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Abstract

Objectives Several studies have shown the possible involve-
ment of Helicobacter pylori infection in individuals with
recurrent aphthous stomatitis (RAS), but the relationship re-
mains controversial. This meta-analysis was performed to
validate the association between RAS and H. pylori infection.
Materials and methods The PubMed database was searched
up to January 25, 2013 to select studies on the prevalence of
H. pylori infection between RAS patients and control subjects.
Studies were included if they evaluated and clearly defined
exposure to RAS, reported the incidence of H. pylori infec-
tion, or provided data for their estimation. For subgroup
analyses, studies were separated by region, publication year,
and source of controls to screen the potential factors against
the results. Before meta-analysis, the studies were evaluated
for publication bias and heterogeneity. Summary odds ratio
(OR) estimates with 95 % confidence intervals (Cls) were
calculated using the fixed-effects model.

Results Seven case-control studies containing 339 cases and
271 controls were eventually selected for analysis. A total of
100 (29.50 %) RAS patients had H. pylori infection, which
was significantly greater than the 54 (19.93 %) non-RAS
controls with H. pylori infection (OR=1.85, 95 % CI: 1.24—
2.74, P=0.002). This result persisted in a hospital-based con-
trol subgroup (OR=2.72, 95 % CI: 1.57-4.72).

Conclusions Based on our meta-analysis, H. pylori infection
is associated with an increased risk of RAS.

Clinical relevance The eradication of H. pylori in the stomach
may promote relief of RAS symptoms and healing of oral
ulcers, and even prevent the occurrence of RAS.
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Introduction

Recurrent aphthous stomatitis (RAS) is a common disease,
characterized by symptoms of periodic painful solitary or
multiple mucosal ulcerations. The prevalence of RAS varies
from 5 % to 20 % in the general population, depending on the
method and group studied [1].

Although RAS is the most common disease affecting the
oral mucosa, the etiology and pathogenesis of RAS remain
unknown; many factors are thought to be its risk factors, such
as local, microbial, systemic, nutritional, immunological, and
genetic factors [2—4]. Several studies have investigated the
role of microorganisms including bacteria and viruses in the
etiopathogenesis of recurrent aphthous ulcer (RAU) [5-7]. To
date, no substantial data exists to establish a microbial etiolo-
gy for RAS. Some studies have shown that Helicobacter
pylori is associated with RAS [8-14]. H. pylori is a
microaerophilic, gram-negative spiral bacterium that infects
more than 50 % of human gastric mucosa [15]. It is clearly
linked to the pathogenesis of chronic gastritis, peptic ulcera-
tion, gastric adenocarcinoma, and mucosa-associated lym-
phoid tissue lymphoma [16—-18]. In addition, H. pylori has
been detected in the dental plaque and saliva of healthy
persons with gastric disease [19, 20]. These data have sug-
gested that the oral cavity may be an alternative reservoir for
the organism. However, the role of H. pylori infection in the
development of RAS remains controversial.

Considering the histological similarities between gastric
and oral ulcers, it would be prudent to assume a possible
involvement of this organism in the development of RAS.
Therefore, to gain a better understanding, we performed a
systematic review with meta-analysis of published case-
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control studies investigating the association between H. pylori
infection and the risk of RAS.

Materials and methods
Data sources

We identified studies by a systematic literature search of
PubMed (inception through January 25, 2013) database by
two study investigators (L.L. and G.H.Y.) independently for
all relevant articles on the effect of RAS on the risk of H. pylori
infection, with a combination of the following keywords:
‘Helicobacter pylori’ OR ‘H. pylori’ OR ‘HP” AND ‘recur-
rent aphthous stomatitis’ OR ‘recurrent aphthous ulcer’.

The title and abstract of studies identified in the search were
reviewed to exclude any that were irrelevant. The full text of
the remaining articles was examined to determine whether it
contained information of interest. Moreover, for a closer ex-
amination to broaden the scope of our findings, we performed
a manual search of references cited in the selected articles to
screen any potentially relevant papers that were missed in the
database search.

