follow-up to 2003 195 161 women one (ref) usual physical activity done to examine whether reverse
Cohort aged 50-71 yrin <1 cup/mo 80 0.96 (0.73-1.26) throughout the day, causation affected the results
NIH-AARP Study vigorous physical activity, -
1-3 cups/mo 57 0.84 (0.61-1.14) N P Small number of incident oral cancers
daily intake of fruit, daily - .
Exposure intake of vegetables, daily (391). Lack of information on the
assessment method: 1-6 cups/wk 57 0.88 (0.65-1.21) intako of red meat oiaily drinking temperature of hot tea and
FFQ > 1 cup/da 44 0.75 (0.53-1.06) ; e the type of tea consumed (green,
p/aay intake of white meat, and
daily intake of calories black, or herbal). Only 16% of
Ptrend = 0.083 participants drank > 1 cup/day of hot
Iced tea consumption: tea, which is lower intake than in
' most populations in Asia
None 79 1 (ref)
< 3 cups/mo 85 0.98 (0.72-1.34)
1-6 cups/wk 114 0.96 (0.72-1.29)
> 1 cup/day 114 0.89 (0.67-1.19)
Ptrend = 0.42
Zhou et al. (2018) 5920 patients and Oral Tea consumption: The maximally adjusted The risk of oral cancer decreased by
Meta-analysis of 14 case— 10 553 controls cavity . ratio was selected as the 6.2% with each increase of 1 cup/day
control studies: Asia (7 Exposure Overall 14 studies 0.700 (0.609-0.805) only evaluation index for in the range 0-8.75 cups/day
China, 1 India); Americas ) Asia 8 studies 0.661 (0.560-0.780)  preventing possible . .
(2 Brazil); Europe (1 la:&;;sessment method: . . confounders when studies Detfalled Zuk'):grotug analysis was ¢
Denmark, 1 France, 1 Q Americas 2 studies 1.250 (0.797-1.967) reported multivariable gﬁ; Io;rize . First dose—response meta-
Italy); Africa (1 Egypt) Europe 3 studies 0.714 (0.573-0.891) adjusted-effect estimates y
. Only case—control studies are
Green tea 6 studies 0.656 (0.533-0.808) included, which may lead to
Black tea 3 studies 0.940 (0.786-1.125) publication bias and selection bias.
) Pooled data were used for the meta-
Oolong tea 4 studies 0.567 (0.420-0.766) analysis, lacking individual data
Dr_ink_ing VS no 8 studies 0.647 (0.580—0.723) In the dosefresponse ana|ysis’
drinking 120 mL/day was transformed to
Highestvs lowest ~ 6studies  0.836 (0.736-0.950) 1 cup/day

consumption
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
Male 3 studies 0.838 (0.723-0.971) The dose-response analysis suggested
. that high dietary dose, long-term and
Female 4 studies 0.692 (0.514-0.931) high concentration of tea intake may
<60yr 3 studies 0.686 (0.520-0.852) be associated with a reduced risk of
. oral cancer
> 60 yr 3 studies 0.547 (0.384-0.709)
Filippini et al. (2020) 2343 cases and Oral Green tea Age, smoking
China (Asia) 53634 controls cavity consumption:
Meta-analysis of 1 cohort Highest vs lowest 5 studies 0.71 (0.62-0.82)
study and 4 case—control exposure
studies
Galeone et al. (2010) 1191 oral cavity, Oral Tea consumption (cups/day): Age, sex, race/ethnicity, A large number of oral cancer cases
Pooled analysis of 9 case— 2112 cavity . education level, study, from different countries
control studies of oropharynx/hypoph Non-drinkers 608 1.00i(ref) cigarette smoking (pack- A pooled estimate based
INHANCE cohort arynx, 612 oral Drinkers 523 1.06 (0.88-1.27) years), duration of cigar p;)ole teg_lma "ath ‘?Sf] ontcase—
(Europe, North America, cavity/pharynx smoking, duration of pipe contro’ studies with innerent
Central America) NOS. 1224 <1 433 1.10 (0.92-1.33) smoking, alcohol intake limitations of that study design. Lack
' - ' ' of information on the duration of tea
Lz;l;)gr;ggf;ldcggggr >1 90 0.94 (0.68-1.29) :‘,:S:??r?tffl?ed vegetable and drinking. Lack of information on the
controls Increment of 0.98 (0.91-1.06) type of tea consumed. Some of the
1 cup/day case—control studies may overlap with
76% male for case—control studies included in the
cancer of total oral Ptrend = 0.90 other meta-analysis studies

cavity/pharynx
(70.3% controls),
and 90.3% male for
laryngeal cancer
(70.4% controls)

