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Abstract

Objective To assess any potential association between Helicobacter pylori and oral squamous cell carcinoma/oral potentially
malignant disorders.

Materials and methods Data mining was done using PubMed, Cochrane Library, and SCOPUS databases. The search included
articles published up to May 2019. Newcastle-Ottawa scale was used to score the quality of the included articles. Data including
the type of study, the sample population, the type of oral lesion, and the resulting statistical data were extracted.

Results Out of 131 screened articles, only 15 articles fulfilled the eligibility criteria. Among the 15 studies, 9 focused on oral
squamous cell carcinoma and 6 focused on oral potentially malignant disorders. Eight out of the 9 oral squamous cell carcinoma
studies were included in the meta-analysis. Forest plot was generated using the odds ratio and confidence intervals calculated for
each of the included studies. Due to the lack of sufficient studies, the meta-analysis was not performed for oral potentially
malignant disorders.

Conclusion Due to the contradictory results of the included studies, it was not possible to make any conclusive statement on the
potential association of H. pylori with oral squamous cell carcinoma. The variations in the methodology, especially the differ-
ences in the sensitivity/specificity of the diagnostic modalities could be the cause for differential results.

Clinical relevance Although the association of H. pylori with oral squamous cell carcinoma could not be confirmed, it is vital to
reduce the excess oral microbial load, especially in patients exhibiting oral mucosal changes with no history of associated risk
factors.
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Introduction

Helicobacter pylori (H. pylori), a Gram-negative

microaerophilic bacteria, usually found in the stomach, are

>4 Archana A. Gupta frequently associated with gastric and duodenal ulcers [1].

archanaanshumangupta@gmail.com Marshall and Robin Warren have been awarded the Nobel

Prize in 2005 by Karolinska Institute, Stockholm, for their

discovery of the role of the bacterium in gastritis and peptic

ulcers [2]. The bacterium has been established as a co-
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and predisposing genetic makeup [3]. Various virulence fac-

tors accounted for gastric cancer development include
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year 2009 by Lee YC et al., eradication of H. pylori decreases
the risk of gastric cancer in previously infected individuals,
suggesting the continued presence of H. pylori is required for
the carcinogenic effect. H. pylori has been associated with
gastric cancer as a potential risk factor, with a relative risk of
65% [5, 6]. Recent studies have shown the presence of H.
pylori in the oral cavity of individuals with gastritis/peptic
ulcers. In the oral cavity, H. pylori resided primarily in the
saliva, supra and subgingival plaques, and periodontal pockets
> 5 mm in depth [7].

Conflicting results have been reported in the literature on
the isolation of H. pylori from dental plaque. Several studies
indicate a low prevalence of H. pylori in the oral cavity of their
patients and consider the oral cavity environment to be insig-
nificant for this bacterium [8]. There are studies suggesting
that there is only a transient presence of H. pylori in the oral
cavity, and the antagonist effects of other oral bacteria against
H. pylori, makes it difficult for the bacterium to show any
long-term oral colonization [9]. However, authors who found
this bacterium in almost all of their study population consider
the bacteria to be a part of the normal oral microbiota in the
mouth and that the oral cavity may act as a reservoir for re-
infection of the stomach [10].

At present, the most common and established risk factors
for oral potentially malignant disorders (OPMDs) and oral
cancer are tobacco and alcohol. The implementation of restric-
tion in the use of these associated risk factor, especially tobac-
co products, has been seen in the past few decades in order to
curb the growing prevalence of oral cancer. Although tobacco
control is on the rise, there is an increasing statistic on the
prevalence of oral cancer, which is partly attributed to micro-
bial agents. Unlike oropharyngeal cancer, evidence for an as-
sociation between microbes such as HPV and oral cancer/
OPMDs is not conclusive. Thus, many researchers consider
microbes including HPV to be a risk factor only in oropha-
ryngeal cancer. Similar to HPV, there is an increasing number
of studies isolating H. pylori in oral cancer and OPMDs, al-
though the nature of the relationship is not elicited. At present,
H. pylori is considered as a risk factor for gastric cancer, but its
role in oral carcinogenesis is inconclusive [11-27]. Thus, the
present systematic review and meta-analysis were planned to
provide comprehensive data on the current evidence of any
potential association between H. pylori and oral cancer/
OPMD:s.

