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ABSTRACT
[bookmark: _GoBack]Tobacco smoking and alcohol drinking account for approximately 80% of upper
aerodigestive tract (UADT) cancers in Europe and North America. The betel chewing as a risk factor for UADT cancers has never been assessed in cohort studies. This study aimed to evaluate lifetime risks of UADT cancers and their associations with consumption of betel quid, cigarettes and alcohol. Three cohorts of 25,611 men were enrolled from 1982 to 1992 in Taiwan. The consumption history of betel quid, cigarettes and alcohol was enquired through questionnaire interview. Newly-developed UADT cancers were ascertained through computerized linkage with national cancer registry profile. Cox’s proportional hazard regression analysis was used to estimate multivariate-adjusted hazard ratio (HRadj) with its 95% confidence interval (CI). A total of 269 pathologically confirmed cases of UADT cancers were newly diagnosed during the follow-up of 472,096 person-years. The cumulative lifetime (30-80 years old) risk of UADT cancer was 9.42% and 1.65% for betel nut chewers and non-chewers, 3.22% and 1.21% for cigarette smokers and non-smokers, 4.77% and 1.85% for alcohol drinkers and non-drinkers. The HRadj (95% CI) of developing UADT cancer for betel quid chewing, cigarette smoking, and alcohol drinking compared to never-users was 3.36 (2.51-4.49), 2.02 (1.43-2.84), 1.90 (1.46-2.49), respectively. Increasing quantity, duration, and cumulative exposures of three substance use were significantly associated with UADT cancer risk in dose-response relationships (p for trend< 0.001). The HRadj of betel quid chewing decreased gradually from mouth to throat. Betel quid chewing, cigarette smoking and alcohol drinking are independent UADT cancer risk predictors.

INTRODUCTION
Upper aerodigestive tract (UADT) cancer including the sites of oral cavity, pharynx, larynx and esophagus is one of the most common cancers among males in the world. The trends of incidence have declined recently in most countries including France, the United States and India (1,2). However, the annual age-adjusted incidence rates in males for oral cavity, pharynx, larynx and esophagus in Taiwan were 11.86, 4.71, 3.50, and 6.59 per 100,000, respectively, in 1995; and steadily increased to 25.28, 12.67, 3.65, and 11.94 per 100,000, respectively, in 2009 (3). Cancers of UADT has become an important public health issue in Taiwan in past decades. 
Numerous epidemiological evidences have shown that tobacco smoking and alcohol drinking are major risk factors for the development of UADT cancers (4-7), which may explain 73% of UADT cancers in Europe (8). In addition, large geographic variation in the incidence of UADT sub-site cancers was observed in the world (9). This suggests other risk factors may play an important role in the carcinogenesis of UADT cancer as well. Betel nut/quid chewing is a common habit in Southeast Asia, and the betel quid chewing prevalence was increasing in recent decades in Taiwan (9). In a meta-analysis of nine case-control studies, the pooled odds ratio (95% CI) of developing oral cavity cancer was 3.50 (2.16-5.65) for betel quid chewing after adjustment for cigarette smoking (10). Several studies also reported that betel quid chewing is also associated with the risk of pharyngeal and esophageal cancers (11-15). One cohort study conducted in Taiwan reported the effect of betel quid chewing on cancer death. Compared to the never-smoking never-chewing group, the hazard ratio (95% confidence interval) was 12.52 (95% CI: 5.45-28.77) for oral cavity cancer, 5.64 (95% CI: 2.25-14.12) for esophageal cancer, and 6.24 (95% CI: 1.04-37.44) for laryngeal cancer among betel quid chewers (16). 
However, most previous findings were derived from hospital-based case-control studies and studied one cancer at a time. In this study, we combined data from three community-based long-term prospective studies, which included more than 25,000 males in Taiwan, to estimate lifetime risk of UADT cancers and their associations with betel quid chewing, cigarette smoking and alcohol drinking.

MATERIALS AND METHODS
Study Cohorts
Three community cohorts in Taiwan were used for the analysis of UADT cancer risk: Six-community Hypertension Intervention Project (SCHIP) cohort (17); Multiple Risk Factors for Multiple diseases (MRMD) cohort (18,19); and Community-based Cancer Screening Project (CBCSP) cohort (20). The characteristics of study cohorts and description are shown in Table 1 and supplemental materials. These study protocols and the informed consent procedure were reviewed and approved by the Institutional Review Board of the College of Public Health at National Taiwan.

Data Collection
At study entry, each study participant from three cohort studies was personally interviewed by well-trained research nurses using structured questionnaires. The information obtained from questionnaire interview included sociodemographic characteristics and information on consumption habits of betel nut chewing, cigarette smoking, and alcohol drinking. Duration and quantity of three substance uses were also recorded. Betel quid chewing habit was defined as having chewed betel quids for at least six months, cigarette smoking habit was defined as having smoked at least one cigarette/day for at least six months, and alcohol drinking habit was defined as having drunk alcohol regularly for at least six months. Additional information was collected on the types of alcohol beverage. Total consumption of pure ethanol in grams per day was calculated by multiplying the average frequency of alcohol consumption and the volume percentage of pure ethanol by beverage type. The cumulative exposure of cigarette smoke was defined in “pack-years” by multiplying the packs of cigarette smoked per day by the years of smoking cigarettes; the cumulative exposure of alcohol drinking was defined in “gram/day-years” by multiplying the ethanol grams drank per day by the years of alcohol drinking; and the cumulative exposure of betel quid chewing was defined in “quid/day-years” by multiplying the betel quids chewed per day by the years of betel quid chewing.