Exposure
assessment method:
FFQ

Pheterogeneity =045
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Reference

Location
Enrolment/follow-up
period

Study design

Population size, Organ
description site
Exposure

assessment method

Exposure category  Exposed Risk estimate
or level cases/contr  (95% CI)
ols

Adjustments

Comments

Consumption of fruits and vegetables

Chuang et al. (2012)

Pooled analysis of 22
case—control studies of
INHANCE cohort

Pavia et al (2006)

North America, South
America, Europe, Asia
Meta-analysis of 15 case—
control studies and 1
cohort study

Galvao De Podesta et al.
(2019)

Brazil

July 2011-July 2017
Case—control

14 520 cases and Oral
22 737 controls cavity
(mixed hospital and
non-hospitalized)

26.6% oral cavity,
32.7% pharynx,
10.4% oral/pharynx
NOS, 28.1% larynx,
2.2% HNC NOS

78.8% male cases
All ages

Exposure
assessment method:
questionnaire-based
standardized
interview

65802 cases and Oral
60951 controls cavity

847 cases (398 oral  Oral
cavity cancer cases,  cavity
249 oropharyngeal

cancer cases), 893

matched hospital

controls

77.3% male among
oral cancer cases
and controls

Ages 18-80 yr

Exposure
assessment method:

Consumption of vegetables:

Quartile 4 vs 3342/20 011

quartile 1

0.69 (0.61-0.79)

Consumption of fruits:

Quartile 4 vs
quartile 1

3183/19 759  0.46 (0.38-0.56)

Per portion of fruits 12 studies 0.49 (0.39-0.63)

Per portion of 11 studies

vegetables

0.43 (0.31-0.59)

Consumption of apples or pears:

Never or < 1/mo 103/87 1 (ref)

1-3/mo 74/150 0.58 (0.35-0.98)
1-2/we 109/292 0.51 (0.31-0.82)
On most days but 42/147 0.41 (0.22-0.76)
not every day

Every day 20/92 0.34 (0.17-0.66)

All studies: matched on age
and sex

Adjustments for the
subgroups not clear

Age, sex, cigarette smoking,
and alcohol consumption

Matched on age and sex

Adjusted for consumption
of vegetables (except
potatoes), natural fruit juice,
carrots, raw greens and
vegetables, rice and beans,
and alcohol

A large number of people from
different geographical areas

Non-standardized questionnaires but
population-based. No quantitative
information on food consumption.
Total energy intake is not known for
all studies. Heterogeneity across
studies was detected for almost all
food items

A large, multicentre study including 3
Brazilian states. Subtypes were
examined separately

Limitations are recall bias and the
modification of the diets of the
participants during the pre-diagnosis
phase of the disease
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
self-reported food-
frequency
questionnaires
Consumption of citrus fruits (oranges, lemons, tangerines):
Never or < 1/mo 78/48 1 (ref)
1-3/mo 77/87 0.84 (0.44-1.59)
1-2/we 117/243 0.52 (0.29-0.93)
On most days but 52/182 0.35 (0.18-0.67)
not every day
Every day 51/208 0.34 (0.17-0.66)
Consumption of fresh tomatoes:
Never or < 1/mo 62/35 1 (ref)
1-3/mo 39/43 0.65 (0.29-1.45)
1-2/we 105/193 0.43 (0.22-0.83)
On most days but 94/234 0.32 (0.16-0.62)
not every day
Every day 75/263 0.28 (0.14-0.56)
Maasland et al. (2015) 120 852 Oral Total consumption of vegetables and fruits: Adjusted for age (years), Strengths are the prospective nature,
The Netherlands participants; 415 cavity ile 1 47 1 sex, cigarette smoking the completeness and duration of
Enrolment in September HNC cases (131 Quartile (ref) [status follow-up, and subtype analysis
1986; follow-up for oral cavity cancer, Quartile 2 33 0.75 (0.47-1.19) (never/former/current), Limitations are that dietary habits
20.3yr 88 ) frequency (number of h h dth h th
Cohort oro/hypopharyngeal Quartile 3 29 0.63 (0.38-1.04) cigarettes per day; May have changed through the years,
. . and that HPV status, pharmaceutical
cancer, 3 oral Quartile 4 22 0.46 (0.27-0.81) continuous, centred), q d oral hvai i
cavity/pharynx duration (number of years; ¢ rll(Jgs,_a? ora ytglene Were no
unspecified or Ptrend = 0.005 continuous, centred)], and aken into accoun
overlapping, and Continuous, per 131 095 (0.92-0.99)  alcohol consumption (grams  Quartiles:

