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Abstract 

Introduction: The relationship between H. pylori infection and obesity development has remained controversial 
among various studies. The aim of this study was to clarify the pooled effect of H. pylori infection on the development 
of obesity and vice versa.

Methods: We searched international databases including Medline (PubMed), Web of sciences, Scopus, EMBASE, 
Cochrane, Ovid, and CINHAL to retrieve all case–control studies reporting the effect of H. pylori on obesity and vice 
versa, which had been published in English between January 1990 and June 2019. The quality of included studies was 
assessed by the Modified Newcastle–Ottawa Scale for Case–Control studies. The logarithm of the odds ratio (OR) and 
its standard error was used for the meta-analysis.

Results: Eight case–control studies with 25,519 participants were included for qualitative and quantitative analyses. 
The pooled analysis showed that obese participants had a higher risk of H. pylori infection than lean participants with 
an odds ratio of 1.46 (95%CI: 1.26, 1.68). Also, the pooled analysis revealed that participants infected by H. pylori had a 
higher risk of obesity than non-infected participants with an odds ratio of 1.01 (95%CI: 1.01, 1.02).

Conclusion: The results of this meta-analysis showed that there was a positive correlation between the risk of H. 
pylori infection and the prevalence of obesity development. Thus, H. pylori positive patients were more likely to be 
obese, and obese individuals had higher risks of H. pylori infection.
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Introduction
Obesity as a chronic non-communicable disease has 
become a significant public health concern around the 
world, which can result in or exacerbate a high burden 
of health conditions like hypertension, hyperlipidemia, 
cardiovascular diseases, diabetes mellitus, chronic kidney 
diseases, fatty liver diseases, etc. Besides, its prevalence 

has increased during recent years, probably due to mod-
ern lifestyles, less physical activity, high-calorie intake, 
and so on [1–4]. Recently, animal and human studies 
revealed that gut microbiota could balance the energy 
hemostasis of the host and subsequently influence the 
development of obesity [5, 6]. In a retrospective study on 
the Chinese population, the results showed that the prev-
alence of Helicobacter pylori infection in obese people 
was higher than that in non-obese people, but the results 
were not statistically significant [7]. In a meta-analysis of 
the Chinese population, the results showed that people 
with Helicobacter pylori infection had an odds ratio of 
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1.20 times higher than those without infection [8]. Also, 
a meta-analysis study conducted to determine the exact 
prevalence of Helicobacter pylori infection, showed that 
the prevalence of this infection in the world was 44.3%, 
which was higher in men than women [9].

In this subject, the correlation between obesity and Hel-
icobacter pylori (H. pylori) has been evaluated in many 
studies [10–12]. H. pylori is a spiral-shaped, non-spore-
forming and gram-negative bacterium residing on the 
epithelium of the human stomach. It has been reported 
that 4.4 billion people around the world were infected 
with this pathogen in 2015, who approximately included 
the half of the world [9]. This kind of bacteria affects 
human health through developing various diseases, e.g. 
peptic ulcer diseases, gastric cancer, and mucosa-asso-
ciated lymphoma [13–15]. However, the relationship 
between H. pylori infection and obesity development 
has been controversial between various studies [10–12, 
16, 17]. So far, various studies have been done, both as a 
case study and as a cohort, to investigate the relationship 
between the presence of Helicobacter pylori infection and 
the occurrence of obesity or vice versa, but contradictory 
results of these studies have been published. Some stud-
ies showed that people with Helicobacter pylori infection 
had a higher body mass index than people without infec-
tion. An Israeli study found that people with Helicobac-
ter pylori infection were more obese than healthy people 
while another study found no link between infection and 
the occurrence of obesity [18]. Lender N et al. also found 
in a review study that there was no association between 
obesity and the prevalence of Helicobacter pylori infec-
tion. In a study on 3,578 people aged 16 to 64 years, the 
results showed that the presence of Helicobacter pylori 
infection increased the metabolic syndrome incidence 
in patients so that the risk was higher in women than 
men [14, 19, 20]. According to the statements above, no 
meta-analysis study has been performed in the world to 
determine the association between Helicobacter pylori 
infection and obesity or vice versa. Conducting such a 
study, in addition to achieving the appropriate effect size 
to find a causal relationship, can provide suitable infor-
mation to health policy makers and clinicians to take 
appropriate preventive measures and timely treatment. 
Therefore, the current meta-analysis aimed to clarify the 
pooled effect of H. pylori infection on the development of 
obesity and vice versa.

Methods
This systematic review and meta-analysis were in accord-
ance with the guidelines of Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) for 
reviews of analytical observational studies (case–control) 
[21–23].