Methods
Protocol and registration
The present systematic review was performed in accordance

with PRISMA (preferred reporting items for systematic
reviews and meta-analyses) and MOOSE (meta-analysis of
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observational studies in epidemiology) guidelines [15]. The
systematic review is registered at the International
Prospective Register of Systematic Reviews (ID
CRD42017059249)

Inclusion criteria

The population (P), intervention (I), comparison (C), out-
comes (O), studies (S) framework was used to frame the fo-
cussed question. P represents the OPMD and/or oral cancer
cases; | represents the diagnostic modality used to identify H.
pylori; C represents healthy individuals with no history of
OPMD and/or oral cancer; O represents the risk of developing
OPMD and/or oral cancer in the presence of H. pylori; and S
represents the studies that assessed the association between H.
pylori and OPMD/oral cancer. Only the articles in the English
language were included.

Exclusion criteria

Exclusion criteria include experimental studies, narrative and
systematic reviews, case reports/series, letter to the editor,
opinion pieces, conference abstracts, and articles in a language
other than English.

Focused question

“Is H. pylori presence associated with increased risk of devel-
oping OPMD and/or oral cancer?”

Search strategy

Data mining was done using PubMed, Cochrane Library, and
SCOPUS databases. The search included articles published
until 25 May 2019. All the screened articles were in turn
manually cross-referred to check for any further relevant
articles.

The following free terms and medical subject headings
(MeSH) were used in various combinations for data min-
ing, i.e., Helicobacter pylori and oral cancer, Helicobacter
pylori and oral squamous cell carcinoma, Helicobacter py-
lori and oral potentially malignant disorders, Helicobacter
pylori and oral lichen planus, Helicobacter pylori and oral
leukoplakia, and Helicobacter pylori and oral submucous
fibrosis.

Study selection and data extraction

Two reviewers (AG and SK) used the selection criteria and
independently selected the studies to be included in the sys-
tematic review. The selection process consisted of two steps.
In the first step, the reviewers screened the titles and the
abstracts to identify potential articles. The full texts of the
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articles selected in the first step were scrutinized using the
selection criteria. Each step of the review process was con-
ducted independently by the two reviewers (AG and SK).
Only articles wherein both the reviewers had a consensus
were included in the systematic review.

The included studies were analyzed by the reviewers, and
the data including the type of study, the sample population, the
type of oral lesion included (OPMD/oral cancer), and the
resulting statistical data were obtained.

Risk of bias assessment

Newecastle-Ottawa scale (NOS) was used to score the quality
of the included articles using parameters such as comparabil-
ity, outcome/exposure, and selection. The maximum score
given for the selection was 4, comparability was 2, and
outcome/exposure was 4. Thus, a single study could collect
a maximum of 10 points in total. A score above or equal to 7
was considered as good.

Statistical analysis

Since there were two reviewers, potential inter-observer bias
was assessed by Cohen’s kappa coefficient (k). All statistical
data were reviewed, and NOS was used to score the overall

quality.

Fig. 1 Workflow of the
systematic review for OPMDs

] [ Screening ] [ Identification

Eligibility

Results
Study selection

Figures 1 and 2 summarize the workflow of the systematic
review for OPMDs and oral squamous cell carcinoma
(OSCCs), respectively. Out of the 73 potentially relevant arti-
cles identified in the PubMed, Scopus, and Cochrane data-
bases, 14 articles were selected for detailed assessment
discussing the role of H. pylori in OSCC; out of which, 9
articles were selected for systematic review [20-28].
Similarly, out of 85 potentially relevant articles identified in
the three databases, 13 articles were selected for detailed as-
sessment discussing the role of H. pylori in OPMDs; out of
which, 6 articles were selected for systematic review [11-16].
Studies associating H. pylori with potentially malignant dis-
orders not related to the oral cavity like cutaneous lichen
planus and vocal fold leukoplakia were excluded [16, 17].
Studies discussing the mere presence of H. pylori in the oral
cavity without discussing its role in OPMDs and OSCCs were
excluded [18, 19]. Kappa value for the inter-observer reliabil-
ity between the two reviewers was 0.98 and 1 for the first and
the second step of the review, respectively.