Follow-up for Vital Status and Ascertainment of Upper-aerodigestive Tract Cancers
Newly developed UADT cancers and vital status were ascertained using the subjects’ national identification numbers by computerized linkage to the National Cancer Registry and the National Death Certification for the period between the recruitment date and December 31, 2009. The definition of UADT cancers included 1) oral cavity (ICD-O codes C00 and C02-C06 except C02.4, C05.1 and C05.2), 2) pharynx (ICD-O codes C01, C02.4, C05.1, C05.2, C09 and C12-C14), 3) esophagus (ICD-O code C15) and 4) larynx (ICD-O code C32). Participants affected with salivary gland (ICD-O codes C07 and C08), nasopharyngeal cancer (ICD-O code C11) and thyroid cancer (ICD-O code C73) were not included in the analysis because their etiology and histology were different from other cancer sites in UADT.

Statistical Analysis
Nelson-Aalen method was used to estimate the cumulative lifetime risk (age 30 to 80 years old) of UADT and subsite cancers. For the calculation of UADT cancer incidence, the number of person-years at risk for each participant was calculated from the date of enrollment to the date of diagnosis of newly developed UADT cancer, the date of death, or last date of linked data available from the national cancer registry (December 31, 2009), whichever came first. The adjusted hazard ratios (HRadj) of developing UADT cancer with 95% confidence intervals (CIs) were calculated using Cox proportional hazards models. All models included age at recruitment (continuous), educational levels (illiterate, primary school, high school, and college), ethnicity (Fukinese, Hakka, and others), study cohort, and potential risk factors such as betel quid chewing, cigarette smoking, and alcohol drinking. The dose-response relationship between risk of UADT cancers and various substance uses was tested for statistical significance using an ordinal variable in the model. Quantity, duration and cumulative exposure to various substance items were categorized into three groups. Only male participants were included in the present study because men were more frequently affected with UADT cancers than women, and the prevalence of cigarette smoking (1.7%), alcohol drinking (1.8%), and betel quid chewing (0.2%) was remarkably lower among female participants. There were eight UADT cases diagnosed before recruitment and excluded from this analysis. A total of 25,611 male participants were included in the present analysis.

RESULTS
A total of 269 pathologically confirmed cases of UADT cancers were newly diagnosed during the follow-up of 472,096 person-years. The mean duration of follow-up was 18.4 years with a standard deviation of 6.1 years. The overall incidence rate was 57.0 per 100,000 person-years. Figure 1 shows the age-specific cumulative lifetime risk of UADT cancers, oral cavity cancer, pharynx cancer, esophageal cancer, and laryngeal cancer from 30 to 80 years old for all male participants in three cohorts. The cumulative lifetime risk by 80 years of age was 2.45%, 0.92%, 0.65%, 0.66% and 0.31%, respectively, for cancers of the UADT, oral cavity, pharynx, esophagus, and larynx. Table 2 shows the cumulative lifetime risk of UADT cancers by characteristics of cigarette smoking, alcohol drinking and betel quid chewing, respectively. Cigarette smokers, alcohol drinkers and betel nut chewers had a higher cumulative lifetime risk of UADT cancer than their counterparts (non-users). The cumulative lifetime risk by age of 80 years was 9.42% and 1.65% for betel quid chewers and non-chewers, 3.22% and 1.21% for cigarette smokers and non-smokers, and 4.77% and 1.85% for alcohol drinkers and non-drinkers. Generally speaking, increasing duration, quantity and cumulative exposure of respective substance use was associated with an increased cumulative risk of UADT cancers. The cumulative UADT cancer risk was as high as 17.20% for men who chewed betel quid more than 20 quids per day.
The incidence and HRadj with 95% CI for UADT cancers by sociodemographic characteristics at study entry are shown in Table 3. There was a steadily increasing risk of UADT cancers with increasing age (p for trend, 0.007). Hakka had a much lower risk of UADT cancer incidence compared with Fukkinese (HRadj, 0.45; 95% CI, 0.33-0.62). Higher educational level was associated with a lower risk of UADT cancer (p for trend, 0.016). 
Table 4 shows the incidence and multivariate-adjusted HRadj with 95% CI of developing UADT cancers for cigarette smokers, alcohol drinkers, and betel quid chewers. Betel quid chewers, cigarette smokers, and alcohol drinkers had an elevated UADT cancer risk showing a multivariate-adjusted HRadj of 3.36 (95% CI, 2.51-4.49), 2.02 (95% CI, 1.43-2.84) and 1.90 (95% CI, 1.46-2.49), respectively. There was a clear dose response relationship for quantity, duration, and cumulative consumption of the three habits (p for trend <0.001). Compared with non-chewers as the referent, HRadj (95% CI, P value) was 2.68 (1.85-3.88, <0.001) for the cumulative exposure of betel quid chewing less than or equal to 200 quid-years and 4.70 (3.24-6.81, <0.001) for those who chewed more than 200 quid-year, respectively. 
Table 5 shows the effects of combined exposures to betel quid, cigarette smoking and alcohol drinking on the risk of UADT cancer. Compared with individuals who did not use any type of the substances, the HRadj (95% CI) was 1.42 (0.55-3.65) for the alcohol drinker only, and 2.00 (1.30-3.07) for the cigarette smoker only, and 4.86 (1.70-13.88) for the betel quid chewer only. The HRadj and lifetime risk at age 80 increased substantially for betel quid chewers with habits of cigarette smoking and/or alcohol drinking. A user of betel quid, cigarette and alcohol had a cumulative lifetime UADT cancer risk (95% CI) of 12.04% (7.66-18.93%).
The HRadj with 95 % CI of developing UADT cancer by subtype and habits of betel quid chewing, cigarette smoking, and alcohol drinking after adjustment of potential confounders are shown in Table 6. Compared to those who never chewed betel quid, the HRadj (95% CI) of betel quid chewers were 5.77 (3.60-9.25) for oral cancer, 3.30 (1.90-5.74) for pharyngeal cancer, 2.62 (1.49-4.60) for esophageal cancer, and 0.97 (0.33-2.89) for laryngeal cancer. Does-response trends for the quantity, duration and cumulative exposure of betel quid chewing were observed for oral cancer, pharyngeal cancer and esophageal cancer, but not for laryngeal cancer The association with cigarette smoking was strongest for laryngeal cancer (HRadj, 3.04; 95% CI, 1.14-8.08), whereas the association with cigarette smoking was less strong for pharyngeal cancer (HRadj, 1.72; 95% CI, 0.92-3.20). Does-response trends for the quantity, duration and cumulative exposure of cigarette smoking were observed for oral cancer, pharyngeal cancer, esophageal cancer, and laryngeal cancer. No significant association with the habit, quantity, duration and cumulative exposure of alcohol drinking was observed for oral cavity cancer. However, alcohol drinking was significantly associated with the risk of pharyngeal cancer (HRadj, 1.72; 95% CI, 1.03-2.90), esophageal cancer (HRadj, 3.80; 95% CI, 2.31-6.28) and laryngeal cancer (HRadj, 4.44; 95% CI, 2.21-8.92). A significant dose-response relationship with pharyngeal caner, esophageal cancer and laryngeal cancer was observed for increasing quantity, duration and cumulative exposure of alcohol drinking. 

