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ABSTRACT

Background: Body fatness and weight gain are considered probable causes of gastric cancer, specifically in the
cardia region. However, limited evidence is available in Asia, where the burden of gastric cancer is high. The
objective of this study was to determine an association between body-mass index (BMI) and gastric cancer risk
using a large population prospective cohort.

Methods: 92,056 subjects enrolled in the Japan Public Health Center-based prospective Study who reported their
height and weight were followed up until the end of 2013. A Cox proportional hazards model was used to
estimate the risk for gastric cancer and its subsite based on baseline BMI. A subgroup analysis was conducted
taking account of Helicobacter pylori (H. pylori) infection and atrophic gastritis status.

Results: 2,860 gastric cancer cases (2,047 men, 813 women), 307 proximal gastric cancer cases (244 men, 63
women), and 1967 distal gastric cancer cases (1,405 men, 562 women) were found during the follow-up period.
Among men, baseline BMI > 27 kg/m? increased the risk of overall gastric cancer (hazards ratio (HR) 1.23, 95%
confidence interval (CI) 1.00-1.53). For both sexes, U-shaped increase in the risk was observed for proximal
gastric cancer. Subgroup analysis showed a statistically significant association between the risk of proximal
gastric cancer and BMI > 27 kg/m? among those who were atrophic gastritis positive, H. pylori antibody posi-
tive, and those who tested positive to either or both atrophic gastritis and H. pylori antibody.

Conclusion: Our result suggests that gastric cancer risk increases for men with BMI = 27 kg/m?

1. Introduction

associated with H. pylori infection, following the Correa model of gas-
tric carcinogenesis [4], and often found in areas with a high incidence

Gastric cancer is considered one of the most common cancers, de-
spite a global decreasing trend in incidence [1]. With approximately
one million newly diagnosed cases every year, it was ranked as the third
most common cause of cancer death in 2018, attributing to 8.2% of
cancer-related deaths [1].

General risk factors for gastric cancer are age, male sex, tobacco
smoking, radiation, and family history of gastric cancer [2]. Histolo-
gically, gastric cancer could be differentiated into two main subtypes —
intestinal and diffuse type [3]. Intestinal type gastric cancer is

of gastric cancer [5,6]. On the other hand, diffuse type gastric cancer
originates from normal gastric mucosa [6], and has been found to be
associated with risk factors such as high socioeconomic status (SES) [7],
obesity [8,9], and type A blood [10]. Further, gastric cancer could be
classified as non—cardia gastric cancer or cardia gastric cancer based on
the anatomical location of the lesion [11]. While non-cardia gastric
cancer incidence rates are decreasing in Western countries, the in-
cidence rate of cardia gastric cancer has remained constant, suggesting
the possibility of different aetiologies [12,13].

Abbreviations: AICR, American Institute for Cancer Research; BMI, body-mass index; CI, confidence interval; CUP, Continuous Update Project; H. pylori, Helicobacter
pylori; HR, hazards ratio; ICD, International Classification of Diseases; IgG, immunoglobulin G; JPHC, Study Japan Public Health Center-based prospective Study; RR,
relative risk; WCRF, World Cancer Research Fund; WHO, World Health Organization
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Overweight and obesity, assessed by measures such as body-mass
index (BMI) and waist circumference, are more prevalent than ever. It
was estimated in 2016 that 1.97 billion adults and over 338 million
children and adolescents were categorised as overweight or obese [14].
Obesity increases the risk of chronic diseases as well as mortality [15].
A joint review of the Continuous Update Project (CUP) published by the
World Cancer Research Fund (WCRF) and American Institute for Cancer
Research (AICR) in 2018 suggested that there is strong, convincing
evidence that links adult body fatness to esophagus adenocarcinoma,
pancreatic, liver, colorectal, postmenopausal breast, endometrium, and
kidney cancer [14]. CUP also suggested that obesity may be a probable
cause for mouth, pharynx and larynx, gallbladder, ovary, prostate, and
cardia gastric cancer [14]. The same report reported a relative risk (RR)
of 1.23 (95% confidence interval (CI) 1.07-1.40) of cardia gastric
cancer among obese subjects [14]. However, previous studies that as-
sessed the effect of BMI on the long-term outcomes of gastric cancer
have conflicting results. While some studies showed an increased risk
among obese and overweight subjects [8,9], others found no associa-
tion [17-19]. Furthermore, many studies were conducted in Western
nations, where the burden of gastric cancer is generally low. De-
termining whether BMI is associated with gastric cancer risk is of a
particular interest for East Asian countries including Japan, where the
world’s third highest gastric cancer incidence is observed [20].

