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ABSTRACT
◥

Prospective data examining the association of aspirin use,
according to dose and duration, with long-term risk of gastric
adenocarcinoma in non-Asian cohorts are lacking. We eval-
uated the association between aspirin use and risk of gastric
adenocarcinoma in two large prospective U.S. cohort studies,
the Nurses’ Health Study and the Health Professionals
Follow-up Study. Cox proportional hazards regression mod-
els were used to calculate multivariable adjusted HRs and
95% confidence intervals (CI). Among the 159,116 partici-
pants, we documented 316 gastric adenocarcinoma cases
(176 women, 140 men) over 34 years encompassing 4.5
million person-years. Among women, regular aspirin use
(at least two times or more per week) was significantly
associated with lower risk of gastric adenocarcinoma (mul-
tivariable HR, 0.52; 95% CI, 0.37–0.73) compared with
nonregular use. However, regular aspirin use was not asso-
ciated with gastric adenocarcinoma risk among men (mul-
tivariable HR, 1.08; 95% CI, 0.77–1.52; Pheterogeneity for sex ¼

0.003). Among women, the lower risk of gastric adenocar-
cinoma was more apparent with increasing duration of
aspirin use (Ptrend < 0.001) and more than five tablets per
week (multivariable HR, 0.51; 95% CI, 0.31–0.84). Regular,
long-term aspirin use was associated with lower risk of gastric
adenocarcinoma among women, but not men. The benefit
appeared after at least 10 years of use and was maximized at
higher doses among women. The heterogeneity by sex in the
association of aspirin use with risk of gastric adenocarcinoma
requires further investigation.

Prevention Relevance: Novel prevention is urgently
needed to reduce incidence and mortality of gastric cancer.
We found that regular aspirin use was associated with lower
risk of gastric adenocarcinoma among women, but not men.
The benefit appeared after at least 10 years of use and was
maximized at higher doses among women.
See related Spotlight, p. 213

Introduction
Gastric cancer is the fifthmost common cancer and the third

leading cause of cancer-related death worldwide (1). Despite a

decline in incidence and mortality and advances in therapeutic
strategies, the burden remains high (2). Almost 1 million new
diagnoses of gastric cancer are made annually and the 5-year
survival rate is 31% (1, 3). Therefore, preventive options are
urgently needed to reduce the incidence andmortality of gastric
cancer.
Previous studies reported overexpression of prostaglandin

synthase-2 (PTGS-2), also known as COX-2, in metaplastic and
adenomatous cells as well as cancer cells in gastric adenocarci-
noma, suggesting prostaglandin synthesismay play an important
role in gastric carcinogenesis (4, 5). Helicobacter pylori
(H. pylori) infection which is established to cause gastric cancer,
has been reported to be significantly related to COX-2 expression
(6–8). H. pylori infection can cause inflammation, promote
cell proliferation, and inhibit apoptosis (9). Therefore, aspirin,
which inhibits prostaglandin synthesis and reduces risk of colo-
rectal neoplasia (10), has been considered as a potential chemo-
preventive agent for gastric cancer. In recent systematic reviews,
an inverse association between aspirin use and gastric cancer
risk has been shown (11–13). However, the optimal dosage and
duration of aspirin use, including its association in specific
subgroups, remain unclear. Thus, a more thorough investigation
and clear understanding about the potential role of aspirin as a
chemopreventive agent for gastric cancer, particularly in non-
Asian populations, remain urgently needed.

1Clinical and Translational Epidemiology Unit, Massachusetts General Hospital
and Harvard Medical School, Boston, Massachusetts. 2Division of Gastroenter-
ology, Massachusetts General Hospital and Harvard Medical School, Boston,
Massachusetts. 3Mass General Cancer Center, Massachusetts General Hospital
and Harvard Medical School, Boston, Massachusetts. 4Division of Public Health
Sciences, Department of Surgery, Washington University School of Medicine in
St. Louis, St. Louis, Missouri. 5Department of Nutrition, Harvard T.H. Chan School
of Public Health, Boston, Massachusetts. 6Department of Epidemiology, Harvard
T.H. Chan School of Public Health, Boston, Massachusetts. 7Channing Division of
Network Medicine, Department of Medicine Research, Brigham and Women’s
Hospital, Harvard Medical School, Boston, Massachusetts. 8Center for Obser-
vational Research & Data Science, Bristol-Myers Squibb, Princeton, New Jersey.
9Yale University Cancer Center, New Haven, Connecticut. 10Broad Institute of
MIT and Harvard, Cambridge, Massachusetts.

