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Purpose There remains controversy about relationship between obesity and gastric cancer. We aimed to examine the association
using obesity-persistence.

Materials and Methods We analyzed a nationwide population-based cohort which underwent health check-up between 2009 and
2012. Among them, those who had annual examinations during the last 5 years were selected. Gastric cancer risk was compared
between those without obesity during the 5 years (never-obesity group) and those with obesity diagnosis during the 5 years (non-
persistent obesity group; persistent obesity group).

Results Among 2,757,017 individuals, 13,441 developed gastric cancer after median 6.78 years of follow-up. Gastric cancer risk
was the highest in persistent obesity group (incidence rate [IR], 0.89/1,000 person-years; hazard ratio [HR], 1.197; 95% confidence
interval [Cl], 1.117 to 1.284), followed by non-persistent obesity group (IR, 0.83/1,000 person-years; HR, 1.113; 95% Cl, 1.056 to
1.172) compared with never-obesity group. In subgroup analysis, this positive relationship was true among those < 65 years old and
male. Among heavy-drinkers, the impact of obesity-persistence on the gastric cancer risk far increased (non-persistent obesity: HR,
1.297; 95% Cl, 1.094 to 1.538; persistent obesity: HR, 1.351; 95% Cl, 1.076 to 1.698).

Conclusion Obesity-persistence is associated with increased risk of gastric cancer in a dose-response manner, especially among

male < 65 years old. The risk raising effect was much stronger among heavy-drinkers.
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Introduction

Despite the decreasing incidence and mortality, gastric can-
cer still remains the fifth most common cancer and the third
most common cause of cancer-related death in the world [1].
Since Helicobacter pylori has been established as class I car-
cinogen for gastric cancer by the World Health Organization
[2], there have been many studies evaluating risk factors for
gastric cancer. Aside from H. pylori, following factors have
been revealed so far: advanced age [3], male sex [1], smok-
ing [4], alcohol [5], low consumption of fresh vegetables [6],
and high salt intake [7]. Also, low income is highly associated
with H. pylori prevalence [8] which is the single most impor-
tant risk factor for gastric cancer.

In contrast, there have been mixed evidence regarding the
relationship between overweight/obesity and gastric cancer

risk [9]. A previous meta-analysis has shown that body mass
index (BMI) is highly related with gastric cardia cancer but
not with non-cardia cancer [10]. Meanwhile, a recent study
suggested that obesity is associated with early gastric cancer
and dysplasia under the adjustment of H. pylori infection [11].
Also a study reported positive relationship between over-
weight and gastric cancer among non-Asians, while such
relationship was not shown among Asians [12]. However,
most of the previous studies have dealt with obesity status
only in a certain time point and have not concentrated on the
persistence of obesity. As BMI is rather dynamic compared
with other above mentioned risk factors, it can be easily
changed. Also, reverse causality is often a problem in case-
control studies: BMI tends to decrease when an individual
has malignancy [13]. Persistent obesity may be more influ-
ential to the development of gastric cancer than temporary

Correspondence: Cheol Min Shin

Department of Internal Medicine, Seoul National University Bundang Hospital,
82 Gumi-ro 173 Beon-gil, Bundang-gu, Seongnam 13620, Korea

Tel: 82-31-787-7057 Fax: 82-31-787-4052 E-mail: scm6émd@gmail.com

Received January 26, 2021 Accepted April 30, 2021
Published Online May 4, 2021

| https://www.e-crtorg |

Co-correspondence: Kyung-Do Han

Department of Statistics and Actuarial Science, Soongsil University, 369 Sangdo-ro,
Dongjak-gu, Seoul 06978, Korea

Tel: 82-2-820-7025 Fax: 82-2-823-1746 E-mail: hkd917@naver.com

Copyright © 2022 by the Korean Cancer Assaciation 199

€ This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommans.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2021.130&domain=pdf&date_stamp=2022-01-15

Cancer Res Treat. 2022;54(1):199-207

obesity.

From this background, we aimed to investigate the rela-
tionship between the persistence of obesity and the risk of
gastric cancer using a population-based prospective cohort
in Korean population.

