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Abstract
Gastric cancer (GC) is a global public health burden, with nearly one million
new cases diagnosed each year worldwide. To investigate the risk factors
and the prevention strategies for GC, in the past 40 years, a series of
epidemiological studies have been carried out in Linqu County, Shandong
Province, a high‐risk area of GC in China. Here, we briefly review the major
efforts of 40‐year practices against GC in Linqu County, particularly
highlighting a case‐control study to identify GC risk factors, a cohort study to
determine the associations between the risk factors and the progression of
gastric lesions, and an intervention trial to prevent GC development.
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INTRODUCTION

Gastric cancer (GC) is one of the most common
cancers in the world, with one million new GC cases
occurring annually, 44% of which occur in China [1].
There is a considerable geographic variation in the
incidences of GC in China. In the later 1970s, based
on the nationwide survey of cancer mortality, Linqu
County, a mountainous rural area in Shandong Pro-
vince, China, was found with one of the highest GC
incidences in China. The age‐adjusted (world standard)
death rates from GC among males and females in Linqu
were 70 and 25 per 100,000 in 1973−1975, respectively,
accounting for 42% of total cancer deaths in this
region [2].

Since 1983, a multidisciplinary team of experts
from Peking University Cancer Hospital (Beijing Insti-
tute for Cancer Research) has conducted a series of

epidemiological studies to investigate the risk factors for
the progression of gastric lesions to GC and the
prevention strategies in Linqu (Figure 1). With 40‐year
history against GC in this area, our team has already
built up a recognized reputation worldwide for the
epidemiological studies of GC. These studies defined
the epidemiologic characteristics, and risk and protec-
tive factors of GC in China, supporting that GC is
primarily determined by environmental factors and
develops in a multistep progression of precancerous
lesions. Based on the evidence collected in Linqu, the
randomized, double‐blind, placebo‐controlled trials were
conducted to test whether eradication of Helicobacter
pylori and interventions with vitamin C, E, selenium, and
garlic supplements can retard the progression of
precancerous gastric lesions and reduce the risk for
developing GC. As a result, more than 250 papers have
been published in peer‐reviewed journals, including
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Lancet, The British Medical Journal (BMJ), Gastroenter-
ology, Gut, Journal of the National Cancer Institute
(JNCI), Cancer Research, and other top‐tier journals.
These findings have contributed significantly to the
knowledge of the natural history of GC, progression of
precancerous lesions, and primary and secondary
prevention against GC, and provided strong evidence
supporting the issue of H. pylori eradication as a strategy
for preventing GC by the World Health Organization‐
International Agency for Research on Cancer (WHO‐
IARC) [3].

While the year 2023 marks the 40th anniversary of
Linqu studies, we conclude the major progress and are
proud of all the achievements that have been made
over the past four decades.

IDENTIFICATION OF RISK
FACTORS FOR GC

To explore the possible risk factors of GC, a case‐
control study with 564 GC patients and 1131 controls
was initiated in Linqu in 1984 [4]. A structured
questionnaire was developed, including diet and die-
tary habits, information of demographic variables,
medical history, occupation, smoking, and family
history of cancer. This study indicated that the risks
of GC were increased by 2‐ to 3‐fold among subjects
with prior chronic gastritis or gastric ulcers. The risks of
GC were also increased by 80% among those with a
family history of GC, by 50% among men who smoked
one or more packs of cigarettes per day, by 40%
among those who preferred salted foods, and by 50%
among families with moldy grain in storage. Daily
consumption of sour pancakes, a popular fermented
local food, was associated with a 30% increase in GC

risks. In contrast, the risks tended to decrease in
proportion to increased consumption of fresh vegetables
and fruits. This protective effect was more pronounced
for vegetables, particularly for allium vegetables (such
as garlic, scallion, onions, and Chinese chives), and a
dose–response pattern was found for the protective
effects of them.

