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Background: Endoscopy is the main approach used for esophageal squamous cell carci-
noma (ESCC) screening, especially in high-risk areas. However, little consensus has been
achieved in recent ESCC screening programs, and endoscopists have selected patients only
by age and family history.

Patients and methods: To generate a proper strategy for selecting an eligible population for
endoscopic screening based on demographic factors, lifestyle, and eating habits, a total of 7,830
residents in an area with a high risk of ESCC were recruited for this study. All participants underwent
endoscopic examinations that were conducted by experienced endoscopists. Risk factors for ESCC
and other lesions were selected by univariate and multivariate logistic regressions. A nomogram
for the prediction of ESCC and premalignant lesions was constructed, which included information
on age, sex, occupation, labor intensity, income, and mining exposure. Receiver operating charac-
teristic (ROC) curve analysis was performed to present the predictive accuracy of the nomograms.
Results: The area under the curve (95% CI) was 0.749 (0.711-0.788) for this nomogram. By
applying this nomogram, we could exclude 60% (4704/7830) of patients before endoscopy screen-
ing and detect all ESCC cases as well as most esophageal lesions in the remaining population.
Conclusion: In conclusion, we provided a ready-to-use preclinical tool with the potential to
select eligible people with high risk of ESCC for endoscopy screening.
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Introduction

With a total of 4,56,000 new cases and nearly 4,00,000 deaths in 2012, esophageal
cancer (EC) ranks as the eighth most common malignant carcinoma and the sixth
leading cause of death worldwide.! Esophageal adenocarcinoma (EAC) is the main
subtype of EC in western countries, and its incidence has increased dramatically in
the past decades.? However, esophageal squamous cell carcinoma (ESCC) remains the
dominatant subtype in East Asia.* Though ESCC has steadily decreased along with
various socioeconomic developments and changes in lifestyle, it remains the greatest
cancer burden in some high-risk areas.’

Due to deficiencies in the serous layer, ESCC is highly aggressive and easily
invades neighboring tissues.* Most ESCC patients are diagnosed at a late stage and
have a very poor prognosis.’ Kumar et al reported that the overall 5-year survival of
ESCC is only 9%, but with early detection and treatment, the survival rate increases
significantly.®* Morimoto et al from Japan reported that the 5-year survival rates
decreased dramatically if there had been a failure to diagnose the disease at a very
early stage, ie, the 5-year survival rates for stage 0 ESCC was 83% but only 47% for
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stage [ ESCC.” Increasing the early detection rate of ESCC
would be very beneficial for reducing the medical burden
of high ESCC risk areas.®

Recently, for EAC, premalignant and precursor lesions
have been well studied. Risk factors such as esophagitis,
gastroesophageal reflux diseases, Barrett esophagus, drink-
ing, and smoking are widely recognized and discussed in
EAC screening guidelines.” However, for ESCC, many risk
factors have been proposed, such as age, sex, smoking, and
drinking, but little consensus has been reached.'®™!' Due to
the lack of clinical and epidemiological evidence to select
eligible people with high risk, ESCC screening has been
nearly totally dependent on endoscopy.’ Recently, ESCC
screening programs selected patients only by age and family
history,'>** which resulted in low compliance in screening
and wasted medical resources.

In this study, we established a cohort undergoing endo-
scopic screening in Handan City, Hebei province (located in
the Taihang Mountain area, a famous high ESCC risk area in
People’s Republic of China), to investigate the independent risk
factors of ESCC and to establish a method to select the eligible

population for endoscopic screening based on demographic
data, lifestyle factors, eating habits, and psychological factors.

Patients and methods
Study population and inclusion/exclusion

criteria

The study was approved by Medical Ethics Committee of
Beijing Friendship Hospital, Capital Medical University
in compliance with the Declaration of Helsinki. A total of
10,135 residents between 40 and70 years old in Handan City,
Hebei Province (where the incidence of ESCC is higher than
in other regions of People’s Republic of China) were recruited
during October 2010 to September 2011 for this study. Writ-
ten informed consent was obtained from 8,040 residents,
and 8,027 finished the epidemiology questionnaire. General
health examinations were performed, and 197 people with
iodine allergy, any other tumors, hyperthyreosis, pregnancy,
lactation, and psychosis were excluded. After questionnaire
administration and physical examination, a total of 7,830
participants were enrolled and successfully completed an
upper gastrointestinal endoscopy examination (Figure 1).