Note: Supplementary data for this article are available at Cancer Prevention
Research Online (http://cancerprevres.aacrjournals.org/).

Corresponding Author: Andrew T. Chan, Clinical and Translational Epidemiol-
ogy Unit, Massachusetts General Hospital and Harvard Medical School, 55 Fruit
Street, Boston, MA 02114. Phone: 617-726-7802; Fax: 617-726-3673; E-mail:
achan@mgh.harvard.edu

Cancer Prev Res 2022;15:265–72

doi: 10.1158/1940-6207.CAPR-21-0413

�2022 American Association for Cancer Research

AACRJournals.org | 265

D
ow

nloaded from
 http://aacrjournals.org/cancerpreventionresearch/article-pdf/15/4/265/3111203/265.pdf by W

ashington U
niversity St Louis user on 12 O

ctober 2022

http://crossmark.crossref.org/dialog/?doi=10.1158/1940-6207.CAPR-21-0413&domain=pdf&date_stamp=2022-3-17
http://crossmark.crossref.org/dialog/?doi=10.1158/1940-6207.CAPR-21-0413&domain=pdf&date_stamp=2022-3-17


Thus, we prospectively examined the associations between
aspirin use and the risk of gastric adenocarcinoma with dose
and duration dependent manner in two large prospective U.S.
cohort studies that provided detailed information on aspirin
use over three decades. These two large cohorts provided an in-
depth assessment of long-term aspirin use at a wide range of
doses and durations for risk of gastric adenocarcinoma.

Materials and Methods
Study participants
We included two large prospective cohorts, the Nurses’

Health Study (NHS) and the Health Professionals Follow-up
Study (HPFS). The NHS enrolled 121,700 U.S. female nurses
aged 30 to 55 at enrollment in 1976 and the HPFS enrolled
51,529 male health professional aged 40 to 75 in 1986 (14, 15).
Participants have completed a mailed questionnaire at enroll-
ment and every 2 years thereafter to provide data on lifestyle
factors, medical history, and disease outcomes. Dietary intake
has been updated every 4 years using a validated semiquanti-
tative food frequency questionnaire (SFFQ) (15). The follow-
up rates for both cohorts have exceeded 90% (16).We excluded
participants with a cancer diagnosis at baseline except non-
melanoma skin cancer and participants with missing aspirin
use information at baseline. The study protocol was approved
by the institutional review boards (IRB) of the Brigham and
Women’s Hospital and Harvard T.H. Chan School of Public
Health (Boston, MA), and the IRBs allowed participants’
completion of questionnaires to be considered as implied
consent. The study was done with ethical standards consistent
with the Belmont Report.

Assessment of aspirin use
Detailed information about the assessment of aspirin use in

both the NHS and the HPFS has been published previously
(14). NHS participants were asked in 1980 whether they used
aspirin, the number of pills taken eachweek, and the number of
years of use and they have updated the aspirin use every 2 years
since then except in 1986. Similarly, HPFS participants were
asked whether they used aspirin two or more times per week in
1986 questionnaire and in questionnaires every 2 years there-
after. Beginning in 1992, the average number of tablets taken
per week was assessed. In both cohorts, we specifically inquired
about standard-dose (325-mg) aspirin tablets. Beginning in
1994, we also asked participants to convert intake of four baby
(81 mg) aspirin to one standard aspirin tablet. Since 2000, we
inquired about regular use of baby aspirin separately from
standard aspirin. Consistent with prior analyses (17, 18), par-
ticipants who reported using aspirin two or more times per
weekwere defined as regular users, whereas thosewho reported
less aspirin use were defined as nonregular users. In a substudy
of 4,238 women in the NHS who reported using aspirin more
than 15 days per month, the major reasons for aspirin use were
cardiovascular disease prevention (48%), musculoskeletal or
back pain (32%), headache (12%), and other reasons (8%;

refs. 19, 20). In a separate substudy of 47,363 men in the HPFS,
211 men reported that the major reasons for use were to
decrease risk for cardiovascular disease (58.4%), joint or mus-
culoskeletal pain (33.0%), cardiovascular disease (25.4%),
headaches (25.4%), and other reasons (7.0%) in HPFS (17).

