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Abstract
The well-known gene-environment interaction between alcohol consumption 
and aldehyde dehydrogenase 2 (ALDH2) genotype in upper aerodigestive tract can-
cer risk may improve our ability to identify high-risk subjects. Here, we developed 
and validated risk prediction models for this cancer in Japanese men and evaluated 
whether adding the gene-environment interaction to the model improved the pre-
dictive performance. We developed two case-cohort datasets in the Japan Public 
Health Center-based Prospective Study: one from subjects in the baseline survey 
for model development (108 cases and 4049 subcohort subjects) and the second 
from subjects in the 5-year follow-up survey for model validation (31 cases and 1527 
subcohort subjects). We developed an environmental model including age, smoking 
status, and alcohol consumption, and a gene-environment interaction model includ-
ing age, smoking status, and the combination of alcohol consumption and the ALDH2 
genotype. We found a statistically significant gene-environment interaction for al-
cohol consumption and the ALDH2 genotype. The c-index for the gene-environment 
interaction model (0.71) was slightly higher than that for the environmental model 
(0.67). The values of integrated discrimination improvement and net reclassification 
improvement for the gene-environment interaction model were also slightly higher 
than those for the environmental model. Goodness-of-fit tests suggested that the 
models were well calibrated. Results from external model validation by the 5-year 
follow-up survey were consistent with those from the model development by the 
baseline survey. The addition of a gene-environment interaction to a lifestyle-based 
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1  | INTRODUC TION

A risk prediction model for cancer is a statistical tool for estimating 
the absolute risk that a currently healthy individual with specific risk 
factors will develop a cancer in the future. A model can be translated 
into more efficient risk-based preventive measures and is necessary 
for the implementation of precision public health. While many risk 
prediction models have been developed, some constructed using 
nongenetic risk factors have shown only modest discriminatory ac-
curacy.1-4 To improve predictive performance, later intensive studies 
added genetic markers such as variants identified in genome-wide 
association studies, but improvements have again been limited.5,6 
Further improvement therefore requires the incorporation of strong 
risk factors into the model. One candidate is the gene-environment 
interaction, but so far very few models have included it.7,8

A good example is the gene-environment interaction between 
alcohol consumption and aldehyde dehydrogenase 2 (ALDH2) gen-
otype on the risk of upper aerodigestive tract cancer. The ALDH2 
genotype determines the individual's blood level of acetaldehyde,9 
which has been established as a carcinogen in experimental ani-
mals.10 Previous studies, mainly case-control studies, have shown 
a gene-environment interaction between alcohol consumption and 
the ALDH2 genotype on the risk of upper aerodigestive tract can-
cer.11-15 Considering this evidence, the IARC concluded that acetal-
dehyde derived from the metabolism of ethanol in alcohol beverages 
contributes to esophageal cancer.10

Among the several prediction models for upper aerodigestive 
tract cancer reported to date,7,8,16,17 only two incorporated the 
gene-environment interaction between alcohol consumption and 
the ALDH2 genotype.7,8 The first of these was a model for esoph-
ageal cancer developed from a case-control study among Japanese 
men, which showed excellent discriminatory accuracy (area under 
the curve = 0.86).7 The second involved validated models for upper 
aerodigestive tract cancer based on two hospital-based case-con-
trol studies among Japanese, and showed an improvement in dis-
criminatory accuracy with the addition of the gene-environment 
interaction.8

The improvements arising from the inclusion of this gene-en-
vironment interaction would be strengthened by a confirmation 
study using data from a prospective cohort. Further, determining 
the 10-year absolute risk for developing upper aerodigestive tract 
cancer would aid the identification of individuals at high risk who 
might benefit from preventive measures. Accordingly, the aim of the 
present study was to develop and validate risk prediction models for 

upper aerodigestive tract cancer in Japanese men based on a popu-
lation-based prospective cohort study and to evaluate whether the 
addition of a gene-environment interaction to the model improves 
the performance to estimate the 10-year absolute risk of developing 
upper aerodigestive tract cancer.

