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Abstract

Background: Despite research efforts, the causative factors that contribute to esophageal squamous cell carcinoma
(ESCQ) in high-risk areas have not yet been understood. In this study, we, therefore, aimed to describe the risk
factors associated with ESCC and its precursor lesions.

Methods: We performed an endoscopic examination of 44,857 individuals aged 40-69 years from five high
incidence regions of China in 2017-2018. Participants were classified as 4 groups of normal control, esophagitis,
low-grade intraepithelial neoplasia (LGIN) and high-grade intraepithelial neoplasia/esophageal squamous cell
carcinoma (HGIN/ESCC) using an unconditional logistic regression determine risk factors.

Results: We identified 4890 esophagitis, 1874 LGIN and 437 HGIN/ESCC cases. Crude odds ratios (ORs) and adjusted
odds ratios were calculated using unconditional logistic regression. Drinking well and surface water, salty diet, and
positive family history of cancer were the common risk factors for esophagitis, LGIN and HGIN/ESCC. History of
chronic hepatitis/cirrhosis was the greatest risk factor of esophagitis (adjusted OR 2.96, 95%C| 2.52-3.47) and HGIN/
ESCC (adjusted OR 1.91, 95%Cl 1.03-3.22). Pesticide exposure (adjusted OR 1.20, 95%Cl 1.05-1.37) was essential risk
factor of LGIN.

* Correspondence: yangaiming@medmail.com.cn; liufen05@ccmu.edu.cn;
wangguig@126.com

Chen Niu and Yong Liu contributed equally to this work.

“Department of Gastroenterology, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences, Beijing 100730, China

'Department of Epidemiology and Health Statistics, School of Public Health,
Beijing Municipal Key Laboratory of Clinical Epidemiology, Capital Medical
University, Beijing 100069, China

’Department of Endoscopy, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing 100021, China

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08764-x&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:yangaiming@medmail.com.cn
mailto:liufen05@ccmu.edu.cn
mailto:wangguiq@126.com

Niu et al. BMC Cancer (2021) 21:1034

Page 2 of 11

Conclusions: Among individuals aged 40-69 years in high incidence regions of upper gastrointestinal cancer, the
results provided important epidemiological evidence for the prevention of different precancerous lesions of ESCC.

Keywords: Esophageal squamous cell carcinoma, Precancerous lesions, Cross-sectional study, Risk factor, Prevention

Background

Esophageal cancer ranks seventh in terms of inci-
dence and sixth in mortality overall according to the
report of the 2018 Global Cancer Statistics [1]. In
China, esophageal cancer is the sixth most frequent
malignant tumor and the fourth leading cause of
cancer-related death [2]. Esophageal adenocarcinoma
(EADC) and esophageal squamous cell carcinoma
(ESCC) are the two most common histologic subtypes
of esophageal cancer [3]. In high-income countries,
majority of the esophageal cancer patients have
EADCs. In China, more than 90% of the esophageal
cancer cases are ESCCs [4]. The most studied region
of China is located in the North Central Taihang
Mountain. In this area, ESCC is the leading cause of
death [5]. Based on a recent report from this region,
esophageal cancer prognosis is poor and the 5-year
survival rates are about 30% [6].

Esophagitis is usually a benign disease. However, it is
associated with an elevated risk for subsequent ESCC.
Based on the WHO tumor classification, endoscopic bi-
opsy of precancerous lesions yield low-grade intraepithe-
lial neoplasia (LGIN) or high-grade intraepithelial
neoplasia (HGIN) [7]. A report using a sample of con-
taining both lesion types reported a 74% risk for esopha-
geal cancer [8]. Identification of precursor lesions is
critical for clinical care because these precursor lesions
are curable. Early identification can reduce or delay
ESCC mortality [9]. Overall, epidemiologic studies of
ESCC show that it is population-dependent. The multi-
factorial basis for ESCC includes environmental expo-
sures, lifestyle factors, and genetic traits [10]. In Western
countries, alcohol consumption and smoking are the
major risk factors for ESCC leading to a sevenfold in-
creased risk of disease for smokers [11]. In high-risk
areas of China, tobacco or alcohol does not appear to
play the same role in population level rates of ESCC
[12, 13]. Epidemiologic studies in these areas have
not identified alternatives to smoking and alcohol
consumption to explain these high rates of ESCC
[14]. By increasing the number of cases of different
esophageal lesions, this report presents evidence to
improve our understanding of population-level factors
in high rate areas of China.

To fill the gap in our understanding of risk factors at
different stages of esophageal lesions - esophagitis, LGIN
and HGIN - this report presents cross-sectional data
from five high-incidence regions of ESCC in China.

Methods

Study population

This was a multicenter cross-sectional study, which re-
lies on the high incidence regions of esophageal, gastric
and colorectal cancer established by the cancer early
diagnosis and early treatment project in China [15]. In
2017, we launched a new screening study of upper
gastrointestinal cancer in five high-risk regions of upper
gastrointestinal cancer in China, including Hebei,
Henan, Shandong, Shanxi, and Gansu Provinces. The
main purpose of this project is to identify the high-risk
population of malignant upper gastrointestinal cancer
and to establish a cancer risk prediction model to pro-
vide support for the prevention of upper gastrointestinal
cancer.

