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Prior studies have conflicting findings regarding the association between gastroesophageal reflux 

disease (GERD) and esophageal squamous cell carcinoma (ESCC). We examined this relationship 

in a prospective cohort in a region of high ESCC incidence. Baseline exposure data were collected 

from 50,045 individuals using in-person interviews at the time of cohort entry. Participants were 

followed until they developed cancer, died, or were lost to follow up. Participants with GERD 

symptoms were categorized into any GERD (heartburn or regurgitation), mixed symptoms, or 

heartburn alone. Multivariable Cox regression was used to assess the relationship between GERD 

symptom group and histologically confirmed ESCC. The model was adjusted for known risk 

factors for GERD and ESCC. 49,559 individuals were included in this study, of which 9,005 had 

GERD symptoms. Over 13.0 years of median follow up, 290 individuals were diagnosed with 

ESCC. We found no association between any GERD and risk of ESCC (aHR 0.90, 95% CI: 

0.66–1.24, p=0.54). Similar findings were observed for the GERD symptom subtypes. Significant 

interactions between any GERD and sex (p=0.013) as well as tobacco smoking (p=0.028) were 

observed. In post-hoc analyses, GERD was associated with a decreased risk of ESCC in men 

(aHR 0.51, 95% CI: 0.27–0.98 p=0.04) and in smokers (aHR 0.26, 95% CI: 0.08–0.83 p=0.02). 

While there was little evidence for an overall association between GERD symptoms and ESCC 

risk, significant interactions with sex and smoking were observed. Men and smokers with GERD 

symptoms had a lower risk of ESCC development.

Graphical Abstract
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Introduction:

Esophageal squamous cell carcinoma (ESCC) accounts for nearly 90% of cases of 

esophageal cancers worldwide and has a high mortality.1, 2 In Europe, North America, 

and Australia, alcohol drinking and tobacco smoking account for the majority of ESCC 

risk.3–5 Additional environmental risk factors have been identified in high incidence regions 

in South America, eastern and central Asia, and southeastern Africa, including but not 

limited to indoor air pollution, unpiped drinking water, hot beverages, low fruit and 

vegetable consumption, opium smoking, and betel quid chewing.6 Nevertheless, a significant 

proportion of ESCC risk remains unexplained.2–4, 7, 8

Gastroesophageal reflux disease (GERD) results in increased exposure of the esophagus 

to highly acidic contents and bile acids, which can lead to chronic inflammation that may 

promote cancer development.9 While there is a clear link between GERD and increased risk 

of esophageal adenocarcinoma (EAC), the association between GERD and ESCC is less 

well studied. Some population-based studies have identified a possible association between 

GERD and ESCC,10–12 whereas others have found no association.13, 14 This may be due 

to population-level differences in non-acid fluid exposure. Esophageal exposure to non-acid 

fluid has been proposed as a potential contributor to the development of ESCC,15 and 

non-acid reflux as measured by pH-impedance monitoring has been positively associated 

with ESCC in small case-control studies.16, 17 Prior studies of GERD and ESCC did not 

differentiate between the classical subjective measures of acid and non-acid esophageal 

exposures, such as heartburn and regurgitation symptoms,18 respectively, or use objective 

measures like pH-impendence monitoring. Thus, studying GERD symptom subtypes may 

provide insight into the relationship between GERD and ESCC.

The Golestan Cohort Study is a well-characterized prospective study of more than 50,000 

individuals in a region of high ESCC incidence and low consumption of alcohol, where 

tobacco use does not seem to be a major risk factor.2, 19 GERD symptom prevalence in 

this population is comparable to that reported in more developed populations.20 The aim of 

the present study was to determine whether GERD is associated with an increased risk of 

ESCC in this high risk region in Iran. In addition, the present study aimed to glean possible 

differences in the associations between ESCC risk and acid and non-acid reflux, based on 

GERD symptom subtypes.

Materials and Methods:

Cohort Design and Study Population

The cohort used in this study has been previously described in detail.19 Briefly, participants 

were recruited from urban and rural regions of the Golestan province in northeastern Iran 
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from January 2004 to June 2008. Those who did not agree to participate, were temporary 

residents, or had preexisting upper gastrointestinal cancers were not enrolled.

At the time of enrollment, all participants were interviewed in person by trained personnel, 

using validated questionnaires to obtain baseline demographic, lifestyle, socioeconomic, 

diet, and exposure history.21 A total of 50,045 individuals were enrolled in the Golestan 

Cohort, of which 49,559 were included in the current study. 23 who had been diagnosed 

with ESCC within one year of enrollment, 88 who had any other cancer diagnosis within 

three years of enrollment, and 375 who had missing GERD symptom data were excluded 

(Figure 1).

Exposure Definitions and Assessment

GERD symptom characteristics, duration, frequency, and severity were assessed during the 

enrollment interview. Participants who reported neither “heartburn” nor “reflux of food 

from the stomach” (regurgitation) at least once a week were classified as “no GERD”, 

while “any GERD” was defined as having either symptom at least weekly. We defined two 

additional groups: those with both symptoms (mixed symptoms) and those with heartburn 

alone. Because there were not enough participants with regurgitation alone (n=419) to allow 

meaningful analyses, these individuals were included in the mixed symptom group.