2  | MATERIAL S AND METHODS

2.1 | Study population

The Japan Public Health Center-based Prospective Study (JPHC 
Study), initiated in 1990 for cohort I and in 1993 for cohort II, in-
cludes 140 420 subjects (68 722 men and 71 698 women) aged 
40-69 years living in municipalities supervised by 11 public health 
centers throughout Japan. In the baseline survey from 1990 to 1994, 
approximately 113 000 subjects returned the questionnaire, giv-
ing a response rate of 81%, and 48 000 provided blood samples or 
health checkup data, with most providing both. The 5-year follow-up 
survey was conducted to update information on lifestyle habits and 
health conditions between 1995 and 2000. Approximately 104 000 
subjects returned the questionnaire, giving a response rate of 74%, 
and 34 000 provided blood samples or health checkup data, with 
most providing both. Details of the JPHC Study have been provided 
elsewhere.18 To obtain genotyping data in a cost-efficient manner, 
given the fixed maximum cost for our study, a case-cohort design 
was applied to select an appropriate subsample of subjects from the 
JPHC Study.

2.2 | Follow-up and case-cohort selection from the 
baseline survey for model development

In this study, we defined a base cohort of 33 736 subjects who re-
sponded to the baseline questionnaire and provided a blood sample 
during a health checkup after excluding subjects in two public health 
centers, ineligible subjects, and subjects declining to participate as 
described in Figure 1. From this base cohort, we randomly chose a 
subcohort of 13 024 subjects for model development.

All subjects were followed until 31 December, 2009. Changes 
in residence status and survival status were ascertained annually 
through the residential registry from each public health center area. 
Newly diagnosed cancer cases were identified by active patient noti-
fication from local major hospitals in the study area and data linkage 

model might improve the performance to estimate the probability of developing 
upper aerodigestive tract cancer for Japanese men.
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with population-based cancer registries. Death certificates were 
used as a supplementary information source. Upper aerodigestive 
tract cancer was defined according to the following codes of the 
International Classification of Diseases for Oncology, Third Edition: 
oral cavity (C00-C08), pharynx (C10-C13), esophagus (C15), and lar-
ynx (C32).

Among the 33 736 baseline cohort subjects, 140 cases (108 
men and 32 women) of upper aerodigestive tract cancer were newly 
identified during the follow-up after the exclusion of subjects with 
a past history of cancer in the baseline questionnaire, subjects di-
agnosed with cancer before the start of the follow-up, and sub-
jects with missing information on covariates and genotyping data 
(Figure 1). Similarly to the case subjects, 11 724 subcohort subjects 
(4049 men and 7675 women) among the 13 024 randomly selected 
subjects remained after excluding subjects using the same criteria as 
for the case selection described above.

2.3 | Case-cohort selection from the 5-year follow-
up survey for external validation

To evaluate the validity of the developed prediction model based on 
case-cohort subjects from the baseline survey, we constructed data 
that were independent of the subjects in the 5-year follow-up survey 
(Figure 2). To ensure that we did not duplicate subjects, we focused 

on subjects who responded to the self-administered questionnaire 
and provided blood samples at the 5-year follow-up survey but did 
not respond to the self-administered questionnaire and did not pro-
vide blood samples at the baseline survey. Thanks to this, the case-
cohort subjects from the 5-year follow-up survey who were used to 
assess the external validity were completely independent from the 
case-cohort subjects from the baseline survey who were used to de-
velop the prediction models. After excluding subjects using the same 
criteria as in the baseline survey, we randomly selected a subcohort 
sample of 4000 subjects from the 10 950 5-year follow-up cohort 
subjects for the validation study.

Based on follow-up data obtained up to 31 December, 2009, 
we identified 39 cases (31 men and 8 women) of upper aerodiges-
tive tract cancer and 3610 subcohort subjects (1527 men and 2083 
women) after excluding subjects using the same criteria as in the 
baseline survey.