H. pylori was classified as a class I carcinogen by
IARC in 1994. Epidemiological and experimental
studies in the past three decades strongly suggested
that H. pylori infection could cause chronic inflamma-
tion of gastric mucosa and increase the risk of GC. To
explore the association between H. pylori infection and
the risk of GC and its precursors, H. pylori serum IgG
antibody was detected by the enzyme‐linked immuno-
sorbent assay (ELISA) in 3433 subjects who partici-
pated in gastroscopic screening program in 1989 [5].
The prevalence of H. pylori positivity varied markedly
by gastrohistological status, elevating from 55% in
those with superficial gastritis (SG), to 60% in mild
chronic atrophic gastritis (CAG), 87% in severe CAG,
and 78% in more advanced lesions of intestinal
metaplasia (IM) or dysplasia (DYS). To determine the
association between H. pylori infection and the risk of
incident GC, the subjects with different gastric lesions
were subsequently followed up for 5 years. This
prospective follow‐up study, with endoscopic examina-
tions at the endpoint, confirmed that the presence of
H. pylori at baseline was associated with an increased
risk of DYS or GC (odds ratio [OR] = 1.8, 95%
confidence interval [CI]: 1.2−2.6) [6]. The prevalence
patterns and longitudinal outcomes indicated that
H. pylori infection primarily enhanced the transition from
SG to mild and then severe CAG, consistent with an
important role of H. pylori infection during the early stages
of gastric carcinogenesis. This population‐based cohort

F IGURE 1 Forty years' practice against gastric cancer in Linqu County, China.
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study in the high‐risk area of GC in Linqu was recognized
as the first prospective study to establish H. pylori infection
as a definite risk factor for the development of GC [7].

To further determine the prevalence of H. pylori
infection in children and investigate potential modes of
transmission in Linqu, 98 children aged 3−12 years and
289 adults aged 35−64 years were examined for
H. pylori infection by 13C‐urea breath test and ELISA
in 1994, respectively. H. pylori infection rate rose from
50% at ages 3−4 to 85% at ages 9−10, indicating the
acquisition of H. pylori infection during early childhood
in a population at high risk of GC [8]. The prevalence of
H. pylori infection clustered within families in Linqu,
particularly in those with at least one infected parent
(OR = 30.4, 95% CI: 4.0−232.2), consistent with a
person‐to‐person mode of transmission between par-
ents and children. To compare the prevalence of
H. pylori infection between high‐risk and low‐risk
populations, we selected a low‐risk area in Shandong
province, Cangshan County, less than 200 miles away
from Linqu County, with much lower GC mortality rates
(five and three per 100,000 among males and females,
respectively) than Linqu. The prevalence of H. pylori
infection was 59.9% among adults aged 35−64 years in
Cangshan [9]. We further compared the H. pylori
infection in children between the two counties, and
reported a 28.7% infection rate (29 out of 101 children
aged 3−12 years) in Cangshan [10], with the H. pylori‐
positive rate nearly three folds higher among children in
Linqu than that in Cangshan, which may have con-
tributed to the substantial difference in the risk of GC
development in these two counties.

In addition to these risk factors mentioned above, a
few prospective studies have shown lower serum levels
of β‐carotene and selenium in subjects who subse-
quently developed GC [11, 12]. Therefore, we detec-
ted and compared serum levels of ascorbic acid,
β‐carotene, retinol, α‐tocopherol, zinc, copper, sele-
nium, and ferritin among individuals with different
gastric lesions. It was found that serum ascorbic acid
and β‐carotene were lower among those with IM than
those with SG/CAG, and the levels of ascorbic acid in
Linqu were comparatively low according to standard
levels in Western countries, suggesting that these
nutrients may be able to inhibit transition to advanced
gastric lesions [6]. These findings have laid a solid
foundation for subsequent intervention trial.

ASSOCIATION OF PRECANCEROUS
GASTRIC LESIONS WITH GC

GC, particularly that of the intestinal type, involves a
multistep and multifactorial process that takes many
years, while little data from population‐based studies
were available to quantify the risk of transition from early
to advanced gastric lesions. Beginning in 1989, an

endoscopy screening was launched in Linqu to detect
precancerous gastric lesions [13]. A total of 3433
residents, aged 35−64 years, were enrolled in an
endoscopic survey, in which biopsies were taken from
seven standard locations: four from the antrum, one from
the angulus, and two from the body. Only 2% of the
subjects had normal gastric mucosa or SG, while 44.8%
had CAG, 33% had IM, and 20.1% had DYS. The
prevalence of DYS was significantly higher in males than
females at nearly all ages, and the highest prevalence of
DYS was found along the lesser curvature of the
stomach, especially in the angulus or antrum.

