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Analysis of garlic intake on atrophic
gastritis risk in different infectious
states of Helicobacter pylori in a
case-control study

Jianjun Wul%3:¢, Jia Zhang%2%3¢, Lan Jin*, Xingmin Wei%23 & Yuqin Liu*"**

In this case-control study, the main risk factors for atrophic gastritis (AG) were comprehensively
analyzed in a real-world environment to identify potential risk factors associated with garlic intake

and its effects on AG. Design Upper gastrointestinal endoscopy and pathological examination

were performed as part of a gastric cancer screening and health check-up program. The detailed
characteristics of both the case group and healthy control group were recorded and analyzed.

All participants were fasted for at least 4 h and a urea breath test13C-UBT) was performed in all
participants at rest. Both univariate and multivariate logistic regression analyses were performed and
presented as the odds ratio (OR) and 95% confidential interval (Cl), with additional subgroup analysis
stratified by infectious state based on the presence, eradication or absence of H. pylori. Setting

Gansu Province in China. Participants 10,035 people from Gansu Province in China were included.
Among 7,058 participants, 4,712 (66.8%) had AG. Garlic intake was a significant risk factor for AG in
participants currently (infected state) or previously (eradicated state) infected with H. pylori (OR=1.39,
95% Cl: 1.06-1.83; OR=1.16, 95% Cl =1.01-1.32). Garlic intake was not significantly associated with
AG in participants without H. pylori’ s infection (OR=1.14, 95% Cl: 0.88-1.46). The association between
garlic intake and AG differed by H. pylori infectious state. People in the infected or eradicated states
are at a higher risk for AG associated with garlic intake. Diet may regulate the pathogenic role of H.
pylori and intestinal flora.
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Gastric cancer (GC) is the world’s third and China’s second leading cause of cancer-related death!~>. According
to the latest incidence and mortality data of GC from 185 countries and regions were extracted from the
GLOBOCAN 2022 database, there was an estimated global 968,000 new GC cases and 660,000 deaths in 20224,
The incidence of GC has wide geographic variation, east Asia had the highest burden, with 53.8% of cases and
48.2% of deaths among all geographic regions. The incidence of GC is 15-20-fold higher in East Asia and East
Europe compared to the incidence in the African continent. Because GC is often diagnosed in an advanced
stage with metastases, the prognosis is poor, even in high-income countries**. The formation of carcinomas
in the stomach is believed to involve progressive processes: chronic gastritis, atrophic gastritis (AG), intestinal
metaplasia (IM), gastric intraepithelial neoplasia (GIN), and finally GCS. Histological changes in AG, IM, or GIN
are regarded as precancerous lesions of GC®. AG is a critical precancerous lesion in these cumulative processes
of developing GC”*.

Poor eating habits and H. pylori infection are considered important risk factors for AG, and H. pylorialso
causes peptic ulcers and other digestive tract-related illnesses®!!.

A recent systematic review and meta-analysis, which included 224 studies from 71 countries or regions
across all six WHO regions, reported that the estimated global prevalence of H pylori infection decreased from
58.2% in 1980-90 to 43.1% in 2011-22. Prevalence was relatively stable between 1991 and 2010, but fell sharply
between 2011 and 2022, with the greatest decline in the WHO African Region. In addition, a lower prevalence
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of H pyloriinfection has been reported in younger people, in high-income countries or countries with high levels
of universal health coverage, and in retrospective studies'?.