Search strategy and screening
We searched Medline (PubMed), Web of sciences, Sco-
pus, EMBASE, Cochrane, Ovid, and CINHAL for origi-
nal articles published in English from January 1990 to 
December 2019. We used the following index terms 
and keywords: “Helicobacter pylori”, “Campylobacter 
pylori”, “Obesity”, “Hypoventilation Syndrome”, “Obe-
sity-Hypoventilation Syndrome”, “Abdominal Obesities”, 
“Central Obesity”, “Visceral Obesity”, “Benign Obesity 
Metabolically Healthy Obesity”, “Metabolically Benign 
Obesity”, “Healthy Obesity”, “Severe Obesities”, “Morbid 
Obesity”, “Body Mass Index”, “Overweight”, and “Quete-
lets Index”. After removing duplicated articles from the 
primary search results, two independent reviewers (SN 
and AB) screened the title and abstract of the remaining 
articles and eliminated the irrelevant ones. Any disagree-
ment between them was discussed and if no consen-
sus was achieved, the conflict was resolved by the third 
researcher (YM). The PRISMA flowchart of this study 
was shown in Fig. 1.

Eligibility criteria
The articles met the following criteria, were included 
in this systematic review: (1) case–control studies, (2) 
human populations, (3) study populations were patients 
with BMI ≥ 25, and (4) Helicobacter pylori infection was 
an independent variable. Besides, the exclusion criteria 
were case reports, reviews, animal studies, letters to the 
editor, and cohort studies.

Data extraction
A data extraction form was created based on our group 
discussion according to 10 different types of the study. 
Then, it was modified and used by the data extractors. 
Two researchers (AB and SN) independently extracted 
and entered data into the modified extraction form. Any 
disagreement was assessed by both and if a consensus 
was not reached, a third researcher (YM) would make a 
decision. The following information was extracted from 
the included studies: 1) the name of the first author, 2) 
the date of publication, 3) the country, 4) control sub-
jects, 5) study populations, 6) the age, 7) the mean of 
BMI, 8) measurement of association, 11) controlled vari-
ables, and 12) the method of bacteria detection.

Quality assessment or risk of bias
All studies were assessed by the Modified Newcastle–
Ottawa Scale for case–control studies [24]. Using this 
tool, each study was judged in terms of eight items, 
and categorized into three groups: the selection of the 
study groups; the comparability of the groups; and 
how to measure exposure and the desired outcome in 
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the selected case–control studies [25]. Two research-
ers (YM and AB) independently evaluated the quality 
of included studies and the results were reported in 
Table 1.

Statistical analysis
The logarithm and standard error logarithm odds ratio 
(OR) were used for the meta-analysis. The DerSimonian 
and Laird method was used to compute the pooled esti-
mate of odds ratio (OR) with a 95% confidence interval 
(95% CI) [12]. Because the test for heterogeneity was sta-
tistically significant in some analyses, the random effect 
models were used to estimate the OR. In this study, the 
w Cochran’s Q test and  I2 statistic were used to evaluate 
statistical heterogeneity between studies [13]. Besides, a 
meta-regression and subgroup analysis were performed 
to assess the source of heterogeneity between studies. 
Moreover, publication bias was assessed by the funnel 
plot and Egger and Begg’s test [14, 15]. Statistical analy-
sis was performed using STATA 16.0 (Stata Corp, College 
Station, TX, USA).

Results
Study selection and characteristics
Our search strategy yielded a total of 1599 possibly rel-
evant articles after the removal of the duplicate ones. 
Through screening the title and abstract of the retrieved 
articles, 1478 ones were excluded due to irrelevancy and 
the remaining 121 articles were reviewed in the full-text 
for eligibility assessment. Finally, 8 case–control studies 
[11, 12, 26–31] were selected for meta-analysis by pass-
ing the inclusion and exclusion criteria filters (Fig. 1). The 
general characteristics of the included studies were dem-
onstrated in Table  1. In total, 25,519 participants aged 
between 24 and 46  years, were included in our meta-
analysis. Four studies with 22,830 participants evaluated 
the impact of obesity on the risk of H. pylori infection 
while the other four studies with 2689 participants evalu-
ated the effect of H. pylori on the development of obesity. 
These studies were carried out in different geographical 
populations consisted of Saudi Arabia, Mexico, Taiwan, 
Turkey, China, Pakistan, and the USA, between 2004 and 
2018. In addition, various techniques were employed to 
detect the H. pylori infection, including the histology or 

Fig. 1 The flow diagram of the literature search and study selection
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biopsy (n = 4 studies), 13C-urea breath test (n = 2 studies), 
ELISA (n = 2 studies), H. pylori stool antigen test (n = 1 
study), and one step H. pylori test device (n = 1 study).