Study characteristics

Studies discussing the role of H. pylori in OPMDs were
all cross-sectional design. Two studies were from India,

85 pottentially relevant articles
identified

50 — Scopus
30 - Pubmed

5 - Cochrane

72 articles excluded after screening
of titles and abstracts

>

13 articles extracted for detailed assessment

7 articles including reviews, abstracts,
_| duplicates and not matching the inclusion
criteria also excluded

[ Included ] [

6 articles included in systematic review discussing role of H. pylori in OPMDs
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Fig. 2 Workflow of the
systematic review for OSCC 73 pottentially relevant articles

identified

43 — Scopus

26 — Pubmed

4 - Cochrane

][ Screening M Identification ]

59 articles excluded after screening
of titles and abstracts

14 articles extracted for detailed assessment

Eligibility

5 articles including reviews, abstracts,
duplicates and not matching the inclusion
criteria also excluded

9 articles included in Systematic review discussing role of H. pylori in OSCC

Included

1 article giving the odds ratio as infinite and
cannot be included in meta-analysis excluded

v

4

8 articles included in meta-analysis discussing role of H. pylori in OSCC

one of each was from Iran, Egypt, Poland, and Tokyo.
Studies based in Iran and Egypt mentioned about age
and gender matching between cases and controls; where-
as, the study done in Poland did age matching only.
However, Indian and Tokyo studies did not mention any-
thing about age and gender matching. Studies conducted
by Kazanowska et al. in 2015 in Poland and Attia et al. in
2009 in Egypt used PCR as a method of H. pylori detec-
tion. Other three studies including Shimoyama et al.,
Pourshahidi et al., Hulimavu et al., and Sharma et al. used
immunohistochemistry (IHC), ELISA, and microbial cul-
tures, respectively.

Out of the 9 studies discussing the role of H. pylori with
OSCC, 7 studies were done on Asian population including
China, Japan, Sri Lanka, and India. The remaining two were
from Germany and Iran. Six studies did not mention anything
about age and gender matching of the individuals between
OSCC cases and healthy controls. The method of detection
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of the association of H. pylori with OSCC included THC,
PCR, ELISA, culture, and special stain Giemsa.

Results of the studies

The results were largely conflicting for OPMDs, with 3
studies (Kazanowska et al., Attia et al., and Sharma
et al.) associating H. pylori with OPMDs, and 3 studies
(Shimoyama et al., Pourshahidi et al., and Hulimavu
et al.) showing no association. Similar to OPMDs, 4 stud-
ies associated H. pylori with OSCC, while 4 studies report-
ed no significant increase in H. pylori compared with
healthy controls. The conflicting reports in OSCC are aug-
mented by the Meng et al. findings. They found an inverse
correlation with healthy subjects having a higher preva-
lence of H. pylori than oral cancer patients. Tables 1 and
2 summarize the data extracted from the included OPMD
and OSCC articles, respectively.
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Table 2 (continued)

Conclusion

Matching/confounding  Method of Results

Author/year/country  Type of study ~ Sample size

H. pylori
detection

Controls

Cases

including a small sample size. So, the
results can be considered only as a

preliminary exploration

However, age, gender,

having gingivitis

and other associated

and periodontitis)

habit matching details
were not provided. So

these factors can be

potential confounders
Age and gender matched ELISA

Potential confounders

The positive association noted between H.

25 out of 60 cases and 1 out of 60

60 (serum)

60 (serum)

Cross-sectional

Ravali/2017/India

pylori and oral cancer

controls were found positive for

H. pylori

include associated

habit as their details
were not provided

Discussion
Association of H. pylori and OPMDs

Kazanowska-Dygdala et al. [11] compared the H. pylori prev-
alence with the oral health status between OPMDs and healthy
individuals through PCR. The OPMDs included oral lichen
planus (OLP) and oral leukoplakia (OL). A total of 23.6% of
OLP and 20% of OL were positive for H. pylori, while the
control subjects were all negative. The oral health status as
assessed by the plaque index, bleeding on probing, and the
periodontal pocket depth was found to be significantly poorer
in the OLP and OL groups than the control subjects. The study
had matched potential confounders such as the age and gender
between the comparative groups. The major limiting factor of
the study was the lack of histopathological confirmation of
OLP and the absence of cell atypia in OL. As there is no
evidence to confirm OLP diagnosis and that OL without
atypia is most likely hyperkeratosis, the results of the
Kazanowska-Dygdala et al. study may not be a true represen-
tation of the prevalence of H. pylori in OPMDs [11].

Pourshahidi et al. assessed the H. pylori IgG levels in OLP
cases in southwestern Iran through serological examination.
The study included 41 clinically diagnosed OLP cases and 82
gender and age-matched controls. They did not find any sig-
nificant difference between the OLP and the healthy individ-
uals. Similar to the Kazanowska-Dygdala et al. study, even
Pourshahidi et al. did not confirm the OLP diagnosis histo-
pathologically. Thus, the results of the Pourshahidi et al. study
cannot be used to confirm the association between H. pylori
and OPMDs [12].