Approached for participation

(n=10,135) p N
T »| No written informed
v consent (n=2,095)
Written informed consent obtained =
(n=8,040) - N
T »| Epidemiology data
v incomplete (n=13)
Epidemiology questionnaire finished S
(n=8,027) r N
T - Met exclusion
v " criteria (n=197)
N\
‘( Endoscopic screening and target biopsies
5 years later L (n=7,830)

Pathological diagnosis

(n=969)

Periodic

A 4

physical
examination

ESCC and premalignant lesions

Other lesions

(n=102)

and follow-up

v
[ Early intervention ]

Figure | Flowchart of participant inclusion and exclusion.

Precision treatment ]

Notes: A total of 10,135 residents were recruited in this study. Of these, 8,040 residents provided written informed consent and 8,027 completed the epidemiology
questionnaire. Then, 197 people were excluded due to the exclusion criteria (iodine allergy, hyperthyreosis, pregnancy, etc.). Finally, 7,830 participants were enrolled and

successfully completed an upper gastrointestinal endoscopy examination.
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Endoscopy performance and quality

control

All of the endoscopic examinations and therapies were com-
pleted by experienced endoscopists of the National Clinical
Research Center for Digestive Disease. Fasting for at least
8 hours was required, and anticoagulant drugs were to be
stopped 1 week before endoscopy. lodine staining was applied
to facilitate the discovery of lesions. Any esophageal lesions
including carcinoma, dysplasia, hyperplasia, inflammatory
lesions, ulcers, and reflux esophagitis were biopsied, and 5%
of normal esophageal mucosa were also examined as negative
controls. Each specimen of biopsied tissue was examined by
two pathologists using the World Health Organization 2010
digestive oncopathologic diagnostic criteria (representative
pathological and endoscopic images are displayed in Figure 2).

Data acquisition and processing
Questionnaires were mailed to participants to collect data
regarding demographics, lifestyle factors, eating habits,

psychological factors, etc. Smoking status was divided into
four subgroups: yes (smoking >6 months and >1 cigarettes
per day), occasionally (smoking <1 cigarette/day or <6
months), refrained (ie, stopped smoking for >6 months),
and never (never smoked). Eating habits (including leek
food intake, fresh vegetable consumption, etc.) was defined
by two subgroups: yes (=3 times per month) and rarely or
never (never or <3 times per month). Endoscopic examina-
tions were performed to collect data on different esophageal
diseases including reflux esophagitis, dysplasia, ulcers, etc.
The data regarding pathological diagnoses were based on the
consensus of two pathologists. All questionnaires and clinical
information were entered into the database “back to back”
by two researchers independently.

Statistical analyses
All statistical analyses were performed using R Software
3.2.2 (www.r-project.org). Packages “plyr”, “dplyr”, and

“reshape2” were loaded for data cleaning, and package “rms”

Figure 2 Representative immunological and endoscopic images of different esophageal diseases.
Notes: Representative immunohistochemical images of esophageal low-grade dysplasia (A. 20x, B. 40%), esophageal middle-grade dysplasia (C. 20%, D. 40x), esophageal
high-grade dysplasia (E. 20%, F. 40%), and ESCC (G. 20%, H. 40x). Representative endoscopic images of uneven surface of the esophagus (I, J) and an iodine-unstained area

in the esophageal mucosa (K, L).
Abbreviation: ESCC, esophageal squamous cell carcinoma.
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was used for nomogram building. Univariate analysis was
performed to identify risk factors for esophageal lesions,
and an OR with 95% CI of potential risk factors was dis-
played. Then, multivariate regression analysis was used to
select independent influence factors, and nomograms were
built based mainly on these results. A receiver operating
characteristic (ROC) curve was used to present the predic-
tive accuracy of nomograms graphically. The area under
the curve (AUC) for validation was applied to evaluate the
accuracy of the nomograms. We performed calibration for
the established nomograms and applied 1,000 repetitions
of bootstrap sample corrections to internally validate the
nomograms. All statistical results with P<0.05 were regarded
as statistically significant.