DISCUSSION
To our knowledge, this is the first population-based cohort study with a long follow-up that yielded cumulative incidence of UADT cancers after initial enrollment to evaluate the risk of betel quid chewing. This prospective study confirmed that betel quid chewing, cigarette smoking, and alcohol drinking are strong and independent risk factors for UADT cancers.
Betel quid chewing
Most of our findings are consistent with previous studies on betel quid chewing for oral cavity cancer (10), pharyngeal cancer (13), and esophagus cancer (11,12,14,21). Our analyses showed a strong effect between betel quid chewing and risk of oral cavity and pharynx cancer, a more moderate effect on esophagus, and no effect on larynx. One study conducted in India reported that betel leaf chewing with tobacco was associated with larynx cancer (ORadj, 2.37; 95% CI, 1.12-5.06) (15). While another study conducted in Taiwan reported that there was no association between betel quid chewing and laryngeal cancer (13). This difference might be due to the different ingredient of betel quid in Taiwan and India. The betel quid in Taiwan is chewed without tobacco and often chewed with inflorescence of piper betel and lime, but most chewers have cigarette smoking habits (22).
Several mechanisms have been identified to elucidate the effect of betel quid chewing on UADT cancer risk. The ingredient of betel quid contains various carcinogens and has been shown to be carcinogenic in animal models (23). The main components of betel quid include crude fiber, alkaloids, polyphenolic oligomers, tannins, etc. Numerous nitrosamine derivatives are metabolized from alkaloids by nitrosation of the alkaloid in the mouth. The nitrosamine derivatives have been considered as carcinogens and cytotoxicants (24). Polyphenols from betel quid are oxidized in the presence of lime and produce reactive oxygen species, which can cause genetic instability (23,25). The piper betel inflorescence, which is a unique ingredient of betel quid in Taiwan, contains high concentration of safrole. Safrole has been considered as a possible human carcinogen (IARC Group 2B). 
This study found that betel quid chewing without tobacco smoking was associated with a significant carcinogenicity to the digestive tract (oral cavity, pharynx, and esophagus) rather than the respiratory tract (larynx). Consistent with another case-control study in Taiwan, Lee et al. also observed that the cancer risk gradually decreased from mouth to throat (26). It seems that direct mucosal contact with the carcinogen at the target organ may contribute to the process of carcinogenesis.
Cigarette smoking
We observed a strong association between cigarette smoking and UADT cancer risk as demonstrated by the dose-response relationship for quantity, duration, and cumulative exposure of cigarette smoking. Cigarette smoke is a complex mixture of over 4,000 compounds, many of which are mutagenic or carcinogenic (27). The etiological link between cigarette smoking and UADT cancers seems biologically plausible.
The UADT cancer sites are directly exposed to tobacco smoke, especially for larynx. The risk of cigarette smoking is stronger for laryngeal cancer (respiratory tract) than for oral cavity cancer and esophageal cancer (digestive tract) in our analysis. The organ of larynx is most likely to be exposed to inhaled agent. The magnitudes of risk are consistent with previous estimates (5,7). The average relative risk of cigarette smoking was 10.0 for laryngeal cancers, 4.0-5.0 for oral and pharyngeal cancers, and 2.0-5.0 for esophageal cancer.
Alcohol drinking
There was a significant association between alcohol drinking and the risk of UADT cancers in this study. Increasing quantity, duration, and cumulative exposure of alcohol drinking were significantly associated with UADT cancer risk in a dose-response relationship, but only at high levels of alcohol intake. These findings are also consistent with results of previous studies (28-30). In this study, no association with oral cavity cancer risk was observed for alcohol dirking after adjustment for potential confounders. However, the quantity of alcohol drinking was associated with an increased oral cancer risk (HRadj, 2.43 for quantity of ethanol >=80 g/day vs. never drinker) when only adjusted for age, ethnicity, educational level, and cigarette smoking. This might be explained that betel quid chewing is the most important risk factor for oral cancer, and a high proportion of betel quid chewers were alcohol drinkers in Taiwan.
The mechanisms of alcohol drinking-related carcinogenesis of UADT remain to be elucidated and might differ at different sites (31,32). Ethanol itself is not a carcinogen in animal models, but its major metabolite, acetaldehyde as a genotoxic chemical, is considered carcinogenic to humans (33). The other possible mechanism is that alcohol acts as a solvent that enhances the penetration of carcinogenic compounds into the mucosa of UADT organ. 
Ever betel quid chewers had a high lifetime risk of UADT cancers; nearly 10% of male chewers developed UADT cancers up to 80 years of age. Individuals who chewed more than 20 quids per day had a lifetime UADT cancer risk as high as one-fifth. This estimate suggests a significant public health burden of chewing betel quids.
There are several strengths of this study. It was a population-based cohort study with a long follow-up that yielded a number of newly-developed cases of UADT cancers after initial enrollment. All lifestyle information was collected before the diagnosis of UADT cancer. However, there are some issues need further discussion in this study. The HRadj was not the highest for those with three habits of substance use. The most likely explanation is the competing causes of death. As shown in the supplemental table, the HRadj (95% CI) for all causes of death except UADT cancer was 2.18 (1.90-2.49) for those who had three habits of substance uses compared to non-users of any type of substance. It seems participants with three substance use habits were more likely death from other causes of death. As the change in substance uses during follow-up was not available, it is not possible to analyze the effect of substance use cessation over time. If there were changes in the habit after study entry, the HRadj of UADT cancer associated with substance uses would have been underestimated. As betel quid chewers were more likely to be cigarette smokers and alcohol drinkers, it is not possible to delineate the single effect of betel chewing only due to its small number of participants. However, the HRadj estimates did not change after adjustment of cigarette smoking and alcohol drinking 
In conclusion, this analysis of data from three cohorts in Taiwan provides precise estimates of the cumulative lifetime risk and multivariate-adjusted relative risk of betel quid chewing, cigarette smoking and alcohol drinking on the development of UADT cancer. Although all of three substances were involved in the carcinogenesis of UADT cancer, betel quid chewing remained the most important risk factor for cancers of the UADT except the larynx in Taiwan. Efforts to reduce the betel quid chewing in order to reverse the increasing trend of the UADT cancer incidence are in urgent need.
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Table 1. Characteristics of three Taiwan study cohorts included in this analysis
	Study cohort
	Recruitment period
	Study township
	Age eligibility (years)
	Total
 cohort members
	Mean age (standard deviation)
	 Percentage of ever chewer
	Percentage of ever smokers
	Percentage of ever drinker