Materials and Methods

1. Study population

We used the 5-year data of a population-based prospec-
tive cohort which underwent health check-up provided by
the National Health Insurance Corporation (NHIC) between
2008 and 2012 to identify individuals according to the obesi-
ty-persistence. The NHIC covers almost 97% of Korean pop-
ulation and offers a standardized health check-up examina-
tion at least biennially.

Among the total 23,503,802 individuals, 2,813,404 subjects
who had undergone five annual examinations during the
last 5 years were selected. Index date was defined as the last
examination date among the five times. Thus we used the
last health check-up data during the 5 years for the analy-
sis of all the variables. Among this population, those with
unknown BMI (n=5,058), those with other insufficient data
(n=12,611), those who had diagnosis with any cancer before
the index date (n=26,394), and those who had gastric can-
cer development within one year (n=12,324) were excluded.
Finally, the remaining 2,757,017 individuals were included in
this study and followed up until 2017 (Fig. 1).

Cancer diagnosis was identified from the National Health
Insurance Service claim data using the International Classifi-
cation of Diseases, 10th revision (ICD-10) codes.

2. Clinical parameters and biochemical analysis

We used answers to the standardized self-reporting ques-
tionnaire which was obtained at the time of health check-up
examination. Following parameters thereof were analyzed:
age, sex, residency (rural or urban), yearly income (low: low-
est quartile range among those under NHIS and the income
of those under Medical Aid which is for the recipients of
National Basic Livelihood Security Program vs. normal to
high: income of the remaining), smoking status (never, for-
mer, or current), alcohol consumption (none, mild: < 30 g/
day, or heavy: > 30 g/day), and regular exercise (high-inten-
sity activity > 3 times/week or moderate-intensity activity
> 5 times/wk vs. not). BMI, waist circumference (WC, cm),
and systolic/ diastolic blood pressure (mmHg) were meas-
ured on the day of health check-up examination. Plasma
glucose level and total cholesterol level were measured from
each individuals’ blood sample taken after at least 8 hours
of fasting. All questionnaire data and the measurement data
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Individuals who underwent health
check-up provided by the NHIC
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Fig. 1. Study flow chart showing patient enrollment. BMI, body
mass index; NHIC, National Health Insurance Corporation.

used in this study were taken from the examination of the
index date.

3. Definitions

Diabetes mellitus was defined as a fasting plasma glu-
cose level = 126 mg/dL, taking oral hypoglycemic agents/
insulin, or having the ICD-10 code of E11-14. Hyperten-
sion was defined as systolic blood pressure > 140 mmHg or
diastolic blood pressure > 90 mmHg; taking antihyperten-
sive medication; or having the ICD-10 code, I10-13. Dyslipi-
demia was defined as fasting total cholesterol > 240 mg/dL,
taking lipid lowering medication, or having the ICD-10 code
E78. Obesity was defined as BMI = 25 kg/m? based on the
criteria for the Asia-Pacific region [14] and abdominal obe-
sity was defined as WC = 90 cm among male and WC > 85
cm among female [15].

According to the number of diagnoses with obesity during
the 5 years, individuals were grouped as followings: never-
obesity group (those who had never diagnosed with obesity
during the 5 years) and ever-obesity group (those who had
diagnosed with obesity at least once during the 5 years). Also
ever-obesity group was subdivided as follows: non-persis-
tent obesity group (those who had been diagnosed with
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Table 2. Degree of obesity and the adjusted risk for gastric cancer

Gastric Duration Incidence rate aHR (95% CI)®
cancer (person-years) (per 1,000 person-years)
BMI?
<185 314 602,029.76 0.52 1.152 (1.027-1.292)
18.5-23 4,634 6,769,453.49 0.68 1 (reference)
23-25 3,744 4,520,560.49 0.83 0.977 (0.935-1.020)
25-30 4,403 5,108,345.76 0.86 1.027 (0.985-1.072)
>30 346 560,217.27 0.62 0.985 (0.881-1.100)
BMI
<25 8,692 11,892,043.75 0.73 1 (reference)
>25 4,749 5,668,563.03 0.84 1.031 (0.994-1.069)
WC, M/F (cm)”
<80/<75 3,623 6,607,430.37 0.55 0.951 (0.906-0.998)
80-85/75-80 3,685 4,578,966.61 0.80 0.966 (0.922-1.013)
85-90/80-85 3,308 3,496,236.26 0.95 1 (reference)
90-95/85-90 1,832 1,821,759.93 1.01 0.997 (0.942-1.056)
95-100/90-95 693 708,149.86 0.98 0.997 (0.928-1.082)
>105/=100 300 348,063.75 0.86 1.004 (0.892-1.131)
WC, M/F (cm)
<90/< 85 10,342 14,139,457.95 0.73 1 (reference)
>90/>85 3,099 3,421,148.83 0.91 1.008 (0.967-1.050)