Weight, height, and waist and hip circumference were measured by study personnel using 

standard methods. Body mass index (BMI) was calculated by dividing the weight in 

kilograms by the square of height in meters. BMI was categorized into underweight (< 

18.5), normal range (18.5–24.9), overweight (25.0–29.9), and obese (≥ 30.0). Waist-to-hip 

ratio (WHR) was calculated by dividing waist circumference by hip circumference. WHR 

was then standardized using sex-stratified means and standard deviations. The difference 

between the actual and predicted number of lost teeth was calculated using a LOESS model 

and categorized into quartiles 22.

Socioeconomic status was categorized into quartiles based on a composite wealth 

score calculated using a previously described multiple correspondence analysis, which 

incorporates house, car, motorbike, television, refrigerator, vacuum, washing machine, and 

bath ownership in addition to home size.23 Indoor air pollution was defined as use of 

non-gas fuel without a chimney. Hot tea consumption was defined as drinking tea above 60 

°C, which is the threshold at which there is an increased risk of ESCC.24 Smoking tobacco 

(including both hookah and cigarette) and chewed tobacco (nass) use were classified into 

never, former, and current use. Opium use was classified into ever or never use. Alcohol was 

not included as a covariate in our study due to the overall low rate of alcohol consumption 

in the cohort. 3.4% of participants ever used alcohol (8.0% of men and 0.1% of women) and 

fewer than 1% reported regular use.

Follow up and Outcome Ascertainment

Incident cancers and deaths from all causes were obtained using annual telephone surveys 

and monthly reviews of provincial cancer and death registries from cohort enrollment 

through 12/31/2019. Final case ascertainment was confirmed by linkage to the Golestan 

population-based cancer registry (GPCR). GPCR conforms to the highest international 
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standards of cancer registries and has been a voting member of the International Association 

of Cancer Registries (IACR) since 2007.25 All clinical records were obtained and 

independently reviewed by two study physicians to confirm the timing and accuracy of 

the ESCC diagnosis. Less than 1.0% (n=503) of the cohort was lost to telephone follow up 

at the time of analysis. Also, in 2011–2012, a random sample of the participants (n=11,418) 

was re-evaluated for the baseline characteristics (the repeated measurement phase).

Statistical Analysis

To assess GERD correlates, the Chi square test was used for categorical variables 

and the student’s t-test was used for continuous variables. Potential GERD risk factors 

with a p-value less than 0.05 in the univariable analysis were included in the GERD 

multivariable analysis using logistic regression. These variables included age, sex, urban 

or rural residence, socioeconomic status, body mass index, waist-to-hip ratio, tea drinking 

temperature, fruit and vegetable consumption, indoor air pollution exposure, unpiped 

drinking water exposure, tooth loss, tobacco smoking, opiate use, and NSAID use. All 

variables within the GERD model were assessed for simple collinearity and multicollinearity 

and no meaningful collinearity was detected.

To assess the association between GERD symptoms and a diagnosis of ESCC, Cox 

proportional hazards regression models were used to estimate hazard ratios and 95% 

confidence intervals. Entry time was defined as 1 year after date of enrollment to avoid bias 

from reverse causation and to exclude prevalent cancers. Survival failure was defined by the 

date of diagnosis with histologically confirmed ESCC. Cohort participants were censored 

at the date of last follow up (until January 1, 2020), death from any cause, or first primary 

cancer diagnosis. The models were adjusted for key ESCC risk factors6, 26–28 as well as 

variables which changed the estimates for GERD symptoms by more than 10%. The final 

model included age, sex, ethnicity, socioeconomic status, BMI, tobacco smoking, and opiate 

use. In all models, the proportional hazards assumption was violated for ethnicity, and so all 

models were stratified for this.

We performed exploratory statistical analyses, testing interactions with several important 

variables by adding interaction terms to the Cox regression models and using the Wald test. 

We identified significant interactions between GERD symptoms and sex as well as tobacco 

smoking. There was no significant interaction between GERD symptoms and Turkmen 

ethnicity. Tobacco smoking was categorized as ever/never due to an inadequate number of 

cases when using never/former/current. We repeated the Cox regression models, stratifying 

by sex and smoking separately. Stratifying analyses by both sex and tobacco smoking 

produced unstable models due to an inadequate number of cases. Cumulative adjusted 

hazard curves were plotted for GERD symptoms for the overall cohort, men, and women.

We performed sensitivity analyses using variations of the primary Cox regression models. 

The survival analysis was repeated using GERD symptom frequency, duration, and severity 

as exposures of interest. Another analysis defined entry time as 2 years after cohort entry 

to further adjust for possible reverse causality. A third analysis included all esophageal 

cancer diagnoses (including those not histologically confirmed). All statistical analyses were 

performed using Stata/SE version 17.0 (Stata Corporation, College Station, TX).
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Results:

Cohort description

The baseline characteristics of the study cohort are shown in Table 1. Of the cohort 

population, 57.6% were female, 79.9% lived in rural regions, and 74.3% were of 

Turkmen ethnicity. 18.2% reported GERD symptoms; 4.8% had heartburn alone, 0.8% had 

regurgitation alone, and 12.5% had both regurgitation and heartburn symptoms.

