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Abstract
Background: Esophageal squamous cell carcinoma (ESCC) has reported that smoking was a major risk
factor. Genetic predisposition can partially explain the pathogenesis of esophageal cancer in alcohol
drinkers. It would also be interesting to investigate the genetic basis underlying the signi�cant disparities
in ESCC risk in populations exposed to the same level of smoking.

 

Methods: We recruited 1030 ESCC patients and 1783 healthy individuals in Taixing, China, and selected
101 ESCC-related SNPs for analysis. Logistic regression model was employed with an interaction term for
smoking and individual SNPs. The level of smoking was categorized based on pack-years as never
smokers, moderate smokers (≤30), and heavy smokers (>30). The relative excess risk of interaction
(RERI) and the synergy index (S) were used to evaluate interaction on an additive scale. Genetic risk score
was established to quantify gene risk.

 

Results: The SNP HECTD4 rs11066280, CASP8 rs3769823 and ADH1B rs1042026 had an interaction
effect with smoking on ESCC risk. Speci�cally, for rs11066280 T/A, the adjusted OR for moderate and
heavy smokers was 1.43 (95% CI = 1.01-2.02) and 1.80 (95% CI = 1.28–2.53), ADH1B rs1042026 showed
strong effect in both smoker and alcohol drinkers. GRS indicated that these three SNPs had unsigni�cant
effect in non-smokers and a 2.92-fold risk (95%CI = 1.69-5.11) in smokers.

Discussion and Conclusion: In this study, we provide new insights for disease prevention and control of
ESCC based on smoking behavior and genetic predisposition.

Introduction
Esophageal cancer is the sixth most common cancer and the eighth most common cause of cancer-
related death worldwide(1).There are two major histological types—esophageal adenocarcinoma (EA)
and esophageal squamous cell carcinoma (ESCC)—which are different in terms of both epidemiology
and pathogenesis(2).ESCC accounts for over 90% of esophageal cancer cases in the world and has a
high incidence rate in East Asia and developing countries(3). In China, it is responsible for nearly 250,000
deaths annually(4) and has a poor prognosis, with a reported 5-year survival rate of 20%(1, 5).

Diet and lifestyle can greatly in�uence the risk of developing ESCC, and tobacco smoking is one of the
major lifestyle factors that increase the risk of ESCC(6–10). Since 2007, Freedman et.al(11) reported that
in a prospective cohort study, they found smoking could cause more than nine times of risk on ESCC
(HR=9.27, 95%CI: 4.04~21.29), while in other latter researches, two to ten times of risk were calculated in
heavy smokers than in former or non-smokers to increase ESCC(12, 13).
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Besides behavior-related factors, it is essential to investigate the genetic basis underlying the signi�cant
disparities in ESCC risk. In fact, genetic predisposition has been shown to be an important mechanism in
the pathogenesis of ESCC(14–17)and has been found to in�uence the survival of ESCC patients(18, 19).
Researchers have identi�ed several suspectable single nucleotide polymorphisms (SNPs), which are the
most common type of genetic variation, that are associated with the risk of ESCC(20, 21). The major �ve
type of genes were found to increase most of cancers, especially ESCC risk, including X-ray repair cross
complementing group 1(XRCC1)(22, 23),cytochrome P450(CYP450)(24), cell cycle gene(25),
methylenetetrahydrofolate reductase (MTHFR)(26, 27) and alcohol-related metabolism gene(28).
However, the interaction effect between smoking these genes were still limited.

So, in this study, we performed a large population-based case-control study to investigate the potential
interactions between SNPs and cigarettes consumption exposure and their association with ESCC risk.
The �ndings provide insights for risk strati�cation of the population and disease prevention strategies.