Results

Descriptive analysis of the patient
population

Overall, 7,830 patients successfully completed an upper
gastrointestinal endoscopy examination, and detailed data
on demographics, lifestyle factors, eating habits, occupa-
tional factors, and disease history were collected. The most
common esophageal lesions represented in this population
were reflux esophagitis (15.22%, n=1,193), inflammatory
lesions (5.68%, n=445), and dysplasia (1.25%, n=98).
Only four carcinomas were detected (0.05%), and all of
them were ESCC. There were 14 cases of hyperplasia
(0.18%); 10 cases of esophageal ulcer (0.13%) were also
represented (Table 1).

Based on the consensus of the participating local physi-
cians and endoscopists of National Clinical Research Center
for Digestive Disease, it was suggested that given the avail-
able data (low detection rates of carcinoma and dysplasia),
a nomogram to predict carcinoma and premalignant lesions
(dysplasia) risk would be very helpful in shrinking the popu-
lation eligible for endoscopy screening.

Detect risk factors for ESCC and

premalignant lesions

To generate a nomogram for the prediction of ESCC
and premalignant lesions, we summarized the univariate
logistic regression analyses of ESCC/premalignant lesions
(Table 2 and Table S1). Age, sex, education, occupation,
labor intensity, income, mining exposure, hypertension,
and tea consumption were all associated with ESCC and
premalignant lesions risk (all P<0.05). However, in the
multivariate analysis, only age, sex, and occupation were

Table | Esophageal lesions in 7,830 cases

Lesions Number Percentage
Carcinoma 4 0.05
Dysplasia 98 1.25
Hyperplasia 14 0.18
Inflammatory lesions 445 5.68
Esophageal ulcer 10 0.13

Reflux esophagitis 1,193 15.24
Normal esophagus 6,066 77.47

independent predictive factors for ESCC/premalignant
lesions (Table 2). Older people had a higher probability of
ESCC/premalignant lesions compared with younger ones
(P<0.001). Men had a higher risk than women (P=0.010).
Officers and peasants had a higher risk than people with
other occupations (P=0.012). Other esophageal lesions were
also investigated. Age, sex, education, smoking, smoking
exposure, drinking, mining exposure, dust exposure, gas
exposure, foreign residency, and tea consumption were all
associated with esophageal precursor lesions, while age,
sex, occupation, labor intensity, income, smoking, smoking
time, smoking exposure, drinking, mining exposure, mining
exposure time, dust exposure, gas exposure, hypertension,
diabetes, disease history, fried food consumption, fresh fruit
consumption, and tea consumption were all associated with
reflux esophagitis (Table 3).

A nomogram for the prediction of ESCC

and premalignant lesions

We used the independent ESCC risk factors (age, sex,
and occupation) to develop a predictive nomogram for
the general population eligible for endoscopy screening.
Three additional factors (labor intensity, income, mining
exposure) were also included, considering their correspond-
ing OR value in univariate analysis. Half of the cases were
sampled by the Monte Carlo method, and a predictive nomo-
gram was generated, which is shown in Figure 3A. For each
patient, points were assigned for each of these demographic
and medical factors (age, sex, education, occupation, labor
intensity, income, and mining exposure), then a total score
and a corresponding prediction of the probability of ESCC/
premalignant lesions were calculated from the nomogram.
An ROC curve was drawn to estimate the predictive accu-
racy of the nomogram, and the AUC (95% CI) was 0.749
(0.711-0.788; Figure 3B). The other half of the cases were
used for validation, and the AUC (95% CI) was 0.742
(0.704-0.780) for the validation cohort, indicating a very
good concordance (Figure 3C). A calibration curve gener-
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Table 2 Univariate and multivariate analyses of risk factors for ESCC and premalignant lesions

Univariate?