193 laryngeal
cancer);

57.3% male among
131 oral cavity
cancer cases

25 g/day increment

Total consumption of vegetables:
Quartile 1 39
Quiartile 2 27

1 (ref)
0.68 (0.41-1.13)

of ethanol per day;
continuous)

Total vegetables (median, 175 g/day;
P25-P75, 126-233 g/day for all 415
HNC cases)

Total fruits (median, 113 g/day; P25—
P75, 56-203 g/day for all 415 HNC
cases)
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments

Location description site or level cases/contr  (95% CI)

Enrolment/follow-up Exposure ols

period assessment method

Study design
Ages 55-69 yr Quartile 3 33 0.86 (0.52-1.41) Composition:
Exposure Quartile 4 32 0.71 (0.41-1.24) Iggtilt:lﬁ%gab'es (cooked plus raw
zisssgs_imenFtFmethoﬁ(: Pirend = 0.36 Total fruits (apples/pears, bananas,

-item FFQ (self- . grapefruits and fresh grapefruit juice,

administered), Continuous, per 131 0.95 (0.89-1.02)

validated against a
9-day diet record
and by annual
repeated
measurements in a
subgroup

25 g/day increment

Total consumption of fruits:

Quartile 1
Quartile 2
Quartile 3
Quiartile 4
Ptrend = 0.07

Continuous, per
25 g/day increment

52
28
30
21

131

Consumption of citrus fruits:

Quiartile 1
Quartile 2
Quiartile 3
Quiartile 4
Ptrend = 0.95

Continuous, per
25 g/day increment

45
31
28
27

131

1 (ref)

0.63 (0.39-1.03)
0.79 (0.48-1.31)
0.56 (0.33-0.97)

0.95 (0.91-1.01)

1 (ref)

0.73 (0.44-1.21)
0.67 (0.39-1.15)
0.94 (0.52-1.71)

1.02 (0.92-1.13)

Additionally adjusted for

total vegetable intake
(g/day; continuous)

Additionally adjusted for
total vegetable and fruit
intake (g/day; continuous)

grapes, mandarins, oranges and fresh
orange juice, raisins/other dried fruit,
strawberries, and other fruits
originating from an open-ended
question on frequently consumed
items not listed in the questionnaire)
Citrus fruits (fresh lemon juice,
grapefruits and fresh grapefruit juice,
mandarins, and oranges and fresh
orange juice)
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
Freedman et al. (2008) 490 802 participants  Oral Total consumption of fruits and vegetables: Adjusted for age at entry Questionnaire data were collected
USA (states) of NIH-AARP Diet  cavity . . ) into cohort, alcohol intake, before diagnoses, minimizing
1995-1996; follow-up to and Health cohort; Per serving per 1000 calories ?50 0.93 (0.86- BMI, cigarette-smoke dose,  possibility of recall bias
2000 787 HNC cases -00) education level, sex, total Lack of information on smoking
Cohort 77.3% male in the Quintile 1 104 1 (ref) energy intake, usual activity initiation, marijuana use, and past
787 o throughout the day, and 1cohol i
cases Quintile 2 64 0.81 (0.59-1.11) vigorous physical activity alcohol consumption
Ages 50-71 yr Quintile 3 57 0.81 (0.58-1.14) Quintile 5 additionally 'Frgﬂatl ell‘rr]:i tvgrg];gt\a;géi tc;)r:zgita%nts:
Exposure Quintile 4 58 0.90 (0.64-1.28) adjusted for continuous fruit potatoes): total fruits and vegetables
assessment method: intil 6 0.61 (0.41-0.93 Inizke Total vegetables (no potatoes):
questionnaires by Quintile 5 3 61 (0.41-0.93)

mail

Ptrena = 0.052

Consumption of vegetables:

Per serving per 1000 calories

Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
Ptrend = 0.017

Total consumption of fruits:

Per serving per 1000 calories

Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5
Ptrend = 0.632

100
60
64
59
36

99
64
53
59
44

HR: 0.84 (0.73—
0.95)