The inclusion criteria were as follows: (1) local per-
manent residents in selected regions, (2) no history of
endoscopic examination during the last 3years, (3) no
history of cancer, mental disorder, or any contraindica-
tion for endoscopy, (4) signed informed consent, and (5)
agreement to complete all survey and examination, in-
cluding endoscopy. The participant selection process is
shown in Fig. 1. We recruited participants from April
2017 to December 2018. The final analysis included
44,857 residents aged 40—69 years. Among these partici-
pants, there were 116 invasive ESCC cases, 321 HGIN
cases, 1874 LGIN cases, 4890 esophagitis cases, and
37,656 normal esophagus controls.

The study was approved by the Capital Medical Uni-
versity, Chinese Academy of Medical Sciences and Pe-
king Union Medical College. All the experiment
protocol for involving humans was in accordance to
guidelines of Declaration of Helsinki. The STROBE
statement can be found in Additional File 1.

Survey and measurement

Comprehensive questionnaire information was collected
by face-to-face interviews and entered directly into a lap-
top based data entry system by trained investigators.
The data entry process was facilitated with software de-
signed to decrease missing items and reduce logic in-
accuracy. A full questionnaire commonly took 35 ~ 45
min to accomplish. Items in the survey included demo-
graphic characteristics (e.g. gender, age), socio-economic
status (e.g. occupation, education and income), lifestyle
habits (e.g. smoking, alcohol and tea drinking), eating
habits (e.g. fresh fruit, meat and milk), history of diseases
(e.g. history of chronic hepatitis/cirrhosis), as well as
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Fig. 1 Flow chart of participant selection. LGIN =low-grade intraepithelial neoplasia; HGIN = high-grade intraepithelial neoplasia; ESCC =

medical history (e.g. acid suppressant medications and
antibiotics). In this study, occupation and education level
were also classified two categories: farmer/non-farmer
and formal/no formal. In addition, frequency of con-
sumption of specific dietary components was collected
using an item with a five-level response category. The
responses included: eating every day, 4—6 days per week,
1-3 days per week, 1-3 days per month and never eat-
ing. Body mass index (BMI) was calculated by the for-
mula: weight (kg)/height (m?® and then classified as
underweight if BMI <18.5kg/m? normal if between
18.5 kg/m?> and 23.9 kg/m? overweight if between 24.0
kg/m? and 27.9 kg/m?, and obese if BMI > 28.0 kg/m? ac-
cording to the Chinese population recommendation
[16]. The detailed definitions of the variables were
shown in Additional File 2.

The endoscopic examinations were conducted by phy-
sicians at local hospitals. Procedures were based on clin-
ical guidelines for cancer screening and early diagnosis
and treatment in China [17]. The whole esophagus was
visually examined. Lugol’ iodine staining in esophagus
was applied to the diagnosis of suspicious lesions. The
subjects with suspicious lesions (unstained and inflam-
matory lesions) were needed biopsy. The number of bi-
opsies depended on the size of the lesion (>1cm, > 2
biopsy; >2cm, > 3 biopsy; >3cm, > 4 biopsy). In
addition, if multiple scattered lesions were found, biopsy

of all suspicious lesions should be taken as much as pos-
sible. Subjects without suspicious lesions did not receive
a biopsy. The biopsy slides were read by two pathologists
independently. If there were any inconsistencies, a third
pathologist would give advice through discussion. Doc-
tors reported the worst biopsy diagnosis to participants
with multiple lesions. The histological criteria were as
previously described [18-20].

To ascertain severity, esophageal mucosa was ranked
using 5 categories: normal esophageal mucosa, minor
mucosa changes, esophagitis, esophageal squamous sim-
ple hyperplasia (ESSH) or esophageal squamous dyspla-
sia (ESD) [21]. ESD was further categorized into 3 levels
including mild, moderate, and severe. According to
WHO tumor histological classification [7], mild and
moderate ESD combined fall under LGIN. Severe ESD
and squamous cell carcinoma in situ (CIS) are consid-
ered as the HGIN. In this study, we grouped the partici-
pants into 4 groups: normal control, esophagitis, LGIN
and HGIN/ESCC (lesions including severe ESD, CIS,
and higher-grade lesions).

Statistical analyses

Basic, descriptive statistics show categorical variables as
frequencies and percentages, while continuous variables
are shown as mean and standard deviations. The appro-
priate tests for significance were applied, y° or ANOVA
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test, respectively. In this report, we use the uncondi-
tional univariable logistic model to calculate crude odds
ratios (ORs) and 95% confidence intervals (CIs) [22].
The variables with a P value <0.2 in unconditional uni-
variable logistic analysis were selected for unconditional
multivariable logistic analysis. We considered three
models to calculate the adjusted OR, including age-
adjusted only, gender-adjusted only and adjusted age,
gender, education, BMI and income at the same time.
These adjusted confounders were selected based on the
previous studies of esophageal cancer. Besides, models of
adjustment for age or gender only were conducted as
they may influence the socioeconomic status. In this
study, dependent variable was the diagnosis outcome of
disease. The independent variables included environ-
ment, lifestyle, diet habits, and medical history. We used
SPSS software (version 24.0) to perform )(2 or ANOVA
test, and glm function of R software (version 3.6.1) to
perform logistic regression analysis. All tests of signifi-
cance were two-sided with a P value of 0.05 was consid-
ered as statistically significant, expect univariable logistic
regression analysis.

