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Background: Early prevention and diagnosis are key to reducing the huge burden of gastric 
cancer (GC). Nearly half of the population worldwide are suffering from some form of 
digestive tract conditions (symptoms/diagnoses, DTCs) but their relations with GC are not 
well understood. We aim to explore the relationships (especially dose–effect relationships) 
between GC and DTCs.
Methods: This study used data from a community-based case–control study in Anhui, China 
during 2016–2019 and performed multivariate conditional logistic regression modeling of the 
associations between GC and DTCs.
Results: A total of 2255 participants (451 cases and 1804 controls) completed the study. 
Statistically significant relations (P<0.05) were found between GC and the presence of 
gastroesophageal reflux [odds ratio (OR)=1.41], odynophagia (OR=1.87), stomach discom-
fort (OR=1.86), poor appetite (OR=2.01) and Helicobacter pylori (H. pylori) infection 
(OR=4.39). When the DTCs were divided into duration grades, all these ORs presented an 
increasing trend (P<0.05), being 1.89 to 2.45 for gastroesophageal reflux, 1.63 to 3.78 for 
stomach discomfort, 2.36 to 5.29 for poor appetite, and 3.95 to 10.03 for H. pylori infection. 
When the DTCs were divided into severity grades, the ORs also witnessed an increasing 
trend (P<0.05), being 1.69 to 2.52 for gastroesophageal reflux, 2.44 to 3.56 for stomach 
discomfort, and 2.22 to 2.75 for poor appetite. When the DTCs were divided into duration- 
severity grades, the ORs displayed a much steeper increasing trend, being 0.49 to 4.96 for 
gastroesophageal reflux, 1.50 to 6.33 for odynophagia, 0.47 to 3.32 for stomach discomfort, 
and 0.40 to 10.47 for poor appetite. In contrast, the ORs for the lower DTCs were generally 
tested without statistical significance.
Conclusion: The study revealed consistent dose–effect associations between GC and dura-
tion of gastroesophageal reflux, stomach discomfort, poor appetite, and H. pylori infection; 
severity of gastroesophageal reflux, stomach discomfort and poor appetite; and duration- 
severity of gastroesophageal reflux, odynophagia, stomach discomfort and poor appetite. 
These should inform future prevention, diagnosis and further research in patients with GC.
Keywords: gastric cancer, digestive tract, symptoms, case–control study, dose–effect 
relations

Introduction
Gastric cancer (GC) is the fifth largest cancer with nearly 769,000 people dying 
from the disease in 2020.1 Men are more likely to suffer from GC than women.1,2 

GC incidence and mortality vary greatly from area to area. There will be about 
16,160 new cases of GC diagnosed in men and 10,400 new cases in women in the 
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United States in 2021.2 Being a nation with the largest 
population in the world, China has the largest numbers of 
new cases and deaths due to GC each year.1 GC incidence 
ranks the second among all malignant tumors in China and 
Anhui, an inland province located in the southeast of the 
nation.3,4

Numerous clinical studies indicate that the average 5-years 
survival rate of GC was 20%.5–7 If diagnosed and treated 
before the cancer invades the gastric muscle layer, the survival 
rate can be increased to 90%.8 However, early diagnosis 
depends heavily upon thorough understanding of the relation-
ships between GC and digestive tract conditions (DTCs), 
which comprise a complex range of symptoms or diagnoses 
including gastroesophageal reflux, stomach discomfort, poor 
appetite, chronic gastritis, Helicobacter pylori (H. pylori) 
infection, appendicitis and others. Most of these conditions 
are very common and persistent and thus may have important 
effects on GC.9–14 Nearly half of the world’s population are 
suffering from some form of DTCs.15–17 Gastroesophageal 
reflux, for instance, affected 8–33% of people and was asso-
ciated with a significantly increased risk of gastric cardia 
adenocarcinoma (by 2–4 times in many studies).18–21 

A case–control study in Henan province, China, indicated 
that stomach discomfort was associated with 1.57-fold risk 
of GC.22 A large case–control study nested in the European 
Prospective Investigation on Cancer and Nutrition found 
a 3.3-fold risk of GC and a 11.0-fold risk of cardia GC 
among individuals with severe chronic atrophic gastritis 
(SCAG).23 According to a systematic review and meta- 
analysis, H. pylori infection was associated with a 2.56-fold 
risk of GC.24 A study by Cope et al on a large Swedish cohort 
of children who had appendectomy during 1965–1993 found 
a significantly elevated risk of GC [standardized incidence 
ratio (SIR) = 2.45].25

Previous studies have focused primarily on the associa-
tions between GC and simply the presence or experience 
of the DTCs with little attention being paid on their dura-
tion and severity. This study takes into consideration of not 
only the presence but also duration and severity of com-
mon digestive conditions and tries to assess and compare 
their relationships with GC from varied, especially dose– 
effect, perspectives.