Multivariate

OR 95% ClI P OR 95% ClI P
Age (years) <0.001 <0.001
41-50 vs <40 1.06 (0.38, 4.44) 0.93 (0.33, 3.94)
51-60 vs <40 3.76 (1.38, 15.48) 221 (0.78, 9.26)
>60 vs <40 10.87 (3.61, 46.90) 3.88 (1.09, 18.50)
Sex 0.009 0.010
Female vs Male 0.54 (0.32, 0.86) 0.62 (0.50, 0.79)
Education <0.001
High school vs College 1.15 (0.59, 2.46)
Middle school vs College 0.91 (0.47, 1.94)
Primary school vs College 3.37 (1.58, 7.60)
Occupation <0.001 0.012
Peasant vs Worker 3.15 (0.76, 8.77) 1.98 (0.43, 6.44)
Officer vs Worker 2.34 (1.37, 3.86) 2.86 (1.38, 5.75)
Service vs Worker 0.44 (0.02, 2.01) 0.67 (0.04, 3.32)
Retired vs Worker 476 (2.92,7.61) 2.10 (1.02, 4.26)
Others vs Worker 1.09 (0.06, 5.07) 0.73 (0.04, 4.01)
Labor intensity 0.006
Moderate vs Light 0.59 (0.37,0.91)
Heavy vs Light 0.39 (0.16, 0.80)
Income (¥) 0.008
2,001-3,000 vs <2,000 0.52 (0.32,0.84)
3,001-4,000 vs <2,000 0.44 (0.24, 0.76)
>4,000 vs <2,000 0.47 (0.25, 0.84)
Mining exposure 0.033
Yes vs No 1.53 (1.04, 2.29)
Hypertension 0.033
No vs Yes 0.63 (0.42, 0.96)
Tea consumption 0.038
No vs Yes 0.60 (0.39, 0.97)

Note: *Partial results of univariate analysis of ESCC and premalignant lesions risk factors; the complete results are found in Table SI.

Abbreviation: ESCC, esophageal squamous cell carcinoma.

ated by 1,000 repetitions of bootstrap sample corrections
is also illustrated in Figure 3D.

Selecting eligible people for endoscopy

screening

To shrink the population eligible for endoscopy screening in
the high ESCC risk area, we assigned a risk score for ESCC
and premalignant lesions to each participant in this study
according to the nomogram. A 40% percentile cutoff was
applied, and 3,126 out of 7,830 people were identified as
at high risk. All ESCC patients (4/4) and three-quarters of
patients with premalignant lesions (70/98) were successfully
selected in this patient selection strategy (Table 4). Among
the remaining 3,052 patients identified as the high-risk group,
784 also had other esophageal diseases (precursor lesions and
reflux esophagitis). In the 4,704 people in the low-risk sub-
group, 3,962 participants were completely healthy (84.2%),
and no ESCC patients were misdiagnosed.

Discussion
Many independent cohort studies have indicated that screen-
ing of early ESCC could reduce its mortality, and the detec-
tion of precancerous lesions likewise has led to a reduction
in the incidence of ESCC.!>!> However, there are no global
or nationwide recommendations for ESCC screening.

Recently, most ESCC screening programs were conducted
in the target population defined by several risk factors such as
age and family history.'>!* Inefficient preselection of eligible
people to include resulted in low cost-efficiency in ESCC
screening programs.'®!” Endoscopic screening with a low
true positive rate also caused poor compliance in the target
population, according to our experience. A predictive model
that provided improved individual risk assessment would
facilitate people’s decision-making on whether to accept an
endoscopy examination.

In this study, age was associated with ESCC/premalignant
lesions, precursor lesions, and reflux esophagitis. It is reason-
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Table 3 Univariate analysis of risk factors for benign esophageal lesions

Precursor lesions

Reflux esophagitis

OR 95% ClI P OR 95% ClI P

Age (years) <0.001 0.002
41-50 vs <40 1.59 (0.98, 2.78) 1.24 (0.94, 1.66)

51-60 vs <40 242 (1.48, 4.23) 1.52 (1.14, 2.05)

>60 vs <40 3.36 (1.80, 6.46) 1.56 (1.03, 2.34)

Sex <0.001 <0.001
Female vs Male 0.62 (0.50, 0.79) 0.23 (0.19, 0.28)

Education 0.002 0.489
High school vs College 1.69 (1.18, 2.49) 0.94 0.77, 1.17)

Middle school vs College 1.37 (0.97, 2.02) 1.03 (0.84, 1.27)

Primary school vs College 2.17 (1.38, 3.47) 0.89 (0.65, 1.20)