Results

Participant characteristics

A total of 44,857 subjects aged 40 to 69 were incorpo-
rated in the analysis, including 37,656 (83.95%) subjects
with a normal esophagus, 4890 (10.90%) people with
esophagitis, 1874 (4.18%) cases of LGIN and 437 (0.97%)
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cases of HGIN/ESCC. Because the complete statistical
description table was too long (Additional File 3), we
only selected a few main variables to show in Table 1.
The proportion of male in normal group, esophagitis,
LGIN and HGIN/ESCC was 41.4, 46.8, 48.7 and 56.5%,
respectively. However, the normal group (54.41 +7.26)
was composed of a slightly younger population than the
esophagitis (57.29 +6.85), LGIN (59.22+6.25) and
HGIN/ESCC (60.85 + 5.80) group.

Risk factors for different esophageal lesions

We applied two steps to identify risk factors. Firstly, the
unconditional univariable logistic regression analysis was
used to test each variable independently and the esti-
mated ORs with 95%CI are listed in Additional File 4.
Secondly, the statistically significant variables in uncon-
ditional univariable logistic analysis were selected for un-
conditional multivariable analysis and the results were
shown in Additional File 5. Tables 2, 3, 4 displayed the
significant factors of 3 lesion groups from unconditional
univariable logistic analysis and multivariable logistic
analysis adjusted for age, gender, education, BMI and
income.

After final unconditional multivariable analysis, we
identified a few important risk factors of 3 esophageal le-
sions. For the HGIN/ESCC patients, some unhealthy
lifestyle and dietary habits (Table 3) were risk factors, in-
cluding alcohol (adjusted OR 1.60, 95%CI 1.23-2.09),
smoking (adjusted OR 1.46, 95%CI 1.14—1.89), drinking

Table 1 Characteristics of participants and endoscopy results of different esophageal lesions in Chinese high-risk population in

2017-2018
Factors HGIN/ESCC LGIN Esophagitis Norma esophagus Total cohort P value
n=437 n=1874 n=4890 n=237,656 n=44,857
Gender, n(%) <0.001°
Male 247 (56.5) 913 (48.7) 2290 (46.8) 15,590 (414) 19,040 (42.4)
Female 190 (43.5) 961 (51.3) 2600 (53.2) 22,066 (58.6) 25817 (57.6)
Age, mean (SD) 60.85 (5.80) 59.22 (6.25) 57.29 (6.85) 5441 (7.26) 54.99 (7.30) <0001°
Education, n(%) <0.001°
No formal 81 (18.5) 368 (19.6) 744 (15.2) 5395 (14.3) 6588 (14.7)
Formal 356 (81.5) 1506 (80.4) 4146 (84.8) 32,261 (85.7) 38,269 (85.3)
Occupation, n(%) <0.001°
Non-farmer 86 (19.7) 382 (204) 1028 (21.0) 9347 (24.8) 10,843 (24.2)
Farmer 351 (80.3) 1492 (79.6) 3862 (79.0) 28,309 (75.2) 34,014 (75.8)
BMI (kg/m?), n(%) <0001°
<185 16 (3.7) 36 (1.9) 98 (2.0) 714 (1.9) 864 (1.9)
185 to 239 229 (52.3) 914 (48.8) 2336 (47.8) 17,309 (46.0) 20,788 (46.3)
24010 279 159 (36.4) 742 (39.6) 1977 (404) 15,074 (40.0) 17,952 (40.1)
2280 33 (7.6 182 (9.7) 479 (9.8) 4559 (12.1) 5253 (11.7)

Source: WHO tumor histological classification 2000. ® = x* test; ®= ANOVA test. Population recruited from five high-rate regions for upper gastrointestinal cancer in

China, including Hebei, Henan, Shandong, Shanxi, and Gansu Provinces

BMI body mass index (kg/m?), LGIN low-grade intraepithelial neoplasia, HGIN high-grade intraepithelial neoplasia, ESCC esophageal squamous cell carcinoma
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Table 2 Demographic characteristics associated with different esophageal lesions