Materials and Methods
Study Design and Participants
This study used data from an umbrella case–control study 
of six most common cancers in Anhui, China, including 

lung cancer, female breast cancer, esophagus cancer, GC, 
liver cancer and colorectal cancer. This umbrella study 
used a community-based case-control design and partici-
pants were determined via site selection, case identifica-
tion and control matching. The site selection adopted 
a stratified randomization approach which proceeded 
through 1) divide whole Anhui province into north, middle 
and south regions; 2) randomly select three counties from 
each of the regions; and 3) randomly draw two townships 
from each of the counties selected as the study sites.

The case identification was based on two data sources: 
Medical Insurance Reimbursement System of the site 
townships, and the electronic records kept by all the pri-
mary care givers within the site townships. After informed 
consent, a researcher searched the two data sources for all 
eligible cancer cases using pre-designed algorithms. The 
eligibility criteria included male and female patient who 1) 
had been diagnosed, by a county or higher-level hospital, 
with primary cancer of the six types mentioned above 
(including GC) within the past year; and 2) was able and 
willing to complete the pre-designed survey either by the 
patient himself/herself or a close relative.

The control matching was based on sex, age and loca-
tion. More specifically, for each cancer patient identified 
above, one resident was recruited who 1) had not been 
diagnosed with any cancer; 2) were of the same sex and 
within a 5-year age difference of the case under concern; 
and 3) were living in the same community of the case.

Study Content and Data Collection
In relation to GC, the study used a structured questionnaire 
consisting of two categories of variables: a) social demo-
graphics (eg, age, sex and residence); and b) common 
DTCs, eg, gastroesophageal reflux, odynophagia, stomach 
discomfort, poor appetite, chronic gastritis and H. pylori 
infection (for details of the questionnaire, please see online 
Supplementary Appendix 1). The questionnaire was pilot 
tested before this study26 and administered face-to-face by 
trained medical graduate students at the households of the 
case and control participants during January 2016 to 
August 2019.

Value Assignment
Methods used in assigning values to the responses to 
different survey questions varied. For presence of diges-
tive conditions, “Yes” and “No” was assigned 1 and 0 
respectively. For the grade of accumulative years of 
a given digestive condition, the value was assigned 
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according to the interquartile range (IQR) as estimated 
from all the participants who had reported presence of 
the condition. In other words, the grade of accumulative 
years of a given condition (say stomach discomfort) for 
a specific participant (say Px) was assigned 2, 3, 4 and 5 
respectively, if Px

’s accumulative years of stomach dis-
comfort falls within the first, second, third and fourth 
IQR. The value assignment for the grade of severity of 
digestive conditions adopted similar approach in terms 
of days of presence of a condition under concern per 
month instead of accumulative years of the condition. 
The study also used “duration-severity” grade to mea-
sure the combined feature of digestive conditions. Value 
assignment for this generated variable utilized a two- 
step approach. Step 1, taking the above example again, 
calculated a duration-severity score for Px

’s stomach 
discomfort by adding the duration grade and severity 
grade assigned above for the same symptom. Step 2 
assigned a value of duration-severity grade as 2, 3, 4 
or 5 according to the IQR as generated from the dura-
tion-severity score of all the participants who had 
reported stomach discomfort.

Statistical Analysis
Given the broad criteria for matching the cases and con-
trols, part of the residents recruited as controls for the 
other five type of cancers also met the criteria to be treated 
as the controls for GC. As a result, this study was able to 
find four controls for each GC case. In other words, the 
statistical analysis used all the GC cases and 4-times the 
number of controls.

The analysis consisted mainly of descriptive of estima-
tions and conditional logistic regression modeling. The 
descriptive analysis included calculation of numbers, per-
centages or means of sex, age, residence by case and 
control groups and Chi-square test of differences between 
different subgroups. The conditional logistic regression 
analysis included both univariate and multivariate model-
ing using GC as the dependent variable and the presence, 
duration grade, severity grade and duration-severity grade 
of common DTCs as the independent variables. Two-sided 
P value <0.05 was considered statistically significant in 
both the descriptive and regression analysis. EpiData 3.1 
electronic survey questionnaire was used for data collec-
tion and SPSS 16.0, SAS 9.2 and Excel 2013, for data 
sorting and statistical analysis.

Results
Characteristics of Study Population
A total of 459 GC cases and 2661 controls were 
approached, of whom 451 cases and 1804 controls com-
pleted the survey. As shown in Table 1, the sex, residence 
and age were well balanced between case and control 
participants. There was no statistically significant differ-
ence in sex, residence and age (p>0.05). The mean age 
was 62.28±10.25 years for cases and 62.01±10.14 years 
for controls. The number of men (1416) was 3.65 times 
that of women (388). The number of rural participants 
(1096) was 1.55 times that of the urban partici-
pants (708).