Occupation 0.319 0.016
Peasant vs Worker 1.13 (0.48, 2.29) 0.71 (0.38, 1.23)

Officer vs Worker 0.96 (0.71, 1.28) 1.07 (0.90, 1.28)

Service vs Worker 1.21 (0.72, 1.92) 0.83 (0.57, 1.18)

Retired vs Worker 1.39 (1.01, 1.86) 0.83 (0.65, 1.04)

Others vs Worker 1.51 (0.71, 2.87) 0.38 (0.16, 0.75)

Labor intensity 0.827 0.017
Moderate vs Light 0.97 (0.79, 1.19) 1.19 (1.04, 1.36)

Heavy vs Light 0.92 (0.68, 1.22) 1.21 (1.01, 1.46)

Mining exposure <0.001 <0.001
Yes vs No 1.49 (1.23, 1.80) 1.95 (1.72,2.21)

Mining exposure time (hours/week) <0.001 <0.001
1-40 vs 0 1.16 (0.82, 1.61) 1.94 (1.58, 2.37)

41-60 vs 0 1.53 (1.23, 1.91) 1.96 (1.70, 2.28)

>60vs 0 1.68 (1.26,2.21) 1.97 (1.62, 2.40)

Dust exposure 0.002 <0.001
Yes vs No 1.35 (1.12, 1.64) 1.83 (1.61,2.08)

Gas exposure 0.003 <0.001
Yes vs No 1.34 (.11, 1.61) 1.70 (1.50, 1.92)

Smoking 0.002 <0.001
Occasionally vs Yes 0.82 (0.55, 1.17) 0.97 (0.78, 1.20)

Refrained vs Yes 1.19 (0.83, 1.66) 091 (0.72, 1.15)

Never vs Yes 0.71 (0.58, 0.87) 0.41 (0.36, 0.48)

Drinking <0.001 <0.001
Occasionally vs Yes 0.69 (0.55, 0.87) 0.64 (0.55, 0.73)

Refrained vs Yes 0.67 (0.53, 0.85) 0.35 (0.30, 0.42)

Never vs Yes 1.38 (0.85, 2.12) 0.68 (0.47, 0.96)

Smoke exposure 0.016 <0.001
Yes vs No 1.38 (1.06, 1.84) 1.69 (1.41, 2.04)

Disease history 0.8l16 0.010
No vs Yes 0.98 o.8l, 1.18) 0.85 (0.75, 0.96)

Hypertension 0.502 <0.001
No vs Yes 0.93 (0.75, 1.16) 0.76 (0.66, 0.87)

Diabetes 0.056 0.051
No vs Yes 0.43 0.21, 1.02) 0.73 (0.53, 1.02)

Tea consumption <0.001 <0.001
No vs Yes 1.80 (1.33, 2.50) 0.75 (0.64, 0.87)

Fried food consumption 0.103 <0.001
Rarely or Never vs Yes 0.84 (0.68, 1.04) 0.79 (0.69,0.91)

Fresh fruit consumption 0.143 <0.001
Rarely or Never vs Yes .15 (0.95, 1.39) 1.45 (1.28, 1.65)

Foreign residency 0.017 0.483
No vs Yes 0.60 (0.41, 0.91) 0.89 (0.66, 1.23)
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Figure 3 A nomogram for the prediction of ESCC and premalignant lesions.
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Notes: Predictive nomogram of ESCC and premalignant lesions (A). ROC curve of this nomogram model (B). ROC curve of the validation of this nomogram model (C).

Calibration curve of this nomogram model (D).

Abbreviations: ESCC, esophageal squamous cell carcinoma; ROC, receiver-operating characteristic.