H. pyloricolonized humans about five thousand years, seeming to build a symbiotic relationship with the
human beings!®. However, H. pylori is by no means the only dominant intestinal microbiota species in the
stomach. A growing body of evidence suggests that H. pylori contributes to the development and progression
of GI disease through a variety of pathways. Types and proportions of microbial flora in the feces may be
different in the H. pylori-infected populations compared to normal populations, leading to gastric inflammation
and cancers in the gastrointestinal (GI) tract (including esophageal, gastric, colorectal, liver, and pancreatic
cancers)*. Research shows that there is no significant difference in the prevalence of H. pyloribetween patients
with AG and GC in Japan®. So far, few studies have indicated that the human gastric microbiota is different in
healthy and diseased individuals'®. The predominant phyla of the gastric environment include Actinobacteria,
Bacteroidetes, Firmicutes and Proteobacteria, which include H. pylorils’m. Furthermore, recent advances have
shown that in the healthy population, the gastric microbiota does not have significant differences according to
geographical area and ethnicity, and it is quite similar at both the genera level and the phyla level. Meanwhile,
the major driver of gastric microbiota diversity is the presence of H. pyloriinfection!”!8. More and more research
has focused on the ability of hard foods and probiotics to inhibit the pathogenicity of H. pyloriwhile maintaining
the normal microbial environment in the GI tract to prevent GC!*-21,

Garlic (Allium sativum L) is one of the most popular vegetables in Asia, especially in China. Consumption of
garlicand its products prevents the occurrence of AG, and this prevention may be related to H. pyloriinhibition?2%3,
although some studies have found that garlic had no protective effects against the development of AG and
GC?*®, To date, it remains unclear the effect of garlic intake on AG risk in different infectious states of H. pylori.
In the present study, we comprehensively analyzed the main risk factors for AG in a real-world environment, and
further explored the effects of associated risk factors (including garlic intake) in different infectious states of H.
pylori (uninfected state, infected state and eradicated state) on AG.

Methods

Study population

The study was conducted within the framework of the National Upper Gastrointestinal Cancer Early Detection
Project in Wuwei City, Gansu Province of China, one of the high-risk areas of upper gastrointestinal cancer.
10,035 study participants with GI symptoms were screened from a high-risk population from 21 administrative
villages in Jinyang Town, Siba Town and Qingyuan Town in Liangzhou District, Wuwei City, Gansu Province
from November 2015 to November 2016 using the Survey of Health Factors of Upper Gastrointestinal Cancer
(Early Diagnosis and Treatment Technical Scheme of China Cancer Screening in 2014 Edition). Upper GI
endoscopy and pathological examination were performed as a part of a gastric cancer screening and health
check-up program at Wuwei Cancer Hospital of Gansu Province. This study was also approved by the Ethics
Committee of National Cancer Center, Chinese Academy of Medical Sciences (20155Q00223), and all subjects
signed the written informed consent before participating this study.

The inclusion criteria of the case group were set as follows: (1) 40-70 years old, and (2) pathologically
diagnosed with AG by 2 independent, experienced pathologists. The exclusion criteria of the case group were as
follows: (1) pathologically diagnosed with IM, GIN, GC, chronic non-atrophic gastritis and other diet-related
diseases, (2) patients who had undergone surgery for GC, and (3) patients who had not stop taking antibiotics,
proton pump inhibitors and other medications for at least one week before the'>C-Urea Breath Test.

The inclusion criteria of the control group were set as follows: (1) 40-70 years old and (2) pathologically
diagnosed with normal glandular epithelium after ESD/EMR by 2 independent, experienced pathologists. The
exclusion criteria of the control group were as follows: (1) presence of other diet-related diseases, (2) patients
who had undergone surgery for GC, and (3) patients who had not stop taking antibiotics, proton pump inhibitors
and other medications for at least one week before the!*C-Urea Breath Test.

After screening the above inclusion and exclusion criteria, 7,058 people were enrolled. The detailed selection
criteria are demonstrated in Fig. 1.

Survey content and project

The study was supported by Gansu Province Wuwei Tumor Hospital and Joint project of Chinese Academy
of Medical Sciences. The project was conducted in Gansu Province Wuwei Tumor Hospital, and relevant staff
were trained before implementation. All subjects were asked to complete a self-administered and structured
questionnaire including basic personal information, dietary habits, smoking and alcohol history, garlic intake,
family history of gastric cancer, history of disease and results of H. pylori detection. The specific contents of
the investigation were strictly abided by using the “Technical Program for Screening and Early Diagnosis and
Treatment of Upper Gastrointestinal Cancer (Early Diagnosis and Treatment Technical Scheme of Chinese
Cancer Screening in 2014 Edition)”. Eliminated potential recall bias and investigate all patients before diagnosis.