aHR, adjusted hazard ratio; BMI, body mass index; CI, confidence interval; F, female; M, male; WC, waist circumference. ?Adjusted for
age, sex, smoking (never, former, or current smoker), alcohol consumption (none, <30 g/ day, or = 30 g/day), regular exercise, income (low,

normal-high), diabetes, hypertension, and dyslipidemia, WC and BMI were from the last examination in the 5-year period.

obesity 1-4 times during the 5 years) and persistent obesity
group (those who had been diagnosed with obesity 5 times
during the 5 years).

4. Statistical analysis

Continuous variables were presented as meantstandard
deviation for normally distributed one, and otherwise pre-
sented as medians with ranges. Categorical variables were
presented as numbers with proportions. To compare con-
tinuous variables, Student t test or analysis of variance was
used. For categorical variables, chi-square test was used
for analysis. Continuous variables with non-normal distri-
bution were analyzed after log transformations. Clinically
important variables with p < 0.05 in univariable analyses
were taken for multivariable analyses.

Incidence rates were presented as the number of events per
1,000 person-years at risk. For independent risk evaluation,
Cox proportional hazard model was adopted under adjust-
ment with clinically important variables.

All the statistical analyses were performed using SAS ver.
9.4 (SAS Institute, Cary, NC) and R ver. 3.2.3 (The R Foun-
dation for Statistical Computing, Vienna, Austria; http://
www.r-project.org). All tests were two-sided and p-values
< 0.05 were considered statistically significant.
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The data that support the findings of this study are avail-
able from the NHIC but restrictions apply to the availability
of these data, which were used under license for the current
study, and so are not publicly available. Data are however
available from the authors upon reasonable request and with
permission of the NHIC.

Results

1. Baseline characteristics of the study population

Table 1 shows the baseline characteristics of the study pop-
ulation according to the obesity status. Based on the defini-
tion of obesity as an ever diagnosis with obesity, 1,613,198
individuals (58.5%) had never been diagnosed with obesity
during the 5 years and 1,143,819 individuals (41.5%) had
been diagnosed with obesity at least once during the 5 years.
Ever-obesity group were older and had larger proportion of
male than never-obesity group, and the mean age linearly
increased as the number of diagnoses with obesity increases
(p < 0.001). The final BMI and WC showed increasing ten-
dencies in dose-response manner according to the number of
diagnoses with obesity. However, even among ever-obesity
group, 0.03% were underweight at the time of index date.
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Table 3. Obesity-persistence and adjusted risk for gastric cancer

Nf). of diagnosis Gastric Duration Incidence rate HR (95% CI)®
with obesity” cancer (person-years) (per 1,000 person-years)

0 7,187 10,292,257 .46 0.70 1 (reference)
1-4 3,043 3,653,452.65 0.83 1.113 (1.056-1.172)
5 3,211 3,614,896.68 0.89 1.197 (1.117-1.284)

CI, confidence interval; HR, hazard ratio. ?Number of obesity diagnoses during the five continuous annual health check-ups, PAdjusted
for age, sex, smoking (never/former, or current), alcohol consumption (none, < 30 g/day, or = 30 g/day), regular exercise, income (low,
normal-high), diabetes, hypertension, dyslipidemia, and body mass index.