Table 4 Sensitivity, specificity, and accuracy of patient selection strategy before endoscopy screening

Lesions Sensitivity (%) Specificity (%) Positive prediction value (%) Accuracy (%)
ESCC 100.0 53.7 0.1 53.7
Premalignant lesions 724 54.0 20 54.2
Precursor lesions 57.3 547 7.2 54.5
Reflux esophagitis 60.6 56.2 19.9 56.9

Abbreviation: ESCC, esophageal squamous cell carcinoma.

able that decreased immunity in older individuals resulted in
a general increase in most diseases.'® Generally, people with
lower income and who had received less education had a
higher ESCC risk. Education and income were both associ-
ated with ESCC and premalignant lesions, which further sup-
ported the suggestion that ESCC is a poverty-related disease.'
Handan City has very considerable coal reserves, and many
of our participants were involved in this industry. Hence, we
included some occupational exposure factors in this study.
Mining exposure was significantly associated with ESCC
and premalignant lesions risk, and gas/dust exposures were
risk factors for precancerous lesions/reflux esophagitis but
not risk factors for ESCC/premalignant lesions. These results

suggested that employees of the mining industry were part of
the high-risk population for ESCC, which was in accordance
with previous reports.?**! Thus, we advocated that additional
medical attention should be addressed in this population.
Nomograms as risk estimators have shown promising
potential in clinical trial design and interpretation and have
been widely adopted in prognostic models.?>** However,
their application in primary health screening, such as cancer
screening programs, is rare.*%¢ In this study, we established a
nomogram-based method to select the eligible population for
endoscopic screening based on different risk factors. Through
such a potential patient selection strategy, we could exclude
60% of people before endoscopic screening without missing
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even one ESCC case. To our knowledge, this is the first study
providing a nomogram to predict individual ESCC risk. These
results suggest that the nomogram is a very powerful tool in
individual risk assessment, one that could be used in ESCC
screening and, most likely, in other primary health screening
programs, as well.

There are also some limitations in our nomogram-based
model. First, all nomograms were based on a retrospective
single-center dataset, which would weaken the confidence
of our risk prediction model and shrink its application
range. Second, we used only demographic and lifestyle
information to construct the model and did not include
any biochemistry or hematology tests. Nomograms based
on a dataset with more dimensions may provide a more
accurate prediction, at a much greater cost. However, the
aim of this study was not to deliver a perfect predictive tool
but to develop a proper strategy for selecting an eligible
population for endoscopic screening that was better than
currently available approaches. For ESCC, a disease mainly
occurring in developing areas, our model would be much
available and affordable.

In conclusion, we provided a ready-to-use preclinical tool
with the potential to select eligible people with high ESCC
risk for endoscopy screening. This tool is not ideal but is
very useful, and in the future, a multicentered prospective
study with a larger population would provide a more reliable
patient selection strategy.

Data availability
Additional supporting information may be found in the online
version of this article.
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Table S| Univariate analysis of esophageal lesions risk factors