Demographic HGIN/ESCC LGIN Esophagitis
characteristics OR P  Adjusted P  OR P  Adjusted P  OR P Adjusted P
(95% CI) value OR? value (95% Cl) value OR? value (95% Cl) value OR? value
(95% Cl) (95% CI) (95% ClI)
Gender (Female) 054 (045- < - - 0.74 < - - 0.80 < - -
0.66) 0.001 (068-0.82) 0.001 (0.76-0.85) 0.001
Age, years
40-49 1.00 - - - 1.00 - - - 1.00 - - -
(reference) (reference) (reference)
50-59 496 3.12- < - - 3.17 < - - 1.80 < - -
840) 0.001 (265-3.81) 0.001 (1.65-1.96) 0.001
60-69 15.73 < - - 7.18 < - - 284 < - -
(10.06— 0.001 (6.04-8.60) 0.001 (260-3.10) 0.001
26.29)
Education (Formal) 0.73 (058- 0013 - - 0.68 < - - 093 0097 - -
0.94) (0.61-0.77) 0.001 (0.86-1.01)
Annual income per family (RMB)
< 10,000 1.00 - - - 1.00 - - - 1.00 - - -
(reference) (reference) (reference)
10,000- 065 (049- 0005 - - 1.00 0973 - - 0.86 0.005 - -
0.89) (0.86-1.18) (0.78-0.95)
30,000- 080 (061- 0124 - - 1.03 0725 - - 1.02 0564 - -
1.07) (0.88-1.20) (0.93-1.13)
50,000~ 060 (043- 0004 - - 0.82 0033 - - 0.87 0018 - -
0.85) (0.69-0.99) (0.78-0.98)
270,000 042 (026 < - - 0.58 < - - 0.90 0106 - -
0.65) 0.001 (0.46-0.73) 0.001 (0.79-1.02)
BMI
18,510 239 1.00 - - - 1.00 - - - 1.00 - - -
(reference) (reference) (reference)
<185 169 (097- 0044 - - 0.95 0791 - - 1.02 0878 - -
2.73) (0.67-1.32) (0.82-1.26)
240 to 279 0.80 (0.65- 0029 - - 0.93 0.166 - - 0.97 0379 - -
0.98) (0.84-1.03) (0.91-1.04)
>280 055 (037- 0001 - - 0.76 0.001 - - 0.78 < - -
0.78) (0.64-0.89) (0.70-0.86) 0.001
Family history of cancer 150 (1.23- < 1.64 < 1.24 < 133 < 1.19 < 1.22 <
1.82) 0.001 (1.34- 0.001 (1.12-1.37) 0001 (1.20- 0.001 (1.11-1.27) 0.001 (1.14- 0.001
2.00) 147) 1.30)
History of chronic 196 (1.07- 0018 191 0025 136 0.067 136 0.070 3.05 < 296 <
hepatitis and cirrhosis 3.28) (1.03- (0.96-1.86) (0.96— (260-3.57) 0001 (2.52- 0.001
3.22) 1.87) 347)

Source: WHO tumor histological classification 2000

BMI body mass index (kg/m?), LGIN low-grade intraepithelial neoplasia, HGIN high-grade intraepithelial neoplasia, ESCC esophageal squamous cell carcinoma

adjusted for age, gender, education, BMI and income

well and surface water (adjusted OR 1.55, 95%CI 1.28—
1.89), salty diet (adjusted OR 1.36, 95%CI 1.07-1.77),
drinking tea (adjusted OR 1.32, 95%CI 1.08-1.61). Al-
though the P value of drinking hot/burning hot tea was
no statistically significant, the adjusted OR value was
1.34. In addition, pesticide exposure (adjusted OR 1.44,
95% CI 1.11-1.84), loose teeth (adjusted OR 1.48, 95%CI
0.99-2.12), history of chronic hepatitis/cirrhosis (ad-
justed OR 1.91, 95%CI 1.03-3.22), and family history of

cancer (adjusted OR 1.64, 95%CI 1.34-2.00), also posi-
tively related to the risk of HGIN/ESCC (Tables 2, 3, 4).
Based on the results of the adjusted analysis, we also
found that some risk factors associated with LGIN were
the same as HGIN/ESCC, consisting of drinking alcohol
(adjusted OR 1.30, 95%CI 1.12-1.51), drinking well and
surface water (adjusted OR 1.19, 95%CI 1.08-1.32), salty
diet (adjusted OR 1.57, 95%CI 1.38—1.81), drinking tea
(adjusted OR 1.34, 95%CI 1.26—1.54), family history of