Materials And Methods
Patients and Sample Selection

This study population included 1083 ESCC cases and 1786 controls. All cases were diagnosed between
October 2010 and September 2013 in Taxing, which is one of the cities with the highest incidence of
ESCC in East China. More than 90% of the esophageal cancer patients in this area are referred to the 4
largest hospitals (the People’s Hospital of Taixing, the Second People’s Hospital of Taixing, the Third
People’s Hospital of Taixing, and the Hospital of Traditional Chinese Medicine of Taixing), individuals
diagnosed by the endoscopy units in these hospitals were invited to participate. This approach was
designed to reduce nondifferential recall bias, given that these patients were unaware of their cancer
diagnosis at the time of recruitment and data collection.(29) All personal and clinical data were surveyed
by trained staff with the help of a speci�cally designed electronic questionnaire. We also matched the
cases and controls by age and sex. The detailed study design, including quality control and inclusion and
exclusion criteria, have been previously reported(10, 30-32). The patient selection process is shown in
Figure 1.

SNP Genotyping, Screening and Quality Control

For this study, 101 SNPs from 59 genes were selected. All SNPs have been previously reported as ESCC
susceptibility loci and identi�ed by Genome-wide association study. The SNPs were genotyped using a
three-round multiplex polymerase chain reaction procedure with next-generation sequencing method.

To ensure genotyping accuracy, we also implemented quality control procedures, such as by including
negative controls. In addition, a randomly selected 8% of total samples were genotyped twice and the
consistency was higher than 98%. The average sequencing depth was 1225x. All SNPs had a minor allele
frequency of 0.1 or more in both the case patient and control samples, rendering adequate statistical



Page 5/20

power. Among the 101 SNPs, 4 SNPs were monozygotic, 14 did not reach Hardy–Weinberg equilibrium,
and 5 had a missing rate of >10%. 

 

De�nition of Tobacco consumption

We collected detailed data on tobacco consumption, including smoking status (never, ever, and current
smoker), cigarettes consumption exposure in pack-years, and deep inhalation during smoking (Yes/No).
Moreover, according to National Cancer Institutes’ recommendation(33-36), cigarettes
consumption exposure was rede�ned in the form of categorical variables by 30 pack-years, namely, never
smokers (0 pack-years), moderate smokers (≤30 pack-years), and heavy smokers (>30 pack-years).

 

De�nition of other variables 

In this case-control study, participants were interviewed face-to-face with structured questionnaires, and
information on basic characteristics was collected, including age, sex, smoking, alcohol intake, education
status, wealth score, marital status, hot tea consumption. Alcohol intake was measured in three
categories. (Never/Quitted/Drinker). Wealth score was a continues indictor calculated by a multiple
correspondence analysis. It was consisted of the ownership of valuable home items for each participant,
like television, cars, washing machines, vacuum cleaner etc. We de�ned the hot tea or not by calculating
the time between placing tea leaves mixed with boiling water and tea drinking. Time less than 5 minutes
was regarded as hot tea (Yes), then the warm tea (No).

 

Statistical analysis

Student t-test was used to analyze differences in continuous variables between the case and control
groups; the chi-square test, to analyze differences in unordered categorical variables; and Kruskal-Wallis
rank–sum test, to analyze differences in ordinal categorical variables. Odds ratios (ORs) with 95%
con�dence intervals (CIs) were calculated to quantify the susceptibility to ESCC as determined by each
SNP. 

We established two adjusted models to minimizing the effects of potential confounding variables. One
model was adjusted for age and sex, and another was adjusted for smoking, alcohol intake, education
status, wealth score (which was calculated based on the ownership of valuable home items using a
multiple correspondence analysis), tea consumption and teeth brushing frequency. The dose–effect
relationship between categorical variables and ESCC risk was evaluated with a Chi-square test for trend.
The Chi-square test was also used to examine the Hardy-Weinberg equilibrium (HWE), and P > 0.05 was
considered to indicate equilibrium(37). 
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Univariate logistic regression was used to assess the association between genotype distribution and
ESCC risk in codominant, dominant, recessive and over-dominant models, with the ancestral allele as
reference. The Akaike information criteria score was used to select the �ttest model for every SNP(38).
Inherited model classi�cation and calculation were conducted using the R package
“SNPassoc” (https://cran.r-project.org, package = SNPassoc)(39).