Ascertainment of gastric adenocarcinoma
Diagnoses of gastric cancer cases were identified by self-

report from biennial questionnaire and the National Death
Index. For 90% of cases, we obtained permission from parti-
cipants or next-of-kin to review theirmedical records. For cases
without records, we accessed cancer registries to confirm the
diagnosis of cancer. Study physicians who were blinded to the
aspirin use information reviewed medical records including
pathology and imaging reports and death certificates to con-
firm gastric cancer and to classify histology and tumor location
(proximal, distal, or entire). Proximal lesions included the
gastroesophageal junction, cardia, or fundus, and distal lesions
included the body, antrum, or pylorus. Furthermore, presence
of concurrent H. pylori infection and Lauren classification
(intestinal- or diffuse-type) were also abstracted from tumor
pathology reports. For this analysis, we included gastric cancer
cases diagnosed between the baseline questionnaire and the
end of the analysis (June 30, 2014 for the NHS; January 31,
2014 for the HPFS). We excluded cases with nonadeno-
carcinoma due to the histologic and etiologic distinction from
gastric adenocarcinoma.

Ascertainment of H. pylori infection status
Weused extant data to examine the association of aspirin use

and H. pylori infection. A subgroup of participants, 32,826
women and 18,159 men, in each cohort provided blood
samples between 1989 and 1990 in the NHS and between
1993 and 1995 in the HPFS. We previously conducted nested
case-control studies of pancreatic and colon cancer amongmen
and women in each cohort. For the pancreatic cancer case
control study, archived blood samples from 384 women and
280men were assayed for H. pylori IgG in the laboratory of Dr.
Nader Rifai (Children’s Hospital, Boston, MA) using
ELISA (21). Positive results for H. pylori infection was defined
as a level of blood antibody to H. pylori was more than 7 units/
mL based on manufacturer’s instructions. For the colorectal
cancer case control study, blood samples from 616 women and
324menwere analyzed in the German Cancer Research Center
(Heidelberg, Germany). These blood samples assayed by mul-
tiplex serology, a fluorescent bead-based suspension array (22).
Antigen-specific cutoffs were applied as defined in the prior
study and positive results for H. pylori infection was defined as
being positive to any four or more of the included thirteen H.
pylori antigens (22, 23). For this analysis, we combined controls
from the pancreatic and colorectal cancer case-control studies.

Statistical analysis
We analyzed the association between regular aspirin use and

the risk for gastric adenocarcinoma in the main analysis.
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Person-years accrued from the date of return of the baseline
questionnaire (1980 in the NHS and 1986 in the HPFS) to the
date of gastric adenocarcinoma diagnosis, death, or the end of
follow-up (June 30, 2014 for the NHS; and January 31, 2014 for
the HPFS), whichever came first. Once a participant was
diagnosed with gastric adenocarcinoma, the participant was
censored in all later follow-up cycles. Cox proportional hazards
regression models were used to calculate age adjusted and
multivariable adjustedHRand 95% confidence intervals (CI) of
the association between regular aspirin use and gastric adeno-
carcinoma risk. No significant violation of proportionality was
found (P > 0.05). Test for trendwas examined using themedian
of each category as a continuous variable.
We applied time-varying aspirin exposure and covariates.

We updated aspirin exposure and all covariates biennially. The
covariates included in the multivariable models were estab-
lished or potential risk factors for gastric adenocarcinoma. In
our age-adjusted model, we controlled for age (years) and
questionnaire cycle. In themultivariatemodels, we additionally
adjusted for the following potential confounders: race (White
or non-White), body mass index (BMI; <25.0, 25.0–29.9, or
≥30.0 kg/m2), alcohol intake (0, <5.0, 5.0–14.9, or ≥15.0 g/day),
smoking status (never, past, or current), physical activity (<3.0,
3.0 to 8.9, or ≥9.0 metabolic equivalent hours/week), current
multivitamin use (yes or no), intake of red and processed meat,
fruits and vegetables (quartiles), and current acid suppression
medication use (yes or no). In women, we also adjusted for
menopausal hormone therapy (never, ever, or premenopausal).
To control for potential confounding by nonaspirin nonste-
roidal anti-inflammatory drug, we further adjusted for regular
use of nonaspirin nonsteroidal anti-inflammatory drug (yes or
no) in the multivariate model 3. For missing data on each
covariate, we carried forward from the previous questionnaire
and used indicator variable to present the missing category for
remained missing values after the carrying forward. For dose
analyses, we calculated cumulative average intake of aspirin
from all available questionnaires before each 2-year follow-up
interval for better estimation of long-term intake (17, 19). For
duration analyses, we estimate the number of years of aspirin
use according to all biennial questionnaires before each 2-year
follow-up interval (17, 19).
We performed stratified analysis by risk factors including