GERD

We performed multivariable logistic regression analyses to assess for factors associated 

with any GERD, mixed symptoms, and heartburn alone (Table 2). We found female sex 

(aOR 2.20, 95% CI: 2.07–2.34, p < 0.01), non-Turkmen ethnicity (aOR 1.53, 95% CI: 

1.44–1.61, p < 0.01), and ever opium use (aOR 1.52, 95% CI: 1.42–1.63, p < 0.01) were 

associated with higher OR’s for GERD while fruit and vegetable consumption (5th quintile 

vs. 1st quintile, aOR 0.66, 95% CI: 0.61–0.72, p < 0.01) and high socioeconomic status (4th 

quartile vs. 1st quartile, aOR 0.67, 95% CI: 0.62–0.72, p < 0.01) were inversely associated 

with GERD symptoms. We did not find a significant association between BMI and any 

GERD, mixed symptoms, or heartburn alone but WHR was significantly associated with 

any GERD (aOR per SD increase=1.06; 95%CI: 1.03–1.10) and mixed symptoms (aOR 

per SD increase=1.09; 95%CI: 1.06–1.13). Some covariates were associated with mixed 

symptoms and heartburn alone in different directions. For example, urban residence was 

associated with increased odds of heartburn alone (aOR: 1.37, 95% CI: 1.22–1.55, p < 

0.01) and decreased odds of mixed symptoms (aOR: 0.89, 95% CI: 0.82–0.96, p < 0.01). 

Similarly, unpiped water was associated with increased odds of heartburn alone (aOR: 1.76, 

95% CI: 1.59–1.96, p < 0.01) and decreased odds of mixed symptoms (aOR: 0.86, 95% CI: 

0.80–0.93, p < 0.01).

GERD and ESCC

A median 13.0 (IQR: 12.0–13.9) years of follow-up were obtained through January 1, 2020. 

A total of 290 histologically-confirmed ESCC cases were identified during the follow-up 

period, comprising 92.9% of all incident histologically-confirmed esophageal cancer cases. 

The remaining 48,840 participants included 40,489 who were alive and cancer-free at 

the end of follow-up period, 5,978 who died, 1,870 who were diagnosed with another 

cancer or lacked histology, and 503 who were lost to follow up (Figure 1). Of those 

cancers without histology, 66 were esophageal tumors. The ESCC tumor characteristics 

are described in detail in Table S1. Individuals with ESCC and GERD symptoms were 

significantly more likely to have more proximal tumor location compared to those without 

GERD (p-value=0.035; Table S1).

The presence of GERD symptoms was not significantly associated with ESCC in either 

unadjusted (HR 0.89, 95% CI: 0.65–1.21, p=0.45; Table 3) or adjusted Cox regression 

models (aHR 0.90, 95% CI: 0.66–1.24, p=0.54; Table 3 and Figure 2A). Mixed symptoms 

and heartburn alone were similarly not significantly associated with ESCC. However, there 

was evidence of significant interaction between sex and GERD symptoms (p=0.013) as 

well as between tobacco smoking and GERD symptoms (p=0.028), and thus additional 
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stratified analyses were performed. There was a significant inverse association between 

GERD symptoms and ESCC (aHR 0.51, 95% CI: 0.27–0.98, p=0.04) in men but not in 

women (aHR 1.19, 95% CI: 0.82–1.74, p=0.37; Table 3, Figure 2B, Figure 2C). There 

was also a significant inverse association between GERD symptoms and ESCC in tobacco 

smokers (aHR 0.26, 95% CI: 0.08–0.83, p=0.02) but not in non-smokers (aHR 1.09, 95% 

CI: 0.78–1.53, p=0.60; Table 3, Figure 2D, Figure 2E). 91.3% of smokers were male. The 

three cases of ESCC found in smokers with GERD symptoms had a mean of 3.4 smoking 

pack-years. Similar trends were seen with mixed symptoms and heartburn alone, although 

the associations did not achieve statistical significance.

Considering the interactions found between GERD symptoms and sex as well as tobacco 

smoking, post hoc analyses were conducted to determine whether there were differences in 

factors associated with GERD in males as opposed to females, as well as in smokers as 

opposed to nonsmokers; however, none were found (Table S2a and Table S2b). Analyses 

of the associations between GERD symptom duration, frequency, and severity with ESCC 

(Table S3) revealed no significant relationship between GERD symptom duration or severity 

and ESCC in the full cohort and all subgroups.

When excluding all ESCC diagnoses within 2 years after enrollment (Table S4) and when 

excluding all ESCC diagnoses within 2 years after enrollment but including all esophageal 

cancer tumors (Table S5), the observed associations were not meaningfully different.