Niu et al. BMC Cancer (2021) 21:1034 Page 6 of 11
Table 3 Environment, lifestyle and habits associated with different esophageal lesions
Environment, lifestyle and  HGIN/ESCC LGIN Esophagitis
habits OR P Adjused P OR P Adjused P OR P Adjusted P
(95% CI) value OR? value (95% Cl) value OR? value (95% Cl) value OR? value
(95% ClI) (95% ClI) (95% CI)
Smoking
Not smoke 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
Former/current smoke 1.97 < 146 0.003 1.28 < 1.04 0574 125 < 1.09 0.048
(1.62-241) 0001 (1.14-1.89) (1.15-143) 0.001 (0.91-1.19) (1.16-133) 0.001 (1.00-1.19)
Occupation (Farmer versus 135 0014 122 0.098 1.29 < 1.20 0002 124 < 121 <
Non-farmer) (1.07-1.72) (0.97-1.57) (1.15-145) 0.001 (1.07-1.35) (1.15-1.33) 0001 (1.12-1.30) 0.001
Pesticide exposure 146 0003 144 0.005 123 < 1.20 0.007 1.04 0435 - -
(1.13-1.87) (1.11-1.84) (1.08-140) 0.001 (1.05-137) (0.95-1.13)
Refrigerator use, length of time
No refrigerator 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
1-10 years 0.57 < 0.76 0074 074 < 0.88 0135 066 < 0.73 <
(043-0.78) 0.001 (0.57-1.04) (063-0.87) 0.001 (0.75-1.04) (0.60-0.74) 0.001 (0.66-0.81) 0.001
11-20 years 052 0.001 0.71 0.087 064 < 0.78 0.015 061 < 067 <
(0.36-0.76) (0.49-1.05) (0.52-0.78) 0.001 (0.64-0.95) (0.54-0.69) 0001 (0.59-0.77) 0.001
> 20 years 044 0.170 055 0.319 060 0.070 0.69 0.189 048 < 0.50 <
(0.11-1.21) (0.13-1.52) (0.33-1.01) (0.37-1.16) (0.32-0.69) 0.001 (0.33-0.71) 0.001
Alcohol
Not drink 1.00 - 1.00 - 100 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
Former/current drink 2.15 < 1.60 0.001 154 < 1.30 < 122 < 1.05 0.331
(1.68-2.75) 0.001 (1.23-2.09) (1.34-1.76) 0001 (1.12-1.51) 0.001 (1.10-1.34) 0.001 (0.95-1.17)
Tea drinking frequency
Not drink 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
Former/current drink 1.35 0003 132 0.007 143 < 134 < 0.78 < 0.76 <
(1.11-1.65) (1.08-1.61) (1.30-1.57) 0001 (1.26-1.54) 0001 (0.73-0.83) 0.001 (0.70-0.81) 0.001
Water source (Well water 1.64 < 155 < 1.25 < 1.19 < 159 < 161 <
and surface water) (1.35-1.98) 0.001 (1.28-1.89) 0.001 (1.13-1.37) 0.001 (1.08-132) 0.001 (1.50-1.69) 0.001 (1.51-1.71) 0.001
Tea temperature b
Warm tea 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
Hot/burning hot tea 1.34 0.144 134 0.151 1.1 0277 1.10 0300 1.10 0202 1.12 0.137
(0.91-1.99) (0.90-1.99) (0.92-1.33) (0.92-1.33) (0.95-1.27) (0.97-1.29)
Drink improved water 0.74 0.137 0.79 0.251 0.56 < 0.58 < 0.72 < 0.73 <
(0.49-1.08) (0.52-1.15) (044-069) 0001 (046-0.72) 0001 (0.64-0.82) 0.001 (0.64-0.83) 0.001
Diet taste
Light diet 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
Salty diet 1.40 0.009 136 0016 160 < 157 < 1.59 < 157 <
(1.09-1.81) (1.07-1.77) (141-1.83) 0001 (1.38-1.80) 0.001 (1.47-1.74) 0001 (1.45-1.71) 0.001
Livestock meat 090 0440 - - 1.00 0988 - - 083 < 088 0001
(0.71-1.18) (0.88-1.14) (0.76-0.89) 0.001 (0.81-0.95)
Poultry meat 0.77 0014 089 0290 0.66 < 0.73 < 059 < 0.62 <
(0.63-0.95) (0.72-1.10) (0.59-0.73) 0.001 (0.66-0.81) 0.001 (0.56-0.64) 0.001 (0.58-0.67) 0.001
Seafood 0.99 0967 - - 1.08 0220 - - 0.86 < 0.89 0.007
(0.77-1.27) (0.95-1.21) (0.80-0.94) 0.001 (0.82-0.97)
Fruits 0.78 < 0.84 0.085 0.79 < 0.89 0.015 0.70 < 083 <
(0.73-0.83) 0.001 (0.69-1.02) (0.71-0.87) 0.001 (0.80-0.98) (0.58-0.85) 0.001 (0.78-0.88) 0.001
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Table 3 Environment, lifestyle and habits associated with different esophageal lesions (Continued)
Environment, lifestyle and  HGIN/ESCC LGIN Esophagitis
habits OR P Adjused P OR P Adjused P OR P Adjusted P
(95% CI) value OR? value (95% Cl) value OR? value (95% Cl) value OR? value
(95% ClI) (95% ClI) (95% CI)
Spring onion 0.78 0014 085 0.116 0.88 0.009 093 0.188 0.68 < 0.69 <
/ginger/garlic (0.64-0.95) (0.70-1.04) (0.80-0.97) (0.85-1.03) (0.64-0.72) 0.001 (0.65-0.74) 0.001
Nut 0.93 0537 - - 0383 0.003 089 0067 0.74 < 0.77 <
(0.72-1.18) (0.73-0.94) (0.78-1.01) (0.68-0.80) 0.001 (0.71-0.84) 0.001
Milk 0.99 0937 - - 0.81 0.003 082 0.004 0.99 0828 - -
(0.76-1.27) (0.71-0.93) (0.71-0.94) (091-1.07)
Vitamins 0.72 0464 - - 043 0.003 049 0012 064 0.003 068 0.010
(0.26-1.56) (0.24-0.72) (0.27-0.82) (0.47-0.85) (0.50-0.90)
Leftovers 1.46 < 1.16 0.125 107 0.150 1.08 0.108 1.16 0.119 149 <
(1.38-1.55) 0.001 (0.96-141) (0.98-1.18) (0.98-1.19) (0.96-1.40) (1.40-1.58) 0.001
Physical exercise 0.94 0675 - - 0.85 0.023 089 0.119 067 < 0.69 <
(0.71-1.23) (0.74-0.98) (0.77-1.03) (061-0.74) 0001 (062-0.76) 0.001
Housework
No 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
< 8h/week 0.97 0859 1.1 0.531 086 0.057 092 0317 059 < 061 <
(0.71-1.34) (0.81-1.52) (0.73-1.01) (0.78-1.08) (0.54-0.65) 0001 (0.56-0.68) 0.001
8-14 h/week 0.78 0.123 097 0845 0.79 0.004 088 0.147 054 < 0.57 <
(0.57-1.08) (0.70-1.34) (0.67-0.93) (0.75-1.05) (0.49-0.59) 0001 (0.52-0.63) 0.001
15-21 h/week 0.80 0217 095 0.796 0.78 0.006 084 0.066 0.56 < 0.58 <
(0.56-1.15) (0.66-1.38) (0.65-0.93) (0.70-1.01) (0.50-0.62) 0001 (0.52-0.65) 0.001
> 22 h/week 0.65 0029 0.79 0249 098 0843 1.06 0542 061 < 0.63 <
(0.44-0.96) (0.53-1.18) (0.83-1.17) (0.88-1.27) (0.55-0.68) 0.001 (0.56-0.71) 0.001
Snore 1.11 0273 - - 1.07 0172 104 0414 1.1 0.001 1.09 0.009
(0.92-1.34) (0.97-1.17) (0.95-1.15) (1.04-1.18) (1.02-1.15)