13C.urea breath test (UBT)

The *C-UBT is a commonly used test for H. pylori infection. The test uses the urease produced by H. pylorito
break down urea containing the radioactive '*C marker into carbon dioxide and urea acid, and the change in
carbon dioxide levels in the exhaled air determines whether or not be infected with H. pylori.

Patients are required to stop taking antibiotics, proton pump inhibitors and other medications for at least one
week before the test and to fasting for at least 4 h prior to the test to ensure that there is no food in the stomach
to interfere with the test results. A urea solution containing the radioactive 1*C marker is administered orally.
After oral administration, patients were waited about 30 min for the urea to be broken down by H. pylori into
carbon dioxide and urea acid. Patients exhaled through a respirator into a sample tube containing an absorbent.
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People who reported digestive tract diseases were screened by endoscopy in 2015 (N=10,035)

2,977 people were excluded, including:

1. Absence of HP Inspection (n=10)

2. GC (n=65)

3. GIN (n=712)

4. GIM (n=311)

5. with history of GC (n=112)

6. complicated with other diseases(n=1,767) people

All people were required to take
mucosal tissue at the same time for
further pathological examination.

A 4
7058 people who enrolled
T
v v
Gastric atrophy patients Normal glandular epithelium
n=4|712 ‘ n=2346

v

| 1

No-Infection (n=1302) || Infection(n=1147) || Eradicated(n=4609) 40~n=2923) || 50~@=2610) || 60~70(n=1525)
case=839 case=786 case=3087 case=1787 case=1815 case=1110
control=463 control=361 control =1522 control =1136 control =795 control =415
| I
v

Case-control study

Fig. 1. Study flow chart. Notes: A total of 7058 patients with gastrointestinal symptoms received endoscopic
and pathological examinations, and all people underwent Helicobacter pylori testing.

The laboratory measured the change in carbon dioxide levels in the sample tube to determine whether the
patient was infected with H. pylori. The H. pylori infected state was determined if the test value was > 100 dpm/
mmol, the H. pylori uninfected state if the test value was <100 dpm/mmol and there was no previous H. pylori
infection, and the H. pylori eradicated state if the test value was <100 dpm/mmol and there was a previous H.
pylori infection.

Endoscopic and pathological examinations

According to the new Sydney standard, 5 tissue specimens were collected from each patient for pathological
examination. The location and requirements for tissue collection were as follows: Al: small curvature of the
gastric antrum (2-3 cm from pylorus); A2: large curvature of the gastric antrum (2-3 cm from pylorus); B1:
small curvature of gastric body (4 cm from gastric angle); B2: large curvature of the gastric body (8 cm from
cardia); IA: gastric angle. Biopsy tissue was fixed in formalin and sent to pathology. Routine paraffin sections
were prepared and stained with hematoxylin-eosin (HE). The diagnosis of AG in this study was based on
pathological diagnosis.

Quality control and personnel training

All investigators were divided into different groups according to the survey items, including digestive physicians,
specialist nurses and graduate students who had been strictly trained. After qualified training, investigators
participated in the survey. Data were entered into EpiData Software3.1, and a duplicate record was used. During
the survey, project reviewers reviewed each questionnaire each survey day, and uncompleted questionnaires
were required to be completed and corrected in time.

Statistical analysis

Continuous variables are expressed as mean + SD following the normal distribution analysis and were compared
using Student’s t-test or a 1-way analysis of variance test. Categorical variables were expressed by counts and
percentages and compared with y? statistics or Fisher’s exact test, as appropriate. To identify potential risk factors
for AG, univariate and multivariate logistic regression analysis of binary variables were carried out with negative/
positive AG as the dependent variable and other parameters, including basic information, living habits, disease
history and HP, as independent variables. Regression analysis was performed, and results are presented as the
odds ratio (OR) with the corresponding 95% confidential interval (CI). Statistical analyses were performed using
SPSS (version 21.0; IBM Corp., Armonk, NY, USA), with 0.05 used as the significance level.

