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Abstract \\
Background: In recent years, the incidence of IBS has gradually increased, and it is considered as one of the most common |
functional gastrointestinal diseases. However, the etiology of IBS is still unclear, and expectations are rising for more targeted
treatments. Many clinical trials have explored the link between Helicobacter pylori (H pylori) and IBS, with different conclusions.
Therefore, we conducted a meta-analysis to explore whether there is an association between H pylori and IBS, which is of great
significance for targeted treatment of IBS.

Methods: \We performed a systematic review and meta-analysis of the association between H pylori and IBS. We searched
PubMed, EMBASE, Medline and the Cochrane Library to collect related studies. OR was used to describe the ratio of the probability
of the H pylori infection occurring in IBS patients versus the controls. Heterogeneity was assessed by subgroup and meta-regression
analysis.

Results: Eight studies, including 1861 patients, assessed the association between H pylori infection and IBS. The OR of H pylori in
IBS patients compared to controls was 1.32 (95% Cl: 0.94-1.87; P=0.11). Subgroup analyses showed a difference between IBS
patients diagnosed with Roman |lI criteria and those diagnosed with non-Roman Il criteria.

Conclusions: Our study suggests that H pylori may have a positive effect on the development of IBS. Although the differences
were not statistically significant, there were significant differences among subgroups of patients. Considering the limitations and
heterogeneity, high quality studies are needed to further explore the effect of H pylori on the development of IBS.

Abbreviations: BDQ = bowel disorder questionnaire, Cls = confidence intervals, H pylori = helicobacter pylori, IBS = irritable

bowel syndrome, OR = odds ratio.
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1. Introduction

Irritable bowel syndrome (IBS) is a common intestinal disorder,
abdominal pain, stool pattern alteration, distention, bloating,
straining, abdominal discomfort, and wurgency are major
symptoms observed in IBS."*! Due to the differing symptoms
experienced, patients diagnosed with IBS can be divided into
three groups: diarrhea-predominant (IBS-D), constipation-pre-
dominant (IBS-C) and mixed-type (IBS-M). So far, the incidence
of IBS has gradually increased to 20% in European and American
countries, and to 10% in China,"”! which is considered as one of
the most common functional gastrointestinal diseases.¥ In
addition, it is twice as frequent in women!! and is diagnosed
more often in patients less than 50 years of age.[®! Although the
pathogenesis of IBS may be related to visceral hypersensitivi-
ty,I”>8 disturbances in gastrointestinal (GI) flora,’”"!"! and low-
level mucosal inflammation™~'*! caused by chronic immune
activation, the etiology of IBS is still unclear. The current
therapeutic options for IBS treatment include low-dose anti-
depressants, spasmolytics, and 5-HT3 antagonists, however, the
multiple side effects caused by drugs and the inadequacies of
treatment when multiple symptoms coexist have led to increasing
expectations for more targeted treatments.!'5718]

Helicobacter pylori (H pylori), a gram-negative bacterium, was
classified as a grade 1 carcinogen by the world health
organization in 1994. It is associated with chronic gastritis
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and is usually located on the epithelial surface of the stomach.
Interestingly, it is also often detected in patients with IBS. In
recent years, many clinical trials have explored the link between
H pylori and IBS. Some articles have confirmed that the
prevalence of H pylori is different between IBS and normal

eople,'”23! while others have come to the opposite conclu-
sion.**28! Therefore, we conducted a meta-analysis to summa-
rize the data published so far to analyze whether there is an
association between IBS and H pylori. This has important
implications for the treatment of IBS and the eradication of H

pylori.

2. Methods

2.1. Search strategy

We performed a search of PubMed, EMBASE, Medline and the
Cochrane Library for studies published up until August 4, 2019.
The databases were searched based on a combination of the
following words: (“Helicobacter pylori” OR “Campylobacter
pylori”) and (“Irritable Bowel Syndrome” OR “Irritable Bowel
Syndromes” OR “Syndrome, Irritable Bowel” OR “Syndromes,
Irritable Bowel” OR “Colon, Irritable” OR “Irritable Colon”
OR “Colitis, Mucous” OR “Colitides, Mucous” OR “Mucous
Colitides” OR “Mucous Colitis”). There were no restrictions on
the regional origin or language of the article. We also performed a
manual search of the references from selected articles, reviews
and conference abstracts which related to our research to identify
additional relevant studies. The investigation was conducted
independently by two investigators and differences were resolved
through discussion.