Source: WHO tumor histological classification 2000

BMI body mass index (kg/m?), LGIN low-grade intraepithelial neoplasia, HGIN high-grade intraepithelial neoplasia, ESCC esophageal squamous cell carcinoma

“adjusted for age, gender, education, BMI and income
POnly part of the data with tea drinking temperature was analyzed, not all

cancer (adjusted OR 1.33, 95%CI 1.20-1.47), pesticide
exposure (adjusted OR 1.20, 95%CI 1.05-1.37) and loose
teeth (adjusted OR 1.23, 95%CI 1.00-1.51). In addition,
occupation as a farmer (adjusted OR 1.20, 95%CI 1.07—
1.35) was also positively related to the risk of LGIN
(Table 3). Drinking hot tea still did not find statistical
significance (adjusted OR 1.10, 95%CI 0.92-1.33). On
the contrary, eating poultry meat (adjusted OR 0.73,
95%CI 0.66—0.81), fruits (adjusted OR 0.89, 95%CI 0.80—
0.98), vitamins (adjusted OR 0.49, 95%CI 0.27-0.82),
milk (adjusted OR 0.82, 95%CI 0.71-0.94), acid suppres-
sants (adjusted OR 0.51, 95%CI 0.39-0.66), antibiotics
(adjusted OR 0.33, 95%CI 0.14—0.80) and drinking im-
proved water (adjusted OR 0.58, 95%CI 0.46—0.72) were
negatively related to the risk of LGIN.

Although esophagitis is a benign disease, there are
more risk elevating and risk reduction factors than the
diseases mentioned above. For the diet habits (Table 3),
except that leftovers (adjusted OR 1.49, 95%CI 1.40-
1.58) and salty diet (adjusted OR 1.57, 95%CI 1.45-1.71)
were risk factors, the remaining factors had protective

effect on esophagitis, such as poultry meat (adjusted OR
0.62, 95%CI 0.58-0.67), fruits (adjusted OR 0.83, 95%CI
0.78-0.88), vitamins (adjusted OR 0.68, 95%CI 0.50—
0.90), livestock meat (adjusted OR 0.88, 95%CI 0.81—
0.95), seafood (adjusted OR 0.89, 95%CI 0.82-0.97),
spring onion/ginger/garlic (adjusted OR 0.69, 95%CI
0.65-0.74) and nuts (adjusted OR 0.77, 95%CI 0.71—
0.84).