GC and Presence of Digestive Conditions
In the univariate conditional logistic regression analysis 
of GC and presence of DTCs (Table 2, Model I), gastro-
esophageal reflux, odynophagia, stomach discomfort, 
poor appetite, chronic gastritis, H. pylori infection, fre-
quent constipation and hemorrhoids witnessed statistically 
significant relations (P<0.05). All these DTCs (excluding 
chronic gastritis) were also found with statistically sig-
nificant relations to GC in the multivariate conditional 
logistic regression modeling (Table 2, Model II). 
Participants with poor appetite had a 2.01-fold [95% 
confidence interval (95% CI) 1.34–3.02] risk of GC 

Table 1 Characteristics of Cancer Cases and Non-Cancer 
Residents

Variable Total 
(N)

Case 
Group

Control 
Group

χ2 P-value

N(%) N(%)

Sex 0.00 1.000

Male 1770 354(78.49) 1416(78.49)

Female 485 97(21.51) 388(21.51)

Residence 0.00 1.000

Urban area 885 177(39.25) 708(39.25)

Rural area 1370 274(60.75) 1096(60.75)

Age (years) 0.00 1.000

≤49 300 60(13.30) 240(13.30)

50–54 260 52(11.53) 208(11.53)

55–59 240 48(10.64) 192(10.64)

60–64 465 93(20.62) 372(20.62)

65–69 500 100(22.17) 400(22.17)

70–74 260 52(11.53) 208(11.53)

≥75 230 46(10.21) 184(10.21)

Total(N) 2255 451 1804
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than those without the symptom. Participants diagnosed 
with H. pylori infection had a 4.39-fold (95% CI 3.27– 
5.88) risk of GC than those without the history. Whereas, 
participants with frequent constipation and hemorrhoids 
had a reduced risk of GC [the odds ratio (OR) was 0.62 
and 0.61, respectively].

GC and Duration of Digestive Conditions
Table 3 presents results from our univariate (Model I) and 
multivariate (Model II) modeling of relations between GC 
and duration of DTCs. Both models revealed an increasing 
trend for almost all the upper DTCs as the duration grade 
increased and the OR for the duration grade of a same 

Table 2 Association Between Gastric Cancer and Presence of Digestive Tract Conditions

Variable Total (N) Case group Control group Model Ia Model IIb

N(%) N(%) OR (95% CI) P-value OR (95% CI) P-value

Gastroesophageal reflux

No 1756 308(68.29) 1448(80.27) Reference Reference

Yes 499 143(31.71) 356(19.73) 1.88(1.50–2.37) <0.001 1.41(1.08–1.84) 0.013

Odynophagia

No 2162 418(92.68) 1744(96.67) Reference Reference
Yes 93 33(7.32) 60(3.33) 2.34(1.50–3.65) <0.001 1.87(1.13–3.09) 0.015

Stomach discomfort

No 1577 256(56.76) 1321(73.23) Reference Reference

Yes 678 195(43.24) 483(26.77) 2.14(1.72–2.67) <0.001 1.86(1.44–2.41) <0.001

Poor appetite

No 2098 393(87.14) 1705(94.51) Reference Reference

Yes 157 58(12.86) 99(5.49) 2.63(1.85–3.75) <0.001 2.01(1.34–3.02) 0.001

Aversion to greasy food

No 2130 425(94.24) 1705(94.51) Reference Reference

Yes 125 26(5.76) 99(5.49) 1.05(0.67–1.65) 0.817 0.68(0.40–1.15) 0.151

Chronic gastritis

No 1659 302(66.96) 1357(75.22) Reference Reference
Yes 596 149(33.04) 447(24.78) 1.51(1.20–1.89) <0.001 0.80(0.60–1.05) 0.104

H. pylori infection

No 1755 269(59.65) 1486(82.37) Reference Reference

Yes 500 182(40.35) 318(17.63) 4.76(3.62–6.26) <0.001 4.39(3.27–5.88) <0.001

Appendicitis

No 2047 414(91.80) 1633(90.52) Reference Reference

Yes 208 37(8.20) 171(9.48) 0.86(0.59–1.24) 0.405 0.77(0.51–1.15) 0.193

Frequent constipation

No 1937 402(89.14) 1535(85.09) Reference Reference
Yes 318 49(10.86) 269(14.91) 0.69(0.50–0.96) 0.027 0.62(0.43–0.89) 0.010

Hemorrhoids

No 1470 329(72.95) 1141(63.25) Reference Reference

Yes 785 122(27.05) 663(36.75) 0.63(0.50–0.80) <0.001 0.61(0.47–0.78) <0.001

Notes: aUnivariate conditional logistic regression model. bMultivariate conditional logistic regression model. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; H. pylori, Helicobacter pylori.
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Table 3 Association Between Gastric Cancer and Duration Grade of Digestive Tract Conditions