The relationship between proton pump inhibitor (PPI) use and ESCC was also explored. PPI 

use was not significantly associated with ESCC risk in the full cohort (aHR 1.12; 95% CI 

0.68–1.85) or in those with GERD (aHR 0.77; 95% CI 0.33–1.84). There was no evidence of 

significant interaction between PPI use and sex or tobacco smoking.

We assessed the changes in GERD symptoms among participants who were re-evaluated 

in 2011–2012 (repeated measurement). Of those who initially reported having GERD 

symptoms, 40.9% continued to report GERD on the repeat questionnaire. Men and 

tobacco smokers with GERD at baseline were significantly more likely to report no 

GERD symptoms in the follow-up (62.8% and 62.3%, respectively) compared with women 

(57.3%).

Discussion:

In this large, prospective study of GERD and ESCC in a population with high ESCC 

incidence, we found no association between GERD symptoms and risk of ESCC within the 

full cohort. The findings were consistent across all GERD subtypes. Interestingly, however, 

we found significant interactions between GERD and sex as well as GERD and tobacco 

smoking. GERD was associated with a 2-fold decreased risk of ESCC in men, but no 

significant association was observed in women. Similarly, GERD was associated with a 

4-fold decreased risk of ESCC in smokers, but no significant association was observed 

in non-smokers. Our findings were unaltered even after controlling for known ESCC risk 

factors in this region. There was also a proximal shift in ESCC tumor location among cohort 
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members who reported GERD symptoms, suggesting that gastroesophageal reflux may be 

exerting a biological effect on ESCC development.

We performed a cross-sectional analysis of baseline cohort data to identify risk factors 

associated with GERD. An earlier study using this data identified similar associations 

between GERD and sex.28 Prior studies in South America and in the Middle East have 

shown women are 40% more likely to report GERD symptoms than men.29 The initial 

analysis of GERD risk factors in the Golestan cohort aligns with prior studies that show 

ethnicity, socioeconomic status, tobacco smoking, and opium use are associated with 

GERD.30 We studied GERD symptoms subtypes and found novel associations that were 

in opposite directions for mixed symptoms and for heartburn alone. Urban residence and 

unpiped water were associated with significantly decreased odds of mixed symptoms and 

increased odds of heartburn alone.

Prior studies have had conflicting results with respect to the relationship between GERD and 

ESCC, either showing no association or an increased risk of ESCC in patients with GERD. 

A recent prospective study in the United States with a similar follow up period to our study 

found a 2-fold increased risk of ESCC among patients, with a population attributable risk 

of 17.3%.12 Of note, there were not significant sex-based differences in the association with 

ESCC. Three prior case-control studies in Australia, Europe, and the United States have 

also analyzed the relationship between reported GERD symptoms and ESCC risk.10, 13, 14 

Only the study of Australian individuals found a significant relationship in the overall 

study population and the relationship was modified by smoking and alcohol consumption. 

Notably, this study found tobacco smoking increased the risk of ESCC in those with GERD 

symptoms, in contrast with the findings of our study. The studies of populations in the 

United States and Sweden found no significant association between ESCC and GERD. The 

reasons for the differences between these studies are not entirely clear. Though we are 

using GERD symptoms as a surrogate for pathological acid or non-acid reflux, prior studies 

have shown a poor correlation between symptoms and more objective measures of acid 

reflux.31–33 There are differences in the way GERD symptoms are reported across cultures, 

making comparisons difficult despite the establishment of a global consensus definition of 

GERD.34 Another possible explanation is that GERD may interact with exposures unique to 

high-incidence regions such as Golestan province.

The sex differences we observed could be due to differences in symptom perception and 

reporting between men and women, or may point to underlying behavior modifications. 

GERD was more common in women and nonsmokers. Men or smokers who report GERD 

symptoms may adjust their lifestyles in response to their symptoms in such a way that 

their risk of ESCC would be mitigated. GERD symptoms in both groups were more likely 

to resolve during the follow-up compared with women and non-smokers. Unfortunately, 

we were underpowered to examine the direct effects of these changes on ESCC risk. 

Another possibility may be that there are sex-based differences in esophageal epithelial 

biology, as evidenced by the increased male propensity to develop Barrett’s esophagus,35 

the precursor to esophageal adenocarcinoma. There are conflicting data regarding the 

effect of pH and reflux on esophageal carcinogen production. In patients with Barrett’s 

esophagus, acid reflux was associated with increased N-nitrosamine production in the 
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distal esophagus.36, 37 However, decreased stomach acidity is associated with increased 

overall N-nitrosamine production and stomach acid suppression has been associated with 

an increased risk of gastric cancer.38–40 Decreased esophageal pH may also influence 

the esophageal microbiome, possibly resulting in decreased endogenous production of 

carcinogens such as N-nitrosamines and acetaldehyde that have been associated with 

ESCC.15, 41, 42 Porphyromonas gingivalis, Fusobacterium nucleatum, and human papilloma 

virus are acid-sensitive microbial populations that may be linked to ESCC incidence or 

progression.43–49 Decreased distal esophagus pH may reduce growth of these potentially 

carcinogenic microbes and shift them from the distal esophagus to the mid and proximal 

esophagus. Further work is needed to explore these potential relationships in the Golestan 

cohort. Finally, there may be additional residual confounding that we have not fully 

controlled for in our analysis. However, given the strength of the inverse association between 

GERD and ESCC in males, we are not aware of factors that could be responsible for such 

residual confounding.