Inclusion criteria

To be included in our meta-analysis, articles had to contain the
following criteria: (1) they must be case-control studies; (2)
the exposure of interest was the presence of an oral ulcer; (3)
the outcome of interest was the risk of H. pylori infection; (4)
studies must have provided raw data dealing with H. pylori
infection in both RAS and control groups; (5) RAS was
defined using Scully and Porter's criteria or the occurrence
of associated clinical symptoms, and the H. pylori infection
was confirmed by at least one positive result from the follow-
ing tests: '>C urea breath test (‘*C-UBT), enzyme-linked
immunosorbent assay (ELISA), and polymerase chain reac-
tion (PCR).

Exclusion criteria

We excluded studies reporting only standardized incidence
ratios without control groups. We also excluded studies in
which the raw data of H. pylori infection rates were not
available for either the RAS patients or control subjects.
Reviews and duplicated publications were also excluded.
Studies in which the research participants had a history of
drug use in the past month prior to the test or had serious
systemic conditions were excluded as well.

After rigorous searching, we reviewed all papers in accor-
dance with the criteria defined above for further analysis. The
flow diagram summarizing study identification and selection
is shown in Fig. 1.
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Potentially relevant papers
identified and screened for
retrieval (n = 204)

Studies excluded (n = 190)
Irrelevant papers (n = 190)

Publications describing
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Fig. 1 Flow chart of literature searches for this meta-analysis of exam-
ining the association between Helicobacter pylori infection and recurrent
aphthous stomatitis (RAS)

Quality of included studies

The Newcastle-Ottawa scale (NOS) was used to assess the
study quality [21]. Three parameters were examined in the
NOS: selection, comparability, and exposure (case-control
studies) or outcome (cohort studies). The highest study quality
was nine points with a maximum of four points for selection,
two points for comparability, and three points for exposure/
outcome in the NOS.

Data extraction

Data extraction was conducted independently by two reviewers
(L.L. and G.H.Y.). For each study analyzed, the following data
were collected: study design, first author, year of publication,
country of the population studied, methods of H. pylori detection,
total number of persons in each group (cases vs. controls),
primary outcome reported, and the type of controls. The numbers
of H. pylori-positive and -negative patients in the RAS group and
the control group of each study were recorded, respectively. Data
on the following confounding risk factors for the infection of
H. pylori were extracted from each study: age, sex, region, and
gastric disease history. Conflicts in data extraction were resolved
by consensus, referring back to the original articles.
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Statistical analysis

For the meta-analysis, we calculated pooled estimates for all
the studies. For the subgroup analyses, we separated studies
by region (Asia, South America, or Europe), publication pe-
riod (1996-2000, 2001-2005, or 2006-2010), and source of
controls (population-based or hospital-based). The odds ratio
(OR) of RAS associated with the infection of H. pylori was
evaluated for each study.

To evaluate whether the results of the studies were homo-
geneous, we used the Cochran’s O-test with a 0.10 level of
significance and the /* test with values >50 % suggestive of
significant heterogeneity [22].

The fixed- or random-effects model was used for
meta-analysis according to the heterogeneity. If the re-
sult of the Q-test was P>0.10 and the I-test was I°<
50 %, ORs were pooled according to the fixed-effects
model (Mantel-Haenszel); otherwise, the random-effects
model (DerSimonian and Laird) was used [23, 24]. In the
absence of heterogeneity, the fixed- and random-effects
models provide similar results. When heterogeneity is found,
the random-effects model is considered to be more appropri-
ate, although both models may be biased [25].

We assessed publication bias using the Begg and
Mazumdar adjusted rank correlation test [26] and the Egger
regression asymmetry test [27].

All the reported P values were two-sided, and all analyses
(expect for heterogeneity) were considered as significant
when P<0.05. The significance of the pooled OR was deter-
mined by the Z-test.

Data manipulation and statistical analyses were carried out
using STATA statistical software package version 12.0 (2000;
STATA Corp., College Station, TX, USA) and Review Man-
ager meta-analysis software version 5.2 (Cochrane Collabo-
ration, Oxford, UK).

Results
Literature search

As shown in Fig. 1, the systematic literature review
identified 204 relevant references. One hundred and
ninety irrelevant papers were excluded after screening
the titles. By reviewing the abstracts and full texts, five
studies, including one review [28], were excluded be-
cause they did not have a case-control design [9-11,
29]. In the remaining nine publications, two studies
were discarded due to insufficient data [12, 13]. Thus,
a total of seven case-control studies published between
1996 and 2010 fulfilled our inclusion criteria and were
included in the meta-analysis [14, 30-35].