Results

A total number of 7,058 participants were analyzed in this study. Among them, 4,712 (66.8%) had AG and
served as the case group, and 2,346 (33.2%) had normal glandular epithelium and served as the control group.
The average age of case group was 52.94 years old (SD =7.47), whereas the average age of the control group was
51.21years old (SD=7.48). The mean age of the case group was higher than that of control group (P<0.001).
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There were 2,501 (53.1%) males and 2,211 (46.9%) females within the case group, and there were 1,399 (59.6%)
males and 947 (40.4%) females within the control group. There was a statistically significant difference between
the two groups in gender (P<0.001). About 72.1% of cases and 76.1% of controls were literate. After multivariate
logistic regression analysis, risk estimation of AG based on different dietary habits was obtained after controlling
for body mass index (BMI), smoking, drinking, marital status, fresh vegetables intake and family history of
tumors. Older, male, larger family size, unclean drinking water, H. pylori infection and excessive intake of meat,
egg, milk and garlic were significant risk factors for AG. Education, bean food (such as tofu, soybean milk,
soymilk etc.) and hard food (such as hard pancake, fried prawn etc.) intake were significant protective factors.
Alcohol consumption also did not show significant association with AG. The general characteristics of the study
subjects at baseline and the association of dietary habits with AG are shown in Table 1; Fig. 2.

In the H. pylori uninfected state, after the multivariate adjustment, garlic intake (OR=1.14, 95% CI=0.88-
1.46, P=0.32) was not associated with AG (Table 2). However, older age (OR for 50-=1-38, 95% CI=1.09-1.86,
P=0.02; OR =1.61, 95% CI=1.20-2.38, P=0.01) and alcohol consumption (OR=1.50, 95% CI=1.01-

for 60~70",
2.23, P:O.04)0{/vere significant risk factors (Table 2; Fig. 3).

Variables Cases, N (%) | Controls, N (%) ft/‘gililil—esqua.re) Adjust OR (95% CI) | P-value!
Age 52.94+7.47 | 51.21+7.48% <0.001

40~ 1787(37.9) | 1136(48.4) <0.001 Reference

50~ 1815(38.5) | 795(33.9) 1.43(1.27-1.61) <0.001
60~70 111023.6) | 415(17.7) 1.61(1.38-1.90) <0.001
Gender <0.001

Female 2211(46.9) 947(40.4) Reference

Male 2501(53.1) 1399(59.6) 1.26(1.05-1.50) 0.01
Education attainment <0.001

Illiterate 1318(28.0) 560(23.9) ¢ Reference

Primary school 1388(29.5) 746(31.8) 0.87(0.74-1.01) 0.07
Middle school above 2006(42.6) 1040(44.3) 0.83(0.70-0.97) 0.02
Family size 0.01

Mean +SD 4.38+1.75 4.29+1.68* 1.04(1.01-1.08) 0.03
Drinking water 0.02

Mantle water 2576(54.7) 1260(53.7)* 1.25(1.06-1.45) 0.01
deep well water 1218(25.8) 565(24.1) 1.14 (1.00-1.31) 0.05
tap water 918(19.5) 521(22.2) Reference

Smoking <0.001

Never 3064(65.0) 1655(70.5) Reference

Still 1382(29.3) 567(24.2) 1.14(0.94-1.37) 0.18
Quit 266(5.7) 124(5.3) 0.84(0.64-1.10) 0.19
Alcohol consumption <0.001