The strengths of this study include the prospective cohort design, large sample size, and 

long follow-up period. There was detailed collection of baseline symptoms and exposures, 

allowing for control of all known confounders in this population. There was also minimal 

loss to follow-up, and the cohort data is linked to high-quality regional cancer registry 

data, which has been used as a role model for cancer registries in low resource settings.25 

The findings were robust, as the hazard estimates did not meaningfully change in multiple 

sensitivity analyses. The study did have certain limitations. We could not study the effects 

of changes in GERD symptoms and other covariates on ESCC risk, as these data were 

available for only a subset or the cohort participants. GERD was defined based on symptom 

assessments rather than objective measures such as pH/impedance testing or endoscopic 

evidence of GERD as this was not available at the time of analysis. Furthermore, we 

acknowledge that GERD symptom subtypes like heartburn and regurgitation have imperfect 

correlation to acid and non-acid reflux exposure.31–33

In conclusion, in this large prospective study from a high incidence region, GERD 

symptoms were not associated with ESCC risk overall. However, there were interactions 

between GERD symptoms and both sex and tobacco smoking, and we observed a reduced 

risk of ESCC in men and smokers with GERD, but not in women and nonsmokers. Further 

studies with endoscopic evaluation and impedance-pH testing are warranted to quantify the 

degree and type of reflux experienced by patients in this region. Additionally, exploration of 

regional variations in the relationship between GERD and ESCC may help further elucidate 

the carcinogenic pathways that lead to ESCC.

Supplementary Material
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Novelty and Impact

In this large, prospective study in a population with high ESCC incidence, we found no 

association between GERD symptoms and risk of ESCC within the full cohort, but men 

and tobacco smokers with GERD symptoms had a lower risk of developing ESCC. There 

was also a proximal shift in ESCC tumor location among cohort members who reported 

GERD symptoms.
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Figure 1: 
Study Flow Diagram
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Figure 2: 
Cumulative adjusted hazard of ESCC in those with any GERD symptoms
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Table 1:

Baseline characteristics by GERD symptoms in Golestan Cohort Study

Cohort 
(n = 49,559)

No GERD 
(Reference)
(n = 40,554)

Any GERD 
(n = 9,005)

Mixed symptoms
(n = 6,618)

Heartburn alone
(n = 2,387)

Median age, years (IQR) n = 49,559
50.2 (44.8–57.8)

n = 40,554
50.1 (44.8–57.7)

n = 9,005

50.5 (45.0–58.6)**
n = 6,618

50.7 (45.1–58.8)**
n = 2,387
50.0 (44.8–57.8)

Sex, n (%)
Male
Female

21,020 (42.4%)
28,539 (57.6%)

18,329 (45.2%)
22,225 (54.8%)

2,691 (29.9%)

6,314 (70.1%)**
1,845 (27.9%)

4,773 (72.1%)**
846 (35.4%)

1,541 (64.6%)**

Residence, n (%)
Rural
Urban

39,577 (79.9%)
9,982 (20.1%)

32,304 (79.7%)
8,250 (20.3%)

7,273 (80.8%)

1,732 (19.2%)*
5,422 (81.9%)

1,196 (18.1%)**
1,851 (77.5%)

536 (22.5%)*

Ethnicity, n (%)
Turkmen
Non-Turkmen

36,836 (74.3%)
12,723 (25.7%)

30,806 (76.0%)
9,748 (24.0%)

6,030 (67.0%)

2,975 (33.0%)**
4,406 (66.6%)

2,212 (33.4%)**
1,624 (68.0%)

763 (32.0%)**

Socioeconomic status, n (%)
1st quartile (lowest)
2nd quartile
3rd quartile
4th quartile (highest)

13,812 (27.9%)
11,040 (22.3%)
12,470 (25.2%)
12,237 (24.7%)

10,898 (26.9%)
8,860 (21.8%)
10,219 (25.2%)
10,577 (26.1%)

2,914 (32.4%)
2,180 (24.2%)
2,251 (25.0%)

1,660 (18.4%)**

2,125 (32.1%)
1,638 (24.8%)
1,697 (25.6%)

1,158 (17.5%)**

789 (33.1%)
542 (22.7%)
554 (23.2%)

502 (21.0%)**

BMI, n (%)
< 18.5
18.5–24.9
25.0–29.9
>30

2,389 (4.8%)
17,732 (35.8%)
16,820 (33.9%)
12,618 (25.5%)

1,866 (4.6%)
14,512 (35.8%)
13,945 (34.4%)
10,231 (25.2%)

523 (5.8%)
3,220 (35.8%)
2,875 (31.9%)