To determine the rates of transition from early to
advanced gastric lesions, a 5‐year follow‐up gastros-
copy with biopsy was carried out in 2628 subjects who
had baseline information of histopathology in 1994.
Compared to subjects with SG/mild CAG at baseline,
the OR for GC in 1999 were 17.4, 29.3, or 104.2 in
subjects with superficial IM, deep IM, or moderate/
severe DYS, respectively [14]. The distribution sites of
GC were similar to that of the advanced precancerous
lesions. These biological associations of strength and
sequence of events strongly support the concept that
the majority of intestinal GC is a result of multiple
stages from the progression of precancerous lesions,
confirming the Correa's multistep model of intestinal
GC development in high‐risk populations.

INTERVENTION TRIALS TO
PREVENT GC AND ITS
PRECURSORS

The case‐control and prospective cohort studies in
Linqu revealed that H. pylori infection was a major risk
factor for GC and its precursors, and increasing
consumption of fresh fruits and vegetables was
associated with a decreasing risk of GC, particularly
for allium vegetables. Therefore, in 1995, an interven-
tion trial, known as the Shandong Intervention Trial
(SIT, ClinicalTrials.gov NCT00339768), was launched
in Linqu, in which a total of 3411 subjects were
randomized in a 2 × 2 × 2 factorial design according to
their H. pylori status and received eradication therapy,
vitamin plus mineral supplements, or garlic supple-
ments. Repeated endoscopies have been conducted
among trial participants to evaluate the effects of the
treatment in 1999 and 2003. The subjects were
subsequently followed up to examine the effect on
GC until 2017. The trial yielded statistically significant
decreases in the prevalence of severe CAG, IM, DYS,
or GC in 1999 (OR = 0.77, 95% CI: 0.62−0.95) and
2003 (OR = 0.60, 95% CI: 0.47–0.75), as well as
favorable effects on GC prevention by H. pylori
eradication. A total of 19 GC cases (1.68%) were
diagnosed in the active treatment arm in 2003,
compared to 27 GC cases (2.39%) in the placebo
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arm [15]. The trial participants were continually
followed up for additional 8 years, with 34 GC cases
documented in the treatment group in comparison with
52 GC cases in the placebo group, showing a 39%
reduction in GC incidence (OR = 0.61, 95% CI:
0.39−0.96) [16]. Further subgroup analysis showed
that H. pylori treatment was associated with a signifi-
cant decrease in GC incidence (OR = 0.36, 95% CI:
0.17−0.79) at ages 55 years or older, and a significant
decrease in GC incidence among those with IM or DYS
at baseline (OR = 0.56, 95% CI: 0.34−0.91), suggesting
that prevention efforts on H. pylori treatment can be
applied widely and need not be restricted to the young
or those with mild histopathology [17]. Together, after
15 years of follow‐up (1995−2010), the trial yielded
a statistically significant reduction in the incidence of
GC and a nonstatistically significant reduction in the
mortality of GC associated with H. pylori eradication.
Both garlic and vitamin supplementation showed favor-
able trends for decreased GC incidence and mortality,
but these effects were not statistically significant. As an
editorial in Journal of the American Medical Association
(JAMA) commented, this randomized controlled inter-
vention trial is well recognized as the first one to show a
clear reduction in GC incidence with H. pylori treat-
ment [18].

Although this trial reported that H. pylori eradication
can reduce GC incidence, further follow‐up is needed
to explore whether the reductions can persist and lead
to a decrease in GC mortality. In addition, it needs to be
clarified whether garlic and vitamin supplementation
would be associated with reductions in GC incidence
and mortality during long‐term follow‐up. Therefore, the
follow‐up was extended to 2017. Over 22 years of
follow‐up, 151 incident GC cases and 94 GC deaths
were identified. A protective effect of H. pylori treatment
on GC incidence persisted for 22.3 years after
intervention (OR = 0.48, 95% CI: 0.32−0.71). Vitamin,
but not garlic, supplementation also decreased GC
incidence significantly (OR = 0.64, 95% CI: 0.46−0.91).
All the three interventions significantly reduced GC
mortality, with the hazard ratio (HR) (95% CI) of 0.62
(0.39−0.99) for H. pylori treatment, 0.48 (0.31−0.75) for
vitamin supplementation, and 0.66 (0.43−1.00) for
garlic supplementation [19]. This is the first randomized
controlled intervention trial to confirm that H. pylori
treatment can reduce GC mortality, and vitamin
supplementation is also associated with a statistically
significantly reduced incidence of GC. However, further
large‐scale intervention trials are still warranted to
confirm the favorable effects of vitamin and garlic
supplementation on GC prevention.