Therefore, we aimed to examine the association between BMI and
the risk of gastric cancer in a large population-based prospective cohort
study in Japan.

2. Materials and methods
2.1. Study population

The Japan Public Health Center-based Prospective Study (the JPHC
Study) [21] is an ongoing prospective cohort. Established in 1990, its
objective is to look at what types of lifestyle habits are associated with
the onset of diseases. This study used JPHC Study Cohort I and II
launched in 1990 and 1993 respectively, including 140,420 registered
Japanese men and women aged 40-69 years at the beginning of the
baseline survey from 11 public health center areas all over Japan [21].
The details of the study design have been described elsewhere [21]. The
participants were informed of the objectives of the study, and those
who completed the survey questionnaire were regarded as consenting
to participate in the study. The study protocol was approved by the
institutional review board of the National Cancer Center, Japan (ap-
proval numbers: 2001-021, 2004-059) and The University of Tokyo
(approval number: 10508).

2.2. Baseline survey

A questionnaire regarding lifestyle factors was self-administered to
140,420 subjects (68,722 men and 71,698 women) from 11 public
health center areas at the baseline of the two cohorts. Participants from
two public health center areas (Katsushika (n = 7,097) and Suita
(n = 16,427)) were excluded because of the unavailability of complete
cancer incidence data. We excluded foreign nationals (n = 51), move
out of the study area prior to the study starting point (n = 246), missing
age (n = 4), duplicates (n = 10), or those with inadequate follow-up
data (n = 81).

We further excluded individuals who did not respond to the baseline
questionnaire (n = 21,289), had any previous history of cancer
(n = 2,017), failed to provide data on height or body weight
(n = 1,065), or implausible response for BMI (< 14 kg/m?, or > 40 kg/
m?, n = 77), leaving 92,056 individuals (44,122 men and 47,934
women) for the final analysis.
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2.3. BMI assessment

Body weight and height of the study participants were self-reported
at the beginning of the study. BMI was calculated by dividing the
weight by the square of the height (kg/m?). For the subgroup analysis,
BMI was calculated using measured height and weight, measured
during the health check-up at the baseline of the study. Previous JPHC
Studies have compared the self-reported height and weight with
available data from health check-ups [22,23]. Both of these studies
reported self-reported BMIs were slightly lower compared with mea-
sured BMI, with Spearman correlation coefficients of 0.89 in men and
0.90 in women, suggesting the appropriateness of the self-reported data
in the present study. The participants were divided into five BMI ca-
tegories according to recommended BMI cut-off points for Asian po-
pulations; < 19, =19 to <23, =23 to<25, =25 to< 27, and
=27 kg/m?* [22].

2.4. Laboratory analysis

H. pylori infection and atrophic gastritis were defined using two
biomarkers, H. pylori antibody and pepsinogen I and II, respectively.
Plasma levels of immunoglobulin G (IgG) were measured using enzyme
immunoassay (E Plate “Eiken” H. pylori Antibody II; Eiken Kagaku,
Tokyo, Japan) [24]. If the IgG titer of H. pylori antibody was greater
than or equal to 10U/mL, the subject was considered H. pylori antibody
positive [24]. To determine the plasma levels of pepsinogen I and II,
latex agglutination technique was used (LZ test “Eiken” Pepsinogen I, II;
Eiken Kagaku, Tokyo, Japan) [24]. A subject was defined as atrophic
gastritis positive if pepsinogen I was less or equal to 70 ng/mL, and a
ratio of pepsinogen I/II was less or equal to 3.0 [24]. Based on the
biomarker results, we separated the study participants into two cate-
gories— those who tested negative to both atrophic gastritis and H. pylori
antibody (atrophic gastritis negative and H. pylori antibody negative)
and those who tested positive to either or both atrophic gastritis and H.
pylori antibody (atrophic gastritis and/or H. pylori antibody positive).