2.4 | Definition of risk factors

We selected well-established risk factors for upper aerodigestive 
tract cancer used in a previous risk prediction model.8 Subjects were 
categorized by age into three groups of <50 years, 50-59 years, and 
≥60 years old; by smoking status into three groups of never, past, 
and current smokers; and by alcohol consumption into two groups of 

F I G U R E  1   Selection of upper 
aerodigestive tract cancer (UADTC) cases 
and subcohort subjects from the baseline 
survey in the Japan Public Health Center-
based Prospective Study (JPHC Study)
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nondrinkers or drinkers who consumed <5 days per week or <23 g 
of ethanol per day, and drinkers who consumed ≥5 days per week 
and ≥23 g of ethanol per day.

2.5 | Laboratory analysis

DNA samples of the subjects were analyzed using the 
HumanOmniExpressExome-8 v1.2 BeadChip, HumanOmniExpress-12 
BeadChip, or HumanOmni2.5-8 BeadChip arrays (Illumina Inc). 
Genotyping was conducted at the Genetics Division or Department 
of Clinical Genomics, Fundamental Innovative Oncology Core (FIOC), 
National Cancer Center Research Institute or at the RIKEN Center for 
Integrative Medical Sciences. In the present study, we extracted geno-
typing information on rs671 (ALDH2 Glu504Lys) from the above data.

2.6 | Statistical analysis

Considering the lower incidence rate of upper aerodigestive tract 
cancer and lower prevalence of heavy smoking and drinking in 
women than in men in Japan,19,20 the present analysis was limited to 
data from men only, and finally included 108 cases and 4049 subco-
hort subjects for model development and 31 cases and 1527 subco-
hort subjects for external validation (Figures 1 and 2).

We developed two models based on the case-cohort subjects 
from the baseline survey: an environmental model which included age, 

smoking status, and alcohol consumption and a gene-environment in-
teraction model which included age, smoking status, and the combina-
tion of alcohol consumption and the ALDH2 genotype (Table 1). Hazard 
ratios (HRs) and 95% confidence intervals (CIs) for upper aerodigestive 
tract cancer according to variables included in the two models were 
estimated by inverse-probability-weighted Cox proportional hazard 
models stratified by study area, with the weights defined as 1 for cases 
and the inverse of the sampling probability for subcohort controls.21 
The interaction between alcohol consumption and the ALDH2 geno-
type was assessed by the Wald test of the product term. The 10-year 
absolute risk for upper aerodigestive tract cancer in men was calcu-
lated by means of the Breslow estimator of cumulative hazards using 
the estimates of the weighted Cox regression analysis.22

The prediction models were evaluated with regard to their ability 
to improve model discrimination. To compare model discrimination, 
we calculated the c-index, the integrated discrimination improve-
ment (IDI), and the continuous net reclassification improvement 
(NRI) based on the case-cohort subjects from the baseline survey.23 
We also evaluated the classification accuracy using quantified dif-
ferences in classification by NRI. The risk category of NRI was arbi-
trarily defined as <0.25%, 0.25%≤ & <1%, and ≥1% 10-year absolute 
risk of developing upper aerodigestive tract cancer. Because of 
the case-cohort study design, we calculated all of these measures 
weighted, using the weight of inversed sampling probability in a simi-
lar way to the method used for the weighted Cox regression model.24

Calibration was assessed based on the case-cohort subjects 
from the baseline survey by comparing the predicted and observed 

F I G U R E  2   Selection of upper 
aerodigestive tract cancer (UADTC) 
cases and subcohort subjects from the 
5-y follow-up survey in the Japan Public 
Health Center-based Prospective Study 
(JPHC Study)
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number of events with the Grønnesby and Borgan goodness-of-fit 
test (GB test),25,26 which is similar to the Hosmer-Lemeshow test 
for logistic regression models. To implement the GB test, all sub-
jects were divided into five groups according to the weighted quin-
tiles of the predicted absolute risks in the subcohort subjects. We 
then added the group indicator variables into the Cox proportional 
hazards model with the risk factors and performed an overall test 
for the group indicator variables using the Wald test with robust 
variance. The GB test for the case-cohort study design is based on 
weighted martingale residuals. The 10-year observed and predicted 
absolute risks in each group were also estimated by the weighted 
Kaplan-Meier method and the weighted average of the predicted 
absolute risks, respectively.