age, BMI, physical activity, smoking, and alcohol intake. We
tested the interactions by likelihood ratio tests. Furthermore, to
explore potential heterogeneity in the association between
regular aspirin use and gastric adenocarcinoma in different
location, we performed stratified analysis of gastric adenocar-
cinoma by cancer location (proximal, distal, or entire). Prox-
imal gastric adenocarcinoma was defined as tumors located in
gastroesophageal junction, cardia, or fundus, and distal gastric
adenocarcinoma was defined as tumors located in body of the
stomach, antrum, or pylorus. Gastric adenocarcinoma with an
extent that encompassed both proximal and distal regions of
the stomach was defined as entire. We also examined stratified
analysis of gastric adenocarcinoma by Lauren classification

(Intestinal-type or diffuse-type) to explore potential heteroge-
neity in the association between regular aspirin use and gastric
adenocarcinoma in different histopathology. Additionally, we
investigated potential heterogeneity in the association between
regular aspirin use and gastric adenocarcinoma by presence of
locally advanced disease or metastasis (positive lymph nodes
and/or distant metastases, or negative lymph nodes and no
metastases). As a sensitivity analysis, we evaluated the latency
of aspirin use and gastric adenocarcinoma risk using a lag of
4 years. To evaluate the association between regular aspirin use
andH. pylori infection, we applied logistic regressionmodels to
calculate ORs and their 95% CI. This model included the
regular aspirin use and covariables that were defined for Cox
proportional hazards regression models.
We performed all analyses in the NHS and the HPFS

separately. To test for heterogeneity between cohorts, we
calculated the Cochrane Q statistic and the I2 statistic in a
random effects model. All the statistical analyses were per-
formed using SAS 9.4 (SAS Institute, Cary, NC) with two-sided
and P value < 0.05 indicating statistically significant.

Data availability
Data, the statistical code, questionnaires, and techni-

cal process are available from the corresponding author at
achan@mgh.harvard.edu.

Results
Over the 34 years of follow-up, we documented 316 incident

cases of gastric adenocarcinoma (176women, 140men) among
159,116 participants (109,684 women, 49,432 men) encom-
passing 4,506,058 person-years. In 1996, the midpoint of study
follow-up, regular aspirin users were more likely to be older,
previously smoke, consume more alcohol, and use multivita-
mins, comparedwith nonregular users. Amongwomen, aspirin
users were more likely to be postmenopausal (Table 1).
Compared with nonregular use, regular aspirin use was

significantly associated with a lower risk of gastric adeno-
carcinoma among women (multivariable HR, 0.52; 95% CI,
0.37–0.73; Table 2). However, regular aspirin use was not
associated with gastric adenocarcinoma risk among men
(multivariable HR, 1.08; 95% CI, 0.77–1.52). A statistical
test for the heterogeneity of the association of aspirin use
with gastric adenocarcinoma according to sex was significant
(Pheterogeneity ¼ 0.003). The results remained unchanged
after additional adjustment for regular use of nonaspirin
NSAIDs.
We identified Lauren classification (intestinal- or diffuse-

type) based on the tumor pathology reports, and the data was
available in 49% of gastric adenocarcinoma cases in NHS and
42% of gastric adenocarcinoma cases in HPFS. The association
between regular aspirin use and risk of adenocarcinoma
among women appeared consistent for intestinal-type adeno-
carcinoma (multivariable HR, 0.55; 95% CI, 0.27–1.11) and
diffuse-type adenocarcinoma (multivariable HR, 0.39; 95% CI,
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0.22–0.71). In addition, we also observed an inverse association
but limited power among women when we performed sub-
group analyses according to anatomic location of gastric
adenocarcinoma as well as for disease that presented with

lymph node involvement or metastases at diagnosis (multi-
variable HR, 0.63; 95% CI, 0.40–0.97) or without lymph node
involvement or metastases (multivariable HR, 0.34; 95% CI,
0.14–0.83; Supplementary Table S1).
In women, the apparent benefit of aspirin use for gastric

adenocarcinoma was substantially greater with increasing dose
(Ptrend ¼ 0.01; Table 3). Compared with nonusers, the mul-
tivariable HRs (Model 3) were 0.72 (95% CI, 0.47–1.09) for 0.5
to 1.5 standard tablets per week, 0.71 (95% CI, 0.48–1.05) for
1.5 to less than 5 tablets per week, and 0.51 (95% CI, 0.31–0.84)
for ≥5 tablets per week. In men, compared with nonusers,
increasing dose was not significantly associated with reduced
risk of gastric adenocarcinoma (Ptrend¼ 0.27), although aspirin
use at ≥5 tablets per week was associated with a nonsignificant
inverse association (HR ¼ 0.85; 95% CI, 0.47–1.51).
We assessed the association of duration of regular aspirin use