Non-Drinking 4025(85.4) 2073(88.4) Reference

Drinking 687(14.6) 273(11.6) 1.16(0.98-1.38) 0.08
Bean food 0.17

Never or once in 2 weeks | 2925(62.1) 1410(60.1)* Reference

At least once a week 1787(37.9) 936(39.9) 0.87(0.77-0.97) 0.01
Garlic 0.04

Never or once in 2 weeks | 2203(46.8) 1182(50.4)* Reference

At least once a week 2509(53.3) 1164(49.6) 1.18(1.06-1.31) <0.001
Hard food 0.06

Never 1374(29.2) 613(26.1)* Reference

once in 2 weeks 2964(62.9) 1532(65.3) 0.79(0.64-0.97) 0.03
At least once a week 375(7.9) 200(8.6) 0.83(0.74-0.94) <0.001
H. pylori infection 0.09

No 839(17.8) 463(19.7)* Reference

Infected 786(16.7) 361(15.4) 1.22(1.02-1.46) 0.03
Eradicated 3087(65.5) 1522(64.9) 1.09(1.05-1.26) 0.02

Table 1. Univariate analysis and multivariate analysis of risk factors for AG. Note: *P< 0.05. "Statistical analysis
was performed by t-test. Statistical analysis was performed by Pearson y’test. “Multivariate analysis of risk
factors. Adjusted for covariates, including BMI, smoking, alcohol use, marital status, fresh vegetables intake,
family history of tumors. .
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Fig. 2. Analysis of risk factors for AG by forest plots with odds ratios.

Cases(n=839) | Controls(n=463)

Variables N (%) N (%) Adjust OR (95% CI) | P-value
Age 52.9+7.5 51.2+75

40~ 305(36.4) 210(45.4) Reference

50~ 337(40.2) 166(35.9) 1.38(1.09-1.86) 0.02
60~70 197(23.4) 87(18.7) 1.61(1.20-2.38) 0.01
Alcohol consumption

Non-Drinking 711(84.7) 412(89.0) Reference

Drinking 128(15.3) 51(11.0) 1.50(1.01-2.23) 0.04
Garlic

Never or once in 2 weeks | 404(48.2) 237(51.2) Reference

At least once a week 435(51.8) 226(48.8) 1.14(0.88-1.46) 0.32

Table 2. Multivariate analysis of risk factors for AG in H. pylori’ s uninfected state. Note: Adjusted for
covariates, including gender, education, BMI, family size, drinking water, smoking, meat, egg and milk intake,
bean food intake, fresh vegetables intake, hard food intake, marital status, family history of tumors.

In the H. pylori’ s infected state, Table 3; Fig. 4 shows that older age (OR ., =1.40, 95% CI=1.03-1.90,
P=0.03; OR ;. -,=1.66, 95% CI=1.10-2.52, P=0.02) and garlic intake (OR 1.39, 95% CI=1.06-1.83,
P=0.02) were sigmﬁcant risk factors on AG after the multivariate adjustment.

In the H. pylori’ s eradicated state, after the multivariate adjustment, the factors associated with AG were
older age (OR ,, ., =1.46, 95% CI=1.25-1.69, P<0.001; OR ; ., ,=1.60, 95% CI=1.30-1.98, P<0.001), male
(OR=1.39,95% CI=1.11-1.73, P<0.001), garlic intake (OR=1.16, 95% CI=1.01-1.32, P=0.04), family history
of tumors (OR=1.18, 95% CI=1.01-1.38, P=0.04) and unclean drinking water (OR ;= =150, 95%
CI=124-182, P<0.001; OR _ ,. . =131, 95% CI=1.11-1.55, P<0.001; Table 4; Fig. 5). Suitable hard
food intake (OR=0.82, 95% CI 071 0.94, P=0.01) was a significant protective factor for AG (Table 4). Alcohol
consumption (OR=1.03, 95% CI=0.83-1.28, P=0.77) was not significantly associated with AG (Table 4).
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Fig. 3. Analysis of risk factors for AG in H. pylori’ s uninfected state by forest plots with odds ratios.