1 (ref)

0.72 (0.52-1.00)
0.84 (0.61-1.15)
0.83 (0.59-1.16)
0.56 (0.37-0.84)

HR: 1.00 (0.90—
1.12)

1 (ref)

0.86 (0.63-1.19)
0.83 (0.58-1.17)
1.02 (0.72-1.45)
0.84 (0.57-1.25)

Additionally adjusted for
continuous vegetable intake

spinach, turnip, collard greens,
mustard, kale, coleslaw, cabbage,
sauerkraut, carrots, dried beans, string
beans, peas, corn, broccoli,
cauliflower, Brussels sprouts, mixed
vegetables, tomatoes, sweet peppers,
lettuce salad, sweet potatoes, yams,
tomato juice, tomato sauce, chili and
salsa

Total fruits: whole fruits + 1 fruit
juice

Whole fruits: apples, apple sauce,
pears, bananas, dried fruit excluding
apricots, peaches, nectarines, plums,
cantaloupe, other melons,
strawberries, oranges, tangerines,
tangelos, grapefruit, and grapes

Fruit juice: orange and grapefruit
juice and other fruit juices and drinks
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
Consumption of whole fruits:
Per serving per 1000 calories HR: 0.96 (0.82— Additionally adjusted for
1.12) continuous vegetable intake
_— and continuous fruit juice
Quintile 1 98 1 (ref) intake
Quintile 2 72 0.98 (0.71-1.33)
Quintile 3 58 0.90 (0.64-1.27)
Quintile 4 50 0.87 (0.60-1.27)
Quintile 5 41 0.81 (0.54-1.22)
Ptrena = 0.268
Consumption of fruit juice:
Per serving per 1000 calories HR: 1.06 (0.90- Additionally adjusted for
1.25) continuous vegetable intake
_— and continuous fruit juice
Quintile 1 81 1 (ref) intake
Quintile 2 62 0.90 (0.64-1.25)
Quintile 3 62 0.91 (0.65-1.27)
Quintile 4 49 0.78 (0.54-1.12)
Quintile 5 65 1.10 (0.78-1.53)
Ptrend = 0.556
Rajkumar et al. (2003) 591 cases, 582 Oral Consumption of raw green vegetables: Matched on centre,
Southern India matched (hospital) cavity quinquennium of age, and
(Bangalore, Madras controls* (ICD-9 sex
h i 143-14 . .
gr(;ive;nr:jilarir)‘d 52.3% male cases 3-145)  <1hwk 1 (ref) Adjusted for education
19961999 Men aged 22-85 yr, wic-2/wk O A0 ool corsumptics
Case—control women aged 18— > 3/wk 0.47 (0.31-0.73) P
87 yr *In Bangalore and Madras,
Ptrena < 0.001 controls were relatives or

Exposure
assessment method:
questionnaire-based
standardized

Consumption of citrus fruits:
< 1/wk
> 1/wk

1 (ref)
0.27 (0.18-0.41)

friends of patients with
cancer other than oral
cancer. In Trivandrum,
controls were outpatients
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
interview by social c tion of anpl q ) attending the clinics who
workers onsumption ot apples and pears. were free of malignant
O/wk 1 (ref) diseases
< 1/wk 0.41 (0.26-0.66)
> 1/wk 0.04 (0.02-0.08)
Ptrena < 0.001
Franco et al. (1989) 232 cases, 464 Oral Consumption of carotene-rich food group (carrots, Matched on age, sex, study  Regionally specific lifestyle and
Brazil matched controls cavity pumpkins, papaya): site, and admission period behavioural characteristics may
E‘;Z;ﬂi;ymlr%?f”“”e 1988 45796 1CD-9 141 g'ﬁ%:d < 1mo 62/101 1 (ref) Adjusted for smokingang  Interere with the rate of cancer cases
(tongue), 9.9% 143-14 alcohol consumption The 3 levels of average past
ICD-9 143 (gum), 3145 1/mo-3/wk 154/310 0.8(05-14) consumption refer to regular-sized
18.1% ICD-9 144 > 4wk 16/53 0.4 (0.2-1.0) servings in each category
(floor of the mouth), .
Piend = 0.0639 Consumption of green vegetables was
26.3% ICD-9 145 L
(other specified . . . ) protective in the crude model, but not
. Consumption of citrus fruits food group: after controlling for smoking and
parts of oral cavity) -
<1/mo 77/92 1 (ref) alcohol consumption
86.6% male
1/mo-3/wk 98/233 0.5(0.3-0.8)
All ages
> 4/wk 57/137 0.5(0.3-0.9)
Exposure
assessment method: Ptrend = 0.0303
questionnaire-based : .
standardized Consumption of green vegetables food group:
interview <1/mo 41/58 1 (ref)
1/mo-3/wk 144/299 0.8 (0.5-1.4)
> 4/wk 47/104 0.7 (0.4-1.4)
Dietary fibre consumption
Kawakita et al (2017) 559 cases and Oral Quintile 1 331 1 (ref) Age, sex, race, study centre,
Asia, Europe, North 12 248 controls cavity . education, cigarette
America Quintile 2 267 0.70 (0.58-0.85) smoking status, cigarette
Meta-analysis of 10 case— Quintile 3 230 0.61 (0.50-0.74) smoking intensity (number
control studies o of cigarettes per day),
Quintile 4 216 0.51 (0.42-0.63) cigarette smoking duration,
Quintile 5 190 0.39 (0.29-0.52) cigar smoking status, pipe