2.5. Follow-up and identification of gastric cancer cases

Person-years of follow-up were calculated from the date of the
baseline survey to the date of gastric cancer diagnosis, move—out from
the study area, death, or until December 31st, 2013, whichever came
first. The residential registry was used to confirm the residence and
survival status of the subjects. The incidence of gastric cancer was
identified by active patient notification from major local hospitals in
each of the public health center areas, and through linking the record
with population-based cancer registries, cancer registries aimed to
identify all cases of cancer that occur in a population. Death certificates
were used to supplement the information on cancer incidence. Cases of
gastric cancer were classified using the International Classification of
Diseases (ICD) for Oncology, 3rd edition, codes C16.0-16.9 [25]. A
tumour located in the upper position of the stomach was classified as
proximal gastric cancer (ICD codes C16.0 — C16.1), while a tumour in
the lower position was classified as distal gastric cancer (ICD codes
C16.2-16.6). The residual cases were tumours that could not be clas-
sified because of overlapping lesions (ICD-O code C16.8) or no in-
formation (ICD-O C16.9).

2.6. Statistical analyses

Baseline characteristics were compared based on participants’
baseline BMI. Differences in characteristics between categories of BMI
were analysed using analysis of variance or y>-test. Cox proportional
hazards regression models were used to estimate the hazard ratios (HR)
and their 95%CI, using attained age as the time scale. = 23 to < 25kg/
m? was used as the reference group. The reference category was based
on the BMI range which was previously reported to be associated with



M. Hirabayashi, et al.

the lowest mortality [26]. Covariates were included based on associa-
tions found in the previous studies [14,27-31]. Multivariate model
adjusted for public health centre areas (nine areas treated as strata),
alcohol consumption (continuous), and smoking (never, less than 20
pack-years, greater than or equal to 20 pack-years, missing), family
history of gastric cancer (yes or no for parents and siblings), and salt
intake (continuous). The associations between BMI and gastric cancer
subsites (proximal and distal gastric cancer) were also analysed. The
same analyses were conducted after excluding gastric cancer cases oc-
curred within five years from the baseline.

Subgroup analysis was conducted for 19,008 individuals with
available data on H. pylori infection status and measured BMI. The as-
sociation between BMI and gastric cancer risk was evaluated among
four subgroups: (1) atrophic gastritis positive subjects (2) H. pylori
antibody positive subjects (3) atrophic gastritis negative and H. pylori
antibody negative subjects, and (4) atrophic gastritis and/or H. pylori
antibody positive subjects.

We calculated the p-value for trend by running a regression model
including BMI as a continuous variable. All analyses were conducted
using Stata version 14.0 (StataCorp LP).

3. Results

During 1,737,355 person-years of follow-up (average 18 years),
2,860 cases of gastric cancer (2,047 men, 813 women), 307 cases of
proximal gastric cancer (244 men, 63 women) and 1967 cases of distal
gastric cancer (1,405 men, 562 women) were found among 92,056
study participants. Table 1 shows the baseline characteristics of study
participants by BMI category for men and women. The mean age was
53.2 = 7.9 years and 53.6 * 8.0 for men and women, respectively. A
wide discrepancy was observed between genders for drinking and
smoking habits. While over half of the study participants who are men
were current smokers and drank habitually, the majority of women
participants were never smokers (92.3%), and never or past drinkers
(88.3%). For both genders, the percentage of current smokers was
highest in < 19 kg/m2 (64.5% for men, 10.1% for women), while the
percentage of those who drank over 150 g of ethanol were highest in
>23 to < 25kg/m? (41.6%) and < 19kg/m? (2.5%) for men and
women, respectively.