Variable Total (N) Case Group Control Group Model Ia Model IIb

N(%) N(%) OR (95% CI) P-value OR (95% CI) P-value

Cumulative years of gastroesophageal reflux

0 1756 308(68.29) 1448(80.27) Reference Reference

1–5 152 18(3.99) 134(7.43) 0.63(0.38–1.04) 0.072 0.58(0.33–1.01) 0.054

6–10 125 30(6.65) 95(5.26) 1.55(1.00–2.40) 0.050 1.12(0.66–1.90) 0.670
11–15 112 44(9.76) 68(3.77) 3.00(2.01–4.49) <0.001 1.89(1.13–3.15) 0.015

≥16 110 51(11.31) 59(3.27) 4.14(2.76–6.20) <0.001 2.45(1.51–3.97) <0.001

Cumulative years of odynophagia

0 2162 418(92.68) 1744(96.67) Reference Reference
1–8 41 11(2.44) 30(1.67) 1.51(0.74–3.06) 0.256 1.52(0.68–3.39) 0.307

9–16 27 12(2.66) 15(0.83) 3.48(1.60–7.57) 0.002 2.27(0.87–5.96) 0.096

≥17 25 10(2.22) 15(0.83) 3.00(1.30–6.93) 0.010 2.70(0.97–7.54) 0.058

Cumulative years of stomach discomfort

0 1577 256(56.76) 1321(73.23) Reference Reference

1–5 197 35(7.76) 162(8.98) 1.11(0.74–1.65) 0.622 1.09(0.70–1.71) 0.701
6–10 191 50(11.09) 141(7.82) 1.89(1.32–2.70) <0.001 1.63(1.06–2.50) 0.025

11–15 156 54(11.97) 102(5.65) 2.78(1.95–3.97) <0.001 2.33(1.50–3.61) <0.001

≥16 134 56(12.42) 78(4.32) 3.93(2.68–5.75) <0.001 3.78(2.37–6.04) <0.001

Cumulative years of poor appetite

0 2098 393(87.14) 1705(94.51) Reference Reference

1–5 46 8(1.77) 38(2.11) 0.89(0.40–1.96) 0.773 0.89(0.37–2.18) 0.802

6–10 40 16(3.55) 24(1.33) 2.90(1.52–5.53) 0.001 2.36(1.09–5.12) 0.030
11–15 41 17(3.77) 24(1.33) 3.23(1.71–6.10) <0.001 2.87(1.33–6.22) 0.008

≥16 30 17(3.77) 13(0.72) 6.40(2.97–13.76) <0.001 5.29(2.12–13.22) <0.001

Aversion to greasy food

No 2130 425(94.24) 1705(94.51) Reference Reference
Yes 125 26(5.76) 99(5.49) 1.05(0.67–1.65) 0.817 0.65(0.37–1.16) 0.147

Cumulative years of chronic gastritis

0 1659 302(66.96) 1357(75.22) Reference Reference

1–5 253 90(19.96) 163(9.04) 2.59(1.93–3.48) <0.001 1.30(0.89–1.90) 0.179
6–10 97 16(3.55) 81(4.49) 0.91(0.53–1.59) 0.749 0.55(0.30–1.03) 0.060

11–15 64 12(2.66) 52(2.88) 1.08(0.57–2.04) 0.822 0.46(0.22–0.99) 0.049

≥16 182 31(6.87) 151(8.37) 0.90(0.60–1.36) 0.625 0.39(0.23–0.65) <0.001

Cumulative years of H. pylori infection

0 1755 269(59.65) 1486(82.37) Reference Reference

1–5 146 27(5.99) 119(6.60) 1.69(1.03–2.77) 0.037 1.53(0.90–2.60) 0.115

6–10 140 49(10.86) 91(5.04) 4.21(2.74–6.46) <0.001 3.95(2.46–6.34) <0.001
11–15 124 52(11.53) 72(3.99) 6.03(3.92–9.28) <0.001 4.89(2.96–8.08) <0.001

≥16 90 54(11.97) 36(2.00) 11.91(7.20–19.69) <0.001 10.03(5.86–17.17) <0.001

Appendicitis

No 2047 414(91.80) 1633(90.52) Reference Reference
Yes 208 37(8.20) 171(9.48) 0.86(0.59–1.24) 0.405 0.75(0.49–1.16) 0.201

(Continued)
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condition was generally greater in Model I than Model II. 
H. pylori infection witnessed the highest condition-specific 
OR (1.69 to 11.91 in Model I and 1.53 to 10.03 in Model 
II), followed by poor appetite (0.89 to 6.40 in Model I and 
0.89 to 5.29 in Model II), gastroesophageal reflux (0.63 to 
4.14 in Model I and 0.58 to 2.45 in Model II), stomach 
discomfort (1.11 to 3.93 in Model I and 1.09 to 3.78 in 
Model II), and odynophagia (1.51 to 3.00 in Model I and 
1.52 to 2.70 in Model II). In contrast, the ORs for all the 
lower DTCs studied were tested without statistical signifi-
cance except for hemorrhoids.