Ptrend < 0001

smoking status, alcohol
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Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)
Enrolment/follow-up Exposure ols
period assessment method
Study design
_— consumption intensity
Ogg:hz)p(lo Quintile 1 560 1 (ref) (number of drinks per day),
phary Quintile 2 380 0.67 (0.55-0.81) and the product
o (interaction) term for

Quintile 3 379 0.65 (0.55-0.77) cigarette smoking intensity

Quintile 4 354 0.57 (0.47-0.71) and alcohol consumption

Quintile 5 351 0.54 (0.45-0.64)

Ptrend < 0.001
Lam et al (2011) 494 991 participants  Oral Men: HR (95% CI): Age at entry, BMI,
North America cavity _— education, physical activity,
NIH-AARP Diet and Quintile 1 153 1 (ref) alcohol intake, cigarette
Health Study Quintile 2 123 1.07 (0.83-1.40) smoke dose, red meat
Cohort L. intake, total energy intake,

Quintile 3 112 1.06 (0.82-1.38) total grains

Quintile 4 82 0.81 (0.60-1.08)

Quintile 5 102 0.99 (0.75-1.32)

Ptrend = 0.576

Women:

Quintile 1 76 1 (ref)

Quintile 2 39 0.74 (0.49-1.11)

Quintile 3 38 0.82 (0.54-1.25)

Quintile 4 29 0.67 (0.42-1.07)

Quintile 5 25 0.62 (0.37-1.03)

Ptrend = 0.055
Kawakita et al (2019) 101 700 participants  Oral Total fibre (g/day): HR (95% ClI): Age, sex, BMI, education,
North America cavity and . race/ethnicity, pipe smoking
Prostate, Lung, Colorectal, pharynx Quintile 1 42 1 (ref) status, cigar smoking status,
and Ovarian (PLCO) Quintile 2 41 0.80 (0.49-1.28) cigarette smoking status,
cancer screening trial L pack-year cigarette
Cohort Quintile 3 26 0.34 (0.16-0.71) smoking, alcohol

Puend = 0.007 consumption status, alcohol

consumption intensity,
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Table S2.33 Studies on potentially preventive dietary agents for the development of oral cancer

Reference Population size, Organ Exposure category  Exposed Risk estimate Adjustments Comments
Location description site or level cases/contr  (95% CI)

Enrolment/follow-up Exposure ols

period assessment method

Study design

marital status, non-alcohol

Insoluble fibre (g/day): total energy, and total

Quintile 1 48 1 (ref) vegetable and fruit intake
Quintile 2 34 0.57 (0.36-0.93)
Quintile 3 27 0.31 (0.15-0.62)

Ptrena = 0.001
Soluble fibre (g/day):

Quintile 1 42 1 (ref)
Quintile 2 41 0.75 (0.47-1.22)
Quintile 3 26 0.29 (0.14-0.62)