Tables 2 and 3 shows the association between BMI and gastric
cancer risk for men and women, respectively. Among men, a borderline
significant association was observed for overall gastric cancer among
BMI = 27 kg/m2 (HR 1.23, 95%CI 1.00-1.51). When cancer cases
within five years of baseline were excluded, the association became
statistically significant (HR 1.24, 95%CI 1.01-1.52). For proximal
gastric cancer, non-statistical, yet an increase in the risk was observed
for both ends of the BMI (< 19kg/m* HR 1.85, 95%CI 0.85-4.02;
=27 kg/mzz HR 1.53, 95%CI 0.84-2.80). No statistical association was
observed for overall, proximal, or distal gastric cancer at any of the BMI
category for women; however, similar to men, a non-statistical U-
shaped increase in the risk was also observed for proximal gastric
cancer (< 19 kg/mz: HR 1.56, 95%CI 0.42-5.69; =27 kg/m2: HR 1.73,
95%CI 0.70-4.27). The associations did not change even when cancer
cases within five years of baseline were excluded.

We conducted a subgroup analysis for 19,008 study participants
who had available data on H. pylori infection status. Table 4 shows the
association between BMI and gastric cancer risk, considering H. pylori
infection and atrophic gastritis status. Because atrophic gastritis is often
considered a sequel of chronic gastritis caused by H. pylori infection
[32], and due to the small number of tumour cases at some sites, we
divided the subjects into four categories based on the results of their
blood test.

Among 19,008 participants, 13,592 subjects (71%) tested positive
to either or both atrophic gastritis and H. pylori antibody. No proximal
gastric cancer cases were observed among atrophic gastritis negative
and H. pylori antibody negative subjects. A statistically significant
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association between the risk of proximal gastric cancer and
BMI = 27 kg/m? were observed among those who were atrophic gas-
tritis positive (HR 4.84, 95%CI 1.13-20.77), H. pylori antibody positive
(HR 6.38, 95%CI 1.22-33.32), and atrophic gastritis and/or H. pylori
antibody positive (HR 4.57, 95%CI 1.07-19.49).

4. Discussion

We believe that this is the first study to investigate the association
between BMI and gastric cancer risk by subsite in a large Japanese
population cohort, using a suggested BMI cut-off for the Asian popu-
lation. Furthermore, we looked at the association between gastric
cancer and BMI using measured height and weight, taking the status of
H. pylori infection and atrophic gastritis into consideration.

To our knowledge, there are only two previous cohort studies on the
association between gastric cancer and obesity in Japan [33,34]. Kur-
iyama et al. [33] found no association between overall gastric cancer
and obesity for both men and women. While Tanaka et al. [34] found
no association between baseline BMI and gastric cancer risk, they found
elevated risk of death among subjects who were in the middle and
highest tercile BMI at age of 20. Unlike the previous studies, we found a
statistically significant increase in the overall gastric cancer risk among
men who were BMI = 27 kg/m?, but not for women. Several previous
studies have indicated an association between gastric cancer risk and
female reproductive hormones [35-37], as well as with pregnancy and
delivery history [38]. The rate of gastric cancer increase slowly in
women compared with men until the age of 60 or older when women
experience menopause [39]. A previous large prospective cohort study
conducted in Shanghai suggested a long duration of fertile years and
high levels of hormones later in life are inversely associated with gastric
cancer risk [40]. The same study showed an increase in gastric cancer
risk among postmenopausal women [40]. One possible explanation for
this observation is that oestrogen may be interfering with gastric cancer
development and progressions [40]. Oestrogen regulates physiological
processes through binding to receptors, which are also potent tran-
scriptional regulators [41]. Oestrogen receptors are known to be pre-
sent in gastric epithelial tissue [42,43] and have been shown to inhibit
inflammation [44-46]. Because inflammation plays a key role in gastric
cancer development [47-49], it is possible to speculate that oestrogen
could be protecting against gastric cancer, which may explain why we
did not observe any statistically significant association among women.

When we looked at the association between BMI and gastric cancer
subsite, we observed a non-statistical, U-shape increase in proximal
gastric cancer risk among BMI < 19kg/m? and =27 kg/m? for both
men and women. Although there have been some reports on the asso-
ciation between cardia gastric cancer and overweight, the mechanism
of how being overweight elevates the risk of gastric cancer remains
unclear [50]. The increased risk of gastric cancer among overweight
subjects could be explained by the involvement of hormones, such as
insulin, insulin-like growth factor axis, adipokines, and sex steroids
[51,52]. These biomarkers may be aiding the modulation of cellular
proliferation and apoptosis [50]. Another hypothesis is obesity in-
creases intra-abdominal pressure [53], promoting gastroesophageal
reflux [54]. This predisposes to Barrett’s oesophagus, and ultimately to
adenocarcinoma of the gastroesophageal junction [55].