To further evaluate the performance of the developed mod-
els, we conducted external validation based on the case-cohort 
subjects from the 5-year follow-up survey, who were an indepen-
dent population from the model development, by calculating the 

c-index, IDI, and NRI for discrimination and performing the GB test 
for calibration using the predicted values from the developed mod-
els. For the GB test, all subjects were divided into three groups 
according to the weighted tertiles of the predicted absolute risks 
in the subcohort subjects, in consideration of the small number of 
cases (n = 31).

All reported P values are two-sided, and the significance level 
was set at P < .05. All statistical analyses were performed using SAS 
9.4 (SAS Institute Inc).

3  | RESULTS

Table 1 shows the HRs and CIs for the variables included in the en-
vironmental and gene-environment interaction models. Increasing 
age, smoking, and alcohol consumption were significantly associ-
ated with increased risk of upper aerodigestive tract cancer in the 

TA B L E  1   Hazard ratios (HR) and 95% confidence intervals (CIs) for upper aerodigestive tract cancer risk according to variables included 
in the models

Model Variable and categories
Number 
of cases

Number of 
subcohort 
subjects HR 95% CIs P value

Environmental model

Age, y

<50 20 1300 1.00 Reference

50-<60 52 1699 2.28 1.36-3.81 1.8 × 10−3

≥60 36 1050 3.62 2.08 - 6.32 5.9 × 10−6

Smoking

Never smoker 13 1184 1.00 Reference

Past smoker 29 1053 2.20 1.12-4.30 2.1 × 10−2

Current smoker 66 1812 3.14 1.71-5.77 2.3 × 10−4

Alcohol consumption

Nondrinkers/<5 d per week or < 23 g of ethanol/day 43 2490 1.00 Reference

≥5 d per week and ≥23 g of ethanol/day 65 1559 2.15 1.45-3.20 1.5 × 10−4

Gene-environment interaction model

Age, y

<50 20 1300 1.00 Reference

50-<60 52 1699 2.24 1.33-3.77 2.3 × 10−3

≥60 36 1050 3.71 2.13-6.48 3.9 × 10−6

Smoking

Never smoker 13 1184 1.00 Reference

Past smoker 29 1053 2.07 1.05-4.08 3.5 × 10−2

Current smoker 66 1812 2.94 1.58-5.45 6.4 × 10−4

Combination of alcohol consumption and ALDH2 genotype

Nondrinkers/<5 d per week or <23 g of ethanol/day + Glu/Glu
Nondrinkers/<5 d per week or <23 g of ethanol/day + Glu/

Lys + Lys/Lys

43 2490 1.00 Reference

≥5 d per week and ≥ 23 g ethanol/day + Glu/Glu 41 1351 1.58 1.02-2.46 4.1 × 10−2

≥5 d per week and ≥ 23 g ethanol/day + Glu/Lys + Lys/Lys 24 208 6.00 3.53-10.19 3.4 × 10−11

Abbreviation: ALDH2, aldehyde dehydrogenase 2.
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environmental model. Similarly, statistically significant associations 
were found for age, smoking status, and combination of alcohol con-
sumption and the ALDH2 genotype in the gene-environment interac-
tion model. Compared with subjects who were nondrinkers or drank 
less than 5 days per week or 23 g of ethanol per day, regardless of 
the ALDH2 genotype, the HR (95% CI) was 6.00 (3.53-10.19) among 
subjects who drank 5 days or more per week and more than 23 g of 
ethanol per day and had the Glu/Lys or Lys/Lys genotype. Of note, 
the test of interaction was statistically significant (P = 4.0 × 10−4). 
Similarly, we observed a statistically significant interaction between 
alcohol consumption and the ALDH2 genotype on the risk of esopha-
geal cancer (data not shown).