Cases(n="786)

Variables N (%) Controls(n=361)N (%) | Adjust OR (95% CI) | P-value
Age 533+7.5 51.3+7.3

40~ 283(36.0) 166(46.0) Reference

50~ 303(38.5) 130(36.0) 1.40(1.03-1.90) 0.03
60~70 200(25.5) 65(18.0) 1.66(1.10-2.52) 0.02
Alcohol consumption

Non-Drinking 658(83.7) 316(87.5) Reference

Drinking 128(16.3) 45(12.5) 1.38(0.89-2.12) 0.15
Garlic

Never or once in 2 weeks | 355(45.2) 196(54.3) Reference

At least once a week 431(54.8) 165(45.7) 1.39(1.06-1.83) 0.02

Table 3. Multivariate analysis of risk factors for AG in H. pylori’ s infected state. Note: Adjusted for covariates,
including gender, education, BMI, family size, drinking water, smoking, meat, egg and milk intake, bean food
intake, fresh vegetables intake, hard food intake, marital status, family history of tumors.

Discussion

AG is characterized by the loss of gastric glands, which are replaced by connective tissue or glandular structures
that are inappropriate for the location, giving rise to non-metaplastic or metaplastic atrophy?. It is also one of the
most common digestive system diseases worldwide and has been defined by WHO as the initial step of cancer?’.
The human microbiome is an important driver in the etiopathogenesis of AG and cancer?. The occurrence and
development of AG are influenced by an interplay between host genetic and environmental factors. The causes
of gastritis include H. pyloriinfection, viruses and other pathogenic microbes. GI microflora and its related
metabolites are also closely related to the occurrence and development of precancerous lesions, such as AG, by
the induction of inflammation and immune disorders'®. H. pyloriis by no means the only predominant species
of gut microbiota in the stomach. Accumulating evidence shows that specific bacteria and bacterial dysbiosis in
the GI tract can potentiate the development and progression of GI tract neoplasms by damaging DNA, activating
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Fig. 4. Analysis of risk factors for AG in H. pylori’s infected state by forest plots with odds ratios.

oncogenic signaling pathways, producing tumor-promoting metabolites, such as secondary bile acids, and
suppressing antitumor immunity?’. Host metabolism and inter-microbial interactions in the cancer microbiota
have been recognized gradually, but the questions on whether H. pylori interacts with the gut microbiota to
regulate host metabolism and whether the presence of H. pyloridirectly shapes the gastric microbial composition
of the gut microbiome remain unknown™.

Few studies have directly examined the effect of garlic intake on AG, while the effect of garlic intake on
gastrointestinal physiology was controversial. The present study found that the association between garlic intake
and AG differed by H. pyloriinfectious state. People in the infected or eradicated states are at a higher risk for
AG associated with garlic intake. Garlic has been studied for its antimicrobial, antifungal, antihypertensive,
hypoglycemic, and antitumor properties®!. In addition to amino acids, vitamins, and micronutrients, garlic
contains various organosulfur compounds including diallyl sulfide®2. Experimental and human studies suggested
that these organosulfur compounds in garlic have chemopreventive and other beneficial effects®!-33, affecting
each stage of carcinogenesis and influencing physiologic processes that modify cancer risk®. A gastroscopic
screening survey in Cangshan County have found that infection with H. pyloriis a risk factor and garlic may be
protective, in the development and progression of advanced precancerous gastric lesions in an area of China at
relatively low risk of GC*. A randomized intervention trial conducted in Linqu County, Shandong province,
China, have reported that H pyloritreatment for two weeks and vitamin or garlic supplementation for seven
years were associated with a statistically significant reduced risk of death due to gastric cancer for more than
22 years®®. However, The findings from two large prospective US cohort studies (the Nurses’ Health Study and
the Health Professionals Follow-up Study) do not support the hypothesis that high garlic intake reduces risk of
gastric cancer”’. Our findings suggests that diet may regulate the pathogenic role of H. pylori and intestinal flora,
and individualized dietary prescriptions for populations with different H. pylori infection state could provide
direction for future studies. For example, dietary prescriptions for people in the H. pylori infected or eradicated
states could be explored in clinical practice, with recommendations to reduce garlic intake and thereby reduce
the risk of AG. Future research deserves to continue to explore how these results can be translated into clinical
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Cases(n=3087) | Controls(n=1522)