In addition, some unhealthy lifestyles were positively
related to the risk of esophagitis (Table 3), including
smoking (adjusted OR 1.09, 95%CI 1.00-1.19), drinking
well and surface water (adjusted OR 1.61, 95%CI 1.51—
1.71), and having snore (adjusted OR 1.09, 95%CI 1.02—
1.15). On the contrary, other healthy lifestyles were
negatively related to the risk of esophagitis (Table 3), in-
cluding drinking improved water (adjusted OR 0.73,
95%CI 0.64—0.83), refrigerator use (adjusted OR 0.50—
0.73, P<0.001), physical exercise (adjusted OR 0.69,
95%CI 0.62—-0.76) and doing housework (adjusted OR
0.57-0.63, P<0.001). Except for foods and lifestyles,
family history of cancer (adjusted OR 1.22, 95%CI 1.14—
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Table 4 Medical history associated with different esophageal lesions
Medical history HGIN/ESCC LGIN Esophagitis
OR P Adjusted P OR P Adjusted P OR P Adjusted P
(95% CI)  value OR? value (95% Cl)  value OR? value (95% Cl)  value OR? value
(95% ClI) (95% Cl) (95% ClI)
Take an acid 065 (039- 0077 068 (041- 0119 049 (037- < 051 (039- < 068 (0.59- < 0.70 (060- <
suppressant 1.02) 1.07) 0.63) 0.001 0.66) 0.001 0.79) 0.001 0.80) 0.001
Take antibiotics
Not take 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
Not every week 027 (007- 0063 034 (008~ 0.127 076(0.12- 0180 090 (0.59- 0617 054 (040- < 061 (045- 0.001
1.08) 1.36) 0.72) 1.36) 0.73) 0.001 0.83)
Not every day 068 (0.17- 0588 081 (020- 0764 080 (043- 0492 093 (049- 0826 070 0.107 0.75(049- 0.197
2.74) 3.28) 1.51) 1.77) (0.461.08) 1.16)
Every day 025 (0.04- 0169 028 (004- 0202 030(0.12- 0007 033(0.14- 0014 039 (024- < 040 (0.24- <
1.80) 1.99) 0.72) 0.80) 0.63) 0.001 0.65) 0.001
Number of teeth lost
None 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
(reference) (reference) (reference) (reference) (reference) (reference)
1-3 1.07 (0.84- 0570 086 (068- 0210 138(1.24- < 117 (1.04- 0007 124 (1.16- < 114 (1.06- <
1.36) 1.09) 1.54) 0.001 131 1.33) 0.001 1.23) 0.001
4-6 168 (126- < 111 (083- 0484 153(131- < 112 (096- 0137 135(1.22- < 1.15(1.04- 0.005
2.22) 0.001 1.48) 1.77) 0.001 1.30) 1.48) 0.001 1.27)
7-11 154 (1.01- 0035 083 (055- 0382 188 (1.55- < 1.19(098- 0077 161 (141- < 127 (112- <
2.26) 1.25) 2.26) 0.001 144 1.82) 0.001 145) 0.001
12-31 262 (1.70- < 121 (0.79- 0385 218(1.73- < 126 (099- 0054 205((1.76- < 154 (132- <
3.87) 0.001 1.84) 2.72) 0.001 1.58) 2.37) 0.001 1.79) 0.001
Complete denture 272 (1.72- < 120 (0.77- 0420 255(202- < 142 (1.11- 0004 266 (230- < 194 (166- <
4.10) 0.001 1.87) 3.19) 0.001 1.78) 3.07) 0.001 225) 0.001
Loose teeth 189 (1.27- 0001 148 (099- 0042 149 (121- < 123 (1.00- 0049 123 (1.06- 0005 1.10(095- 0202
2.70) 2.12) 1.82) 0.001 1571) 142) 1.27)

Source: WHO tumor histological classification 2000

BMI body mass index (kg/m?), LGIN low-grade intraepithelial neoplasia, HGIN high-grade intraepithelial neoplasia, ESCC esophageal squamous cell carcinoma

adjusted for age, gender, education, BMI and income

1.30), history of chronic hepatitis/cirrhosis (adjusted OR
2.96, 95%CI 2.52-3.47), occupation as a farmer (adjusted
OR 1.21, 95%CI 1.12-1.30) and missing teeth (adjusted
OR 1.14-1.94, P<0.01) were positively related to the
risk of esophagitis (Tables 2, 3, 4). Taking acid suppres-
sants (adjusted OR 0.70, 95%CI 0.60—0.80) and taking
antibiotics every day (adjusted OR 0.40, 95%CI 0.24—
0.65) were negatively related to the risk of esophagitis
(Table 4).

Discussion

The high rate of early esophageal lesions progressing to
esophageal cancer has resulted in a concerted attempt to
better understand the risk factors associated with this
difference. In this study, we conducted a cross-sectional
study in five areas with high incidence of ESCC in
China, aiming to recognize the risk factors related to dif-
ferent esophageal lesions. At last, we identified three im-
portant risk factors, which persisted across all stages.

Otherwise, we also find that the key risk factors in differ-
ent stages were various.

The three common risk factors are drinking well and
surface water, salty diet, and family history of cancer. At
present, the main sources of drinking water for some
local residents in rural area of high incidence region
were still well and surface water. Since the 1980s, the
local government has taken significant measures to im-
prove the quality of drinking water, and the incidence
and mortality of esophageal cancer displayed a decreas-
ing trend compared with regions where no improvement
[23]. Our result showed that drinking well and surface
water was important risk factor from early stage to late
stage of lesions. We advised that the water improvement
project still needed to implement in rural regions with
poor drinking water quality.