with gastric adenocarcinoma risk (Table 4). In women, the
apparent beneficial association of aspirin use for gastric ade-
nocarcinoma was stronger with longer duration, without
observed departures from linearity (Ptrend < 0.001). Compared
with nonusers, themultivariableHRs (Model 3) were 0.77 (95%
CI, 0.50–1.18) for less than 5 years, 0.99 (95%CI, 0.63–1.56) for
5 to less than 10 years, and 0.45 (95% CI, 0.29–0.69) for
≥10 years. In men, compared with nonusers, aspirin use for
≥10 years was associated with nonsignificant reduced risk of
gastric adenocarcinoma (HR, 0.77; 95% CI, 0.46–1.28).
In stratified analyses, the inverse association between regular

aspirin use and gastric adenocarcinoma risk were consistent
within subgroups defined by cancer risk factors amongwomen.
No significant interactions were observed between regular
aspirin use and age, BMI, physical activity, intake of alcohol,

Table 1. Age-standardized characteristics of study participantsa.

Women Men
Aspirin use Aspirin use

Nonregular Regularc Nonregular Regularc

Characteristicb (n ¼ 62,669) (n ¼ 40,529) (n ¼ 23,558) (n ¼ 22,299)

Age, years 61.4 (7.0) 63.1 (7.0) 62.0 (9.5) 64.4 (9.4)
White, % 96.1 98 94.6 96.5
BMI, kg/m2 26.5 (5.4) 26.7 (5.3) 25.9 (3.9) 26.2 (3.9)
Physical activity, MET hours/week 16.3 (20.7) 17.8 (22.1) 28 (29.6) 28.8 (29)
Smoking status, %

Never 45.2 42.6 50.5 46.1
Past smokers 40.7 43.3 42 47.4
Current smokers 14.1 14.1 7.5 6.5

Alcohol intake, grams/day 4.1 (7.6) 4.8 (8.3) 10.2 (14.5) 11.5 (15.1)
Multivitamin use, % 43 55.8 37.3 51.3
Acid suppression medication use, % 9.2 10.1 3.7 4.6
Nonaspirin NSAID use, % 23.9 23.4 12.1 13.1
Red or processed meat intake, servings/day 0.9 (0.4) 0.8 (0.4) 1.1 (0.6) 1.0 (0.6)
Fruits intake, servings/day 1.9 (1.0) 1.9 (1.0) 1.8 (1.1) 1.8 (1.2)
Vegetables intake, servings/day 3.4 (1.6) 3.5 (1.8) 3.2 (1.6) 3.2 (1.7)
Postmenopausal, % 73.9 83.4

Menopausal hormone, ever user, % 69.7 72.1

Abbreviation: MET, metabolic equivalent task.
aData were obtained from NHS (women) and HPFS (men) in 1996 at the midpoint of follow-up.
bAll data reported as percentage (%) or mean with SD. Except for mean of age, all data were age standardized.
cRegular aspirin use was defined as consumption of at least two times or more per week (vs. nonregular use).

Table 2. Regular aspirin use and risk of gastric adenocarcinomaa.

Aspirin use
Characteristic Nonregular Regularb

Women
Cases per person-years 125/2,097,414 51/1,258,158
Age-adjusted HR (95% CI) 1 [Reference] 0.52 (0.37–0.73)
Model 2 HR (95% CI)c 1 [Reference] 0.52 (0.37–0.73)
Model 3 HR (95% CI)d 1 [Reference] 0.52 (0.37–0.73)

Men
Cases per person-years 65/601,125 75/549,361
Age-adjusted HR (95% CI) 1 [Reference] 1.07 (0.77–1.50)
Model 2 HR (95% CI)c 1 [Reference] 1.08 (0.77–1.52)
Model 3 HR (95% CI)d 1 [Reference] 1.08 (0.77–1.52)