2,387 (26.5%)**

388 (5.9%)
2,352 (35.5%)
2,084 (31.5%)

1,794 (27.1%)**

135 (5.7%)
868 (36.4%)
791 (33.1%)
593 (24.8%)

WHR,
1
 median ± IQR

n = 49,544
0.96 (0.90–1.01)

n = 40,540
0.96 (0.90–1.01)

n = 9,004
0.96 (0.90–1.02)

n = 6,618

0.96 (0.90–1.02)**
n = 2,386

0.95 (0.90–1.01)**

Temperature of tea consumed, 
n (%)
< 60° C
≥ 60° C
Unknown

19,225 (38.8%)
29,730 (60.0%)
604 (1.2%)

15,781 (38.9%)
24,316 (60.0%)
457 (1.1%)

3,444 (38.2%)
5,414 (60.1%)

147 (1.6%)**

2,614 (39.5%)
3,886 (58.7%)

118 (1.8%)**

830 (34.8%)
1,528 (64.0%)

29 (1.2%)**

Fruit and vegetable 
consumption, n (%)
1st quintile (lowest)
2nd quintile
3rd quintile
4th quintile 
5th quintile (highest)
Unknown

9,758 (19.7%)
9,736 (19.6%)
9,746 (19.7%)
9,730 (19.6%)
9,719 (19.6%)
870 (1.8%)

7,423 (18.3%)
7,809 (19.3%)
7,976 (19.7%)
8,146 (20.1%)
8,380 (20.7%)
820 (2.0%)

2,335 (25.9%)
1,927 (21.4%)
1,770 (19.7%)
1,584 (17.6%)
1,339 (14.9%)

50 (0.6%)**

1,736 (26.2%)
1,444 (21.8%)
1,336 (20.2%)
1,147 (17.3%)
916 (13.8%)

39 (0.6%)**

599 (25.1%)
483 (20.2%)
434 (18.2%)
437 (18.3%)
423 (17.7%)

11 (0.5%)**

Current exposure to indoor air 
pollution, n (%)
No
Yes
Unknown

27,863 (56.2%)
21,145 (42.7%)
551 (1.1%)

22,881 (56.4%)
17,225 (42.5%)
448 (1.1%)

4,982 (55.3%)
3,920 (43.5%)
103 (1.1%)

3,733 (56.4%)
2,810 (42.5)
75 (1.1%)

1,24
9 (52.3%)
1,110 (46.5%)
28 (1.2%)
**

Current exposure to unpiped 
water, n (%)
No
Yes
Unknown

41,171 (83.1%)
8,323 (16.8%)
65 (0.1%)

33,726 (83.2%)
6,777 (16.7%)
51 (0.1%)

7,445 (82.7%)
1,546 (17.2%)
14 (0.2%)

5,640 (85.2%)
968 (14.6%)

10 (0.2%)**

1,805 (75.6%)
578 (24.2%)
4 (0.2%)

Tooth loss, n (%)
Less than predicted
1–8 excess tooth loss
>9 excess tooth loss
Unknown

26,080 (52.6%)
12,029 (24.3%)
11,434 (23.1%)
16 (0.1%)

21,294 (52.5%)
9,903 (24.4%)
9,345 (23.0%)
12 (0.1)

4,786 (53.1%)
2,126 (23.6%)
2,089 (23.2%)
4 (0.1%)

3,449 (52.1%)
1,621 (24.5%)
1,545 (23.3%)
3 (0.1%)

1,337 (56.0%)
505 (21.2%)
544 (22.8%)

1 (0.1%)**
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Cohort 
(n = 49,559)

No GERD 
(Reference)
(n = 40,554)

Any GERD 
(n = 9,005)

Mixed symptoms
(n = 6,618)

Heartburn alone
(n = 2,387)

Ever smoked tobacco use, n 
(%)
No
Former
Current

40,537 (81.8%)
3,309 (6.7%)
5,713 (11.5%)

33,022 (81.4%)
2,761 (6.8%)
4,771 (11.8%)

7,515 (83.5%)
548 (6.1%)

942 (10.5%)**

5,566 (84.1%)
398 (6.0%)

654 (9.9%)**

1,949 (81.7%)
150 (6.3%)
288 (12.1%)

Median cigarette smoking, 
pack-years (IQR)

n = 8,505
11.7 (3.5–25.0)

n = 7,161
11.6 (3.5–25.0)

n = 1,344
12.0 (3.8–25.5)

n = 935
11.3 (3.7–25.5)

n = 409
13.0 (3.8–25.3)

Ever chewed tobacco use, n 
(%)
No
Former
Current

45,704 (92.2)
336 (0.7%)
3,519 (7.1)

37,360 (92.1%)
283 (0.7%)
2,911 (7.2%)

8,344 (92.7%)
53 (0.6%)
608 (6.8%)

6,141 (92.8%)
32 (0.5%)
445 (6.7%)

2,203 (92.3%)
21 (0.9%)
163 (6.8%)

Ever opium use, n (%)
No
Yes

41,169 (83.1%)
8,390 (16.9%)