	SCHIP cohort
	1982-1983
	Nankang, Nantzu, Tayuan, Tashu, Tounan, and Chunan
	≥18
	3,900

	52.0±13.3

	8.8

	71.5

	22.9


	MRMD cohort
	1984-1986
	Kuanhsi, Hsinpu, Hengshan, Yuanshan, Chutien, and Checheng
	≥30
	9,699
	51.8±12.6
	8.8
	65.4
	19.8

	CBCSP cohort
	1991-1992
	Sanchi, Chutung, Potzu, Kaohsu, Makung, Hushi, and Paihsa
	30-65
	12,020

	48.1±10.2

	12.2

	56.5

	20.6






Table 2. The cumulative lifetime (30-80 years old) risk of UADT cancers, oral cancer, pharyngeal cancer, esophageal cancer and laryngeal cancer by cigarette smoking, alcohol drinking and betel quid chewing characteristics.
	Variable
	Cumulative lifetime risk (%)

	
	UADT cancers
(N=269)
	Oral Cancers
(N=97)
	Pharyngeal cancers
(N=70)
	Esophageal cancers
(N=77)
	Laryngeal cancers
(N=37)

	Betel quid chewing
	
	
	
	
	

	Never
	1.65 (1.38-1.96)
	0.52 (0.39-0.70)
	0.45 (0.32-0.64)
	0.46 (0.33-0.64)
	0.28 (0.19-0.42)

	Ever
	9.42 (7.20-12.31)
	4.30 (2.86-6.47)
	2.46 (1.56-3.88)
	2.13 (1.32-3.43)
	0.79 (0.21-2.91)

	Quantity of betel quid chewing (quids/day)
	
	
	
	
	

	Never
	1.65 (1.38-1.96)
	0.52 (0.39-0.70)
	0.45 (0.32-0.64)
	0.46 (0.33-0.64)
	0.28 (0.19-0.42)

	<20
	5.92 (3.90-9.00)
	3.57 (1.98-6.46)
	1.20 (0.55-2.62)
	1.09 (0.51-2.37)
	0.19 (0.03-1.38)

	>=20
	17.20 (11.78-25.10)
	5.21 (3.10-8.74)
	5.39 (2.98-9.74)
	4.57 (2.38-8.76)
	2.51 (0.50-12.61)

	Duration of betel quid chewing (years)
	
	
	
	
	

	Never
	1.65 (1.38-1.96)
	0.52 (0.39-0.70)
	0.45 (0.32-0.64)
	0.46 (0.33-0.64)
	0.28 (0.19-0.42)

	<15
	5.99 (4.16-8.64)
	2.07 (1.26-3.41)
	2.20 (1.04-4.65)
	1.57 (0.86-2.88)
	0.29 (0.07-1.23)

	>=15
	11.76 (8.05-17.18)
	6.49 (3.69-11.44)
	2.56 (1.38-4.75)
	2.17 (1.10-4.27)
	0.90 (0.19-4.19)

	Cumulative exposure to betel quid chewing (quid-years)
	
	
	
	
	

	Never
	1.65 (1.38-1.96)
	0.52 (0.39-0.70)
	0.45 (0.32-0.64)
	0.46 (0.33-0.64)
	0.28 (0.19-0.42)

	<=200
	6.58 (4.42-9.81)
	3.19 (1.65-6.15)
	1.53 (0.71-3.27)
	1.65 (0.92-2.98)
	0.50 (0.15-1.64)