aData were obtained from the 1980 to 2014 NHS (women) and the 1986 to 2014
HPFS (men).
bRegular aspirin use was defined as consumption of at least two times or more
per week (vs. nonregular use) and modeled as a time-varying covariate.
cModel 2 was adjusted for race (White or non-White), BMI (<25.0, 25.0–29.9, or
≥30.0 kg/m2), alcohol intake (0, <5.0, 5.0–14.9, or ≥15.0 g/day), smoking status
(never, past, or current), physical activity (<3.0, 3.0 to 8.9, or ≥9.0 metabolic
equivalent hours per week), current multivitamin use (yes or no), intake of red
and processed meat, fruits and vegetables (quartiles), and current acid sup-
pression medication use (yes or no). For women, we also adjusted for meno-
pausal hormone therapy (never, ever, or premenopausal). The model was also
conditioned on age (continuous years), and year of questionnaire return. All
covariates were updated over time.
dModel 3 was additionally adjusted for regular use of nonaspirin nonsteroidal
anti-inflammatory drug (yes or no) modeled as a time-varying covariate.
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and multivitamin use (all Pinteraction > 0.05; Supplementary
Table S2).
We considered the possibility that the association of regular

aspirin use with lower risk of gastric adenocarcinoma in
women was due to avoidance of aspirin related to symptoms
of gastric cancer. First, after excluding cases of gastric adeno-
carcinoma diagnosed within 4 years of follow-up, we observed
similar results inwomen (multivariableHR, 0.61; 95%CI, 0.43–
0.86; Supplementary Table S3).
In an exploratory analysis, we examined the association

between regular aspirin use and risk of H. pylori infection
among the 1,516 individuals for whom H. pylori status was
assessed through participation as controls in prior nested case-

control studies (Table 5). The H. pylori infection rate was 30%
among women and 32% among men. Compared with non-
regular users, regular use of aspirin was significantly associated
with reduced risk of H. pylori infection in women (multivar-
iable OR¼ 0.62; 95% CI, 0.44–0.87). This association was also
observed in men but not significant (multivariable OR, 0.87;
95% CI, 0.60–1.26).

Discussion
Long-term, regular aspirin use (≥2 times per week) was

associated with a significantly reduced risk of gastric adeno-
carcinoma in women. Notably, the apparent benefit of aspirin

Table 3. Dose of standard aspirin and risk of gastric adenocarcinomaa.

Number of weekly aspirin tablets (cumulative average)
Characteristic <0.5 tabs 0.5 to <1.5 tabs 1.5 to <5 tabs ≥5 tabs Ptrend

b

Women
Cases per person-years 77/1,304,616 34/691,971 44/811,338 21/547,647
Age-adjusted HR (95% CI) 1 [Reference] 0.70 (0.47–1.06) 0.69 (0.47–1.01) 0.51 (0.31–0.82) 0.01
Model 2 HR (95% CI)c 1 [Reference] 0.71 (0.46–1.07) 0.69 (0.47–1.02) 0.49 (0.30–0.80) 0.01
Model 3 HR (95% CI)d 1 [Reference] 0.72 (0.47–1.09) 0.71 (0.48–1.05) 0.51 (0.31–0.84) 0.01

Men
Cases per person-years 28/289,893 20/198,754 72/445,153 20/216,686
Age-adjusted HR (95% CI) 1 [Reference] 1.14 (0.64–2.02) 1.60 (1.03–2.47) 0.85 (0.48–1.51) 0.29
Model 2 HR (95% CI)c 1 [Reference] 1.16 (0.65–2.07) 1.64 (1.05–2.55) 0.84 (0.47–1.50) 0.26
Model 3 HR (95% CI)d 1 [Reference] 1.17 (0.65–2.07) 1.64 (1.06–2.55) 0.85 (0.47–1.51) 0.27

aData were obtained from the 1980to 2014 NHS (women) and the 1986 to 2014 HPFS (men).
bCalculated using the median value of each category as a continuous variable.
cModel 2 was adjusted for race (White or non-White), BMI (<25.0, 25.0–29.9, or ≥30.0 kg/m2), alcohol intake (0, <5.0, 5.0–14.9, or ≥15.0 g/day), smoking status
(never, past, or current), physical activity (<3.0, 3.0–8.9, or ≥ 9.0 metabolic equivalent hours per week), current multivitamin use (yes or no), intake of red and
processed meat, fruits and vegetables (quartiles), and current acid suppression medication use (yes or no). For women, we also adjusted for menopausal hormone
therapy (never, ever, or premenopausal). The model also conditioned on age (continuous years), and year of questionnaire return. All covariates were updated over
time.
dModel 3 was additionally adjusted for regular use of non-aspirin nonsteroidal anti-inflammatory drug (yes or no) modeled as a time-varying covariate.

Table 4. Duration of regular aspirin use and risk of gastric adenocarcinomaa.