GC and Severity of Digestive Conditions
Table 4 displays results from our univariate (Model I) and 
multivariate (Model II) modeling of relations between GC 
and severity of DTCs. Again, both the modeling uncov-
ered an increasing trend for most of the upper but lower 
DTCs as the severity grade increased. For all the condi-
tions with data about severity grade (severity grade was 
not applicable for H. pylori infection), poor appetite wit-
nessed the highest conditions-specific OR (0.99 to 4.27 in 
Model I and 1.04 to 2.75 in Model II), followed by 
stomach discomfort (0.93 to 4.16 in Model I and 0.89 to 
3.56 in Model II), gastroesophageal reflux (0.55 to 3.80 in 
Model I and 0.63 to 2.52 in Model II), and odynophagia 
(1.65 to 3.23 in Model I and 1.53 to 2.61 in Model II). For 
the severity grade of the two lower DTCs studied, they 
showed a decreasing trend with GC (the ORs ranged from 

0.75 to 0.30 for constipation and from 0.74 to 0.41 for 
hemorrhoids).

GC and Duration-Severity of Digestive 
Conditions
Figure 1 portraits the results from our univariate (Model I) 
and multivariate (Model II) modeling of associations 
between GC and duration-severity of digestive conditions. 
The figure displays a clear increasing trend between GC 
and duration-severity grade for most of the upper but 
lower DTCs in both the models. For all the conditions 
with data about duration-severity grade, poor appetite wit-
nessed the highest condition-specific OR (0.33 to 10.02 in 
Model I and 0.40 to 10.47 in Model II), followed by 
gastroesophageal reflux (0.43 to 9.26 in Model I and 
0.49 to 4.96 in Model II), odynophagia (2.14 to 7.03 in 
Model I and 1.50 to 6.33 in Model II), and stomach 
discomfort (0.51 to 4.50 in Model I and 0.47 to 3.32 in 
Model II). As for the duration-severity grade of the two 
lower DTCs studied, they showed a decreasing trend with 
GC (the ORs ranged from 0.83 to 0.54 for constipation and 
from 1.13 to 0.47 for hemorrhoids).

Discussions
Our study revealed interesting dose–effect relations 
between GC and common DTCs. Although numerous 
studies have documented associations between GC and 
presence of gastrointestinal tract conditions, there is 

Table 3 (Continued). 

Variable Total (N) Case Group Control Group Model Ia Model IIb

N(%) N(%) OR (95% CI) P-value OR (95% CI) P-value

Cumulative years of frequent constipation

0 1937 402(89.14) 1535(85.09) Reference Reference

1–5 97 15(3.32) 82(4.55) 0.70(0.40–1.22) 0.211 0.74(0.39–1.41) 0.357
6–10 45 5(1.11) 40(2.22) 0.48(0.19–1.22) 0.121 0.42(0.15–1.18) 0.100

11–15 40 8(1.77) 32(1.77) 0.95(0.44–2.08) 0.898 0.94(0.39–2.23) 0.883

≥16 136 21(4.66) 115(6.37) 0.69(0.43–1.12) 0.137 0.59(0.33–1.04) 0.068

Cumulative years of hemorrhoids

0 1470 329(72.95) 1141(63.25) Reference Reference

1–5 122 26(5.77) 96(5.32) 0.92(0.58–1.45) 0.718 1.07(0.64–1.80) 0.788
6–10 121 14(3.10) 107(5.93) 0.45(0.26–0.80) 0.006 0.48(0.26–0.90) 0.022

11–15 105 10(2.22) 95(5.27) 0.36(0.18–0.70) 0.002 0.36(0.17–0.74) 0.006

≥16 437 72(15.96) 365(20.23) 0.68(0.51–0.90) 0.007 0.74(0.53–1.02) 0.069

Notes: aUnivariate conditional logistic regression model. bMultivariate conditional logistic regression model. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; H. pylori, Helicobacter pylori.
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Table 4 Association Between Gastric Cancer and Severity Grade of Digestive Tract Conditions

Variable Total (N) Case Group Control Group Model Ia Model IIb

N(%) N(%) OR (95% CI) P-value OR (95% CI) P-value

Cumulative days of gastroesophageal reflux in a month

0 1756 308(68.29) 1448(80.27) Reference Reference

1–7 140 15(3.33) 125(6.93) 0.55(0.31–0.96) 0.034 0.63(0.35–1.14) 0.127

8–14 109 26(5.76) 83(4.60) 1.45(0.92–2.30) 0.113 1.23(0.72–2.07) 0.448
15–21 128 47(10.42) 81(4.49) 2.71(1.85–3.97) <0.001 1.69(1.06–2.70) 0.028