Precursor lesions

Premalignant/malignant

Reflux esophagitis

lesions
OR  95%ClI P OR 95%ClI P OR  95%CI P
Age (years) <0.001 <0.001 0.002
41-50 vs <40 1.59  (0.98,2.78) 1.06 (0.38, 4.44) 1.24  (0.94, 1.66)
51-60 vs <40 242 (1.48,4.23) 3.76 (1.38, 15.48) .52 (1.14,2.05)
>60 vs <40 336 (1.80, 6.46) 10.87  (3.61,46.90) 1.56  (1.03,2.34)
Gender <0.001 0.009 <0.001
Female vs Male 0.62  (0.50,0.79) 0.54 (0.32, 0.86) 023  (0.19,0.28)
Race 0.614 0.174 0.834
Others vs Han 071  (0.11,229) 321 (0.52, 10.58) 1.09  (0.47,2.20)
Married 0.273 0.986 0.344
Others vs Married 1.59  (0.66, 3.25) 1.02 (0.06, 4.67) 072 (0.34, 1.38)
Education 0.002 <0.001 0.489
High school vs College 1.69  (1.18,2.49) I.15 (0.59, 2.46) 094 (0.77, 1.17)
Middle school vs College 1.37  (0.97,2.02) 091 (0.47, 1.94) 1.03  (0.84, 1.27)
Primary school vs College 217 (1.38,3.47) 3.37 (1.58, 7.60) 0.89  (0.65, 1.20)
Occupation 0.319 <0.001 0.016
Peasant vs Worker 1.13 (048, 2.29) 3.15 (0.76, 8.77) 071  (0.38,1.23)
Officer vs Worker 096  (0.71, 1.28) 2.34 (1.37, 3.86) 1.07  (0.90, 1.28)
Service vs Worker 1.21 (0.72, 1.92) 0.44 (0.02, 2.01) 083  (0.57,1.18)
Retired vs Worker 1.39 (101, 1.86) 4.76 (2.92,7.61) 0.83  (0.65, 1.04)
Others vs Worker 1.51 (0.71, 2.87) 1.09 (0.06, 5.07) 038  (0.16,0.75)
Labor intensity 0.827 0.006 0.017
Moderate vs Light 097  (0.79, 1.19) 0.59 (0.37,0.91) 1.19  (1.04, 1.36)
Heavy vs Light 092  (0.68, 1.22) 0.39 (0.16, 0.80) 121 (1.01, 1.46)
Income(¥) 0.119 0.008 0.232
2,001-3,000 vs <2,000 0.79  (0.62, 1.01) 0.52 (0.32, 0.84) 098  (0.83, 1.16)
3,001—4,000 vs <2,000 0.75  (0.57,0.98) 0.44 (0.24, 0.76) .15  (0.96, 1.38)
>4,000 vs <2,000 0.75  (0.56,0.99) 0.47 (0.25, 0.84) .01  (0.83, 1.22)
Mining exposure <0.001 0.033 <0.001
Yes vs No 1.49  (1.23, 1.80) 1.53 (1.04, 2.29) 1.95  (1.72,2.21)
Mining exposure time (hours/week) <0.001 0.122 <0.001
1-40 vs 0 1.16  (0.82,1.61) 1.39 (0.68, 2.62) 1.94  (1.58,2.37)
41-60vs 0 1.53  (1.23, 1.91) 1.65 (1.04, 2.61) 1.96  (1.70,2.28)
>60 vs 0 1.68  (1.26,221) 1.67 (0.89, 2.95) 1.97  (1.62,2.40)
Dust exposure 0.002 0.299 <0.001
Yes vs No 1.35  (1.12, 1.64) 1.23 (0.83, 1.84) 1.83  (l.61,2.08)
Gas exposure 0.003 0.610 <0.001
Yes vs No 1.34  (L.11, 1.6l) 0.90 (0.60, 1.33) .70  (1.50, 1.92)
Smoking 0.002 0.150 <0.001
Occasionally vs Yes 0.82  (0.55, 1.17) 1.00 (0.43, 2.03) 097  (0.78, 1.20)
Refrained vs Yes 1.19  (0.83, 1.66) 1.90 (0.97, 3.48) 091 (0.72, 1.15)
Never vs Yes 0.71  (0.58,0.87) 0.86 (0.55, 1.33) 0.41  (0.36,0.48)
Drinking <0.001 0.451 <0.001
Occasionally vs Yes 0.69  (0.55,0.87) 1.08 (0.66, 1.74) 0.64  (0.55,0.73)
Refrained vs Yes 0.67  (0.53,0.85) 0.93 (0.56, 1.54) 0.35  (0.30,0.42)
Never vs Yes 1.38  (0.85,2.12) 2.06 (0.77, 4.62) 0.68  (0.47,0.96)
Smoking exposure 0.016 0.333 <0.001
Yes vs No 1.38  (1.06, 1.84) 0.79 (0.50, 1.30) 1.69  (1.41,2.04)
Smoking time >15 minutes 0.181 0.924 <0.001
Yes vs No 0.87  (0.70, 1.07) 0.98 (0.63, 1.48) 0.70  (0.61,0.81)
(Continued)
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Table S| (Continued)

Precursor lesions Premalignant/malignant Reflux esophagitis
lesions
OR  95%ClI P OR 95%CI P OR  95%Cl P

Disease history 0.816 0.188 0.010
No vs Yes 098 (0.8l1, 1.18) 0.77 (0.52, 1.14) 0.85  (0.75,0.96)