Duration of aspirin use, years
Characteristic Never-use <5 years 5 to <10 years ≥10 years Ptrend

b

Women
Cases per person-years 78/1,417,686 30/569,374 29/362,696 39/1,005,816
Age-adjusted HR (95% CI) 1 [Reference] 0.76 (0.50–1.17) 0.98 (0.63–1.52) 0.45 (0.30–0.68) <0.001
Model 2 HR (95% CI)c 1 [Reference] 0.75 (0.49–1.16) 0.96 (0.62–1.51) 0.43 (0.28–0.66) <0.001
Model 3 HR (95% CI)d 1 [Reference] 0.77 (0.50–1.18) 0.99 (0.63–1.56) 0.45 (0.29–0.69) <0.001

Men
Cases per person-years 37/392,863 29/230,476 36/199,212 38/327,935
Age-adjusted HR (95% CI) 1 [Reference] 1.13 (0.69–1.85) 1.41 (0.88–2.26) 0.78 (0.48–1.28) 0.33
Model 2 HR (95% CI)c 1 [Reference] 1.12 (0.68–1.84) 1.40 (0.87–2.25) 0.76 (0.45–1.26) 0.27
Model 3 HR (95% CI)d 1 [Reference] 1.13 (0.68–1.85) 1.41 (0.88–2.27) 0.77 (0.46–1.28) 0.29

aData were obtained from the 1980 to 2014 NHS (women) and the 1986 to 2014 HPFS (men).
bCalculated using the median value of each category as a continuous variable.
cModel 2 was adjusted for race (White or non-White), BMI (<25.0, 25.0–29.9, or ≥30.0 kg/m2), alcohol intake (0, <5.0, 5.0–14.9, or ≥15.0 g/day), smoking status
(never, past, or current), physical activity (<3.0, 3.0– 8.9, or ≥ 9.0 metabolic equivalent hours per week), current multivitamin use (yes or no), intake of red and
processed meat, fruits and vegetables (quartiles), and current acid suppression medication use (yes or no). For women, we also adjusted for menopausal hormone
therapy (never, ever, or premenopausal). The model also conditioned on age (continuous years), and year of questionnaire return. All covariates were updated over
time.
dModel 3 was additionally adjusted for regular use of nonaspirin nonsteroidal anti-inflammatory drug (yes or no), assessed as a time-varying covariate.
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use appeared after at least 10 years of use and was particularly
pronounced with a dose of more than five tablets per week. In
contrast, we did not observe an association among men.
Our results are supported by prior studies primarily con-

ducted in Asian participants (24–30). Specifically, several
studies reported that aspirin use was associated with a reduced
noncardia gastric cancer risk but not cardia gastric cancer
risk (31–35). In our analyses, we observed that aspirin use,
particularly at longer durations, was associated with reduced
risk of both of proximal and distal gastric adenocarcinoma in
women. Although longer duration of use of aspirin has been
shown to be associated with a lower risk of gastric can-
cer (24, 28, 36, 37), the majority of previous studies evaluated
aspirin used for durations less than 10 years or had an
insufficient sample size of participants using for longer dura-
tions (28, 36, 38). Thus, our results significantly expand upon
prior studies by prospectively examining aspirin use at a wider
range of doses and durations in non-Asian participants.
Our findings are biologically plausible. Specifically, PTGS-2,

or COX-2, plays an important role in inflammatory processes
and carcinogenesis in many cancers (18, 39–41) including
gastric cancer (4, 5, 42–44). Inflammationmay promote gastric
carcinogenesis by inhibiting apoptosis, inducing angiogenesis
and lymphatic metastasis, and assisting tumor invasion and
immunosuppression (5, 42–44). Moreover, previous studies
demonstrated thatH. pylori infection, an established risk factor
for gastric cancer (45–48) was significantly associated with

COX-2 expression (6–8). The p38MAPK/ATF-2-mediated
signaling pathway induced by H. pylori is a key mechanism
in COX-2 expression (49). In addition, hypergastrinemia
induced by H. pylori infection may promote the expression
of COX-2 at the transcriptional and posttranscriptional levels
by PI3K pathways (50). Aspirin inhibits the growth of H. pylori
in a dose-dependent manner in vitro (51). We also observed
that regular aspirin use was significantly associated with
reduced risk of H. pylori infection among women in our
cross-sectional analysis. Our results suggest a possible mech-
anism underlying the association between aspirin use and
gastric cancer may be mediated by an effect of aspirin use on
H. pylori. However, further studies are needed to confirm these
findings and determine if there is a causal association between
aspirin use and H. pylori infection.
Notably, the apparent association between aspirin use and