33,960 (83.7%)
6,594 (16.3%)

7,209 (80.1%)

1,796 (19.9%)**
5,294 (80.0%)

1,324 (20.0%)**
1,915 (80.2%)

472 (19.8%)**

GERD symptom severity, n 
(%)
No symptoms
Mild-moderate symptoms
Severe symptoms

40,558 (81.8%)
6,411 (12.9%)
2,590 (5.2%)

40,554 (100.0%)
0 (0.0%)
0 (0.0%)

4 (0.1%)
6,411 (71.2%)
2,590 (28.8%)

2 (0.03%)
4,482 (67.7%)
2,134 (32.3%)

2 (0.1%)
1,929 (80.8%)
456 (19.1%)

GERD symptom duration, n 
(%)
No symptoms
< 1 year
1–5 years
> 5 years

40,627 (82.0%)
1,786 (3.6%)
3,448 (7.0%)
3,698 (7.5%)

40,554 (100.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

73 (0.8%)
1,786 (19.8%)
3,448 (38.3%)
3,698 (41.1%)

54 (0.8%)
1,193 (18.0%)
2,522 (38.1%)
2,849 (43.1%)

19 (0.8%)
593 (24.8%)
926 (38.8%)
849 (35.6%)

Proton pump inhibitor use, n 
(%)
No
Yes

46,321 (93.5%)
3,238 (6.5%)

38,858 (95.8%)
1,696 (4.2%)

7,463 (82.9%)
1,542 (17.1%)

5,411 (81.8%)
1,207 (18.2%)

2,052 (86.0%)
335 (14.0%)

H2-blocker use, n (%)
No
Yes

42,361 (85.5%)
7,198 (14.5%)

36,397 (89.7%)
4,157 (10.3%)

5,964 (66.2%)
3,041 (33.8%)

4,403 (66.5%)
2,215 (33.5%)

1,561 (65.4%)
826 (34.6%)

NSAID use, n (%)
No
Yes

43,750 (88.3%)
5,809 (11.7%)

36,063 (88.9%)
4,491 (11.1%)

7,687 (85.4%)

1,318 (14.6%)**
5,631 (85.1%)

987 (14.9%)**
2,056 (86.1%)

331 (13.9%)**

1
WHR – significance test compares adjusted WHR: (WHR – sex-stratified mean)/(sex-stratified standard deviation)

**
p<0.01

*
p<0.05
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Table 2:

Multivariable logistic regression of factors associated with GERD symptoms in Golestan Cohort Study

Any GERD Mixed symptoms Heartburn alone

aOR (95% CI) aOR (95% CI) aOR (95% CI)

Age, per 10 year increase 1.03 (1.00–1.06)* 1.04 (1.01–1.07)* 1.01 (0.96–1.06)

Sex
 Male
 Female

Reference

2.20 (2.07–2.34)**
Reference

2.44 (2.28–2.62)**
Reference

1.68 (1.51–1.87)**

Residence
 Rural
 Urban

Reference
1.00 (0.93–1.07)

Reference

0.89 (0.82–0.96)**
Reference

1.37 (1.22–1.55)**

Ethnicity
 Turkmen
 Non-Turkmen

Reference

1.53 (1.44–1.61)**
Reference

1.56 (1.46–1.65)**
Reference

1.47 (1.33–1.62)**

Socioeconomic status
 1st quartile (lowest)
 2nd quartile
 3rd quartile
 4th quartile (highest)

Reference
0.92 (0.87–0.99)
0.88 (0.83–0.94)

0.67 (0.62–0.72)**

Reference
0.95 (0.89–1.02)
0.92 (0.86–0.99)

0.66 (0.61–0.72)**

Reference
0.85 (0.76–0.96)
0.78 (0.69–0.87)

0.67 (0.58–0.76) **

BMI, n (%)
 < 18.5
 18.5–24.9
 25.0–29.9
 > 30

1.10 (0.99–1.23)
Reference
0.94 (0.88–1.00)
0.97 (0.90–1.04)

1.13 (0.99–1.28)
Reference
0.91 (0.84–0.97)
0.96 (0.88–1.04)

1.04 (0.86–1.27)
Reference
1.02 (0.91–1.14)
0.99 (0.86–1.13)

WHR, per SD 1.06 (1.03–1.10)** 1.09 (1.06–1.13)** 0.98 (0.93–1.03)

Temperature of tea consumed
 < 60° C
 ≥ 60° C
 Unknown

Reference
1.06 (1.01–1.12)

1.47 (1.21–1.80)**

Reference(0.96–1.07)
1.56 (1.25–1.94) Reference

1.20 (1.10–1.31)

1.21 (0.81–1.78)**

Fruit and vegetable consumption
 1st quintile (lowest)
 2nd quintile
 3rd quintile
 4th quintile 
 5th quintile (highest)
 Unknown

Reference
0.87 (0.81–0.94)
0.83 (0.77–0.89)
0.76 (0.71–0.82)
0.66 (0.61–0.72)