Previous studies found local people of rural areas were
inclined to eat salty foods, such as salted meat, salted
duck eggs and pickled vegetables. Both high frequency
and long-term intakes were associated with elevated risk
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of ESCC. This observation is consistent with other stud-
ies [16, 24, 25]. However, the underlying mechanism was
still unclear. We speculate that the mechanism, possible
similar to gastric cancer [26, 27], is that high salt con-
centrations disrupt the mucosal barrier and lead to in-
flammation, which could increase the possibility of
bacterial infection. It is noticed that salty diet, an im-
portant risk factor, existed at all stages of early esopha-
geal lesions in our study.

The association between ESCC and family history of
cancer had been reported. Some studies showed that
family history of cancer was strongly associated with
ESCC risk and that genetic factors could contribute to
the effect [28, 29]. Based on our results, we suggest that
the above three common risk factors should be consid-
ered first in prevention of all stages.

History of chronic hepatitis/cirrhosis, pesticides expos-
ure and alcohol were important risk factors for esopha-
gitis, LGIN and HGIN/ESCC, respectively. China has a
high burden of liver disease [30, 31], previous studies re-
port that chronic liver diseases, in particular chronic
hepatitis B virus infection, are associated with reflux
esophagitis reflux [32, 33]. In this study, we identified
that history of chronic hepatitis/cirrhosis was the tre-
mendous risk factor both esophagitis and HGIN/ESCC.
Currently, there is an effective vaccine to prevent hepa-
titis B virus infection. Increased vaccination for hepatitis
B could also reduce the occurrence of ESCC in high in-
cidence regions. Similar to our findings, previous studies
had confirmed that alcohol is a risk factor for ESCC [4,
10]. The reason is that acetaldehyde, a class 1 carcino-
gen, is the first metabolite of ethanol metabolism [34,
35].

Pesticides had been reported as a risk factor for a var-
iety of cancers [36], such as prostate cancer [37] and
childhood leukemia [38], but the role of pesticides in
esophageal cancer is still unclear. Our results showed
that pesticide exposure was an important risk factor,
which not only increased the risk of LGIN (adjusted OR
1.20, 95%CI 1.05-1.37) but also HGIN/ESCC (adjusted
OR 1.44, 95%CI 1.11-1.84). In this study, most of partic-
ipants are farmer, who had a greater chance exposed
pesticide than non-farmer, which could increase the risk
of early esophageal lesions. Therefore, the result showed
that pesticide was a significant risk factor of LGIN and
HGIN/ESCC. Further study is needed to evaluate the
mechanism linking pesticide exposure and early esopha-
geal lesions.

It is noticed that our study found that high frequency
of drinking tea is a risk factor for LGIN and LGIN/
ESCC, which is similar to previous study [39]. Currently,
the association between tea consumption and esophageal
cancer is inconsistent, which could be related to the type
of tea [40]. In addition, our research found that although
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adjusted OR values were all greater than 1, there was no
statistically significant correlation between high tea
temperature and different esophageal lesions. This result
could be caused by the small sample size of cases. Fur-
ther prospective study is still needed. Interestingly, our
results revealed that antibiotics were protective factor
for esophagitis and LGIN. Previous study found that
Porphyromonas gingivalis was positively correlated with
the severity of esophageal squamous cell carcinoma and
might contribute to the pathogenesis of esophageal
squamous cell carcinoma [41]. We speculated that anti-
biotics intake might change the composition of the gut
microbiome and reduce their adverse effects on esopha-
gus, thus play a positive role in the prevention of ESCC.
Besides, we also found that with the aggravation of the
esophageal lesions, the number of risk factors reduced,
which suggested that the effect of environmental factors
on the late stage of the disease decreased. These results
also mean that it is a more meaningful method for pre-
vention of ESCC by controlling environmental factors in
early lesion, such as balanced diet, proper exercise, and
healthy lifestyle.

The present study had several limitations. Most of the
variables analyzed in the study were based on self-
reported data which may be susceptible to recall bias. In
addition, there are some factors were not collected in
the questionnaire, such as cooking methods, history of
upper gastrointestinal tumors or esophageal cancer. The
main strength of our study is that it was the first multi-
center cross-sectional study to identify risk factors in dif-
ferent stage of early esophageal lesions. Furthermore,
detailed questionnaire was collected in a standardized
data entry system by trained investigator to assure the
quality of the data. In addition, we used the gold stand-
ard method to exam esophageal lesions.

Conclusions

In conclusion, we performed a cross sectional study of
44,857 individuals in the age range of 40—69 years. These
individuals live in regions with high-rates of ESCC re-
gions in China. This report has identified drinking well
and surface water, salty diet, family history of cancer and
alcohol consumption as factors influencing disease rates
across all stages. We also identified history of chronic
hepatitis/cirrhosis and pesticide exposure as essential
risk factors in esophagitis, LGIN and HGIN/ESCC, re-
spectively. The results make a compelling case for envir-
onmental factors being the main driver of disease. The
results also suggest directions for efforts to ESCC in an
early stage of disease in high incidence regions. How-
ever, considering the complexity of the disease, although
environmental factors play an important role in the early
stages of ESCC, these may vary as the severity of the dis-
ease increases. Further cohort studies are needed to
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support and expand our understanding of ESCC risk
factors.
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