2.2. Study selection
Studies were selected if they met the following criteria:

1. H pylori infection was detected by histology, fecal antigen test
(FAT), rapid urease test (RUT), serology (IgG anti-body), or
urea breath test (UBT);

2. investigated the relationship between H pylori infection and

IBS;

. including control group;

4. the IBS group and the control group were similar in age, sex
and location;

5. the reported data were sufficient to calculate H pylori infection
rates in the IBS group and the control group.

|88}

Two researchers (CYL, YJS) independently assessed the
relevance of the resulting manuscripts, excluding manuscripts
with the following criteria:

(1) duplicate studies;

(2) animal studies;

(3) letters, editorial, reviews, notes, case reports, and conference
abstract;

(4) data from a previously published study were used.

2.3. Quality assessment

The quality of the included studies was assessed using the
Newcastle-Ottawa scale (NOS), which judges the selection of the
study groups according to three domains: selection, comparabili-
ty and exposure.?”! NOS adopted the semi-quantization
principle of star system for the evaluation of literature quality.
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The full score was 9 stars, and the higher the quality of the article,
the more the number of stars.

2.4. Data extraction

The following data were extracted from each study by two
researchers into a standard spreadsheet:

a) authors;

b) country of origin;

¢) year of publication;

d) study design;

e) H pylori detection method;

f) IBS diagnosis criteria;

g) the total number of patients in the IBS and control groups;

h) number of patients with IBS and within this group, the number
of patients who were H pylori-positive;

i) number of patients in the control group and within this group,
the number of patients who were H pylori-positive;

j) the ratio of male to female in the IBS and control groups.

Any disagreements over the retrieved information were
resolved by consensus.

2.5. Statistical analysis

All data analyses were conducted using statistical software
(Review Manager version 1.4), including the heterogeneity test
and outcomes combination. Two investigators independently
analyzed the data and the primary outcome of this analysis was
the odds ratio (OR) of H pylori infection in IBS versus controls.
OR was used to describe the ratio of the probability of the H
pylori infection occurring in IBS patients versus the controls. All
data were calculated with 95% confidence intervals (Cls) and a
random-effects model. We assessed the statistical heterogeneity
among the summary data by the I” statistic and the chi square-
based Q statistic that I*<40% as heterogeneity might not be
important and > 75% as considerable heterogeneity based on the
suggestion in the Cochrane Handbook for Systemic Reviews of
Interventions and heterogeneity was considered statistically
significant if P<.05.5°2 We did not generate funnel plots
because there were fewer than 10 studies in each group.®>=* In
the next step, we conducted subgroup analysis on the following 3
cases to assess the sources of heterogeneity more accurately:

(1) race (Asian vs non-Asian),

(2) method of IBS diagnosis (Rome III vs non-Rome III).

(3) method of H pylori diagnosis (serology vs non-serologic
methods).

2.6. Ethics and dissemination

This is a literature-based study that does not require ethical
approval.

3. Results

3.1. Study selection

We searched 650 records in PubMed, EMBASE, Medline and the
Cochrane Library. Of these, 36 duplicate studies were excluded.
Two additional records were identified in the manual searches.
After screening title and abstract, 482 studies were excluded, and
the remaining 134 articles were retrieved for full-text review.
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Figure 1. Flow diagram for identifying eligible studies to include in the meta-analysis.

Then, we excluded 126 articles because they did not meet the
inclusion criteria. Finally, 8 articles were included in the present
meta-analysis.''>21727 These studies included a total of 931 cases
of IBS and 930 controls. A flowchart of the selection process for
this study is presented in Figure 1.