	>200
	13.79 (9.66-19.68)
	6.32 (3.64-10.98)
	4.17 (2.40-7.24)
	2.63 (1.27-5.45)
	0.90 (0.13-6.40)

	Cigarette smoking
	
	
	
	
	

	Never
	1.21 (0.88-1.65)
	0.45 (0.26-0.76)
	0.37 (0.21- 0.65)
	0.28 (0.15-0.53)
	0.14 (0.06-0.31)

	Ever
	3.22 (2.78-3.72)
	1.24 (0.98-1.58)
	0.82 (0.62-1.08)
	0.89 (0.68-1.17)
	0.40 (0.27-0.60)

	Quantity of cigarette smoking (pack/day)
	
	
	
	
	

	Never
	1.21 (0.88-1.65)
	0.45 (0.26-0.76)
	0.37 (0.21- 0.65)
	0.28 (0.15-0.53)
	0.14 (0.06-0.31)

	<1
	2.42 (1.85-3.18)
	0.69 (0.41-1.16)
	0.55 (0.32-0.96)
	0.98 (0.64-1.51)
	0.29 (0.14-0.59)

	>=1
	3.89 (3.26-4.63)
	1.68 (1.28-2.22)
	1.02 (0.73-1.42)
	0.84 (0.59-1.19)
	0.52 (0.32-0.85)

	Duration of cigarette smoking (years)
	
	
	
	
	

	Never
	1.21 (0.88-1.65)
	0.45 (0.26-0.76)
	0.37 (0.21- 0.65)
	0.28 (0.15-0.53)
	0.14 (0.06-0.31)

	<30
	3.16 (2.51-3.98)
	1.00 (0.74-1.36)
	1.06 (0.71-1.59)
	0.90 (0.54-1.51)
	0.42 (0.23-0.76)

	>=30
	2.35 (1.87-2.96)
	0.83 (0.56-1.24)
	0.42 (0.25-0.71)
	0.80 (0.54-1.20)
	0.35 (0.20-0.60)

	Cumulative exposure to cigarette smoking (pack-years)
	
	
	
	
	

	Never
	1.21 (0.88-1.65)
	0.45 (0.26-0.76)
	0.37 (0.21- 0.65)
	0.28 (0.15-0.53)
	0.14 (0.06-0.31)

	<25
	3.28 (2.64-4.09)
	1.21 (0.84-1.74)
	0.82 (0.57-1.19)
	1.07 (0.71-1.60)
	0.38 (0.20-0.71)

	>=25
	3.33 (2.59-4.29)
	1.50 (0.96-2.36)
	0.62 (0.40-0.98)
	0.86 (0.57-1.28)
	0.45 (0.26-0.77)

	Alcohol drinking
	
	
	
	
	

	Never
	1.85 (1.55-2.19)
	0.85 (0.66-1.10)
	0.46 (0.33-0.64)
	0.42 (0.29-0.61)
	0.17 (0.10-0.28)

	Ever
	4.77 (3.87-5.88)
	1.12 (0.73-1.71)
	1.45 (0.99-2.13)
	1.63 (1.16-2.30)
	0.85 (0.51-1.42)

	P for heterogeneity
	
	
	
	
	

	Quantity of alcohol drinking (g/day)
	
	
	
	
	

	Never
	1.85 (1.55-2.19)
	0.85 (0.66-1.10)
	0.46 (0.33-0.64)
	0.42 (0.29-0.61)
	0.17 (0.10-0.28)

	<80
	4.58 (3.34-6.28)
	0.90 (0.41-1.97)
	0.87 (0.46-1.65)
	1.78 (1.10-2.88)
	1.03 (0.50-2.11)

	>=80
	7.53 (5.51-10.29)
	2.22 (1.33-3.72)
	3.44 (2.05-5.77)
	1.87 (1.08-3.24)
	0.84 (0.38-1.89)

	Duration of alcohol drinking (years)
	
	
	
	
	

	Never
	1.85 (1.55-2.19)
	0.85 (0.66-1.10)
	0.46 (0.33-0.64)
	0.42 (0.29-0.61)
	0.17 (0.10-0.28)

	<=20
	5.88 (4.28-8.09)
	1.47 (0.75-2.88)
	1.86 (1.10-3.16)
	2.25 (1.34-3.77)
	0.83 (0.36-1.91)

	>20
	4.21 (3.17-5.59)
	1.08 (0.62-1.86)
	1.05 (0.60-1.83)
	1.44 (0.89-2.33)
	0.86 (0.45-1.66)

	Cumulative exposure to alcohol drinking (g-years) 
	
	
	
	
	

	Never
	1.85 (1.55-2.19)
	0.85 (0.66-1.10)
	0.46 (0.33-0.64)
	0.42 (0.29-0.61)
	0.17 (0.10-0.28)

	<1500
	5.04 (3.68-6.92)
	0.95 (0.48-1.86)
	1.23 (0.70-2.17)
	1.89 (1.13-3.17)
	1.06 (0.48-2.35)

	>=1500
	7.01 (4.96-9.91)
	1.78 (1.00-3.18)
	2.96 (1.57-5.59)
	1.98 (1.17-3.38)
	0.97 (0.46-2.06)






Table 3. Incidence and adjusted hazard ratio (HRadj) with 95% confidence interval (CI) of developing UADT cancer by age at recruitment, ethnicity and education
	
Variables
	Total number of participants (%)
	Person-
years
	UADT cancers

	
	
	
	Case number
	Incidence per 100,000 person-years
	HRadj (95% CI) a
	P value

	Age at recruitment
	
	
	
	
	