Multivariable logistic regression models were used to calculate the statistical significance of SNPs and
smoking as indicators of the ESCC risk. We included the SNP–smoking product term as a measurement
of interaction on a multiplicative scale, and adjusted for age, sex, alcohol consumption, wealth score, tea
consumption and teeth brushing frequency. The signi�cance of the interaction term was tested by the
likelihood ratio test through comparison of two models. Models as follows:

Moreover, as recommended by Andersson et al. and Knol et al.(40, 41), the relative excess risk of
interaction (RERI) and the synergy index (S) were also used to evaluate interaction on an additive
scale. RERI was calculated with the R package epiR (https://cran.r-project.org, package = epiR). 

For individuals, Genetic Risk Score (GRS) (42, 43)was constructed by the sum of effect allele. The
formula is described below:

where GRS(i,j) stands for the GRS value for the ith individual, nj for the numbers of SNPs in ESCC risk, and
G(i,k) for the dosage in kth SNP for ith individual.

All statistical analyses were performed on the R software (Version 3.6.2; https://cran.r-project.org/). P <
0.05 was considered to indicate statistical signi�cance in all the tests.

The reporting of this study conforms to STROBE guidelines.(44)

Results
Characteristics of study participants 

Fifty-two cases and three controls for whom blood samples were not available were excluded from the
analysis. Finally, 1030 cases and 1783 controls were used for further analyses. We also removed 26
SNPs that exhibited Hardy-Weinberg Disequilibrium, had a low minor allele frequency, or had greater than
10% missingness across individuals. Thus, 75 SNPs were �nally used in the analyses.

https://cran.r-project.org/
https://cran.r-project.org/
https://cran.r-project.org/
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The demographic characteristics of the ESCC patients and controls are shown in Table 1. The mean age
of the patients at the time of diagnosis was 67.00 ± 8.61 years, and the mean age of the controls was
66.30 ± 8.81 years. There was no signi�cant difference between the two groups with regard to sex and
marriage status. This was in line with our expectation because the cases and controls were matched for
age and sex. Notably, the ESCC patients were signi�cantly to be exposed to smoking and alcohol drinking
than the controls. The level of education, frequency of teeth brushing, and wealth score were signi�cantly
lower in the ESCC patients than in the controls (P < 0.001).
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Table 1. Basic characteristics of esophageal squamous cell carcinoma (ESCC) cases and
controls
  Case (n = 1030) Control (n = 1783) P values
Age (Mean ± SD) 67.01±8.61 66.3±8.81 0.038
Age group     0.065
40–49 29(2.8) 73(4.1)  
50–59 170(16.5) 326(18.3)  
60–69 430(41.7) 710(39.8)  
70–79 325(31.6) 577(32.4)  
80–85 76(7.4) 97(5.4)  
Sex (%)     0.291
Male 687(66.7) 1225(68.7)  
Female 343(33.3) 558(31.3)  
Smoke intake (%)     <0.001
Never 422(41.0) 795(44.6)  
Quitted 48(4.7) 140(7.9)  
Smoking 512(49.7) 821(46.0)  
Missing 48(4.7) 27(1.5)  
Ranked Pack-Years 0.001
0 480(46.6) 826(46.3)  
1~30 115(11.2) 283(15.9)  
≥30 435(42.2) 674(37.8)  
Alcohol intake (%)     <0.001
Never 458(44.5) 1030(57.8)  
Quitted 26(2.5) 68(3.8)  
Drinking 496(48.2) 656(36.8)  
Missing 50(4.9) 29(1.6)  
Education level (%)     <0.001
Illiteracy 376(36.5) 491(27.5)  
Primary school 383(37.2) 678(38.0)  
Junior school 207(20.1) 468(26.2)  
High school and above 64(6.2) 146(8.2)  
Brush times (%)     <0.001
<2 817(79.3) 1156(64.8)  
≥2 178(17.3) 604(33.9)  
Missing 35(3.4) 23(1.3)  
Marriage (%)     0.104
Unmarried 38(3.7) 62(3.5)  
Married 786(76.3) 1420(79.6)  
Divorce/Widow 206(20.0) 301(16.9)  
Wealth Grade (%)     <0.001
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Grade 1 297(28.8) 355(19.9)  
Grade 2 178(17.3) 325(18.2)  
Grade 3 238(23.1) 386(21.6)  
Grade 4 190(18.4) 387(21.7)  
Grade 5 127(12.3) 330(18.5)     
Hot Tea Consumption (%)      
No 668 (68.1) 1280 (72.9) <0.001
Yes 313 (31.9) 475 (27.1)  
SD = standard deviation.
1P values were derived using chi-square test for categorical variables and anova test for continuous variables.