3.2. Study characteristics

The characteristics of the included studies and patients are
summarized in Table 1. The total population of the studies was
1861. Of the 8 studies, 5 studies were conducted in Asian
populations, and the remaining 3 studies focused on European
and American populations. There were 6 single center studies and
2 multicenter studies. All were case-control studies. The year of

publication was ranged from 1995 to 2017. The mean age of IBS
patients ranged from 31.0 to 59.7 years, and the mean age of
patients in the control groups ranged from 39.0 to 59.7 years.
The percentage of female patients ranged from 31.8% to 71.4%
in the IBS groups, while in the control groups the percentage of
female patients ranged from 33.8% to 55.4%.

IBS was diagnosed in five studies using the Rome III
criteria.'??17232¢1 One study used a validated and reliable
questionnaire to determine the presence of IBS symptoms, which
had been described in detail elsewhere previously.””’! One study
used the Bowel Disorder Questionnaire (BDQ)* to determine
the presence of IBS symptoms during the past year.***®! And in
another study, IBS was diagnosed based on clinical and
ultrasonography results.
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Table 1
The characteristics of the included studies and patients.

Method of Method of Study Mean age n, n, H pylori- n, H pylori- .
Authors Location IBS Detectio  Year Hp Detection center (IBS/control) Total IBS F/M positive Control F/M positive NOS
Agréus et al Sweden Questionnaire 1995 IgG (serology) ~ Single 48.0 9% 48 NR* 16 48 NR 23 8
Han et al China Rome |l 2010 RUT/'C-UBT  Single 46.5 188 94 MR 58 94 NR 45 7
He et al China Rome Il 2009 IgG (serology)  Single 59.7 220 110 40/70 67 110 40/70 50 8
Locke 3rd et al America  BDQ' 2000 gG (serology)  Multi 31.0/39.0 112 35 25/10 7 7 38/39 9 8
Sykora et al The Czech Rome Il 2016 IgG (serology)  Single NR 61 5 NR 0 56 31/25 4 7

republic

Yakoob et al Pakistan ~ Rome |ll 2012 Histology Single  41.0/420 330 170 54/116 116 160  54/106 88 6
Yang at al China Rome Il 2017 RUT/'C-UBT  Multi 41.5/42.0 670 335 158/177 180 335 183/152 140 7
Hasan et al Iraq Clinical and 2017 lgG (serology) Single  45.4/41.7 184 134 50/84 57 50 25/25 29 6

ultrasonography

results

" Newcastle Ottawa scale (NOS) was used to assess the quality of bias control.
“BDQ: bowel disease questionnaire.
“NR: not reported.

Seven articles used apparently healthy individuals without
abdominal pain or other frequent gastrointestinal symptoms as
their patient controls, and the left one had patients who had
abdominal pain or discomfort associated with intermittent
diarrhoea but did not fulfill the Rome III criteria for IBS as
controls. Five studies used serologic tests (IgG anti-body) and three
studies used non-serologic tests (14C-urea breath test, biopsy
specimen histology, or rapid urease test) to detect H pylori.

On the whole, the studies were observational and achieved
relatively high scores in the quality assessment (NOS score).
Three of them scored eight points in the quality assessment and
five scored six or seven points.

3.3. Meta-analysis of OR

Eight studies, including 1861 patients, assessed the association
between Helicobacter pylori infection and irritable bowel
syndrome. Of these studies, which included 931 IBS patients
and 930 controls (Fig. 2), 53.8% of patients in the IBS groups
were found to have H pylori infection, while 41.7% of patients in
the control groups had H pylori infection. The OR of H pylori in
IBS patients compared to controls was 1.32 (95% CI: 0.94-1.87;
P=.11). And this result had a moderate degree of heterogeneity
(I’=59%, P=.02).

3.4. Subgroup analysis

We pre-estimated three subgroups that might contribute to
heterogeneity. Stratified analyses by race, in which the studies
were divided into two categories termed Asian (n=35 studies, 843
patients with IBS and 749 healthy controls) and non-Asian (those
including American and European, n=3 studies, 88 patients with
IBS and 181 non-IBS controls), showed a positive association in
Asian (OR:1.45, 95% CI: 1.01-2.07, P=0.04; ’=64%) and a
little negative association in non-Asian (OR:0.95, 95% CI: 0.37-
2.40, P=.91; I*=38%). The results of this analysis showed that
there was no statistically significant difference between the two
groups (P=.41, ’=0%) (Fig. 3).