reduced risk of gastric adenocarcinoma was observed in wom-
en but not men. A potential heterogeneity of the association
between aspirin use and gastric adenocarcinoma according to
sex has not been previously reported. There are several poten-
tial reasons causing the heterogeneity according to sex. First,
the size of the baseline cohort and length of follow-up was
shorter for the men than women, which may have limited our
ability to detect an association in men. In fact, there was
evidence of a nonsignificant inverse association between aspi-
rin use and gastric cancer among men who used for more than
10 years or used at the highest doses (>5 tablets/week). Second,
a greater proportion of men compared with women aspirin
users reported using low dose aspirin use for cardiovascular
disease prevention (52), which may be less effective in pre-
venting cancer than standard doses. In support of this possi-
bility, we observed a borderline nonsignificant association
among men who used aspirin in the highest dose category.
Finally, our results may be due to a biological difference
between men and women in the effect of aspirin on risk of
gastric cancer, such as the potential heterogeneity in the
association of aspirin with H. pylori infection that we observed
here.
This study has several strengths. First, aspirin assessments

have been updated over 34 years of follow-up, permitting us to
evaluate long-term use of aspirin. Moreover, since the aspirin
data has been collected prospectively prior to diagnosis with
gastric adenocarcinoma, we were effectively able to exclude the
possibility of recall bias. Second, we had detailed information
for aspirin use including dose, duration, and consistency of use.
Third, we were able to adjust for a wide range of lifestyle and
dietary factors relevant to the association between aspirin use
and gastric adenocarcinoma.
Our study has limitations. First, although H. pylori is well

established risk factor for risk of gastric cancer, wewere not able
to fully account for H. pylori infection within the entire cohort.
However, because H. pylori infection is not routinely assessed
in clinical practice, it would have been infeasible to capture such
information comprehensively within a large, prospective
cohort. Second, although we had information on a wide range

Table 5. Regular aspirin use and risk of H. pylori infectiona.

Aspirin use
Characteristic Nonregular Regular

Women
No. of H. pylori infection 213 67
No. of participants 650 282
Age-adjusted OR (95% CI) 1 [Reference] 0.59 (0.42–0.81)
Model 2 OR (95% CI) 1 [Reference] 0.62 (0.45–0.88)
Model 3 OR (95% CI) 1 [Reference] 0.62 (0.44–0.87)

Men
No. of H. pylori infection 101 87
No. of participants 306 278
Age-adjusted OR (95% CI) 1 [Reference] 0.87 (0.61–1.24)
Model 2 OR (95% CI) 1 [Reference] 0.87 (0.60–1.26)
Model 3 OR (95% CI) 1 [Reference] 0.87 (0.60–1.26)

aFor 1,516 men and women with measurements of H. pylori who participated as
controls in a nested case-control study, aspirin use was assessed on the
questionnaire prior to blood collection (1990 in NHS and 1994 in HPFS).
bRegular aspirin use was defined as consumption of at least two times or more
per week (vs. nonregular use).
cModel 2 was adjusted for age (continuous years), race (White or non-White),
BMI (<25.0, 25.0–29.9, or ≥30.0 kg/m2), alcohol intake (0, <5.0, 5.0–14.9, or
≥15.0 g/day), smoking status (never, past, or current), physical activity (<3.0,
3.0–8.9, or ≥ 9.0metabolic equivalent hours per week), currentmultivitamin use
(yes or no), intake of red and processed meat, fruits and vegetables (quartiles),
and current acid suppression medication use (yes or no). For women, we also
adjusted for menopausal hormone therapy (never, ever, or premenopausal).
dModel 3 was additionally adjusted for regular use of nonaspirin nonsteroidal
anti-inflammatory drug (yes or no) modeled as a time-varying covariate.
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of risk factors, since our study is observational, we cannot rule
out the potential for residual confounding. However, definitive
results through a randomized controlled trial would not be
feasible given the need for a large number of participants
and long-term follow-up. Finally, more than 90% of partici-
pants in our study are White, our results thus cannot be
generalized to other races and ethnicities. However, a potential
preventive effect of aspirin for gastric adenocarcinoma has
also been reported in cohort studies conducted in Asian
countries (24, 25, 27, 30).
In summary, we found that regular, long-term aspirin use is

associated with a reduced risk of gastric adenocarcinoma
among women, but not men. Further studies are needed to
confirm these results and elucidate a potential mechanistic
basis for a sex difference in the effect of aspirin on gastric
neoplasia.
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