Ptrend = 0.003

BMI, body mass index; Cl, confidence interval; FFQ, food frequency questionnaire; HNC, head and neck cancer; HPV, human papillomavirus; HR, hazard ratio; ICARE, Investigation of Occupational
and Environmental Causes of Respiratory Cancers; ICD, International Classification of Diseases; INHANCE, International Head and Neck Cancer Epidemiology; mo, month or months; NOS, not
otherwise specified; OC, oral cancer; OR, odds ratio; P25-P75, 25th to 75th percentile; ref, reference; RR, relative risk; SCC, squamous cell carcinoma; vs, versus; wk, week or weeks; yr, year or years.
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Reference Study population  Exposure assessment OPMD Exposure level RR or OR Adjustments/comments
Location method (95% CI)
Gupta et al. 318 men Home interviews blinded  OSF Dietary fibre (on a 0.89 (0.81-0.99) Matched on age (+ 5 yr), sex, residence,
(1998) clinically to disease status; FFQ diet . continuous scale, g/d) and tobacco use
India diagnosed with and nutrients (92 food Leukoplakia 0.87(0.79-0.97) Adjusted for socioeconomic status
leukoplakia or items representing > 95% | eukoplakia Ascorbic acid (10 mg/d): ~ 0.95 (0.89-1.01) o
OSE of total energy, fat, fibre, . tobacco exposure, and total dietary
iron, copper, zinc, Quartile 2 0.82 (0.45-1.49) energy
gégtrn;?;ched calcium, ascorbic acid, p- Quartile 3 0.48 (0.25-0.95) Lesions suspicious for oral cancer were
carotene, and B vitamins) ] confirmed histologically and excluded
Age > 15 yr Quartile 4 0.45 (0.21-1.00)
Only tobacco Ptrend < 0.01
users and measure Leukoplakia Tomato 0.32 (0.12-0.87)
of exposure to .
tobacco products Quartile 2 0.95 (0.53-1.69)
Quartile 3 0.66 (0.35-1.23)
Quartile 4 0.42 (0.22-0.81)
Ptrend < 0.01
Gupta et al. 226 individuals Home interviews blindked = OPMD Total fruit as continuous 0.82 (0.72-0.95) Adjusted for mixed smoking and
(1999) (44 women and to disease status; FFQ diet variables (log fruit After inclusion of chewing of tobacco, total energy
India (Kerala) 182 men) and nutrients (81 food consumption) erinc uaznt ob consumption (kcal/d), and economic
items representing 95% of economic and tobacco- status
226 controls total energy, fat, fibre related covariates:
matched on age iron rl zir; ' 0.89 (0.76-1.03) Univariate
(£ 5 yr), sex, ward on, COpper, 2nc,
of resi dlencel and calcium, ascorbic acid, B-  OPMD Iron (mg/d): Lesions suspicious for oral cancer were
' carotene, and B vitamins) . confirmed histologically and excluded
tobacco use Quartile 2 (6.95-9.57) 0.47 (0.26-0.85)
. Nutrient exposures calculated from the
Age>15yr Quartile 3 (9.57-13.91) 0.56 (0.28-1.12) Nutritive Vzlue of Indian Foods
All participants Quartile 4 (> 13.91) 0.65 (0.26-1.60)
were tobacco . .
users (chewers, Quartile 1 vs quartiles 2-4  2.07 (1.18-3.63)
smokers, or both) Females only 3.45 (0.99-12.07)
OPMD Ascorbic acid (mg/d):

Quartile 2 (25.9-43.6)
Quartile 3 (43.6-69.9)
Quartile 4 (> 69.9)

Quartile 1 vs quartiles 2-4

0.65 (0.37-1.13)
0.74 (0.41-1.35)
0.84 (0.40-1.75)
1.44 (0.87-2.39)
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Reference Study population  Exposure assessment OPMD Exposure level RRor OR Adjustments/comments

Location method (95% CI)

Hebert et al. 485 cases (79% Home interviews blinded ~ OPMD (mostly Iron (10 mg/d, fitted as a 0.82 (0.68-0.99) Matched on age (£ 5 yr), sex, and
(2002) women) to disease status; FFQ diet  keratosis of the continuous variable) ORxnutrient residence

India (19 rural and nutrients (80 food palate in reverse v bl .

villages in 487 controls items representing > 95%  smokers) ORxnutrientzs = 16.6%? Adjusted for typf' of t?(bafﬁjo and total
Srikakulam Age > 15yr of total energy, fat, fibre, (25% = 18.5 mg/d, energy consumption (kcal/d)

District, Andhra . iron, copper, zinc, 75% = 27.7 mg/d) A minority of individuals smoked bidis
Pradesh) All participants calcium, ascorbic acid, p- (2.6%), cigarettes (1.7%), and chutta in

were users of
tobacco in some
form (81.9%
reverse smokers
in cases, 73.5% in
controls)

carotene, and B vitamins)

Zinc (mg/d, fitted as a
continuous variable)

Calcium (100 mg/d, fitted

as a continuous variable)

Riboflavin (mg/d, fitted as

a continuous variable)

Fibre (g/d, fitted as a
continuous variable)

0.91 (0.85-0.98)

ORxnutrientss —
ORxnutrients = 70.2%2

(25% = 14.7 mg/d,
75% = 22.5 mg/d)

0.95 (0.92-0.98)

ORxnutrientss —
ORxnutrientzs = 33.6%?