≥22 122 55(12.20) 67(3.71) 3.80(2.60–5.55) <0.001 2.52(1.62–3.92) <0.001

Cumulative days of odynophagia in a month

0 2162 418(92.68) 1744(96.67) Reference Reference
1–10 36 10(2.22) 26(1.44) 1.65(0.79–3.44) 0.179 1.53(0.66–3.51) 0.320

11–20 29 11(2.44) 18(1.00) 2.56(1.20–5.42) 0.014 1.72(0.70–4.25) 0.242

≥21 28 12(2.66) 16(0.89) 3.23(1.51–6.95) 0.003 2.61(1.09–6.25) 0.031

Cumulative days of stomach discomfort in a month

0 1577 256(56.76) 1321(73.23) Reference Reference

1–7 169 25(5.54) 144(7.98) 0.93(0.59–1.45) 0.733 0.89(0.54–1.48) 0.663
8–14 188 45(9.98) 143(7.93) 1.65(1.14–2.39) 0.008 1.44(0.95–2.18) 0.086

15–21 167 57(12.64) 110(6.10) 2.75(1.92–3.94) <0.001 2.44(1.59–3.73) <0.001

≥22 154 68(15.08) 86(4.76) 4.16(2.92–5.93) <0.001 3.56(2.34–5.41) <0.001

Cumulative days of poor appetite in a month

0 2098 393(87.14) 1705(94.51) Reference Reference

1–7 40 7(1.55) 33(1.83) 0.99(0.44–2.27) 0.989 1.04(0.42–2.55) 0.934

8–14 35 13(2.88) 22(1.22) 2.60(1.30–5.19) 0.007 2.22(1.01–4.94) 0.049
15–21 42 18(3.99) 24(1.33) 3.27(1.74–6.14) <0.001 2.50(1.19–5.24) 0.015

≥22 40 20(4.44) 20(1.11) 4.27(2.27–8.03) <0.001 2.75(1.25–6.05) 0.012

Aversion to greasy food

No 2130 425(94.24) 1705(94.51) Reference Reference
Yes 125 26(5.76) 99(5.49) 1.05(0.67–1.65) 0.817 0.68(0.39–1.18) 0.169

Chronic gastritis

No 1659 302(66.96) 1357(75.22) Reference Reference

Yes 596 149(33.04) 447(24.78) 1.51(1.20–1.89) <0.001 0.74(0.55–0.99) 0.047

H. pylori infection

No 1755 269(59.65) 1486(82.37) Reference Reference

Yes 500 182(40.35) 318(17.63) 4.76(3.62–6.26) <0.001 4.27(3.15–5.77) <0.001

Appendicitis

No 2047 414(91.80) 1633(90.52) Reference Reference
Yes 208 37(8.20) 171(9.48) 0.86(0.59–1.24) 0.405 0.74(0.49–1.13) 0.167

Numbers of constipation in 10 stools

0 1937 402(89.14) 1535(85.09) Reference Reference

1–3 157 28(6.21) 129(7.15) 0.83(0.54–1.27) 0.386 0.75(0.45–1.23) 0.250
4–6 59 8(1.77) 51(2.83) 0.59(0.28–1.26) 0.170 0.65(0.29–1.50) 0.317

7–9 28 5(1.11) 23(1.27) 0.82(0.31–2.17) 0.693 0.66(0.21–2.03) 0.468

10 74 8(1.77) 66(3.66) 0.46(0.22–0.97) 0.041 0.30(0.13–0.72) 0.006

(Continued)
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a general paucity of attempts linking GC to cumulative 
years and severity of common DTCs.

Looking at the relations between GC and simply the 
presence of common DTCs (Table 2), the OR was esti-
mated as 1.41 (95% CI 1.08–1.84) for gastroesophageal 
reflux, 1.87 (95% CI 1.13–3.09) for odynophagia, 1.86 
(95% CI 1.44–2.41) for stomach discomfort, 2.01 (95% 
CI 1.34–3.02) for poor appetite, 4.39 (95% CI 3.27–5.88) 
for H. pylori infection and 0.77 (95% CI 0.51–1.15) for 
appendicitis. These relations are consistent with those 
from published studies in terms of both direction and 
magnitude. According to a case–control study (181 case 
patients and 192 control subjects), H. pylori infection was 
associated with a 2.04-fold higher risk (95% CI 1.31– 
3.18).27 A more recent systematic review and meta- 
analysis indicated that H. pylori infection was associated 
with a 2.56-fold higher risk of GC (95% CI 2.18–3.00).24 