Heart disease 0.207 0.807 0.840
No vs Yes 082 (061, 1.12) 0.92 (0.50, 1.89) .02 (0.83, 1.27)
Diabetes 0.264 0.056 0.061
No vs Yes 1.41 (0.79, 2.87) 0.43 (0.21, 1.02) 0.73  (0.53, 1.02)
Hypertension 0.502 0.033 <0.001
No vs Yes 093  (0.75, 1.16) 0.63 (0.42, 0.96) 0.76  (0.66, 0.87)
Digestive disease 0.816 0.292 0.225
No vs Yes 1.03  (0.79, 1.36) 0.76 (0.47, 1.29) .12 (0.94, 1.34)
Respiratory disease 0.536 0.342 0.079
No vs Yes 0.90  (0.66, 1.26) 0.74 (0.42, 1.42) 0.83  (0.68, 1.02)

Tumor history 0.827 0.879 0.821
No vs Yes 0.98  (0.80, 1.20) 0.97 (0.64, 1.49) .02 (0.89, I.16)

Other disease history 0.507 0.831 0.664
No vs Yes 091 (0.71, 1.20) 096 (081, 1.15)

Tea consumption <0.001 0.038 <0.001
No vs Yes 1.80  (1.33,2.50) 0.60 (0.39, 0.97) 0.75  (0.64,0.87)

Eating postures 0.644 0.069 0.463
Sit vs Squat 091 (0.47, 2.04) 0.80 (0.25, 4.87) .34 (0.80, 2.40)

Stand vs Squat 1.93  (0.27, 8.65) 0.73 (0.88, 68.48) 0.87  (0.13,3.47)

High temperature food intake 0.095 0.561 0511
No vs Yes 1.18  (0.97, 1.43) 1.13 (0.76, 1.69) 0.96  (0.85, 1.09)

Fast eating 0.238 0.631 0.087
No vs Yes 1.12 - (0.93, 1.35) 091 0.61, 1.34) 0.90 (0.79, 1.02)

Salted food consumption 0.449 0.654 0.544
Rarely or Never vs Yes 093 (077, 1.13) 1.10 (0.73, 1.67) 0.96  (0.85, 1.09)

Fried food consumption 0.103 0.270 <0.001
Rarely or Never vs Yes 0.84  (0.68, 1.04) 0.78 (0.52, 1.22) 079  (0.69,091)

Chilli food consumption 0.295 0.187 0.724
Rarely or Never vs Yes 1.12 (091, 1.40) 1.36 (0.86, 2.24) 098  (0.85, 1.12)

Moldy food consumption 0.751 0.83 0916
No vs Yes 120 (0.44,4.94) 0.80 (0.17, 14.18) 1.04  (0.54,2.26)

Leek food consumption 0.339 0.535 0.702
Rarely or Never vs Yes 0.88  (0.66, 1.15) 0.97  (0.81, 1.15)

Bean food consumption 0.177 0.701 0.334
Rarely or Never vs Yes 0.83  (0.63, 1.08) 0.90 (0.50, 1.51) 092 (0.77, 1.09)
Meat/egg/milk consumption 0.359 0.223 0.115
Rarely or Never vs Yes 0.83  (0.54,1.22) 0.56 (0.17, 1.35) 0.81 (0.62, 1.05)

Dry food consumption 0.133 0.198 0.404
Rarely or Never vs Yes 1.17  (0.95, 1.43) 1.32 (0.87, 2.05) 1.06  (0.93, 1.20)

Maize consumption 0.177 0.075 0.530
Rarely or Never vs Yes 1.14  (0.94, 1.38) 1.43 (0.96, 2.12) 1.04 (0.92, 1.18)

Fresh vegetable consumption 0.036 0.316 0.213
Rarely or Never vs Yes 10¢ (10, 0.22) 10¢ (10, 526.04) 0.50  (0.12, 1.41)

Fresh fruit consumption 0.143 0.090 <0.001
Rarely or Never vs Yes 1.15  (0.95, 1.39) 1.40 (0.95, 2.10) 1.45  (1.28, 1.65)
Sauerkraut consumption 0.288 0.667 0.656
No vs Yes 1.16  (0.88, 1.56) 0.89 (0.53, 1.57) 0.96  (0.81, 1.45)

Water source 0.839 0.481 0.316
Natural vs Others 1.04  (0.67, 1.55) 1.34 (0.56, 2.70) .15 (0.87, 1.49)

Foreign residency 0.017 0.137 0.483
No vs Yes 0.60  (0.41,091) 0.53 (0.26, 1.26) 0.89  (0.66, 1.23)
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