(25% =583 mg/d,
75% = 1255 mg/d)

0.51 (0.28-0.93)

ORxnutrientss —
ORxnutrientzs = 22.1%2

(25% = 1.11 mg/d,
75% = 1.56 mg/d)

0.96 (0.94-0.99)

ORxnutrientss —
ORxnutrientzs = 29.6%*?

(25% = 8.5 g/d,
75% = 15.9 g/d)

the conventional manner (14.3%), or
chewed tobacco (2.2%)

93% of the population was illiterate, so
it was not possible to use education as a
covariate

The incidence of OPMDs diagnosed
after 1 year (39 cases, 39 controls) was
similar to that of the main study
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Reference Study population  Exposure assessment OPMD Exposure level RRor OR Adjustments/comments
Location method (95% CI)
Amarasinghe et Cases 101, Home interviews: a 3-day = OPMD > 2 portions/d of - Crude OR: 0.5 (0.3-0.8) Adjusted for sex, age, occupation,
al. (2013) clinically diet diary for 2 days in the carotene-containing . ) education level, BMI, smoking, betel
Sri Lanka diagnosed with week and 1 day on the vegetables and fruits Adjusted OR: 0.8 (0.4-1.4) quid chewing, and alcohol consumption
(Sabaragamuwa OPMDs weekend, before the oral (78.9% of cases and s .
Province) Leukoplakia: 71 examinations 66.1% of controls < 2 (;hewer. $ mucosa, qmd'mdPCEd .
OSE: 25 portions/d) lichenoid reactlons_, smoker’s kera_lt_OSls
OLP: 6 of palate, denture-induced stomatitis,
Leukoplakia > 2 portions/d of B- Crude OR: 0.5 (0.3-0.9) angular cheilitis, pallor, and
Matched controls: carotene-containing . ) depapillation of the tongue were
728 vegetables and fruits Adjusted OR: 0.8 (0.4-1.7) considered as “other” oral mucosal
(78.8% of cases and abnormalities and excluded from
Age > 30 yr 66.1% of controls < 2 analysis
portions/d) All green leafy vegetables, carrots,
pumpkin, tomatoes, beans, lady’s
fingers, snake gourd etc. were
considered as B-carotene-containing
vegetables
Cianfrigliaetal. 53 leukoplakia Hospital; dietary Leukoplakia Dietary retinol-equivalent  Estimated mean retinol Adjusted for sex, age, alcohol

(1998)
Rome, Italy

cases

Matched controls
with other
pathological
conditions
attending hospital

questionnaire

index

intake (1U/kg per person
per day):

Leukoplakia group: 68
Controls: 93

t=4.8; P <0.001

consumption, and tobacco use

No adjustment

BMI, body mass index; Cl, confidence interval; d, day or days; FFQ, food frequency questionnaire; OLP, oral lichen planus; OPMDs, oral potentially malignant disorders; OR, odds ratio; OSF,
oral submucous fibrosis; RR, relative risk; vs, versus; yr, year or years.