Attia et al. compared the association of H. pylori between
erosive and non-erosive lichen planus with the help of both
PCR. Diagnosis of OLP was confirmed histopathologically.
The results showed that erosive OLP carried a higher preva-
lence of H. pylori than non-erosive OLP (p = 0.001). The major
limitation of the study was the small sample size (40 samples),
which in turn was subdivided into 2 groups (of 20 each) ac-
cording to the clinical presentation of OLP. Thus, although the
study provides a histopathological confirmation of the disease,
the limited sample size necessitates further evidence from
large-scale samples to confirm the findings [13].

Hulimavu et al. investigated the presence of H. pylori in
OLP, normal buccal mucosa. Biopsies of peptic ulcer were
taken as positive controls. IHC was used to identify the pres-
ence of H. pylori. While the control samples (peptic ulcer
tissues) were positive, none of the OLP or normal buccal
mucosa samples were positive for H. pylori. Based on the
results, the authors questioned the association of H. pylori in
OLP. The major limitation of the study was the use of IHC,
which is relatively less sensitive than PCR. In addition, the
control samples and the OLP cases were not matched for
potential confounding factors including age and gender [14].
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Sharma et al. assessed the prevalence of H. pylori in OPMDs
and OSCC. Unlike previous studies, Sharma et al. used salivary
samples for estimating the presence of H. pylori. The OPMDs
included oral submucous fibrosis (OSMF) and OL. The study
used a specialized Campylobacter Supplement medium
(Skirrow’s) to detect H. pylori. Overall, OSCC showed a higher
prevalence than OPMDs and healthy subjects. Within OPMDs,
OSMF showed higher H. pylori prevalence than OL. The
higher prevalence of H. pylori in OSMF was attributed to the
salivary pH alterations caused by lime. Lime forms a major
etiologic factor along with areca nut and tobacco for OSMF.
Lime-induced disturbance in the buffering capability of saliva
was presumed to have promoted H. pylori growth [26].

Shimoyama et al. analyzed 22 oral ulcerative lesions in-
cluding recurrent aphthous stomatitis, herpes simplex virus,
and lichen planus. They used microbial culture to detect the
association of the bacterium with the disease which was then
confirmed with the help of ELISA. Though none of the three
lichen planus samples shows positivity for H. pylori with cul-
ture, one of the samples was positive with ELISA but was not
significant enough to infer association [15].

Association of H. pylori and oral cancer

Similar to HPV studies with cancer, most studies on H. pylori
have included cancer cases classified under general terms such
as oropharyngeal cancers and head and neck cancers. As the
results of these studies could misled (over-represent) the prev-
alence of H. pylori in oral cancer, the present systematic review
selected only those studies which either have assessed only oral
cancer or have specified separate statistics for oral cancer.

Dayama et al. compared the prevalence of H. pylori be-
tween 20 oral cancer cases and 20 age and gender-matched
healthy subjects using culture and PCR. However, the odds
ratio by both culture and PCR (3.0, 95% C10.342-6.4 and 1.5,
95% C1 0.28-8.03, respectively) were statistically non-signif-
icant. The small sample size could have been the cause of the
insignificant result [20].

Fernando et al. assessed the prevalence of H. pylori in oral
cancer and healthy individuals. The samples were further
subdivided based on the history of betel chewing. The oral mu-
cosal samples were subjected to culture to identify H. pylori.
The serological samples of the subjects were studied for H.
pylori IgG antibodies. The results showed that the H. pylori
prevalence varied significantly between betel chewers and
non-chewers (chi square p < 0.05), irrespective of the presence
of cancer. Thus, the presence of betel chewing was proposed as a
potential contributing factor to H. pylori rather than the presence
of oral cancer [21]. Areca nut extracts were hypothesized to have
modulated the periodontal microenvironment promoting bacte-
rial colonization as proposed by the previous studies [29-32].

Grimm et al. showed an increased immunohistochemical
expression of H. pylori and TLRS in OSCC. Though TLRS

@ Springer

ligands have been associated with detection of bacterial fla-
gella and promoting migration and proliferation of cancer
cells including non-small-cell lung cancer cells and cervical
cancer cells [33], the present study could not prove the asso-
ciation of TLRS5 to the increased progression of OSCC.
However, the authors reported the study to be the first of its
kind providing immunohistochemical evidence of H. pylori
expression in OSCC [22].