Variables N (%) N (%) Adjust OR (95% CI) | P-value
Age 52.7+7.5 51.0+7.5

40~ 1199(38.8) 760(49.9) Reference

50~ 1175(38.1) 499(32.8) 1.46(1.25-1.69) <0.001
60~70 713 (23.1) 263(17.3) 1.60(1.30-1.98) <0.001
Gender

Female 1494(43.5) 616(40.4) Reference

Male 1593(56.5) 906(59.6) 1.39(1.11-1.73) <0.001
Drinking water

Mantle water 1681(54.5) 799(52.5) 1.50(1.24-1.82) <0.001
deep well water 822(26.6) 351(23.1) 1.31(1.11-1.55) <0.001
tap water 584(18.9) 372(24.4) Reference

Alcohol consumption

Non-Drinking 2656(86.0) 1345(88.4) Reference

Drinking 431(14.0) 177(11.6) 1.03(0.83-1.28) 0.77
Garlic

Never or once in 2 weeks | 1444(46.8) 749(49.2) Reference

At least once a week 1643(53.2) 773(50.8) 1.16(1.01-1.32) 0.04
Hard food

Never 1058(34.3) 471(30.9) Reference

once in 2 weeks 1829(69.2) 959(63.0) 0.82(0.71-0.94) 0.01
At least once a week 200(6.5) 92(6.0) 0.94(0.71-1.25) 0.68
Family history of tumors

No 2355(76.3) 1196(78.6) Reference

Yes 732(23.7) 326(21.4) 1.18(1.01-1.38) 0.04

Table 4. Multivariate analysis of risk factors for AG in H. pylori’ s eradicated state. Note: Adjusted for
covariates, including education, BMI, family size, smoking, meat, egg and milk intake, bean food intake, fresh
vegetables intake, marital status.

practice, specifically regarding the integration of dietary interventions into the prevention and management of
AG.

Despite the high prevalence of H. pylori, Indian individuals have a low gastric cancer incidence of less than 10
per 100,000 per year?®. The phenomenon of “Indian Enigma” seemed to suggest that diet might play a significant
role. Dietary interventions enabled a decrease in H. pyloricolonization and resulted in a decrease in gastritis
prevalence, thus potentially reducing the risk of gastric adenocarcinoma development®. Among these, lifestyle
factors such as diet were not in the limelight as principal factors that could modulate H. pylori-linked gastric
diseases until recently. There are various factors behind this paradoxical outcome, including virulence of the
infecting H. pyloristrains, GI microflora, genetic background of the host and factors related to lifestyle, such as
dietary habits*’. Based on the efficacy and safety of H. pylori eradication and patient dependence, there are three
infectious states of H. pylori: uninfected, infected and eradicated states. Environmental factors, particularly dietary
habits, may play a critical role in the formation of AG. Therefore, it is necessary to find new non-antimicrobial
ways to prevent microbe-associated AG and to control H. pylori-related chronic inflammatory processes and
mediators responsible for carcinogenesis*!. Dietary interventions decrease AG prevalence when the stomach
microenvironment is colonized by H. pylori, and it also potentially lowers the risk for gastric adenocarcinoma
development***2. Available evidence strongly supports the notion that diet may play a critical role in defining
the ultimate outcome of H. pyloriinfection, particularly if certain dietary components are taken on a regular
basis for a long period of time*!. We found that alcohol consumption was a significant risk factor for AG in the
absence of H. pylori infection. However, a population-based study conducted in Saarland, Germany, reported an
inverse association with AG for moderate alcohol consumption of both beer and wine, partly by facilitating the
elimination of H. pylori*. In addition, alcohol consumption was not associated with an increased risk of gastric
cardia adenocarcinoma or gastric non-cardia adenocarcinoma in a large US cohort, the NTH-AARP Diet and
Health Study*. This suggests that the associations between alcohol consumption and H. pylori as well as atrophic
gastritis and gastric cancer remain still controversial and need to be investigated further in the future.