Characteristics of included studies

The study characteristics are listed in detail in Table 1.
Fritscher et al. [30] performed a case-control study of 105
children and adolescents originating from the Integrated Child
and Adolescent Clinic of Faculty in Brazil using PCR to
identify H. pylori infection. In 2002, Iamaroon et al. [31]
conducted a case-control study on patients (age range, 12—
36 years) and volunteers (age range, 13—40 years) from Thai-
land by using nested PCR to define H. pylori infection. Long
et al. [14] carried out a case-control hospital-based study on
patients older than 30 years old with a diagnosis of H. pylori
infection by PCR from May 2006 to October 2007, in
Nanfang Hospital, Guangzhou, China. Maleki et al. [32]
performed a case-control study on Iranian subjects,
disregarding age and gender, in dental and medical centers
with a defined diagnosis of H. pylori infection using a urea
breath test (UBT) from June 2006 to March 2007. Riggio etal.
[33] detected H. pylori DNA by PCR in 11 % of RAS patients
(age range, 2263 years) and none of the control subjects (age
range, 21-79 years) in the UK. Porter et al. [34] carried out a
case-control study on London persons from June 1995 to
December 1995 with a diagnosis of H. pylori infection by
PCR. Victoéria et al. [35] used PCR to estimate H. pylori
infection in persons exposed to oral ulcers who were recruited
from the Oral Diagnosis Clinic in Brazil.

With respect to the country of publication, three studies
were from Asia (Thailand and Iran were grouped with Asia
according to similarities in racial traits), two were from South
America, and two were from Europe. According to the pub-
lication period, two studies were published from 1996 to
2000, three were published from 2001 to 2005, and two were
published from 2006 to 2010. The controls used in four
studies were hospital-based, while those in the remaining
three studies were population-based.

Quality of included studies

Table 1 depicts the methodological quality of all studies
examined. The mean NOS score for all case-control studies
was 7 (range, 6—7). Most studies adjusted the following con-
founders: age (6/7), sex (5/7), and gastric disease history (7/7).

Overall

Meta-analysis of all included studies assessing H. pylori in-
fection showed that exposure to RAS was associated with a
significant increase of 9.57 % in the incidence of H. pylori
infection. Since there was no evidence of heterogeneity, we
calculated the pooled estimates using the Mantel-Haenszel
method for the fixed-effects model (P=0.211, #=28.5 %).
The overall data available for our meta-analysis containing
610 patients showed a total H. pylori infection rate of 25.25 %
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Study quality

Number of Number of
cases with  controls with
HP (+)

HP (+)

controls

Study type Method Number of cases Number of Type of controls

Country  Region

Table 1 Characteristics of studies on H. pylori infection in RAS cases and controls

First Author Year
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South America C-C PCR
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C-C case-control, PCR polymerase chain reaction, UBT urea breath test, HP Helicobacter pylori, HB hospital-based, PB population-based

? Thailand and Iran were grouped in Asia according to similarities in racial traits

*One point in Newcastle-Ottawa csale (NOS) score for quality of included studies

**Two points in Newcastle-Ottawa csale (NOS) score for quality of included studies

***Three points in Newcastle-Ottawa csale (NOS) score for quality of included studies, (-) stand for zero point in Newcastle-Ottawa csale (NOS) score for quality of included studies

(154/610). The cumulative sample sizes of the RAS group and
the control group were 339 and 271, respectively, of which
100 cases (29.50 %) and 54 controls (19.93 %) were
H. pylori-positive, while 239 cases (70.5 %) and 217
(80.07 %) controls were H. pylori-negative. As shown in
Fig. 2, the overall OR was 1.85 (95 % CI: 1.24-2.74) and
the overall effect Z value was 0.002 (P<0.05), which indicat-
ed that H. pylori infection is associated with an increased risk
of RAS.