Ever-obesity group had larger proportion of individuals with
low income and those with smoking or alcohol consump-
tion habit, and these traits also showed similar proportional
distribution according to the cumulative number of obesity
diagnoses (p < 0.001). Interestingly, ever-obesity group was
more likely to do regular exercise than never-obesity group,
and among the ever-obesity group, those with greater obe-
sity-persistence were more likely to do regular exercise (p <
0.001). The proportions of diabetes, hypertension, and dys-
lipidemia were all greater among ever-obesity group than
among never-obesity group, and showed increasing tenden-
cies as the obesity-persistence increases.

Additionally, we have analyzed baseline characteristics of
those who were excluded due to unknown BMI (n=5,058)
(S1 Table). They showed similar characteristics to the ever-
obesity group. Their mean WC was greater than that of the
ever-obesity group. Furthermore, the portions of smokers
and drinkers, or those with diabetes, hypertension, and dys-
lipidemia in those with missing BMI data were also largely
comparable to those in the ever-obesity group.

2. Degree of obesity and the risk for gastric cancer

The adjusted HRs (aHRs) for gastric cancer were calculated
according to the degree of obesity at the index date, adjusted
with age, sex, smoking (never, former, or current), alcohol
consumption, regular exercise, income, diabetes, hyperten-
sion, and dyslipidemia (Table 2). Stratification was made
with BMI or WC. Under five-level stratification with BMI
(< 18.5; 18.5-23; 23-25; 25-30; and > 30 kg/m?), underweight
individuals (BMI < 18.5 kg/m?) showed an increased risk for
gastric cancer compared with normal BMI group (18.5 kg/m?
<BMI < 23 kg/m?). Meanwhile, the other three groups failed
to show any risk with statistical significance.

When divided into two groups with the cutoff value of
BMI 25 which is the cutoff for obesity in the Asian popula-
tion, those with BMI > 25 kg /m? showed a greater incidence
rate of gastric cancer compared with those with BMI <25 kg/
m? (0.73 vs. 0.84 per 1,000 person-years), which did not reach
a statistical significance.

In regard with WC, when stratified into six levels (< 80/<

00084 — Never obesity
Non-persistent obesity
= ——— Persistent obesity
= 0.006 4
©
o
=
S 0.004
o
c
D
2 0.002-
£
Log-rank, p <0.001
0 T T T T
0 2 4 6 8

Time (yr)
Fig. 2. Kaplan-Meier curves depicting the incidence probability

for gastric cancer in never-obesity, non-persistent obesity and
persistent obesity group.

75; 80-85/75-80; 85-90/80-85; 90-95/85-90; 95-100/90-95;
and > 105/> 100 cm for male/female, respectively), WC <
80/< 75 cm group showed slightly decreased risk for gastric
cancer with reference to the group with normal WC (male/
female: 85-90/80-85 cm) and the other groups did not show
any significant risk for gastric cancer. When divided into two
groups with the cutoff value of WC 90 cm for male and 80 cm
for female which are the cutoff for abdominal obesity, those
with abdominal obesity did not show any difference in the
risk for gastric cancer from those without abdominal obesity.

3. Obesity-persistence and the risk for gastric cancer

To evaluate the effect of obesity-persistence on the risk for
gastric cancer, the aHRs for gastric cancer were calculated
according to the number of obesity diagnoses under adjust-
ment with age, sex, smoking (never or former, current), alco-
hol consumption (none, < 30 g/day, or = 30 g/day), regu-
lar exercise, income (low, normal to high), diabetes, hyper-
tension, dyslipidemia, and BMI (Table 3). According to the
obesity-persistence, there were 1,613,198 individuals in the
never-obesity group, 574,320 in the non-persistent obesity
group, and 569,499 in the persistent obesity group. Com-
pared with never-obesity group, both non-persistent obesity
group and the persistent obesity group showed an increased