In the development of prediction models based on case-cohort 
subjects from the baseline survey, the c-index for the gene-envi-
ronment interaction model (0.71) was slightly higher than that for 
the environmental model (0.67) (Table 2). The gene-environment 
interaction model was also preferable to the environmental model 
with regard to the IDI (0.0036) and continuous NRI (0.033). The cat-
egorical NRI value (0.13) showed an improvement when the environ-
mental and gene-environment interaction models were compared 
(Table 2). The differences between the observed and predicted ab-
solute risk by quintile category are shown in Figure 3. The P values 
for the GB test were 0.34 for the environmental model and 0.19 for 
the gene-environment interaction model. Similarly, the gene-envi-
ronment interaction model for esophageal cancer also improved the 
model discriminations assessed by the NRI and IDI compared to the 
environmental model, and the two models were well calibrated (data 
not shown).

In the assessment of the external validity of the developed risk 
prediction models based on case-cohort subjects from the 5-year 
follow-up survey, the c-index for the gene-environment interaction 
model (0.76) was slightly higher than that for the environmental 
model (0.72) (Table 3). The superiority of the gene-environment in-
teraction model was also shown by the IDI (0.0089), continuous NRI 
(0.37), and categorical NRI (0.16). In terms of calibration, we did not 
observe significant differences between the observed and predicted 
absolute risk by tertile category (Figure 4).

We estimated the absolute risks for developing upper aerodi-
gestive tract cancer for men according to risk factor profiles based 
on the case-cohort subjects from the baseline survey (Table 4). The 
10-year absolute risks for developing upper aerodigestive tract can-
cer varied by risk factor profile from 0.09% to 6.05%. Of note, the 

10-year absolute risks substantially differed between subjects who 
had the Glu/Glu genotype and Glu/Lys or Lys/Lys genotype among 
subjects who drank 5 days or more per week and more than 23 g 
of ethanol per day (eg, 1.59% vs 6.05% for current smokers at age 
60 years or older).

4  | DISCUSSION

This study confirmed a statistically significant gene-environment 
interaction for alcohol consumption and the ALDH2 genotype on 
the risk of upper aerodigestive tract cancer in a population-based 
prospective cohort of Japanese men. We developed two risk predic-
tion models of upper aerodigestive tract cancer for Japanese men 
and found that a further improvement of the performance to esti-
mate the absolute risk was achieved by the addition of the gene-
environment interaction to the environmental model. This finding 
was supported by the external model validation. Our findings pro-
vide support for the inclusion of information on gene-environment 
interaction into risk assessment models of upper aerodigestive tract 
cancer to more accurately stratify men into low- to high-risk groups.

This is the first study to show a statistically significant gene-en-
vironment interaction for alcohol consumption and the ALDH2 
genotype on the risk of upper aerodigestive tract cancer in a pop-
ulation-based prospective cohort study among Japanese men. In 
contrast, a recent cohort study in China failed to detect a statisti-
cally significant interaction.15 Findings from cohort studies are gen-
erally less likely to be affected by recall bias and/or reverse causality 
caused by a change in alcohol drinking habits due to the symptoms 
of prediagnosed cancer. Considered together with evidence for sig-
nificant interaction from case-control studies,11-14 therefore, the 
consistent findings of our present cohort study warrant recognition 
as convincing evidence.