Based on this intervention trial, it is of interest to
explore the effects of intervention strategies on
subgroups related to the risk factors. We further
evaluated the effects of vitamin and garlic

supplementation on GC incidence and mortality in
subgroups based on major risk factors. It was found
that the protective effect on GC mortality was
associated with garlic supplementation among those
not drinking alcohol (HR = 0.33, 95% CI: 0.15−0.75;
ever drank alcohol: HR = 0.92, 95% CI: 0.55−1.54;
p for interaction = 0.03), and significant interactions
were only observed among participants with H. pylori
infection, suggesting that GC prevention strategies
could be tailored to target population to maximize the
potential beneficial effect [20].

Recently, we have finished the 11.8 years of follow‐
up of the Mass Intervention Trial in Linqu, Shandong
province (MITS, 2011‐2022, ChiCTR‐TRC‐10000979)
for over 180,000 individuals, the largest‐to‐date inter-
vention trial on GC [3], from which the international
community expects would eventually conclude on the
feasibility of implementing mass H. pylori screening
and treatment as a public health policy (manuscript
under review elsewhere).

CONCLUSIONS AND OUTLOOK

What can we learn from the experience in
Linqu County?

(1) Accumulated evidence derived from studies in
the past 40 years in Linqu strongly supports that
H. pylori infection is a risk factor for GC, an
important public health issue both in China and
worldwide. Effective prevention of H. pylori infec-
tion is highly desirable for GC prevention, particu-
larly in H. pylori prevalent areas and high‐risk
populations of GC worldwide.

(2) The randomized controlled intervention trial in
Linqu provides strong evidence that H. pylori
eradication could reduce the GC risk. Although
there have been calls to prevent GC by screening
and treating H. pylori infection, for example, in
2005, the H. pylori‐GC Task Force recommended
that for countries with a high risk of GC, the
greatest benefit would be gained by eradicating or
preventing H. pylori infection in early adulthood
[21]. However, no randomized trial had shown a
clear benefit of this approach until the Shandong
Intervention Trial reporting a significant reduction in
GC risk by H. pylori eradication.

(3) Based on an intervention trial in Linqu, in 2014, a
working group report by IARC recommended that
for countries with a high risk of GC, the greatest
benefit would be gained by eradicating H. pylori
infection [3]. In 2019, the “Chinese Consensus on
Eradication of H. pylori and Prevention of GC”
recognized H. pylori infection as a primary risk
factor for gastric neoplasia, emphasizing that

144 | PAN ET AL.



eradication therapy significantly reduces the asso-
ciated risks [22]. Our 40‐year practice against GC
in Linqu has provided compelling evidence for
recommending H. pylori screening and eradication
as a public health policy for GC prevention.

What is the major challenge in the practice
and future work?

(1) Effective strategies to reduce the burden of GC
include primary prevention through testing and
treatment of H. pylori and secondary prevention by
screening and early detection. Although population‐
based GC preventive strategies still face considera-
ble challenges in China, in recent years, China has
made significant strides in GC prevention. In 2023,
the Chinese Consensus on “Prevention and Control
of H. pylori Infection in China” published by the
Chinese Center for Disease Control (CDC) en-
dorsed eradication therapy for individuals testing
positive for the infection [23].

(2) Identifying the optimal population for endoscopic
screening, especially those at an increased risk of
GC and those who stand to gain the most benefit, is
a primary focus in future work. The development of
accurate, reliable, and integrated biomarkers espe-
cially noninvasive biomarkers is highly needed to
distinguish high‐risk populations for future precise
GC screening strategies.

(3) Given the constrained healthcare resources, a
nationwide, population‐based program for H. pylori
eradication and GC screening in China is challeng-
ing to execute. This makes it imperative to conduct a
cost‐effectiveness analysis of these measurements
before considering them for broad implementation.
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