There are many chemical constituents in garlic, such as sulfur-containing organic compounds and saponins,
and sulfur-containing organic compounds are important active substances. These sulfur-containing organic
compounds include garlicamine and allicin, which has hypolipidemic?’, antioxidant, free radical scavenging**and
anti-tumor actions®. Researchers have also found that garlic and its products have anti-bacterial effects against
H. pyloriresiding in the stomach*”*. Allitridi-induced protein alterations, indicating that the antibacterial
mechanism of allicin on H. pylori, may be related to its multi-target inhibition in energy metabolism and
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Fig. 5. Analysis of risk factors for AG in H. pylori’ s eradicated state by forest plots with odds ratios.

biosynthesis as assessed by proteomic analysis. It was also found that allitridi decreased production of virulence
factors®.

The effects of garlic and its products on H. pyloriand other gastric microorganisms in the GI microenvironment
remains unclear. Due to the controversial reports on the effects of garlic and its products on AG, a case-control
study in Cangshan County, Shandong Province, China, was conducted and showed that garlic had a protective
effect on AG in a low-incidence area of gastric cancer®®. Another Japanese scholar found that garlic had no
protective effect on AG?, and garlic supplementation had no beneficial effects on the prevalence of precancerous
gastric lesions or on gastric cancer incidence®. A study based on the Taskopru population found that garlic intake
for long durations did not appear to have an effect on the prevalence of H. pylori infection, and garlic consuming
subjects had a significantly lower average antibody titer than non garlic consuming groups, which might suggest
an indirect inhibitory effect on the reproduction of H. pyloriand possibly progression to more serious peptic
ulcer diseases®!. Therefore, the long-term effectiveness and safety of AG prevention via H. pylorieradication
alone needs to be further verified>>->4. There was also insufficient evidence that garlic consumption reduced
H. pyloriinfection®. However, dietary intervention based on the microbial status inside the body is essential®.

In the present study, it was found that the micro-ecological environment in the GI tract is different under the
different infection states of H. pylori, so different individualized dietary patterns should be adjusted based on
the infection state. In different H. pylori infection states, and in the primary prevention of AG, different dietary
effects are also different. In this study, it was found that there was no significant association between AG and
garlic intake in the H. pylori uninfected state; however, garlic intake was a significant risk factor in the infected
and eradicated states. We also found that alcohol consumption was a significant risk factor for AG in the H.
pylori uninfected state but not in the infected and eradicated states.

The principal risk factors for AG in the real-world environment were comprehensively analyzed and
relevant conclusions were drawn in this study. However, there were some limitations in the study that should be
acknowledged. First, the absence of direct measurements of gastric microbiota composition in the different H.
pylori infection states affects the experimental support of this study, which also may weaken the interpretation
that garlic intake affects AG progression through microbiota modulation. Because this is an observational
study, the research hypothesis should be confirmed in further studies. In the future, the study of GI microflora
macrogenomes and dietary regulation with respect to AG will be explored. In addition, the effect of garlic intake
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on H. pylori infection was not analyzed as H. pylori infection was the basis for the population grouping in this
study. Further research is needed to clarify how garlic intake alters the effects of H. pylori infection. Furthermore,
limitations of the sample source may limit the extrapolation of our findings. Future studies are warranted to
further investigate this issue in the whole population rather than in the high-risk population. Finally, the
retrospective nature of this study could introduce information bias, despite the strict design and conduct of the
study.

Conclusion

The association between garlic intake and AG differed by H. pylori infectious state. People in the infected or
eradicated states are at a higher risk for AG associated with garlic intake. Diet may regulate the pathogenic role
of H. pylori and intestinal flora, and individualized dietary prescriptions for populations with different H. pylori
infection state could provide direction for future studies. Future research deserves to continue to explore how
these results can be translated into clinical practice, specifically regarding the integration of dietary interventions
into the prevention and management of AG.

Data availability
All data and materials generated and analyzed during the present study are available from the corresponding
author upon reasonable request.
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