Conversely, there are no studies on the association between low BMI
and risk of cardia gastric cancer. Given that smoking is an established
risk factor for non-cardia gastric cancer [2], it is possible that our
finding is confounded by smoking. When nicotine enters the body, it
increases the energy expenditure rapidly, while reducing appetite [56].
This may explain the higher percentage of current smokers in low BMI
category. Although we adjusted for smoking status by pack-years, it is
possible that we were not able to fully adjust for the effect of smoking
on the risk of gastric cancer. H. pylori and atrophic gastritis may also be
confounding factors for the association between BMI and the risk of
proximal gastric cancer among a Japanese population. A French study
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Table 2
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Hazard Ratio (HR) and 95% confidence interval (CI) of gastric cancer and subsite according to body-mass index (BMI) for men (n = 44,122), JPHC Study

(1990-2013).

From the baseline

Excluding cancer development within 5 years of the baseline

Subjects  Person-time (person years) Cases HR 95%CI p-trend* Cases HR 95%CI p-trend*
Gastric cancer
BMI category (kg/m?)
<19 1,772 28,877.41 96 1.13  (0.84 - 1.51) < 0.001 69 1.11 (0.82 - 1.49) < 0.001
=19- <23 17,761 317,515,96 907 1.03  (0.90 - 1.19) 720 1.03 (0.90 - 1.18)
=23- <25 12,190 224,461.33 540 1 (Ref) 425 1 (Ref)
=25- <27 7,459 138,411.87 303 0.89 (0.74 - 1.08) 251 0.89 (0.74 - 1.08)
=27 4,940 89,690.58 201 1.23  (1.00 - 1.51) 170 1.24 (1.01 - 1.52)
Total 44,122 798,957.15 2,047 1,635
Proximal gastric cancer
BMI category (kg/m?)
<19 1,772 28,877.41 12 1.85 (0.85-4.02) 0.16 10 1.84 (0.85 - 4.00) 0.22
>19- <23 17,761 317,515,96 113 1.20 (0.78 - 1.84) 77 1.18 (0.77 - 1.81)
>23- <25 12,190 224,461.33 51 1 (Ref) 40 1 (Ref)
=25- <27 7,459 138,411.87 43 1.35 (0.80 - 2.28) 35 1.35 (0.80 - 2.28)
=27 4,940 89,690.58 25 1.53 (0.84 - 2.80) 21 1.44 (0.78 - 2.67)
Total 44,122 798,957.15 244 183
Distal gastric cancer
BMI category (kg/m?)
<19 1,772 28,877.41 58 0.94 (0.67 - 1.38) < 0.001 40 0.93 (0.63 - 1.36) < 0.001
=19- <23 17,761 317,515,96 607 1.00 (0.85-1.18) 475 0.98 (0.83 - 1.16)
=23- <25 12,190 224,461.33 390 1 (Ref) 299 1 (Ref)
>25- <27 7,459 138,411.87 209 0.85 (0.66 - 1.07) 167 0.84 (0.67 - 1.06)
=27 4,940 89,690.58 141 1.22  (0.96 - 1.57) 114 1.22 (0.95 - 1.57)
Total 44,122 798,957.15 1,405 1,095

Cox proportional hazards model was used.

The model included public health center area; alcohol consumption; cigarette pack-years; salt intake; body-mass index (BMI) category; and family history.
* p-for trend was calculated by running a regression model including BMI as a continuous variable.

from 2006 showed H. pylori infection was associated with decreased

expression of leptin and ghrelin in the stomach and was inversely
correlated with elderly participant energy intake and BMI [57]. Given
the high prevalence of H. pylori among elderly Japanese population

Table 3

[58], we cannot eliminate the possibility of H. pylori masking the true
association between BMI and proximal gastric cancer risk. While it
could be speculated that in Japan, cardia gastric cancer risk may be
increased among the low BMI group as well, further studies are

Hazard Ratio (HR) and 95% confidence interval (CI) of gastric cancer and subsite according to body-mass index (BMI) for women (n = 47,934), JPHC Study

(1990-2013).