Subgroup analysis

We further conducted subgroup analyses of all included stud-
ies based on region, publication period, and source of controls,
respectively, to determine the influencing factors that may
have impacted the overall results. However, when data were
divided into subgroups, as shown in Table 2, the results of the
O-test were P=0.03, ’=71 % in the Asian subgroup and
P=0.05, =74 % in the 2006 to 2010 subgroup; thus,
the random-effect models were used in both of these
subgroups. The subgroup meta-analysis based on region
showed no significant associations among Asians, South
Americans, and European. Likewise, there were no associa-
tions in different publication years. However, in studies with
hospital-based controls, the presence of RAS consistently
showed a greater rate of H. pylori infection (OR=2.72,
95%CI: 1.57-4.72), compared to those with population-
based controls (OR=1.13, 95%CI: 0.62-2.05). Information
extracted from the primary literature was not sufficient to
perform subgroup analyses based on age, sex, or CagA status
of H. pylori.

Bias diagnostics

Begg’s test was created for assessment of possible publication
bias (Fig. 3). The P values for the Begg’s and Egger’s tests
were P=1.00 and P=0.49, respectively, both indicating the
absence of heterogeneity and suggesting that the results of the
present meta-analyses were relatively stable and that the pub-
lication bias might exert little influence on the overall results.

Discussion

In this study, we examined the potential association between
RAS and H. pylori infection by performing a quantitative
meta-analysis of published case-control studies. To the best
of our knowledge, this is the first published meta-
analysis to examine this association. After analyzing
610 patients, including 154 cases of H. pylori infection,
we found that the rate of H. pylori infection was greater
in RAS patients than in non-RAS patients after adjusting
for confounding variables (P=0.002). This result implied
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Fig. 2 Meta-analysis for the association between RAS and Helicobacter pylori infection

that H. pylori infection is associated with an increased
risk of RAS.

Iamaroon et al. [31] found that 14 of 27 RAS specimens
from patients with chronic gastritis were positive for H. pylori
and that all RAS samples from patients with the absence of
chronic gastritis were negative for H. pylori, which indicated a

connection between H. pylori in RAS and chronic gastritis.
Long et al. [14] observed that there was a greater incidence of
chronic gastric disorders in patients with H. pylori-associated
RAS than with non-H. pylori-associated RAS, suggesting that
chronic gastric diseases are linked with the infection of
H. pylori and that a relationship between RAS and chronic

Table 2 Subgroup analysis of the prevalence of H. pylori infection in RAS cases vs. controls

Subgroup No. of studies  Cases with HP (+)  Controls with HP (+) OR [95 % CI] P V4 Tests of heterogeneity
10) df P P (%)
Region
Asia* 54/147 29/133 1.60 [0.51-5.08] 0.42 0.80 696 2 003 71
South America 2 20/89 19/100 1.47 [0.69-3.14] 0.32 1.00 0.32 057 0
Europe 2 26/103 6/38 1.60 [0.60-4.24] 0.34 095 036 1 055 0
Year
1996-2000 26/103 6/38 1.60 [0.60-4.24] 0.34 095 036 055 0
2001-2005 22/111 22/115 1.23[0.61-2.46] 0.56 058 1.81 2 040 O
2006-2010 2 52/125 26/118 2.32[0.75-7.22] 0.15 145 380 1 005 74
Source of control
Population-based 3 32/101 33/107 1.13[0.62-2.05] 0.68 041 1.25 054 0
Hospital-based 4 68/238 21/164 272 [1.57-4.72] 0.0004 353 279 3 043 0
All studies 7 100/339 54/271 1.85[1.24-2.74] 0.002 3.03 8.39 021 285

HP Helicobacter pylori, OR odds ratio, CI confidence interval, df degrees of freedom

*Thailand and Iran were grouped in Asia according to similarities in racial traits
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Fig. 3 Publication bias tests
for the overall data

(H. pylori-positive vs.

H. pylori-negative)

)
|

logrr

Begg's funnel plot with pseudo 95% confidence limits

gastric diseases exists. They also observed that anti-H. pylori
using a three-medicine regimen could significantly relieve the
symptoms of RAS and promoted the healing of RAS. How-
ever, determination of whether the eradication of H. pylori in
the stomach would inhibit the recurrence of RAS as well as
cure the disease eventually and whether the prevention of
H. pylori survival in the oral cavity after oral ulcer healing
requires further research [14]. Maleki et al. [32] pointed out
that patients with H. pylori-associated RAS presented more
severe symptoms than those with non-H. pylori-associated
RAS, which indicated that H. pylori infection might aggravate
the condition of oral ulcers. In addition, the severity and
frequency of RAS decreased significantly after the eradication
of H. pylori in the stomach.