VOLUME 54 NUMBER 1 JANUARY 2022 203
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HR HR p for
(95% CI) (95% CI) interation
Age < 65 Age = 65
Never obesity 1 (reference) Never obesity 1 (reference) 0.304
Non-persistent obesity + =~ 1.132 (1.072-1.196) Non-persistent obesity ~— +——+—— 0.969 (0.820-1.144)
Persistent obesity —— 1228 (1.141-1.322) Persistent obesity —_— 0.935 (0.744-1.174)
Male Female
Never obesity 1 (reference) Never obesity 1 (reference) 0.020
Non-persistent obesity + = 1.118(1.057-1.181) Non-persistent obesity —_— 1.039(0.891-1.212)
Persistent obesity —— 1.197 (1.111-1.289) Persistent obesity —_— 1.052 (0.849-1.304)
No diabetes Diabetes
Never obesity 1 (reference) Never obesity 1 (reference) 0.966
Non-persistent obesity = 1.111(1.050-1.176) Non-persistent obesity —— 1.120(0.977-1.284)
Persistent obesity —— 1.189(1.103-1.283) Persistent obesity —_— 1.230(1.025-1.476)
No dyslipidemia Dyslipidemia
Never obesity 1 (reference) Never obesity 1 (reference) 0.489
Non-persistent obesity + =— 1.144(1.079-1.214) Non-persistent obesity —_—— 1.006 (0.900-1.125)
Persistent obesity ——  1.232(1.138-1.334) Persistent obesity —_— 1.068 (0.920-1.240)
No hypertension Hypertension
Never obesity 1 (reference) Never obesity 1 (reference) 0.901
Non-persistent obesity + =—— 1.116 (1.046-1.191) Non-persistent obesity —— 1.110(1.017-1.211)
Persistent obesity —— 1.190 (1.090-1.299) Persistent obesity —_— 1.203 (1.072-1.351)
Non-/mild drinker Heavy drinker
Never obesity 1 (reference) Never obesity 1 (reference) 0.354
Non-persistent obesity =~ 1.095 (1.036-1.156) Non-persistent obesity —_—— 1.297 (1.094-1.538)
Persistent obesity —— 1.183 (1.099-1.273) Persistent obesity —————— 1.351(1.076-1.698)
No regular exercise Regular exercise
Never obesity 1 (reference) Never obesity 1 (reference) 0.709
Non-persistent obesity '+ =—— 1.151 (1.056-1.255) Non-persistent obesity —— 1.090 (1.021-1.164)
Persistent obesity —— 1.234(1.099-1.385) Persistent obesity — 1.170(1.072-1.277)
Non-/ex-smoker Current smoker
Never obesity 1 (reference) Never obesity 1 (reference) 0.491
Non-persistent obesity — +—— 1.082 (1.013-1.156) Non-persistent obesity —— 1.162 (1.067-1.266)
—— 1.133(1.037-1.238) —_— 1.296 (1.157-1.453)

Persistent obesity

Persistent obesity

Fig. 3. The impact of obesity-persistence on the risk of gastric cancer in different subgroups. Forest plots of hazard ratios (HRs; middle
markings on the bars) and 95% confidence intervals (CL error bars) under adjustment with age, sex, diabetes, dyslipidemia, hypertension,
alcohol consumption (none, < 30 g/day vs. = 30 g/day), regular exercise, and smoking (never, former vs. current) were illustrated. The

vertical dotted lines mean hazard ratio 1.

risk for gastric cancer (aHR, 1.113; 95% confidence interval
[CI], 1.056 to 1.172 and aHR, 1.197; 95% CI, 1.117 to 1.284,
respectively) (Fig. 2).

4. Subgroup analyses according to age, sex, diabetes, dys-
lipidemia, hypertension, alcohol consumption, regular exe-
rcise, and smoking status

We performed subgroup analyses according to age, sex,
diabetes, dyslipidemia, hypertension, alcohol consump-
tion, regular exercise, and smoking status to know which
subgroup is more under the effect of obesity-persistence on
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the risk of gastric cancer. Fig. 3 shows the aHRs and p for
interaction of each subgroup under adjustment with age,
sex, diabetes, dyslipidemia, hypertension, alcohol consump-
tion (none, mild < 30 g/day, or heavy > 30 g/day), regular
exercise, smoking (never, former, or current), income (low,
normal-high), and BML