We also analyzed serologic and non-serologic methods studies
separately, and observed a difference prevalence of Helicobacter
species among the patients diagnosed with H pylori by serologic
methods (5 studies; OR=1.00, 95% CI: 0.50-1.98) and the
patients diagnosed with H pylori by non-serologic methods (3
studies; OR=1.68, 95% CI: 1.33-2.11). There was moderate
heterogeneity among the studies of patients diagnosed with H
pylori by serologic methods (I*=67%), although no heterogene-
ity was observed for the studies of patients diagnosed with H
pylori by non-serologic methods (I*=0%). (Fig. 4) Similar to the
first subgroup, no statistically significant differences were
observed (P=.16, > =49%).

IBS patients Healthy controls Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Ahdulrazak S. Hasan 2017 57 134 29 50 13.0% 0.54 [0.28,1.03] -
Agreus, L. 1995 16 48 23 48 10.3% 0.54 [0.24,1.24] —T
Han H. 2010 58 94 45 94 146% 1.75[0.498, 313] | Dl
He, H. 2008 67 110 50 110 155% 1.87 [1.09, 3.20] .
Locke, ©.R. 2000 7 35 9 7T O7.2% 1.89[0.64, 5.57] T
Sykora, Josef 2016 il 5 4 56 1.2% 1.06 [0.05, 22.42]
Yakooh, J. 2012 116 170 a8 160 17.4% 1.76[1.12, 2.79] =
Yang, . 2017 180 335 140 335 207% 1.62[1.19, 2.20] .-
Total (95% CI) 931 930 100.0% 1.32 [0.94, 1.87] ’
Total events 501 388
Heterogeneity: Tau®= 0.13; Chi*= 16.98, df= 7 (P = 0.02); F= 58% =n e D=1 1=0 3 un=
Testfor overall effect Z=1589 (P=0.11) ’ Protéctive factor Risk factor

Figure 2. Forest plot of H pylori infection rate in IBS patients vs healthy controls.
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IBS patients  Healthy controls Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Asian
Abdulrazak S. Hasan 2017 57 134 29 A0 13.0% 0.54 [0.28,1.03] —
HanH. 2010 58 94 45 94 146% 1.75[0.98,3.13] |
He, H. 20049 67 110 a0 110 155% 1.87 [1.09, 3.20] [
Yakoob, J. 2012 116 170 a8 160 17.4% 1.76[1.12, 2.75) ——
Yang, Y. 2017 180 335 140 335 207% 1.62[1.19, 2.20) il
Subtotal (95% CI) 843 749 81.3% 1.45[1.01, 2.07] >
Total events 478 352

Heterogeneity: Tau*= 010; Chi*=11.01, df=4 (P=0.03); F=64%
Test for overall effect: 2= 2.01 (P = 0.04)

1.2.2 non-Asian

Agreus, L. 1995 16 48 23 48 10.3%
Locke, C.R. 2000 7 35 ] TPTOT2%
Sykora, Josef 2016 i] 5 4 56 1.2%
Subtotal (95% CI) 88 181 18.7%
Total events 23 36

Heterogeneity: Tau®= 0.26; Chi*= 3.24, df= 2 (P = 0.20), = 38%
Testfor overall effect Z=0.12 (P =0.91)

Total (95% CI) 931 930 100.0%
Total events 501 388

Heterogeneity: Tau*=0.13; Chi*=16.98, df=7 (P=0.02), F= 59%

Test for overall effect Z=1.59 (P =0.11})

Test for subdroun differences: Chi*=069. df=1 (P=0.41). F=0%

0.54 [0.24,1.24) —
1.89 [0.64, 5.57] ——
1.06 [0.05, 22.42)
0.95 [0.37, 2.40] s
1.32[0.94, 1.87] L
| : : |
0.01 0.1 10 100

Protective factor Risk factor

Figure 3. Forest plots of stratified analyses by race.

Finally, we separated the dataset into IBS patients diagnosed by
Rome IIT and IBS patients diagnosed by other standards (Fig. 5).
This analysis revealed a statistically significant increase in the OR
of H pylori infection in IBS patients diagnosed by Rome III.
(OR=1.70, 95% CI: 1.38-2.10; I*=0%). It is worth noting that
there were statistically significant differences and significant
heterogeneity between the two categories (P=.03, I*=80%).