The discriminatory accuracy of our developed models was as-
sessed by the c-index, IDI, and NRI. The results of the IDI and NRI 
based on the external model validation by the 5-year follow-up sur-
vey showed an improvement when the environmental and gene-en-
vironment interaction models were compared although a remarkable 
difference in the c-index between the two models was not observed. 
This finding was consistent with the results from the model devel-
opment by the baseline survey. The results of the c-index indicated 
that the performance to discriminate the occurrence of cases and 

C-index (95% 
confidence interval) IDI

Continuous 
NRI

Categorical 
NRIa 

Model

Environmental model 0.67 (0.52-0.80) Reference Reference Reference

Gene-environment 
interaction model

0.71 (0.57-0.84) 0.0036 0.033 0.13

Abbreviations: IDI, integrated discrimination improvement; NRI, net reclassification improvement.
aRisk category of NRI was defined as <0.25%, ≥0.25%, and <1% and ≥1% 10-y absolute risk of 
developing upper aerodigestive tract cancer. 

TA B L E  2   Comparison of predictive 
performance between risk prediction 
models for upper aerodigestive tract 
cancer based on case-cohort subjects 
from the baseline survey
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noncases was limited in our models. Meanwhile, the results of the IDI 
and NRI suggested that subjects with higher or lower probability of 
upper aerodigestive tract cancer occurrence were reclassified more 
correctly to higher or lower risk groups in our models. Considering 
not only the above results from the c-index, IDI, and NRI but also 
the other results including calibration comprehensively, our findings 
suggested that the addition of the gene-environment interaction to 
the environmental model improved the performance to estimate the 
10-year absolute risk of developing upper aerodigestive tract cancer 
according to the status of risk factors.

Overall, this finding is consistent with a previous study based 
on case-control studies by Koyanagi et al.8 Despite using almost the 
same variables in the models, however, the c-index values in our pres-
ent study were lower than those of Koyanagi et al.8 For example, the 
c-index values in the model development phase of the present study 
were 0.67 for the environmental model and 0.71 for the gene-en-
vironment interaction model, versus respective values of 0.76 and 
0.82 in Koyanagi's study.8 This might be explained by the difference 

in the strength of observed associations in the high-exposure group. 
In our study, the highest HR (6.00) was found for subjects who drank 
5 days or more per week and more than 23 g of ethanol per day and 
had the Glu/Lys or Lys/Lys genotype; the P value for interaction was 
4.0 × 10−4. Meanwhile, the highest odds ratio (12.17) was observed 
in heavy drinkers (consumption on 5 days or more per week of more 
than 46 g ethanol on each occasion) with the Glu/Lys genotype; the 
P value for interaction was markedly small (1.6 × 10−9).8 This indi-
cates that a strong risk factor substantially contributes to improving 
discriminatory accuracy.

Our developed models were evaluated for discriminatory ac-
curacy and calibration in an independent population. The c-index 
values were somewhat higher in the external validation phase than 
in the model development phase. The reason for this difference is 
unclear, but one possibility may be the wider 95% CI due to the small 
number of cases in the external validation phase. This is indeed one 
of the limitations of the present study and requires a further external 
validation study with a large number of cases.

F I G U R E  3   Observed versus predicted absolute risks for the development of upper aerodigestive tract cancer by quintile categories for 
an environmental model (A) and gene-environment interaction model (B) based on case-cohort subjects from the baseline survey

(A) (B)

C-index (95% 
confidence interval) IDI

Continuous 
NRI

Categorical 
NRIa 

Model

Environmental model 0.72 (0.44-0.93) Reference Reference Reference

Gene-environment 
interaction model

0.76 (0.50-0.96) 0.0089 0.37 0.16

Abbreviations: IDI, integrated discrimination improvement; NRI, net reclassification improvement.
aRisk category of NRI was defined as <0.25%, ≥0.25%, and <1%, and ≥1% 10-y absolute risk of 
developing upper aerodigestive tract cancer. 