Among those < 65 years old, the relationship between obe-
sity-persistence and the risk of gastric cancer was strongly
positive, while those > 65 years old did not show significant
relationship. According to the sex, only male showed posi-
tive relationship between obesity-persistence and the risk
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for gastric cancer. Male sex also showed significant interac-
tion with obesity-persistence on the risk for gastric cancer
(p for interaction=0.020). In terms of underlying chronic met-
abolic conditions, those with diabetes or dyslipidemia failed
to show consistent association between obesity-persistence
and gastric cancer risk. On the other hand, the positive asso-
ciation was not affected by hypertension. The risk raising
effect of obesity-persistence on gastric cancer was consist-
ently positive regardless of alcohol consumption, regular
exercise, or smoking status. However, the effects were greater
among heavy-drinkers, those without regular exercise, and
current smokers than the counterparts. Especially among
heavy-drinkers, the HRs for non-persistent and persistent
obesity group were as high as 1.297 and 1.351, respectively.

Discussion

We found that obesity-persistence is positively associated
with the risk of gastric cancer. The risk for gastric cancer
increased by approximately 11% in non-persistent obesity
group and 20% in persistent obesity group compared with
never-obesity group showing a dose-response relationship.
Especially, the positive relationship was true among those
who are young, male, and without diabetes or dyslipidemia.
Furthermore, the positive relationship was more prominent
among heavy-drinkers, those without regular exercise, and
current smokers.

Obesity is established as an obvious risk factor for sev-
eral types of cancers. Based on the International Agency for
Research on Cancer Working Group, convincing evidences
support that excessive body weight is associated with incr-
eased risk for following cancers: endometrial, esophageal,
renal, colorectal, breast, ovarian, gallbladder, thyroid, and
pancreatic cancer; hepatocellular carcinoma; meningioma;
and multiple myeloma [16]. However the evidence for the
relationship between obesity and gastric cancer has been
conflicting. A previous meta-analysis reported 36% and 21%
increment of gastric cancer risk in regard to obesity and over-
weight, respectively [12]. Meanwhile, later meta-analyses
including more prospective studies revealed no statistical
relationship between obesity and gastric cancer except for
non-cardia one [10,17]. However, these studies were mostly
from Western countries where gastric cancer incidence is
relatively low compared with East Asian countries, and the
prevalence of gastric cardia cancer is significantly growing.
We assumed that a large-scale study in an area where gastric
cancer is highly prevalent may elucidate the true association
between obesity and gastric cancer.

In current study, the analysis using BMI or WC meas-
ured at a single time point failed to reveal any risk raising

effect for gastric cancer. Rather the underweight population
showed an increased risk for gastric cancer. The reason for
this phenomenon is unclear, however, considering that those
with lowest level of WC showed slightly decreased risk for
gastric cancer, it might be a phenomenon of chance. Divided
into two groups with the cutoff for obesity using BMI or WC,
those with obesity or abdominal obesity were slightly more
likely to develop gastric cancer, although without statistical
significance. In epidemiological studies, reverse causality
is often a problem; patients with gastric cancer tend to lose
weight (cancer cachexia), which underestimates the impact
of obesity on gastric cancer [13]. Also, it might be because of
the fluctuation of the obesity status. Therefore we focused on
obesity-persistence using five-year cumulative data. In this
regard, the degree of obesity-persistence or the cumulative
exposure to obesity demonstrated a consistent risk increas-
ing effect on gastric cancer development, even after control-
ling for potential confounders.

The mechanism by which obesity promotes gastric cancer
is not clear. However, this can be assumed similar with other
obesity-related cancers. According to previous literatures,
the abnormal fat deposition may cause molecular changes
by hyperinsulinemia, increase of insulin-like growth factors,
adipocytokine imbalance, and increased estrogen, affecting
DNA repair, as well as cell proliferation and malignant trans-
formation [18,19]. Also, ectopic accumulation of adipose tis-
sue exerts pro-inflammatory effect through inflammatory
cytokines such as tumor necrosis factor and interleukin-6,
leading to chronic subclinical inflammatory state subject to
oxidative stress which is a well-known promoter of carcino-
genesis [20-22].