The effect of obesity on the development of H. pylori
The odds ratio of studies evaluating the effect of obesity 
on the risk of H. pylori infection ranged between 0.50 
(95% CI: 0.39, 0.65) and 2.91 (95% CI: 2.01, 4.21); the 
pooled analysis of these studies revealed that the risk of 
H. pylori infection was higher in obese participants than 
that in lean participants with an odds ratio of 1.56 (95% 
CI: 1.09, 3.65) and there was low heterogeneity between 
these studies in estimating the effect of obesity on the 
risk of H. pylori infection (I-squared = 58.03%, p = 0.04) 
(Fig. 2).

The effect of H. pylori on the development of obesity
The results showed that if the status of both H. pylori and 
Cag A Antibody were positive, there was a significant 
relationship between the presence of H. pylori infection 
and the occurrence of obesity (OR:1.18; 95% CI: 1.00, 
1.35) (Fig.  3). However, in the presence of the positive 
status of H. pylori and the negative status of Cag A Anti-
body, the effect of H. pylori infection on the occurrence 
of obesity was 1.02 (95% CI: 0.84, 1.20), which was not 
statistically significant (Fig. 3).

Subgroup analysis of the pooled effect of H. pylori 
infection on obesity
The subgroup analysis based on the method of diagno-
sis, would be demonstrated if ELIZA was employed to 
detect the H. pylori infection. The pooled odds ratio of 
H. pylori infection on the risk of obesity development 

was 1.11 (95% CI: 0.99 – 1.25) while the odds ratios of the 
histology/biopsy technique and 13C-urea breath test were 
0.88 (95% CI: 0.45 – 1.72) and 1.01 (95% CI: 1.00 – 1.02), 
respectively. By the way, four studies utilized ELIZA to 
detect H. pylori infection among the participants and 
there was no heterogeneity between the results of these 
studies (I-squared = 0.0%, p = 0.627) (Table 2).

Subgroup analysis of the pooled effect of obesity on H. 
pylori infection
On the other hand, the subgroup analysis of the pooled 
effect of obesity on the risk of H. pylori infection based 
on the method of diagnosis, revealed that in three studies 
that had utilized the histology/biopsy approach, obesity 
didn’t significantly increase the odds of H. pylori infec-
tion (odds ratio = 1.14; 95% CI: 0.96 – 1.36) while in other 
diagnostic methods, e.g. the 13C-urea breath test and one 
step H. pylori test device, obesity increased the odds of 
H. pylori infection with an odds ratios of 2.11 (95% CI: 
1.48 – 2.99) and 2.91 (95% CI: 2.01 – 4.20), respectively. 
However, it is noteworthy that there was low heterogene-
ity between studies estimating the effect of obesity on H. 
pylori infection through the histology/biopsy approach 
(I-squared = 60.0%, p = 0.145) (Table 2).

Publication bias
Because zero was not in the 95% confidence interval of 
the Egger’s test, significant bias occurred in the publica-
tion of the results related to the effect of obesity on the 
risk of H. pylori infection (Egger’s test = 4.10, P = 0.003, 
95% CI: 2.68 to 5.52). The funnel plot of the pooled 
effect of obesity on the risk of H. pylori infection was 
shown in Fig.  4(A). Also no significant bias occurred 

Fig. 2 The effect of obesity on the risk of Helicobacter pylori infection
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in the publication of the results of the H. pylori effect 
on the development of obesity (Egger’s test = 0.437, 
P = 0.265, 95% CI: -0.50 to 1.37). The funnel plot of the 
pooled effect of H. pylori on the development of obesity 
was shown in Fig. 4(B).

Discussion
This study was the first meta-analysis investigating 
the correlation between H. pylori infection and obe-
sity worldwide. The pooled analysis of 8 case–control 
studies demonstrated that the H. pylori prevalence in 

Fig. 3 The effect of Helicobacter pylori infection on the risk of obesity

Table 2 Subgroup analysis of the pooled effect of obesity on H. pylori infection and vice versa based on the diagnosis method

Effect Subgroup No. of 
studies

Summary odds 
ratio (95% CI)

Between studies Between subgroups

I2 P heterogeneity Q Q P heterogeneity

H. pylori on obesity Variables adjusted

Yes 5 1.01 (1.01 – 1.03) 6.6% 0.372 4.03 4.03 0.0001

No 1 0.88 (0.45 – 1.72) - - -

Method of diagnosis

ELIZA 4 1.11 (0.99 – 1.25) 0.0% 0.627 1.76 4.03 0.006

Histology and biopsy 1 0.88 (0.45 – 1.72) - - -
13C-urea breath test 1 1.01 (1.00 – 1.02) 0.0% 0.515 1.43

Obesity on H. pylori Method of diagnosis

Histology and biopsy 3 1.14 (0.96 – 1.36) 40.0% 0.180 1.55 5.14 0.001
13C-urea breath test 1 2.11 (1.48 – 2.99) - - -

One step H. pylori test device 1 2.91 (2.01 – 4.20) - - -
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the obese population was higher than that in the nor-
mal population and also, H. pylori positive individuals 
were more likely to be obese than H. pylori negative 
individuals. Therefore, there was a positive correlation 
between the prevalence of obesity and the risk of H. 
pylori infection around the world.