4. Discussion

This meta-analysis included 8 studies, a total of 1861 patients.
Our meta-analysis observed a positive association between
gastric H pylori infection and irritable bowel syndrome, but we
did not observe statistically significant differences. Six of the eight
studies showed a statistically significant OR greater than 1 for H
pylori infection in IBS patients versus controls, while none of the

IBS patients  Healthy controls Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H, Random, 95% CI
1.3.1 serology
Abdulrazak 5. Hasan 2017 a7 134 29 50 13.0% 0.54 [0.28,1.03] =]
Agreus, L. 1995 16 48 23 48 10.3% 0.54 [0.24,1.24] -
He, H. 2009 67 110 a0 110 155% 1.87[1.08, 3.20] -
Locke, C.R. 2000 7 35 3 TT7.2% 1.89 [0.64, 5.57] =t -
Sykora, Josef 2016 0 5 4 56 1.2% 1.06[0.05, 22 42]
Subtotal (95% CI) 332 341 47.3% 1.00 [0.50, 1.98] ‘
Total events 147 115

Heterogeneity: Tau®= 0.36; Chi*=12.04, df=4 (P=002); F=67%
Test for overall effect. Z=0.01 (P = 0.99)

1.3.2 non-serologic methods

Han H. 2010 58 94 45 94 146%
Yakoob, J. 2012 116 170 a8 160 17.4%
Yang, Y. 2017 180 335 140 335 207%
Subtotal (95% CI) 599 589 52.7%
Total events 354 273

Heterogeneity: Tau®= 0.00; Chi*=0.12, df= 2 (P =0.94), F=0%
Test for overall effect: Z= 4.37 (P = 0.0001)

Total (95% CI) 931 930 100.0%
Total events 501 388

Heterogeneity: Tau*= 0.13; Chi*=16.98, df=7 (P=0.02); F= 59%

Test for overall effect Z=1.59 (P =0.11)

Test for subaroun differences: Chi*=1.97. df=1(P=0.16). F=491%

1.75(0.98,3.13) —
176112, 2.75] ——
162[1.18,2.20] -
1.68[1.33, 2.11] 2
1.32[0.94, 1.87] »>
0.01 0.4 1 10 100

Protective factor Risk factor

Figure 4. Forest plots of stratified analyses by method of H pylori diagnosis.
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IBS patients  Healthy controls Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.4.1 Rome il

HanH. 2010 58 94 45 94 14.6% 1.75[0.98, 3.13] i

He, H. 2008 67 110 50 110 155% 1.87 [1.09, 3.20] —

Sykora, Josef 2016 0 5 4 56 1.2% 1.06 [0.05, 22.42)

Yakoob, J. 2012 116 170 98 160 17.4% 1.76[1.12,2.75] T

Yang, Y. 2017 180 335 140 335 207% 1.62[1.19,2.20] e

Subtotal (95% CI) 714 755 69.5% 1.70 [1.38, 2.10] ¢

Total events 421 327

Heterogeneity. Tau®= 0.00; Chi*=0.35, df=4 (P=099), F=0%

Testfor averall effect: 2= 4.91 {P < 0.00001)

1.4.2 non-Rome Il

Ahdulrazak S. Hasan 2017 57 134 29 50 13.0% 0.54 [0.28,1.03] ]

Agreus, L. 1995 16 48 23 48 10.3% 0.54 [0.24,1.24] -

Lacke, C. R. 2000 7 35 9 7 72% 1.89 [0.64, 5.57] 1

Subtotal (95% CI) 217 175 30.5% 0.74 [0.37, 1.50] -

Total events a0 61

Heterogeneity. Tau*= 0.20; Chi*= 4.22, df=2 {P=0.12); F=53%

Testfor overall effect: Z=0.84 (P = 0.40)

Total (95% CI) 931 930 100.0% 1.32 [0.94, 1.87] »

Total events 501 388

Heterogeneity: Tau?= 0.13; Chi*= 16.98, df= 7 (P = 0.02); F= 59% =[] o1 n=1 1=n 10[1:

Test for overall effect: Z=1.59 (P =0.11) ’ Protéctive factor Riskfactor

Testfor subaroun differences: Chi*=4.93.df=1(P=003. F=79.7%

Figure 5. Forest plots of stratified analyses by method of IBS diagnosis.

included studies showed a statistically significant OR less than 1.
It is worth noting that among the 8 studies we included, a study
from Sykora et al included 56 patients with abdominal pain and
56 healthy controls.”®! Since only 5 out of 56 patients have
irritable bowel syndrome, it would have a significant impact on
the experimental results. We looked forward to more researched
in the future to provide more comprehensive data.