	<40
	5854 (22.9)
	118049.9
	51
	43.2
	1.00 (referent)
	

	40-49
	6299 (24.6)
	126982.4
	78
	61.4
	1.40 (0.98-2.00)
	0.062

	50-59
	7753 (30.3)
	143236.1
	86
	60.0
	1.41 (0.99-1.99)
	0.055

	≥60
	5705 (22.3)
	83827.4
	54
	64.4
	1.65 (1.12-2.42)
	0.012

	
	
	
	
	
	P for trend=
	0.007

	Ethnicity b
	
	
	
	
	
	

	Fukkinese 
	15111 (59.1)
	274247.9
	194
	70.7
	1.00 (referent)
	

	Hakka
	9604 (37.5)
	183919.8
	65
	35.3
	0.45 (0.33-0.62)
	<0.001

	Others
	874 ( 3.4)
	13523.7
	10
	73.9
	1.20 (0.63-2.30)
	0.585

	Education c
	
	
	
	
	
	

	Illiterate
	2995 (11.8)
	46639.7
	29
	62.2
	1.00 (referent)
	

	Primary school
	12532 (49.4)
	230648.3
	143
	62.0
	0.98 (0.65-1.46)
	0.903

	High school
	8498 (33.5)
	161975.8
	90
	55.6
	0.87 (0.57-1.33)
	0.520

	College
	1338 ( 5.3)
	27964.4
	5
	17.9
	0.27 (0.10-0.70)
	0.007

	
	
	
	
	
	P for trend=
	0.016

	Total
	25611
	472095.8
	269
	57.0
	
	


a Adjusted for study cohort 
b Data for ethnicity were not available for 22 participants 
c Data for education were not available for 248 participants

Table 4. Incidence and multivariate-adjusted hazard ratio (HRadj) with 95% confidence interval (CI) of developing UADT cancer by cigarette smoking, alcohol drinking and betel quid chewing
	
Variables
	Total number of participants (%)
	Person-
years
	UADT cancers

	
	
	
	Case number 
	
	Incidence per 100,000 person-years
	
	HRadj (95% CI)a
	
	P value

	Betel quid chewing
	
	
	
	
	
	

	Never
	20778 (89.5)
	397750.4
	163
	41.0 
	1.00 (referent)
	

	Ever
	2451 (10.5)
	44826.5
	81
	180.7 
	3.36 (2.51-4.49)
	<0.001

	Quantity of betel quid chewing (quids/day)
	
	
	
	
	
	

	Never
	20778 (89.7)
	397750.4
	163
	41.0 
	1.00 (referent)
	

	<20
	1567 ( 6.8)
	28916.6
	32
	110.7 
	2.11 (1.42-3.12)
	<0.001

	>=20
	820 ( 3.5)
	14830.4
	47
	316.9 
	5.90 (4.15-8.39)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Duration of betel quid chewing (years)
	
	
	
	
	
	

	Never
	20778 (89.7)
	397750.4
	163
	41.0 
	1.00 (referent)
	

	<15
	1483 ( 6.4)
	26936.0
	41
	152.2 
	3.02 (2.08-4.38)
	<0.001

	>=15
	911 ( 3.9)
	16765.3
	40
	238.6 
	3.96 (2.74-5.71)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Cumulative exposure to betel quid chewing (quid-years)
	
	
	
	
	
	

	Never
	20778 (89.8)
	397750.4
	163
	41.0 
	1.00 (referent)
	

	<=200
	1583 ( 6.8)
	28929.7
	40
	138.3 
	2.68 (1.85-3.88)
	<0.001

	>200
	769 ( 3.3)
	14062.3
	39
	277.3 
	4.70 (3.24-6.81)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Cigarette smoking
	
	
	
	
	
	

	[bookmark: _Hlk304792987]Never
	9672 (37.9)
	182087.4
	49
	26.9 
	1.00 (referent)
	

	Ever
	15865 (62.1)
	288527.1
	220
	76.2 
	2.02 (1.43-2.84)
	<0.001

	Quantity of cigarette smoking (pack/day)
	
	
	
	
	
	

	Never
	9672 (38.7)
	182087.4
	49
	26.9 
	1.00 (referent)
	

	<1
	6598 (26.4)
	120760.3
	63
	52.2 
	1.61 (1.08-2.40)
	0.021

	>=1
	8705 (34.9)
	157488.5
	153
	97.1 
	2.41 (1.68-3.46)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Duration of cigarette smoking (years)
	
	
	
	
	
	

	Never
	9672 (39.0)
	182087.4
	49
	26.9 
	1.00 (referent)
	

	<30
	8333 (33.6)
	164406.2
	119
	72.4 
	1.92 (1.32-2.80)
	<0.001

	>=30
	6811 (27.5)
	111241.5
	97
	87.2 
	2.22 (1.47-3.33)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Cumulative exposure to cigarette smoking (pack-years)
	
	
	
	
	
	

	Never
	9672 (39.6)
	182087.4
	49
	26.9 
	1.00 (referent)
	

	<25
	8471 (34.6)
	162016.3
	110
	67.9 
	1.98 (1.37-2.85)
	<0.001

	>=25
	6313 (25.8)
	107171.7
	102
	95.2 
	2.18 (1.47-3.22)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Alcohol drinking
	
	
	
	
	
	

	[bookmark: _Hlk304801812]Never
	20074 (79.4)
	372850.0
	159
	42.6 
	1.00 (referent)
	

	Ever
	5218 (20.6)
	92712.1
	106
	114.3 
	1.90 (1.46-2.49)
	<0.001

	Quantity of alcohol drinking (g/day)
	
	
	
	
	
	

	Never
	20074 (82.6)
	372850.0
	159
	42.6 
	1.00 (referent)
	