Wu AH and colleagues’ research showed that gastroeso-
phageal reflux was associated with a twofold higher risk of 
gastric cardia adenocarcinoma (OR = 1.90; 95% CI 1.34– 
2.69).21 A study in Henan province of China documented 
that stomach discomfort was associated with a 1.57-fold 
higher risk of GC (95% CI 1.19–2.09).22 A population- 
based cohort study of Swedish national registries during 
the period of 1970–2009 reported no statistically signifi-
cant correlation between appendicitis and GC (SIR = 1.01; 
95% CI 0.92–1.10).28

By dividing the study participants into groups with 
growing duration of the DTCs, we observed a consistent 
and increasing trend in the OR of GC. More importantly, 
the independent OR for the group with the longest dura-
tion of a given condition (as listed in Table 3) is generally 
a few times that for all the participants with the same 
condition (Table 2). For example, when controlled for 

other conditions, the OR of GC for the group with the 
longest (16+) years of poor appetite (Table 3) was 2.63 
times that (Table 2) for all the participants with the same 
symptom, being 5.29 (95% CI 2.12–13.22) as compared 
with 2.01 (95% CI 1.34–3.02). Similarly, the difference in 
OR of GC was 1.74 times (2.45 versa 1.41) for gastro-
esophageal reflux, 2.03 times (3.78 versa 1.86) for sto-
mach discomfort and 2.28 times (10.03 versa 4.39) for 
H. pylori infection. Published attempts linking GC with 
duration of digestive conditions are scarce with very lim-
ited exceptions. One of such exceptions concerns the study 
by the Helicobacter and Cancer Collaborative Group. They 
reported that the OR of GC was higher among people with 
H. pylori infection for 10 years or above than those under 
10 years, being 3.12 (95% CI 2.23–4.35) as compared with 
2.10 (95% CI 1.70–2.58).29 Another exception refers to 
the work by Wu AH et al. They documented higher OR of 
gastric cardia adenocarcinoma among the study partici-
pants with reflux for 16 years or above than those of 3– 
15 years, being 2.55 (95% CI 1.64–3.96) versa 1.34 (95% 
CI 0.81–2.22).21

We also uncovered a consistent and increasing trend in 
the OR of GC among subgroups with growing severity of 
DTCs. For example, the OR of GC in the multivariate 
regression model (Table 4) for the group with the severest 
stomach discomfort (22+ days a month) was 1.91 times 
that for all the participants with the same symptom 
(Table 2), being 3.56 (95% CI 2.34–5.41) as compared 
with 1.86 (95% CI 1.44–2.41). Similarly, the difference in 
OR of GC was 1.79 times (2.52 versa 1.41) for gastro-
esophageal reflux and 1.37 times (2.75 versa 2.01) for poor 
appetite. Again, there is a paucity of published evidences 
on GC risk and severity of DTCs. Lagergren J et al 
reported that the OR of GC was higher among people 

Table 4 (Continued). 

Variable Total (N) Case Group Control Group Model Ia Model IIb

N(%) N(%) OR (95% CI) P-value OR (95% CI) P-value

Numbers of hemorrhoids attack in a month

0 1470 329(72.95) 1141(63.25) Reference Reference

1 549 94(20.85) 455(25.22) 0.71(0.55–0.92) 0.009 0.74(0.55–0.98) 0.036
2 103 13(2.88) 90(4.99) 0.49(0.27–0.90) 0.020 0.52(0.27–0.99) 0.046

3 60 7(1.55) 53(2.94) 0.46(0.21–1.01) 0.054 0.37(0.15–0.92) 0.033

≥4 73 8(1.77) 65(3.60) 0.42(0.20–0.89) 0.024 0.41(0.18–0.94) 0.035

Notes: aUnivariate conditional logistic regression model. bMultivariate conditional logistic regression model. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; H. pylori, Helicobacter pylori.
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with three or more times of reflux per week than those 
with only one time of the symptom per week, being 2.30 
(95% CI 1.20–4.30) as compared with 2.00 (95% CI 1.10– 
3.60).20

When both the duration and severity were considered, 
we found an even steeper increase trend in ORs of GC for 
common DTCs. Taking the example of poor appetite, the 
OR of GC for the highest “duration-severity” group was 
10.47 times that for those without the symptom and 2.63 
times that for the longest duration group (5.29 versa 2.01) 
and 1.37 times that for the highest severity group (2.75 
versa 2.01). Similarly, the OR of GC for the highest 

“duration-severity” group of odynophagia was 6.33 times 
that for those without the symptom and 1.44 times that for 
the group with the longest odynophagia history (2.70 versa 
1.87) and 1.40 times that for the group with the severest 
odynophagia (2.61 versa 1.87). Such relationship between 
GC and duration-severity groupings was also observable 
for gastroesophageal reflux and stomach discomfort. 
Whether these joint dose–effect relations or additive 
effects between duration and severity of DTCs are replic-
able in other populations remain to be studied. Our scop-
ing literature review did not reveal any similar reports. 
Nevertheless, these findings call for adequate attention to 