0.21 (0.16–0.29)**

Reference
0.89 (0.82–0.96)
0.85 (0.79–0.93)
0.76 (0.70–0.83)
0.64 (0.58–0.70)

0.22 (0.15–0.30)**

Reference
0.84 (0.74–0.96)
0.77 (0.68–0.88)
0.78 (0.68–0.89)
0.73 (0.64–0.84)

0.21 (0.12–0.39)**

Current exposure to indoor air pollution
 No
 Yes
 Unknown

Reference
0.96 (0.91–1.01)
0.92 (0.74–1.14)

Reference
0.90 (0.85–0.95)

0.86 (0.67–1.11)**

Reference
1.16 (1.06–1.28)

1.09 (0.74–1.61)**

Current exposure to unpiped water
 No
 Yes
 Unknown

Reference
1.07 (1.01–1.14)
0.86 (0.41–1.79)

Reference
0.86 (0.80–0.93)

0.72 (0.31–1.69)**

Reference
1.76 (1.59–1.96)

1.34 (0.40–4.58)**

Tooth loss
 Less than predicted
 1–8 excess tooth loss
 >9 excess tooth loss

Reference
0.91 (0.86–0.96)
0.97 (0.92–1.03)

Reference
0.95 (0.89–1.02)
0.99 (0.93–1.07)

Reference
0.78 (0.70–0.87)
0.90 (0.81–1.00)*

Ever smoked tobacco use
 No
 Former
 Current

Reference
1.15 (1.03–1.28)

1.18 (1.08–1.29)**

Reference
1.17 (1.03–1.33)

1.15 (1.04–1.28)**

Reference
1.05 (0.87–1.27)

1.19 (1.03–1.39)*

Ever opium use
 No
 Yes

Reference

1.52 (1.42–1.63)**
Reference

1.58 (1.46–1.70)**
Reference

1.40 (1.24–1.58)**
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Any GERD Mixed symptoms Heartburn alone

aOR (95% CI) aOR (95% CI) aOR (95% CI)

NSAID use
 No
 Yes

Reference

1.33 (1.24–1.42)**
Reference

1.34 (1.24–1.45)**
Reference

1.27 (1.12–1.43)**

Adjusted by age, sex, urban residency, ethnicity, socioeconomic status, waist-to-hip ratio, body mass index, hot tea consumption, fruit and 
vegetable consumption, unpiped water exposure, tooth loss, tobacco smoking, opiate use, and non-steroidal anti-inflammatory drug use.

**
p<0.01

*
p<0.05
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Table 3:

ESCC Survival Analysis – GERD symptoms

Overall

Symptoms (cases per 10,000 person-years) Crude HR (95% CI) aHR (95% CI)

Any GERD (5.2) 0.89 (0.65–1.21) 0.90 (0.66–1.24)

Mixed symptoms (5.2) 0.88 (0.62–1.26) 0.91 (0.63–1.31)

Heartburn alone (5.3) 0.90 (0.51–1.57) 0.91 (0.52–1.59)

Male Female

Symptoms (cases per 10,000 person-years) Crude HR (95% CI) aHR (95% CI) Crude HR (95% CI) aHR (95% CI)

Any GERD
(Male: 6.5)
(Female: 4.3)

0.50 (0.26–0.95)* 0.51 (0.27–0.98)* 1.29 (0.88–1.87) 1.19 (0.82–1.74)

Mixed symptoms
(Male: 6.6)
(Female: 4.3)

0.44 (0.20–1.01) 0.46 (0.20–1.05) 1.30 (0.86–1.98) 1.19 (0.78–1.81)

Heartburn alone
(Male: 6.8)
(Female: 4.1)

0.62 (0.23–1.68) 0.62 (0.23–1.66) 1.24 (0.63–2.45) 1.18 (0.59–2.33)

Never Smoker Ever Smoker

Symptoms (cases per 10,000 person-years) Crude HR (95% CI) aHR (95% CI) Crude HR (95% CI) aHR (95% CI)

Any GERD
(Non-Smoker: 5.0)
(Smoker: 6.1)

1.05 (0.76–1.46) 1.09 (0.78–1.53) 0.28 (0.09–0.89)* 0.26 (0.08–0.83)*

Mixed symptoms
(Non-Smoker: 5.0)
(Smoker: 6.3)

1.04 (0.72–1.52) 1.10 (0.75–1.61) 0.27 (0.07–1.10) 0.24 (0.06–0.98)

Heartburn alone
(Non-Smoker: 5.0)
(Smoker: 6.7)

1.08 (0.60–1.93) 1.10 (0.61–1.97) 0.30 (0.04–2.18) 0.31 (0.04–2.22)

Adjusted by age, sex, ethnicity, socioeconomic status, body mass index, tobacco smoking, and opiate use.

**
p<0.01

*
p<0.05

Adjusted by age, ethnicity, socioeconomic status, body mass index, tobacco smoking, and opiate use.

**
p<0.01

*
p<0.05

Adjusted by age, sex, ethnicity, socioeconomic status, body mass index, and opiate use.

**
p<0.01

*
p<0.05
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