Dose-effect of tobacco consumption to risk of ESCC

Table 2 presents the relationship between each of the smoking measurement indices we collected and
ESCC risk. We established an age and sex-adjusted model and a fully multivariable-adjusted model.
Smoking behavior was found to increase the risk of ESCC by 48% (aOR = 1.48, 95% CI = 1.17–1.88) in
smokers, in comparison to non-smokers. Further, smoking pack-years had a dose-effect relationship with
ESCC risk (Adjusted P for trend = 0.008). Compared with non-smokers, individuals who consume more
than 30 pack-years have a 47% higher risk of ESCC (aOR = 1.47, 95% CI = 1.15–1.8). Furthermore,
compared with non-smokers, deep inhalation increases the risk of ESCC by 55% (OR = 1.55, 95% CI =
1.21–1.99, according to the fully adjusted model).
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Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) of ESCC associated with
smoking behavior 
Variables Case (%) Control (%) cOR (95%CI) aOR (95%CI)
Smoke (%)        
Never  422(41.0) 795(44.6) 1 1
Quitted 48(4.7) 140(7.9) 0.64 (0.45-0.91) 0.79 (0.53-1.17)
Smoking 512(49.7) 821(46.0) 1.17 (0.99-1.37) 1.48 (1.17-1.88)
Ranked Pack-Years
0 480(46.6) 826(46.3) 1 1
1~30 115(11.2) 283(15.9) 0.75 (0.58-0.95) 0.90 (0.67-1.21)
≥30 435(42.2) 674(37.8) 1.19 (1.01-1.41) 1.47 (1.15-1.87)
P for Trend     <0.001 0.008
Inhalation Smoke
Never smoker 442(43.1) 795(45.3) 1 1
No 150(15.3) 339(19.3) 0.83 (0.66-1.04) 1.07 (0.81-1.43)
Yes 408(41.6) 620(35.3) 1.24 (1.04-1.47) 1.55 (1.21-1.99)
cOR: crude OR;  aOR: OR adjusted by age (continuous), sex, alcohol intake, education, wealth
grade, teeth brush frequency and hot tea consumption

Interaction of SNPs and smoking on ESCC

We �rst evaluated the association between every SNP and ESCC risk using multivariable logistic
regression with a codominant model and found that 28 of the 75 SNPs were signi�cantly associated with
ESCC risk. All SNPs was corrected by Bonferroni test. Next, the model with the best inheritance from
among the codominant, dominant, recessive and over-dominant models of these SNPs was identi�ed.
The description of 78 SNPs was shown in Supplementary Figure 1. Each of the 78 SNPs were entered
into the most signi�cant model among the four models for analyzing its relationship with ESCC. The
detail of those genotype and other �ndings are shown in Table 3. The intake form of tobacco was also
important, the time exposure had more contribution than dose in ESCC. 
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Table 3. SNPs Significant (p <0.05) in Codominant Model Analyses for the Association with
ESCC (1083 Case Patients and 1786 Controls)

SNP Gene (or the
Nearest)