From the baseline

Excluding cancer development within 5 years of baseline

Subjects  Person-time (person years) Cases HR 95%CI p-trend* Cases HR 95%CI p-trend*
Gastric cancer
BMI category (kg/m?)
<19 2,534 46,467.47 49 1.21  (0.80-1.84)  0.005 35 1.22 (0.81 - 1.86) 0.004
=19- <23 19,720 7,02,425.70 344 1.10  (0.88 - 1.38) 268 1.11 (0.88 - 1.39
=23- <25 11,753 2,32,952.89 197 1 (Ref) 166 1 (Ref)
=25- <27 7,485 1,47,838.96 123 1.12  (0.84-1.48) 104 1.13 (0.85 - 1.50)
=27 6,442 1,26,218.85 100 1.01  (0.74 - 1.38) 78 1.00 (0.74 - 1.37)
Total 47,934 9,38,397.91 813 651
Proximal gastric cancer
BMI category (kg/m?)
<19 2,534 46,467.47 6 1.56  (0.43-5.69) 0.71 4 1.55 (0.42 - 5.66) 0.72
=19- <23 19,720 7,02,425.70 24 0.98 (0.44 - 2.17) 19 0.97 (0.44 - 2.15)
=23- <25 11,753 2,32,952.89 18 1 (Ref) 15 1 (Ref)
=25- <27 7,485 1,47,838.96 5 0.47  (0.13 - 1.70) 2 0.31 (0.07 - 1.43)
=27 6,442 1,26,218.85 10 1.73 (0.70 - 4.27) 9 1.75 (0.71 - 4.33)
Total 47,934 9,38,397.91 63 49
Distal gastric cancer
BMI category (kg/m?)
<19 2,534 46,467.47 33 1.27 (0.76 - 2.14) 0.02 22 1.31 (0.78 - 2.21) 0.01
=19- <23 19,720 7,02,425.70 248 1.25  (0.95 - 1.66) 188 1.27 (0.96 - 1.69)
=23- <25 11,753 2,32,952.89 124 1 (Ref) 102 1 (Ref)
=25- <27 7,485 1,47,838.96 90 1.26 (0.89 - 1.78) 73 1.30 (0.92 - 1.84)
=27 6,442 1,26,218.85 67 1.07  (0.73 -1.58) 50 1.05 (0.71 - 1.56)
Total 47,934 9,38,397.91 562 435

Cox proportional hazards model was used.

The model included public health center area; alcohol consumption; cigarette pack-years; salt intake; body-mass index (BMI) category; and family history.
* p-for trend was calculated by running a regression model including BMI as a continuous variable.
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necessary to determine the true association.

To evaluate the effect of H. pylori infection on the association be-
tween BMI and gastric cancer, we conducted a subgroup analysis
among 19,008 participants with available H. pylori infection data. We
saw an increased risk for proximal gastric cancer among atrophic gas-
tritis positive, H. pylori antibody seropositive, and atrophic gastritis
and/or H. pylori antibody positive subjects who were BMI > 27 kg/m>.
For overall gastric cancer and distal gastric cancer, we also observed an
increase in the risk among H. pylori antibody seropositive and atrophic
gastritis and/or H. pylori antibody positive subjects who were < 23 kg/
m?. A previous study suggested that a decrease of H. pylori infection
may result in a higher BMI on the population level, ultimately leading
to an increase in the number of cardia gastric cancer cases [59].
Ghrelin, secreted by the stomach, increases when H. pylori is eradicated,
leading to increased appetite and weight gain [60,61]. Eradication of H.
pylori has also been proposed to decrease the expression of leptin in the
stomach - a study found that a decrease in leptin level in the stomach
was also associated with an increase in BMI [62]. Furthermore, atrophic
gastritis, caused by H. pylori infection, may have a direct effect on the
decrease in food intake, as well as on nutrient absorption [54].
Achlorhydria, a condition after atrophic gastritis, may be increasing the
gastroenteritis frequency, possibly leading to lower BMI [59]. While our
result for proximal gastric cancer did not corroborate with this hy-
pothesis, we also did not have cases among atrophic gastritis negative
and H. pylori antibody negative subjects. It is therefore difficult to
conclude whether the increased risk observed among atrophic gastritis
and/or H. pylori antibody positive subjects were lower compared to
those without the bacteria or gastritis.