TA B L E  3   External validity of the 
developed risk prediction models based 
on the case-cohort subjects from the 5-y 
follow-up survey
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A second limitation is the generalizability of the models for 
possible use as an absolute risk estimate for Japanese men. In 
particular, the absolute risk provided by the models was based on 
a baseline risk of upper aerodigestive tract cancer estimated by 
participants in the JPHC Study, which would be applicable only 
to populations with comparable rates. In this regard, while inci-
dence rates of upper aerodigestive tract cancer from a nationwide 
cancer registry would be representative of the Japanese popu-
lation, and therefore desirable for estimating the absolute risk, 
the only incidence rates available in Japan were in fact estimated 

using high-quality data from selected population-based cancer 
registries. Indeed, the crude incidence rate of upper aerodigestive 
tract cancer estimated from cancer registries in 2000 was 53.5 
per 100 000 population in Japanese men aged 40-69 years, versus 
a corresponding rate in the JPHC Study of 64 per 100 000 per-
son-years in men aged 40-69 years.19 This might at least suggest 
the lack of any extreme discrepancy between rates.

Nevertheless, the absolute risk estimates varied greatly depend-
ing on risk profile. Our gene-environment interaction model estimated 
the 10-year absolute risk from 0.09% to 6.05% in the present study. 

F I G U R E  4   Observed versus predicted absolute risks for the development of upper aerodigestive tract cancer by tertile categories for an 
environmental model (A) and gene-environment interaction model (B) based on case-cohort subjects from the 5-year follow-up survey

(A) (B)

TA B L E  4   Ten-year absolute risk (95% confidence interval) (%) of developing upper aerodigestive tract cancer for men according to risk 
factor profile based on case-cohort subjects from the baseline survey

Age group Smoking status

Combination of alcohol consumption and ALDH2 genotype

Nondrinkers/<5 d per week or <23 g of 
ethanol/day + Glu/Glu
Nondrinkers/<5 d per week or <23 g of 
ethanol/day + Glu/Lys + Lys/Lys

≥5 d per week and ≥23 g 
ethanol/day + Glu/Glu

≥5 d per week and ≥23 g ethanol/
day + Glu/Lys + Lys/Lys

<50 y old Never smoker 0.09 (0.05, 0.18) 0.15 (0.07, 0.31) 0.55 (0.23, 1.31)

Past smoker 0.19 (0.10, 0.37) 0.30 (0.17, 0.55) 1.15 (0.57, 2.32)

Current smoker 0.27 (0.16, 0.47) 0.43 (0.25, 0.74) 1.63 (0.86, 3.10)

50-<60 y old Never smoker 0.21 (0.11, 0.40) 0.33 (0.16, 0.66) 1.24 (0.55, 2.79)

Past smoker 0.43 (0.23, 0.80) 0.68 (0.40, 1.16) 2.58 (1.38, 4.82)

Current smoker 0.61 (0.40, 0.93) 0.96 (0.65, 1.42) 3.65 (2.22, 6.01)

≥60 y old Never smoker 0.34 (0.19, 0.62) 0.54 (0.27, 1.11) 2.06 (0.94, 4.50)

Past smoker 0.71 (0.41, 1.23) 1.13 (0.65, 1.94) 4.27 (2.38, 7.65)

Current smoker 1.01 (0.64, 1.58) 1.59 (0.95, 2.66) 6.05 (3.49, 10.47)

Abbreviation: ALDH2: aldehyde dehydrogenase 2.
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In particular, the substantial difference in the absolute risk between 
subjects with the Glu/Glu genotype and Glu/Lys or Lys/Lys genotype 
among subjects who drank 5 days or more per week and more than 
23 g of ethanol per day might prompt lifestyle modification. Moreover, 
these findings suggest that our model might help identify subgroups 
of Japanese men at elevated risk of upper aerodigestive tract cancer 
and who might benefit most from preventive measures. One poten-
tial approach is upper aerodigestive tract endoscopy combined with 
esophageal iodine staining to detect early-stage cancer in a target 
population determined by the individual's absolute risk.7

In summary, this study suggested that the addition of a 
gene-environment interaction to a lifestyle-based model for 
Japanese men improved the performance to estimate the 10-year 
absolute risk of developing upper aerodigestive tract cancer. This 
model might allow the stratification of Japanese men into low- and 
high-risk groups.
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