A/B
Alleles

ORab ORbb P-Value

rs11066015 ACAD10 G/A 1.21(1.03-1.43) 0.52(0.34-0.8) <0.001
rs3819197 ADH1A T/C 0.99(0.84-1.16) 1.85(1.33-2.58) 0.001
rs1159918 ADH1B G/T 1.03(0.87-1.22) 2.21(1.52-3.21) <0.001

rs17033 ADH1B A/G 1.06(0.87-1.3) 2.44(1.27-4.67) 0.023
rs1042026 ADH1B G/A 0.99(0.84-1.17) 1.96(1.38-2.78) 0.001
rs3805322 ADH4 A/G 0.74(0.61-0.89) 0.87(0.7-1.08) 0.005

rs10008281 ADH6 A/C 0.95(0.81-1.12) 1.45(1.08-1.94) 0.024
rs1893883 ADH6 C/G 1.03(0.86-1.23) 2.04(1.25-3.32) 0.017

rs671 ALDH2 G/A 1.18(1-1.39) 0.52(0.34-0.8) <0.001
rs3782886 BRAP A/G 1.16(0.99-1.37) 0.5(0.33-0.76) <0.001

rs10931936 CASP8 C/T 1.39(1.18-1.64) 1.81(1.38-2.37) <0.001
rs3769823 CASP8 C/T 1.37(1.16-1.61) 1.74(1.32-2.3) <0.001

rs10201587 FLACC1 G/A 1.34(1.14-1.58) 1.6(1.21-2.1) <0.001
rs13016963 FLACC1 G/A 1.39(1.18-1.64) 1.81(1.38-2.36) <0.001
rs9288318 FLACC1 A/C 1.33(1.13-1.56) 1.71(1.3-2.24) <0.001
rs4785204 HEATR3 C/T 1.16(0.99-1.36) 1.42(1.05-1.93) 0.031

rs11066280 HECTD4 T/A 1.11(0.94-1.3) 0.59(0.41-0.86) 0.003
rs2074356 HECTD4 C/T 1.14(0.96-1.36) 0.46(0.24-0.88) 0.009
rs2051428 LOC100507053 C/T 1.01(0.86-1.19) 1.42(1.07-1.87) 0.046
rs1442490 LOC102723576 T/C 0.87(0.73-1.03) 1.26(1-1.58) 0.003
rs994771 LOC102723576 T/C 0.83(0.71-0.98) 1.08(0.83-1.4) 0.043

rs11065783 LOC105369980 A/G 1.2(1.02-1.41) 0.88(0.66-1.17) 0.025
rs11187842 PLCE1 C/T 1.47(1.24-1.74) 1.71(1.08-2.72) <0.001
rs11187870 PLCE1 G/C 1.37(1.16-1.62) 1.8(1.15-2.83) <0.001
rs3781264 PLCE1 T/C 1.42(1.19-1.68) 1.98(1.27-3.1) <0.001
rs3765524 PLCE1 C/T 1.49(1.27-1.76) 2.35(1.66-3.31) <0.001
rs753724 PLCE1 G/T 1.45(1.22-1.72) 1.77(1.13-2.77) <0.001
rs25487 XRCC1 G/A 0.97(0.83-1.15) 0.57(0.4-0.81) 0.005

We �nally found three of these SNPs showed signi�cant association on multiplicative scale, they were
ADH1B rs1042026 (recessive model), HECTD4 rs11066280 (over-dominant model) and CASP8
rs3769823 (codominant model). For rs1042026, genotype GG/GA was identi�ed in 2667 (95.14%)
samples, while genotype AA was identi�ed in 136 (4.86%) samples. For rs11066280, count for genotype
TT/TA was 2637 (94.34%) samples, while AA were identi�ed in 158 (5.66%). And for rs3769823, genotype
CC, CT, TT counts for 1418(51.26%) ,1112 (40.20%) and 236 (8.53%).

Table 4 presents the ORs and 95% CI values for rs1042026 of genotype AA with moderate smoking
exposure (OR = 2.18, 95% CI = 1.08-14.44) and heavy smoking exposure (OR = 4.25, 95% CI = 2.11–8.98),
respectively (P value for trend = 0.001). rs11066280 of genotype TA with moderate smoking exposure
(OR = 1.43, 95% CI = 1.01-2.02) and heavy smoking exposure (OR = 1.80, 95% CI = 1.28–2.53),
respectively (P value for trend = 0.012). Moreover, rs3769823 CC, CT and TT with heavy smoking
exposure showed more than 49% (OR = 1.49, 95% CI = 1.16–1.92) ,60% (OR = 1.60, 95% CI = 1.21–2.13)
and 259% (OR = 3.59, 95% CI = 2.14–6.10) excessive risk on ESCC.
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Interaction between SNP genotype and cumulative smoking exposure (pack-
years) for ESCC risk.