In the subgroup analysis, most of the subgroups consist-
ently showed positive relationship between obesity-persis-
tence and the risk of gastric cancer. However, which was not
maintained among old age and females. One of the probable
reason is that the number of individuals included in those
subgroups were relatively small. Also, in most cases the rate
of progression of gastric cancer among elderly is slower than
among young people [23]. Therefore the median 6.78 years
of follow-up period might be insufficient to see the devel-
opment. In terms of sex disparity, similar phenomenon has
been seen in colorectal cancer showing stronger relationship
among male [24]. Considering the fact that male are more
prone to visceral adiposity which is the key determinant of
insulin resistance, female having more subcutaneous fat than
men would less likely be affected by obesity simply defined
with BML Also, like in colon cancer, estrogen might have
protective effect on gastric carcinogenesis [25,26].

Current smoking and heavy alcohol consumption played
a role in enhancing the linkage between obesity and gastric
cancer. Especially among heavy-drinkers, the effect of obe-
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sity on gastric cancer susceptibility was highly increased
by up to 19%, inferring certain synergistic effect. In previ-
ous researches, similar synergistic effect between smoking or
alcohol consumption and obesity has been reported in
regard to cardiovascular disease [27,28]. This might be bec-
ause of their cumulative pro-inflammatory function, pro-
moting neoplastic transformation. Also, regular exercise
attenuated the degree of gastric cancer susceptibility indu-
ced by obesity-persistence. Therefore the combination of
smoking/alcohol cessation, regular exercise, and sustainable
weight loss may better reduce the risk of gastric cancer.

In this study, the HR of gastric cancer in persistent obe-
sity group was slightly higher than in the non-obesity group.
This might be because the duration of 5 years, which was
used for the definition of persistent obesity in this study, was
not enough to show considerable risk increment. For exam-
ple, there might be some people who had lost weight after 5
years. However, the relationship shown here cannot be made
by chance just because of large sample size, since the various
subgroup analyses have shown robust results confirming the
positive association. Also, the persistence of obesity showed
an increased risk for gastric cancer with dose-response man-
ner with statistical significance. Therefore, the association
between obesity-persistence and gastric cancer risk might
be true. However, more well-designed long-term follow-up
studies are necessary to confirm our findings.

There are several limitations in this study. First, the H.
pylori infection status could not be evaluated. As H. pylori is
a major risk factor for gastric cancer, this needs to be ana-
lyzed in future studies. However, considering that H. pylori
has been reported to have reverse relationship with obesity
in previous studies [29,30], it is thought current positive
association between obesity-persistence and gastric cancer
risk will not be changed, or rather can be enhanced, by adjust-
ment with H. pylori status. Also, a previous study has shown
positive relationship between obesity and early gastric can-
cer under adjustment with H. pylori status [11]. Secondly, we
could not achieve detailed information about gastric cancer
such as stage, pathologic type, and whether it is cardia or
non-cardia cancer. Also, the study participants may not well
represent general population. Since we enrolled only those
who had taken annual health check-ups during the 5 years,
the majority must be non-manual workers. To overcome this
selection bias, further study including large scale of general
population is warranted. Also, those who were excluded
because of unknown BMI showed similar baseline charac-
teristics to the ever-obesity group (S1 Table). Some of them
might have refused to measure their weight to hide that they
were obese. However, considering that they were only 0.44%
of the ever-obesity group, this may not have substantially
affected the outcomes. Another limitation is the validity issue
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on the identification of gastric cancer with the NHIC data.
However, if any, there must be very few cases of missing or
false registration due to gastric cancer-mimicking lesions,
because the identification of gastric cancer in this research
was defined as those who achieved the health insurance ben-
efit coverage for cancer patients. Lastly, there is possibility of
incorrect onset time of gastric cancer development. Howev-
er, we believe the 1 year lag applied to the selection of study
population may have the power to overcome such bias.

In conclusion, current study confirmed that obesity-per-
sistence increases the risk of gastric cancer in a manner of
dose-response, especially among male younger than 65
years. However, the effect size varied according to behavio-
ral factors such as smoking, alcohol consumption, and regu-
lar exercise. The present study demonstrated that sustained
obesity longer than 5 years among male < 65 years can be
a good surrogate marker for gastric cancer development.
Sustainable weight loss along with smoking / drinking cessa-
tion and regular exercise may have good primary preventive
effect on gastric cancer.
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