Figure 1 Association between gastric cancer and duration-severity grade of digestive tract conditions. aUnivariate conditional logistic regression model. bMultivariate 
conditional logistic regression model. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; H. pylori, Helicobacter pylori.
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both the duration and severity of common DTCs in future 
GC prevention, diagnosis and research. The underlying 
mechanisms for these additive associations may be com-
plex. One possible explanation may be “FDTC- ODTC- 
GC” pathway or continuum. Here, FDTC and ODTC 
stands for functional and organic DTCs respectively. 
Functional DTCs are generally viewed as complex bidir-
ectional dysregulations of gut–brain interaction, via the 
gut–brain axis, while organic DTCs are caused by various 
forms and grades of structural lesions. Numerous studies 
have documented relations between cancer and dysregula-
tions of gut–brain interaction.15,30 Similarly, evidences are 
mounting on links from structural lesions to cancers via, 
for instance, signal transducer and activator of transcrip-
tion 3 (STAT3), phosphatase and tensin homolog (PTEN), 
Wnt and so on.31–35 Given these, it is perhaps arguable 
that greater duration-severity grade means longer and 
severer dysregulations of gut–brain interaction and struc-
tural lesions and thus higher chances of developing GC. 
Our findings signify the importance of duration and sever-
ity of DTCs, especially functional DTCs, in the develop-
ment GC.

In contrast to the above mentioned relations, our study 
found an independent decreasing trend in the risk of GC 
among participants with increasing time difference from 
the first reported diagnosis of chronic gastritis. This may 
be attributed mainly to the following: a) respondents with-
out reported diagnosis of chronic gastritis may not neces-
sarily be free from the disease since a large part of them 
had never underwent gastro-endoscopic examinations;36,37 

b) people with functional gastrointestinal disorders are 
more likely to seek help from clinicians and thus have 
greater chances to have earlier diagnosis or even misdiag-
nosis of chronic gastritis.38–41 Compared with chronic 
gastritis, diagnosis of H. pylori infection is much more 
convenient, cheaper and popular in China.42–44 In addi-
tion, our study revealed much weaker associations 
between GC and common lower DTCs. The ORs of GC 
for appendicitis and frequent constipation were all tested 
without statistical significance. The moderately decreased 
risk of GC among the respondents with hemorrhoids may 
be explained partly by problem-induced protection. In 
other words, individuals with longer and severer hemor-
rhoids may be more likely to practice healthier diet and 
other behaviors in a hope to prevent and release the 
suffering of the problem.45–49

In addition, our study found more substantially greater 
number male GC cases than females. This is consistent 

with that reported in Global Cancer Statistics 2020.1 The 
ratio of GC incidence between men versus women was 
2.46 in Eastern Asia (the largest) and 1.16 in Eastern 
Africa (the smallest).1 Other studies also reported similar 
sex differences.2,50 This phenomenon may be attributable 
to differences between males and females in terms of 
behaviors, hormonal secretion and genetic factors.33,51,52

Strengths and Limitations
The study is advantageous in a number ways: 1) it was 
a large-scale, community-based case–control study involving 
both urban and rural populations; 2) it focused on dose–effect 
relations between GC and common digestive tract symptoms 
and diagnosis; 3) it introduced a novel measure (duration- 
severity grade) and documented substantially stronger asso-
ciations between GC and the duration-severity grade of 
common upper DTCs. The study also has limitations. 
Being a case–control study, it reports only non-causal asso-
ciations and readers should be well cautioned about a whole 
range of potential report biases. For example, respondents 
diagnosed with GC maybe more likely, than normal ones, to 
recall (even invent) digestive tract symptoms.

Conclusions
This community-based case–control study in China 
revealed strong and consistent associations between GC 
and common DTCs. GC was found dose–effect relation-
ships with 1) duration of gastroesophageal reflux, stomach 
discomfort, poor appetite, and H. pylori infection; 2) 
severity of gastroesophageal reflux, stomach discomfort 
and poor appetite; and 3) duration-severity of gastroeso-
phageal reflux, odynophagia, stomach discomfort and poor 
appetite. These should inform the prevention, diagnosis 
and further research in patients with GC.

Abbreviations
CI, confidence interval; DTCs, digestive tract conditions; 
GC, gastric cancer; H. pylori, Helicobacter pylori; IQR, 
interquartile range; OR, odds ratio; PTEN, phosphatase 
and tensin homolog; SCAG, severe chronic atrophic gas-
tritis; SIR, standardized incidence ratio; STAT3, signal 
transducer and activator of transcription 3.
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able from the corresponding author on reasonable request.
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