Packs Cases Controls Crude OR
(95%CI)

P for
trend

Adjusted OR
(95%CI)

P for
trend

6        
0 402 758 1  1  

<30 204 455 0.85 (0.69-
1.04)

 0.90 (0.68-1.19)  

≥30 300 473 1.20 (0.99-
1.44)

0.005 1.28 (0.98-1.67) 0.004

0 17 33 0.97 (0.52-
1.74)

 0.86 (0.45-1.59)  

<30 20 18 2.10 (1.09-
4.04)

 2.18 (1.08-4.44)  

≥30 29 13 4.21 (2.21-
8.45)

0.004 4.25 (2.11-8.98) 0.001

0        
0 262 486 1  1  

<30 119 297 0.74 (0.57-
0.96)

 0.73 (0.52-1.00)  

≥30 197 302 1.21 (0.96-
1.53)

0.004 1.16 (0.85-1.58) 0.001

0 160 305 0.97 (0.76-
1.24)

 1.07 (0.83-1.38)  

<30 107 174 1.14 (0.86-
1.51)

 1.43 (1.01-2.02)  

≥30 129 176 1.36 (1.03-
1.78)

0.02 1.80 (1.28-2.53) 0.012

3        
0 185 421 1  1  

<30 107 247 1.07 (0.75-
1.52)

 0.99 (0.74-1.31)  

≥30 150 266 1.39 (0.99-
1.95)

0.004 1.28 (0.98-1.67) 0.003

0 194 296 1.53 (1.18-
1.98)

 1.49 (1.16-1.92)  

<30 96 181 1.33 (0.93-
1.91)

 1.21 (0.89-1.63)  

≥30 131 186 1.73 (1.22-
2.47)

0.001 1.60 (1.21-2.13) 0.001

0 38 60 1.38 (0.86-
2.17)

 1.44 (0.92-2.23)  

<30 21 40 1.14 (0.61-
2.08)

 1.19 (0.67-2.06)  

≥30 41 26 4.29 (2.42-
7.74)

0.002 3.59 (2.14-6.10) 0.002

On additive scale, the RERI and S for rs1042026 AA was consistent with multiplicative scale (RERI = 3.11,
S = 23.21), as the same as rs11066280 TA (RERI = 0.57 95%CI = 0.36-0.71, S = 3.48). However, for
rs3769823, the RERI and S for genotype CT showed none (RERI = -0.17,95%CI = -0.35-0.12) and weak (S =
0.78) association. 
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Genetic Risk Score (GRS)

            We calculated the Genetic Risk Score (GRS) to quantify the genetic predisposition to ESCC risk.
The GRS varied from 0 to 5. We further de�ned the GRS as low (0-1), moderate (2-3) and high (4-5) GRS
score, the moderate and high GRS could increase 1.29 (1.10-1.50) and 1.87(1.25-2.80) times of risk on
ESCC. As shown on Figure 2, when strati�ed by whether smoke, in non-smoker the genetic predisposition
showed unsigni�cant effect on ESCC (OR = 1.15, 95%CI = 0.98-1.58; OR = 0.93, 95%CI = 0.45-1.79); strong
association between ESCC and genetic mutation were found in smokers, it could increase 34% and 192%
of cancer risk (OR = 1.34, 95%CI = 1.01-1.54; OR = 2.92, 95%CI = 1.69-5.11).

Discussion
To our knowledge, this is the �rst study to investigate the interaction effect of SNP and smoking on the
risk of ESCC in a large Chinese population. In this study, we analyzed 1030 cases and 1783 controls to
explore the interaction effect between smoking and candidate SNPs associated with ESCC risk. The aim
of the present study was to investigate the interaction effect of smoking and SNPs, signi�cant loci were
identi�ed in three different genes.