	<80
	2804 (11.5)
	49358.7
	49
	99.3 
	1.73 (1.23-2.42)
	0.002

	>=80
	1434 ( 5.9)
	24692.4
	46
	186.3 
	2.49 (1.72-3.61)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Duration of alcohol drinking (years)
	
	
	
	
	
	

	Never
	20074 (80.8)
	372850.0
	159
	42.6 
	1.00 (referent)
	

	<=20
	2126 ( 8.6)
	39482.5
	48
	121.6 
	2.07 (1.45-2.97)
	<0.001

	>20
	2654 (10.7)
	45041.1
	55
	122.1 
	1.91 (1.37-2.68)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001

	Cumulative exposure to alcohol drinking (g-years)
	
	
	
	
	
	

	Never
	20074 (83.3)
	372850.0
	159
	42.6 
	1.00 (referent)
	

	<1500
	2602 (10.8)
	46162.7
	50
	108.3 
	1.79 (1.27-2.51)
	<0.001

	>=1500
	1410 ( 5.9)
	24020.2
	44
	183.2 
	2.58 (1.78-3.74)
	<0.001

	
	
	
	
	
	P for trend=
	<0.001
	


Sample size in categories varies by available data.
a Adjusted for age, ethnicity, education, substance use each other, and study cohort

Table 5. Incidence, adjusted hazard ratio (95% confidence interval), and cumulative lifetime (30-80 years old) risk of developing UADT cancer by the combination of betel quid chewing, cigarette smoking and alcohol drinking
	Betel quid chewing
	Cigarette
smoking
	Alcohol
drinking
	Total number of participants (%)
	Person-
years
	UADT cancers

	
	
	
	
	
	No
	Incidence
	HRadj (95% CI)a
	P value
	Lifetime risk (95% CI)

	Never
	Never
	Never
	7775 (33.8)
	149990.6
	30
	20.0
	1.00 (referent)
	
	0.86 (0.58-1.29)

	Never
	Never
	Ever
	850 ( 3.7)
	16268.5
	5
	30.7
	1.42 (0.55-3.65)
	0.473
	1.32 (0.54-3.22)

	Never
	Ever
	Never
	9088 (39.5)
	174143.8
	71
	40.8
	2.00 (1.30-3.07)
	0.002
	1.56 (1.20-2.03)

	Ever
	Never
	Never
	209 ( 0.9)
	3944.8
	4
	101.4
	4.86 (1.70-13.88)
	0.003
	4.65 (1.69-12.80)

	Never
	Ever
	Ever
	2851 (12.4)
	52589.3
	55
	104.6
	4.90 (3.12-7.69)
	<0.001
	3.94 (2.93-5.29)

	Ever
	Never
	Ever
	90 ( 0.4)
	1629.7
	5
	306.8
	15.69 (6.06-40.68)
	<0.001
	8.60 (3.58-20.67)

	Ever
	Ever
	Never
	1228 ( 5.3)
	22783.1
	39
	171.2
	8.49 (5.24-13.77)
	<0.001
	8.88 (6.08-12.98)

	Ever
	Ever
	Ever
	901 ( 3.9)
	15991.1
	33
	206.4
	10.46 (6.31-17.34)
	<0.001
	12.04 (7.66-18.93)


a Adjusted for age, ethnicity, education, substance use each other, and study cohort

Table 6. Multivariate-adjusted hazard artio (HRadj) with 95% confidence interval (CI) of developing UADT cancers by subsites and habits of betel quid chewing, cigarette smoking, and alcohol drinking
	Variables
	HRadj (95% CI)a

	
	Oral Cancers
(N=97)
	Pharyngeal cancers
(N=70)
	Esophageal cancers
(N=77)
	Laryngeal cancers
(N=37)

	Betel quid chewing
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	Ever
	5.77 (3.60-9.25)**
	3.30 (1.90-5.74)**
	2.62 (1.49-4.60)**
	0.97 (0.33-2.89)

	Quantity of betel quid chewing (quids/day)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<20
	4.26 (2.38-7.64)**
	1.80 (0.82-3.95)
	1.44 (0.64-3.27)
	0.38 (0.05-2.82)

	>=20
	8.42 (4.66-15.24)**
	6.54 (3.46-12.36)**
	5.20 (2.69-10.03)**
	2.29 (0.66-7.92)

	P for trend
	<0.001
	<0.001
	<0.001
	0.516

	Duration of betel quid chewing (years)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<15
	4.37 (2.36-8.09)**
	3.09 (1.57-6.09)**
	2.69 (1.31-5.49)**
	0.87 (0.20-3.88)

	>=15
	7.83 (4.49-13.63)**
	3.83 (1.86-7.88)**
	2.68 (1.28-5.60)**
	1.15 (0.27-4.92)

	P for trend
	<0.001
	<0.001
	0.001
	0.932

	Cumulative exposure to betel quid chewing (quid-years)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<=200
	4.33 (2.39-7.82)**
	2.20 (1.06-4.56)*
	2.60 (1.32-5.12)**
	1.18 (0.34-4.06)

	>200
	8.20 (4.56-14.72)**
	5.89 (3.04-11.40)**
	2.92 (1.35-6.34)**
	0.72 (0.10-5.39)

	P for trend
	<0.001
	<0.001
	<0.001
	0.929

	Cigarette smoking
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	Ever
	1.86 (1.05-3.29)*
	1.72 (0.92-3.20)+
	2.29 (1.14-4.60)*
	3.04 (1.14-8.08)*

	Quantity of cigarette smoking (pack/day)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<1
	1.06 (0.51-2.20)
	1.13 (0.52-2.49)
	2.63 (1.23-5.59)*
	2.70 (0.91-8.04)+