& For each nutrient fitted as a continuous variable, the effect was standardized by computing the difference between its effect at the 75th percentile value (ORxnutrientzs) and its effect at the 25th
percentile value (ORxnutrientzs). The value shown represents the percentage reduction across the interquartile range.
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Reference Study population Analyte Exposure (preventive agent) Outcome Exposure levels RR or OR Comments
Location measure (95% Cl)or P
Study type value
Ramaswamy etal. 50 leukoplakia Serum Vitamins A, -carotene, C, E, Leukoplakia  Folate levels (nmol/L): Based on univariate
(1996) cases and 50 samplesin  B12, and folate . analysis
Bangalore, India controls a field Cases: 8.4 +0.86 No adiustment
Case—control survey Controls: 0 agjustmen
Chewers: 13.4 £0.91 P<0.01
Non-chewers: 30.4 + 0.90 P <0.001
Vitamin B12 (pmol/L): Based on univariate
Cases: 125.8 + 12.4 analysis
Controls:
Chewers: 162.0 £ 21.9 P<0.01
Non-chewers: 306.4 + 58.3 P <0.001
Nagao et al. 48 leukoplakia Clinic Fasting serum levels of retinol, Leukoplakia ~ Men: No significant
(2000) cases (38 males, 10  serum a-tocopherol, zeaxanthin and Mean | L): differences in any of
Tokoname city, females) and 192 samples lutein, cryptoxanthin, lycopene, ean lycopene (mmol/L): the serum nutrients
Japan controls and carotenoids (a-carotene and Cases: 0.175 + 0.202 P <0.05 estimated in female
Case—control [3-carotene) participants
Controls: 0.257 + 0.252
[-carotene (mmol/L):
Cases: 0.357 £ 0.295 P <0.005
Controls: 0.555 + 0.408
Nagao et al. 62 OLP cases and Clinic Retinol, a-tocopherol, OLP Lycopene levels: P <0.05
(2001) 248 controls serum zeaxanthin and lutein, Atrophic/erosi _ ).
Tokoname city, samples cryptoxanthin, lycopene, a- 0 or?g Jrl%eorzswe C;’}T_es (n=4).
Japan carotene, and B-carotene : +0.04mmo
Case—control Controls: 0.316 + 0.205 mmol/L
Rezazadeh and 34 OLP cases and Clinic Vitamins A, C, D3, E, and B12 OLP P>0.1
Haghighat (2021) 43 healthy controls  serum
Islamic Republic samples
of Iran
Case—control
Basu and Guhan 60 cases Clinic [3-carotene, retinol, vitamin C, OPMD Moderate to low plasma levels of
(2015) (leukoplakia and blood and a-tocopherol (OSF, 30; [-carotene, retinol, vitamin C, and
Mumbai, India OSF) and 10 samples leukoplakia,  a-tocopherol in both the
Case—control controls 30) leukoplakia and OSF groups

compared with the controls
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Reference Study population Analyte Exposure (preventive agent) Outcome Exposure levels RR or OR Comments
Location measure (95% Cl)or P
Study type value
Param et al. 22 cases of Plasma Vitamin C OPMD Vitamin C (mg/dL): P <0.05
(2018) leukoplakia, 20 (leukoplakia .
Maharashtra, India  cases of OSF, and or OSF) Leukoplakia: 1.51 £ 0.47
Case—control [21] controls (63 is OSF: 2.09 £0.55
the total)
Controls: 3.14 + 0.395
Gupta et al. (2004) 34 OSF cases and Plasma B-carotene and vitamin E OSF (-carotene (mg/100 mL):
Wardha, India 34 controls y
Case_control OSF: 81.7+14.3
Healthy controls: 110 + 20.8
Vitamin E (mg/L):
OSF:9.3+£0.3
Healthy controls: 10.1 + 1.2
Tuovinen et al. 106 people with Plasma Ascorbic acid Leukoplakia  Prevalence of leukoplakia was P <0.01
(1992) low plasma AA higher in AA deficiency
Eastern Finland levels
Case—control (<25 pmol/L)
103 people with
normal AA levels
(> 50 umol/L)
Bose et al (2012) 23 leukoplakia Plasma Vitamins A, C, E, zinc, Leukoplakia  Beta-carotene (ug/L):

Madhya Pradesh,
India
Cross-sectional

cases and 23
controls

glutathione, and total
antioxidant status

Cases: 430.47 + 74
Controls: 634.97 £ 45
Vitamin C (mg/dL):
Cases: 0.57 +0.16
Controls: 1.08 + 0.16
Vitamin E (mg/L):
Cases: 5.99 +0.82
Controls: 1054 +1.1
Reduced glutathione (mg/L):
Cases: 6.09 = 0.67
Controls: 10.09 + 0.89
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Reference Study population Analyte Exposure (preventive agent) Outcome Exposure levels RR or OR Comments
Location measure (95% Cl)or P
Study type value

Total antioxidant status (mol/L):
Cases: 1.23 £0.45

Controls: 2.47 £0.43

Zinc (ug/dL):

Cases: 59.9 £6.91

Controls: 91.2 + 11.8
AA, ascorbic acid; ClI, confidence interval; OLP, oral lichen planus; OPMDs, oral potentially malignant disorders; OR, odds ratio; OSF, oral submucous fibrosis; RR, relative risk.
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