To date, only one case-study in Korea [54] looked at the association
between BMI and the risk of early gastric cancer and dysplasia, con-
sidering H. pylori infection status. The study found that obesity
(BMI = 25 - < 30 kg/rnz) was associated with increased risk of early
gastric cancer (adjusted OR 1.657, 95%CI 1.086-2.528) among men
and well- or moderately differentiated adenocarcinoma (adjusted OR
1.566, 95%CI 1.011-2.424). A systematic review conducted in 2011
[63] showed an increase in the risk for cardia gastric cancer (RR 1.98,
95% CI 1.38-2.83) in a stratified analysis for China, Korea, and Japan.
Additionally, there are two subtypes of cardia gastric cancer - reflux
related and H. pylori related [64]. The H. pylori related cardia gastric
cancer is suggested to develop in a similar pattern to non-cardia gastric
cancer [64]. H. pylori may be playing a role in cardia gastric cancer
development in high-risk settings, but not in low-risk settings.

Overall, the role of H. pylori in the development of gastric cancer
among obese and overweight patients remains controversial. A long-
time follow-up study is required to elucidate the role of obesity in the
development of gastric cancer considering H. pylori infection status.

The major strength of this study is the utilisation of a prospective
cohort. Subjects were recruited from a large sample of the general po-
pulation, with a high baseline questionnaire response rate (81%) and
low loss to follow—up (< 0.1%). With an average of 18 years of follow
up, we believe that sufficient cases of gastric cancer were identified for
analysis. Using the incidence of gastric cancer as an endpoint rather
than death is a strength of this study since it directly measures the risk
of gastric cancer. Study participants’ atrophic gastritis and H. pylori
infection status were identified among 21% of the study population
using blood tests, increasing the accuracy of H. pylori infection diag-
nosis, enabling subgroup analysis.

There are several limitations. Subjects were recruited mostly in
non-metropolitan areas; it may be possible that the results are geo-
graphically biased. BMI was calculated using self-reported height and
weight. A validation study that looked at the accuracy of self-reported
BMI [65] suggested that self-reported weight tends to be under-
estimated, and this tendency increased as BMI category increased. A
Norwegian study that compared self-reported weight and measured
weight also showed that women, particularly of those who were obese,
tended to under-report their weight [66]. Our findings did not change
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even when we conducted our subgroup analysis using measured height
and weight, suggesting a minimum under- or overestimation of the risk.
BMI was measured only at one time point of the study. However, the
latent period between being “exposed” to high BMI and the appropriate
increase in risk of cancers are unknown. Renehan et al. [67] calculated
the geometric mean duration of follow-up in the cohort studies for
gastric cancer available for meta-analyses to be 10.8 years, ranging
from 7.4 to 16.0 years. Given that our average follow up time is 18
years, it is possible that one point measurement of BMI may have over-
or underestimated the risk. We also did not have measurement of
central adiposities such as the ratio of the waist-to-hip circumference.
Further, given the limited number of cases of proximal gastric cancer
and its wide confidence interval, the result of the study may have oc-
curred by chance. We were not able to observe the association between
World Health Organization (WHO) defined criteria obesity (BMI >
30kg/m?) [68] and gastric cancer risk due to the lack of extremely
obese participants in the study. However, given that the prevalence of
obesity among Japanese adults is 3.7% in men and 3.5% in women
[69], it was not feasible for our analysis to use the cut-off category
BMI > 30kg/m? Lastly, there may be additional unmeasured or un-
known risk factors such as physical activity [70], blood type [71,72]
and occupation [73,74] that may have confounded the association.

In conclusion, our study suggests that overweight may increase the
risk of gastric cancer for Japanese men.
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