As a common infection of digestive tract, the relationship
between H pylori infection and IBS has been controversial. One
study from China showed no association between H pylori and
IBS,"3”! while another demonstrated that H pylori infection was a
risk factor for functional dyspepsia in IBS patients in Taiwan>"!
and to increase the likelihood for IBS patients with functional
dyspepsia to consult their primary care physician.!*®! In contrast,
reports from the United States,”* Japan!*®! and Sweden!®*! failed
to show an association between H pylori and IBS. A case-control
study by He et al''! showed that, under the premise of similar
population (n=110), sex ratio and age composition, the infection
rate of H pylori in IBS patients was significantly higher than thatin
healthy people, and the difference between the two groups was
statistically significant. However, a study from Iraq*” showed that
the prevalence of H pylori infection in healthy controls was higher
(58%) than that in IBS patients (43%). In addition, Malinen
et al’®” studied the fecal flora of patients with IBS or without IBS
and found that IBS was not associated with H pylori infection.

Our results (pooled OR 1.32,95% CI: 0.94-1.87, P=.11) are
very similar to those recently published by Ng et al*”! (pooled
OR 1.47, 95%CI: 0.90-2.40, P=.123). Compared with their
study, we conducted subgroup analysis, which showed a very
positive correlation between IBS patients diagnosed in Rome III
and H pylori infection and there was a negative correlation with
H pylori infection in patients with IBS on the non-Roman III
diagnostic criteria, the difference between the two groups was
statistically significant (P=.03). We speculated that the differ-

ences in diagnostic criteria might result in unavoidable bias and
the results of the questionnaire would cause a certain degree of
error due to the different subjective consciousness of the
respondents, so a unified and strict diagnostic criterion was
very important. Moreover, a study reported that H pylori
infection is prevalent worldwide, with higher rates in Asia and
Africa than in Europe and North America*!! and our subgroup
analysis supported this conclusion that there might be a more
significant association between IBS patients and H pylori
infection in Asian population than in European and American
populations. According to the data mentioned, the infection rate
of H pylori varies significantly among IBS patients in different
regions and races, we looked forward to larger clinical trials in
the future to verify the statistical significance of this difference, so
that more targeted treatment regimens based on the differences
could be developed.

Meanwhile, there are several limitations in this meta-analysis
that should be acknowledged. First, our analysis includes studies
that used IgG serological antibodies as the diagnostic method for
H pylori. Given the high sensitivity and low specificity of
serological tests, our results may include false positives.
Moreover, several different methods of evaluating microbiology
were used in the included studies, and differences in the specificity
and sensitivity of these methods would have different degrees of
influence on the experimental results. Second, some of the IBS
patients in the studies may have been treated with H pylori
eradication before testing for H pylori, which leads to a decline in
the infection rate of H pylori. Third, we included the studies from
6 different countries, most of which were in Asia and changes in
geography and population may affect the prevalence of H pylori
detected. However, all eight included studies included control
groups of healthy people corresponding to patients in terms of
gender, age and region, which greatly reduce the effect of
selection bias on the final results.
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In conclusion, our study suggested that H pylori might have a
positive effect on the development of IBS. Although the
differences were not statistically significant, there were important
differences among different patient subgroups. Therefore, further
clinical studies are needed to study the effect of H pylori on the
development of IBS. Since environmental hygiene and intestinal
microbiome may be strong confounding factors, further studies
on the mechanism of H pylori mouse model are also necessary to
further determine the mechanism of this positive correlation. If H
pyloriis found to be a risk factor for IBS, it could have a profound
impact on how H pylori is detected and treated, as well as how
IBS is treated.
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