The underlying mechanisms of these results are not 
well-recognized; however, some potential pathways 
explain these findings. First, regulation of the gastric 
hormones (e.g. ghrelin and leptin) deals with the energy 
hemostasis [32]. The ghrelin secretion by P/D1 cells of 
stomach in hunger status increases appetite and induces 

Fig. 4 The funnel plot of the obesity effect on the risk of Helicobacter pylori infection (A) and the effect of Helicobacter pylori on obesity (B)
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food intake while the leptin secretion by P cells of stom-
ach and adipocytes following food intake, decreases 
appetite and induces satiety [33, 34]. H. pylori posi-
tive individuals have lower plasma levels of ghrelin and 
leptin than non-infected individuals. Therefore, lower 
serum leptin delays the feeling of satiety during eating 
and leads to more energy intake and develops obesity. 
Meanwhile, the lower serum ghrelin in H. pylori-infected 
patients indicates lower production of this hormone due 
to atrophic gastritis as well as the physiological response 
of the body to positive energy balance in the obese pop-
ulation [35–37]. In addition, it is revealed that the cure 
of H. pylori infection increases the serum ghrelin level 
[38]. The second potential factor that explains the posi-
tive relationship between the risk of obesity and H. pylori 
infection is the higher insulin resistance in H. pylori posi-
tive patients, that leads to obesity development [39]. The 
third factor that potentially interferes with our findings, 
is the impairment of the immune function of the gastro-
intestinal tract among the obese population. Accordingly, 
the monocytes of the immune system have a low ability 
of maturation into macrophages [40–42] and also, the 
natural killer cells of obese individuals have less cytotoxic 
activity than those of healthy-BMI individuals, that both 
result in less bactericidal activity, higher susceptibility of 
H. pylori survival and the higher prevalence of H. pylori 
infection in obese subjects [43].

The meta-analysis by Xu et al. [44] in 2019 revealed that 
H. pylori infection increased the risk of obesity develop-
ment among the Chinese population with an odds ratio 
of 1.20 (95% CI: 1.13 to 1.28). This relationship was con-
gruent with our findings. It has been also reported that 
H. pylori positive patients had higher total cholesterol, 
triglyceride, and LDL levels and a lower HDL level [44].

In this meta-analysis, the results showed that the effect 
of Helicobacter pylori infection on the occurrence of 
obesity after a combination of studies controlling con-
founding variables was 1.01 with a confidence interval 
of 1.01 to 1.03. It could be argued that there was almost 
no association between the presence of infection and the 
occurrence of obesity because the size of the association 
was not very significant. Based on the diagnosis method 
of Helicobacter pylori infection, the results showed that, 
after combining the results of studies which had used 
the ELIZA method to detect bacteria, the effect size was 
1.11 with a confidence interval of 0.99 to 1.25, indicat-
ing that people with infection were 11% more obese than 
people who did not have an infection. This relationship 
was close to a significant level. In this subgroup analysis, 
the heterogeneity rate in all was close to 0%, which indi-
cated the absence of heterogeneity in these analyzes and 
studies. In determining the relationship between obesity 
and the incidence of Helicobacter pylori infection, after 

combining the results of case studies that diagnosed the 
infection using the histology and biopsy, the odds ratio 
was 1.14, but was not statistically significant and the 
amount of heterogeneity decreased relative to the overall 
findings. This indicated that different diagnostic methods 
to determine the association between obesity and infec-
tion were a major source of heterogeneity and its creation 
in the overall combination of studies.

Limitations
One of the limitations of this study was the limited num-
ber of articles that did not allow the investigation of the 
relationship based on important variables. In addition, 
the most important limitation of this study was the lack 
of isolation of Helicobacter pylori genotypes in meta-
analysis studies. Also, the type of Helicobacter pylori 
strains was not specified in the studies. For example, Hel-
icobacter pylori type I is more involved in the occurrence 
of metabolic disorders than the type II. If these cases 
were identified, the authors could perform subgroup 
analysis in this study based on these variables and could 
compare the effects. Obesity is also a disorder that is 
strongly influenced by the lifestyle and genetic or heredi-
tary factors. It is suitable to conduct a more detailed 
study in the future in the form of cohort studies with an 
appropriate sample size in order to determine this effect 
by precisely controlling the confounding variables.

Conclusion
The prevalence of H. pylori infection in obese individu-
als was higher than that in the healthy-BMI population 
and also the risk of obesity development in H. pylori-
positive patients was higher than that in non-infected 
participants.
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