	>=1
	2.63 (1.45-4.77)**
	2.15 (1.11-4.15)*
	2.17 (1.04-4.54)*
	3.51 (1.26-9.74)*

	P for trend
	<0.001
	0.014
	0.085
	0.016

	Duration of cigarette smoking (years)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<30
	1.60 (0.86-2.98)
	1.79 (0.92-3.48)+
	2.63 (1.23-5.63)*
	2.83 (0.94-8.50)+

	>=30
	2.33 (1.15-4.71)*
	1.59 (0.69-3.62)
	2.05 (0.93-4.51)+
	3.56 (1.22-10.39)*

	P for trend
	0.018
	0.179
	0.078
	0.020

	Cumulative exposure to cigarette smoking (pack-years)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<25
	1.67 (0.90-3.10)
	1.61 (0.83-3.15)
	2.75 (1.32-5.73)**
	3.00 (1.04-8.62)*

	>=25
	2.23 (1.15-4.33)*
	1.88 (0.89-3.98)+
	1.98 (0.91-4.31)+
	3.58 (1.25-10.28)*

	P for trend
	0.018
	0.096
	0.142
	0.019

	Alcohol drinking
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	Ever
	0.86 (0.52-1.42)
	1.72 (1.03-2.90)*
	3.80 (2.31-6.28)**
	4.44 (2.21-8.92)**

	Quantity of alcohol drinking (g/day)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<80
	0.56 (0.27-1.19)
	1.17 (0.56-2.45)
	4.15 (2.33-7.39)**
	3.88 (1.66-9.07)**

	>=80
	1.54 (0.81-2.92)
	3.27 (1.73-6.19)**
	3.71 (1.81-7.61)**
	5.92 (2.32-15.10)**

	P for trend
	0.597
	0.001
	<0.001
	<0.001

	Duration of alcohol drinking (years)
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<=20
	0.86 (0.43-1.71)
	2.16 (1.15-4.07)*
	4.57 (2.39-8.75)**
	5.21 (2.04-13.32)**

	>20
	0.98 (0.52-1.85)
	1.53 (0.74-3.15)
	3.53 (1.95-6.39)**
	4.33 (1.92-9.75)**

	P for trend
	0.836
	0.065
	<0.001
	<0.001

	Cumulative exposure to alcohol drinking (g-years) 
	
	
	
	

	Never
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)
	1.00 (referent)

	<1500
	0.66 (0.32-1.34)
	1.58 (0.81-3.07)
	3.91 (2.15-7.13)**
	3.87 (1.61-9.35)**

	>=1500
	1.33 (0.67-2.65)
	2.86 (1.43-5.75)**
	4.70 (2.41-9.16)**
	6.40 (2.59-15.86)**

	P for trend
	0.842
	0.003
	<0.001
	<0.001


a Adjusted for age, ethnicity, education, substance use each other, and study cohort
**p<0.01, *p<0.05, +p<0.1




Figure legend

Figure 1. Lifetime risk of UADT cancers and subsites at various age
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Supplemental materials
SCHIP cohort. Six townships including Nankang, Nantzu, Tayuan, Tashu, Tounan, and Chunan were selected as the study areas for the prospective study of hypertension intervention project between 1982 and 1983. Residents who were more than 18 years old and had no previous cardiovascular disease, diabetes mellitus, or hypertension in these six townships were invited to participate. Informed consent was given verbally in the presence of a witness. A total of 3,900 males and 3,757 females participated in the study. 
MRMD cohort. As described previously, 9,699 males who were more than 30 years old from six townships (Kuanhsi, Hsinpu, Hengshan, Yuanshan, Chutien, and Checheng) were recruited between 1984 and 1986. Written informed consent was obtained from participants. 
CBCSP cohort. Details of the study have been published previously. Briefly, the study participants were recruited between 1991 and 1992 from seven townships(Sanchi, Chutung, Potzu, Kaohsu, Makung, Hushi, and Paihsa). A total of 12,020 males and 11,923 females who were 30-65 years old participated in the study.

Supplemental Table. Multivariate-adjusted hazard ratio (HRadj) with 95% confidence interval (CI) of all death except UADT cancer by the combination of betel quid chewing, cigarette smoking and alcohol drinking at study entry
	Betel quid chewing
	Cigarette
smoking
	Alcohol
drinking
	Total number of participants
	All death except UADT
	UADT death

	
	
	
	
	No
	HRadj (95% CI)a
	No
	HRadj (95% CI)a

	Never
	Never
	Never
	7775 (33.8)
	1534
	1.00 (referent)
	11
	  1.00 (referent)

	Never
	Never
	Ever
	850 ( 3.7)
	180
	0.99 (0.84-1.15)
	1
	0.72 (0.09-5.58)

	Never
	Ever
	Never
	9088 (39.5)
	2861
	1.32 (1.24-1.40)
	36
	2.56 (1.30-5.05)

	Ever
	Never
	Never
	209 ( 0.9)
	62
	1.44 (1.11-1.86)
	2
	5.77 (1.27-26.20)

	Never
	Ever
	Ever
	2851 (12.4)
	1048
	1.61 (1.48-1.74)
	41
	8.73 (4.46-17.10)

	Ever
	Never
	Ever
	90 ( 0.4)
	16
	1.41 (0.86-2.30)
	3
	24.78 (6.86-89.55)

	Ever
	Ever
	Never
	1228 ( 5.3)
	320
	1.67 (1.48-1.89)
	22
	12.11 (5.82-25.19)

	Ever
	Ever
	Ever
	901 ( 3.9)
	259
	2.18 (1.90-2.49)
	29
	23.92 (11.81-48.45)


a Adjusted for age, ethnicity, education, and study cohort
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