Several reasons may explain these findings. First, histolog-
ical similarities between peptic ulcers and aphthous lesions
exist, and H. pylori plays a critical role in peptic ulcer disease.
In view of the similar histological features between RAS and
peptic ulcers, some investigations support the association
between RAS and H. pylori infection [9, 10, 12—14]. The
cellular immune system is involved in both of these diseases.
H. pylori can produce heat shock proteins and several lym-
phocyte chemotactic factors, which cause neutrophilic infil-
tration and mucosal injury. Also, production of free radicals
with cytotoxic effects and release of some cytokines, such as
IL-8, are seen in both conditions [8]. Second, the acidic
environment of the oral cavity and the warm temperature near
37 °C in dental plaque offers an ideal medium for the growth
of H. pylori. Furthermore, results showing that H. pylori could
be isolated from the oral cavity indicated that the oral cavity
might be a second reservoir for H. pylori. Many studies have
been published that support as well as contradict this theory.
The presence of H. pylori in the dental plaque of patients both
with and without stomach disorders has been investigated [13,
36-40]. Several studies supported that there was a significant
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association between the presence of H. pylori in the dental
plaque and gastritis [37—39].The pathogenic bacteria could be
found simultaneously in dental plaque and gastric mucosa,
giving the evidence of the closely correlation between gastric
infection and the presence of H. pylori in the mouth. More-
over, some studies [41—43] and a meta-analysis [44] demon-
strated that periodontal treatment could improve the eradica-
tion rate of gastric H. pylori, which suggested that dental
plaque was an important source of gastric H. pylori reinfection
and the oral cavity might be a source of transmission or
reinfection. Dental plaque control should be further performed
in the treatment of gastric disease related with H. pylori.
However, to date, the hypothesis that the oral cavity is a
reservoir for H. pylori remains controversial. Third, there are
epidemiological issues related to bacterial oral—fecal transmis-
sion [8]. As is well known, H. pylori colonizes in the gastric
mucosa and can be excreted with the feces. Since the fecal—
oral route appears to be particularly prevalent in developing
countries [45], oral-fecal transmission may play a potential
role in the development of RAS related to H. pylori.

Based on this meta-analysis, seven articles fulfilled the
inclusion criteria. Only one study reached a significant level
for a difference in H. pylori infection between the RAS and
control groups; three of the studies showed no significant
difference between the two groups; and the remaining three
studies lacked evidence of any difference in prevalence be-
tween the two groups. This phenomenon may be due to the
study population, the small sample size, or even the detection
methods used.

Considering the potential effect of the interactions between
H. pylori infection and genetic variation on the risk [46], we
performed subgroup analyses stratified by regions. The level
of H. pylori infection was not significantly different among
Asians, South Americans, and Europeans, suggesting that
regional factors exerted little influence on the overall results.
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Then, we conducted subgroup analyses by separating the
publication period and the source of controls, respectively,
taking into account the potential effects of the confounding
factors on the results. Similarly, no association was observed
in the subgroup analysis based on the publication year. How-
ever, significant differences of H. pylori infection between
hospital-based and population-based controls were evaluated.
The level of H. pylori infection was greater in hospital-
based controls, which was greater than the overall results
(OR=2.72), implying that control subjects who came from the
hospital might have a greater risk of H. pylori infection.

To better interpret the results, some limitations of this meta-
analysis should be acknowledged. First, some inevitable bias
may exist in the results as our meta-analysis only focused on
papers published in the English language, missing some eli-
gible studies that were unpublished or reported in other lan-
guages. Second, despite using a precise literature searching
strategy to identify eligible studies, it is possible that a few
studies meeting the inclusion criteria were not included. Third,
sufficient information could not be extracted from the primary
literature; thus, the interactions between H. pylori infection
and other factors, such as age, gender, and nutritional status
could not be considered in the analysis despite being potential
confounders. Finally, the results must be interpreted with care
because of the limited number and small sample sizes of each
included study.

Conclusion

In summary, although modest limitations existed, the present
meta-analysis showed a greater rate of H. pylori infection in
RAS patients compared with control subjects. Future prospec-
tive studies assessing confounders and well-designed investi-
gations with large sample sizes are needed to specifically test
the effects of eradication of H. pylori infection on RAS.
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