The analyses in this study were conducted according to the recommendations of Andersson et al. and
Knol et al., who showed that biological interaction should be evaluated on both the multiplicative and
additive scales. In this study, there showed positive interaction effect on both the multiplicative scale and
additive scale in rs1042026 and rs11066280, the result from the two scales is almost consistent, only for
CASP8 rs3769823 CT, the OR showed 1.60 times of interaction risk compared with reference group, while
RERI showed unsigni�cant difference on additive scale (RERI = -0.17). This inconsistence showed
statistical and biological interaction have complex relationship. So, we retrieved publication for further
evidence, we found that CASP8 encodes a member of the cysteine-aspartic acid protease (caspase)
family and involved in the programmed cell death induced by Fas and various apoptotic stimuli, which
implies that it has association between tumor progress. Moreover, we found that Jong et.al(45) analyzed
rs3769823 was signi�cantly enriched in tumor necrosis factor pathway and apoptosis pathway in lung
and smoking exposure research. Therefore, we thought the rs3769823 have interaction effect between
ESCC and smoking, but more research was needed to prove this point of view.

Rs1042026 was identi�ed as signi�cant loci conducted in this study. This SNPs was located on the
ADH1B gene, which participates in alcohol-metabolizing pathways and contributes signi�cantly to
elevating the risk of ESCC(46, 47). In our previous study, we found that genes associated with alcohol
metabolism, such as ADH1B and ALDH2, interact with alcohol consumption to signi�cantly increase the
risk of developing ESCC(28, 48). Further, a meta-analysis reported that alcohol drinking combined with
smoking was associated with twice the risk of ESCC than exposure to only alcohol or only smoking. With
regard to the underlying mechanism, it has been shown that alcohol damages cellular DNA by decreasing
metabolic activity within the cell and, therefore, reduces detoxi�cation and promotes oxidation. In this
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study, although we have adjusted alcohol as covariable, the ADH1B rs1042026 was still showed strong
association in interaction effect. Researchers have found that smoking and alcohol intake together have
a synergistic effect on the risk of ESCC (49), therefore, we thought alcohol drinkers tend to also smoke,
and alcohol contributes more than smoking to increasing the risk of ESCC. Considering that alcohol
intake has a correlation with both smoking and ESCC, alcohol intake may be a confounding factor.
Therefore, we performed strati�ed analysis to account for the in�uence of alcohol intake, we found effect
in alcohol-intake group. Thus, alcohol seems to be a major risk factor for this disease and smoking alone
seems to carry a limited risk of ESCC. Nonetheless, the �ndings indicate that the alcohol-related SNPs
have an interactive effect with smoking.

GRS was a quantitative variable by which people can learn about their risk of developing a disease, based
on the total number of changes related to the disease. The GRS was calculated by their all-selected
variants to combine all potential and their contribution in speci�c disease. In this study, we summarized
three of these SNPs to establish the GRS, we found that there was no signi�cant effect in non-smokers,
although individuals’ genetic risk varied from low to high level, it implied that these SNPs do not rise
excessive risk on ESCC when there was no tobacco exposure, while in smokers with highest genetic risk,
interaction effect was found to increase nearly two times of risk on ESCC. Taking screening of these
SNPs in smokers could seek out the potential population and give prevention measure.

The main limitation of this study is that we could not give de�nitive conclusion to those SNPs, because
we can only �nd few related research or function introduction in literature database. Moreover, the ESCC
risk in moderate smokers was not signi�cant, and moderate smokers only accounted for a small
percentage of the total patients with a mutant genotype (resulting in a wide 95% CI).

In summary, the �ndings of this large population-based case-control study on the potential interactions
between SNPs and cigarettes consumption exposure and their effect on ESCC risk indicate that smoking-
related factors have an interactive effect with smoking and carry a high risk on ESCC. We believe that the
�ndings provide important insight into risk strati�cation of the population and disease prevention.
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Figure 1

The �ow chart for the recruitment of esophageal squamous cell carcinoma cases and controls in a
population-based case-control study conducted in Taixing, China.

Figure 2

The risk strati�cation of GRS performed on tobacco pack-years, estimated by esophageal squamous cell
carcinoma risk.