Ravali did a cross-sectional study on H. pylori prevalence
in 60 OSCC subjects and 60 age and gender-matched healthy
controls with ELISA. The author reported a significant asso-
ciation (p < 0.05) of H. pylori with OSCC [25].

Sharma et al. did a microbial culture study on a sample size
of 50, each for healthy individuals and patients with OPMDs
and OSCC. The incidence of H. pylori in OPMDs was more
than that in the healthy individuals and was highest in OSCC. A
significant (p < 0.05) association was noted between H. pylori
and OPMDs/OSCC. They also reported an increased incidence
of H. pylori count in OSMF compared with leucoplakia [26].

Irani et al. through immunohistochemistry reported an in-
creased incidence of H. pylori in ulcerative and inflammatory
lesions as compared with OSCC. They also reported the inci-
dence pattern of H. pylori in normal oral tissues, with H. pylori
positivity most commonly being found in tonsils and tongue
followed by buccal mucosa and oropharynx [27].

Gupta et al. presented a non-significant association of H.
pylori with OSCC through PCR, but suggested the need for
more studies in the field with large sample size and proper
matching of cases and controls [28].

In contrary to the above-mentioned studies, an inverse asso-
ciation between H. pylori and oral cancer was found by Meng
et al. They found that the H. pylori prevalence was statistically
lower (Spearman’s correlation coefficient =—0.191, p = 0.012)
in OSCC cases than healthy controls. Also, there was no sig-
nificant correlation between the presence of H. pylori and
lymph node metastasis and tumor size. The finding of inverse
correlation led to the authors discussing the potential protective
role of H. pylori infection in the cancers of the esophagus and
oral cancers [30-32]. However, among several limitations of
the Meng et al. study, including small sample size, was the lack
of information about habits of OSCC patients which could have
affected the results of the study [23].

Okuda et al. studied the presence of H. pylori in gastric and
oral samples through RT-PCR. The study results showed that
the subjects who are positive for H. pylori in oral swab samples
were also positive for gastric samples. H. pylori was reported to
be present in the oral cavity only as a transient organism and
were presumed to be derived from the stomach [24].

There were notable differences in the methodology between
OSCC studies with and without significant H. pylori association.
Although PCR, ELISA, and culture were employed in at least
one of the studies with [20, 25, 26] and without [21, 24] H.
pylori association, there were two studies with positive H. pylori
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correlation [22, 27] which exclusively used only IHC. It is pos-
sible that the relatively lower sensitivity and specificity of IHC
compared with PCR could have resulted in a positive correla-
tion. There were only minor differences between the sample size
of the positive correlation studies (32 controls and 83 cases by
Irani et al.; 50 controls and 50 cases by Sharma et al.; 60 cases
and 60 controls by Ravali; 20 cases and 20 controls by Dayama
etal.; 191 cases and 10 controls by Grimm et al.) and the studies
with no significant associations (58 cases and 58 controls by
Okuda et al.; 53 cases and 120 control by Fernando et al.; 40
cases and 10 controls by Gupta et al.) [20, 21, 24-26]. In addi-
tion, despite employing strong diagnostic modalities (ELISA,
PCR, and Giemsa) and having sample size (68 cases and 104
control) relatively similar to other included studies, a negative H.
pylori correlation (greater H. pylori detection in the control than
OSCC) was obtained by Meng et al. [23].

Two of the 3 studies exhibiting no significant H. pylori
association had employed PCR as the diagnostic modality.
In addition, as mentioned above, the Meng et al. study which
revealed a negative correlation with H. pylori had also
employed PCR. Thus, given the higher sensitivity of PCR
compared with the other diagnostic modalities used in the
included studies, the negative correlation and lack of signifi-
cant association cannot be ignored. A possible explanation for
the contradictory results could be due to the population-
specific high H. pylori prevalence. All the studies with no
association and negative correlation were from the Asian pop-
ulation. In Asia, the prevalence of H. pylori is in the range of
54 to 76% [34]. Thus, the control samples of the included
studies from Asia could have exhibited H. pylori levels similar
to OSCC cases. In such cases, it is not clear if the H. pylori in
the OSCC are chance findings in a highly H. pylori prevalent
population or has a potential causal association.

In addition to the qualitative analysis, the potential associ-
ation between H. pylori and OSCC was evaluated quantita-
tively through a meta-analysis. Unlike OSCC, there was not a
sufficient number of OPMD studies available for a meta-anal-
ysis, thus, only qualitative analysis was carried out for
assessing the association between OPMD and H. pylori.

Meta-analysis
H. pylori and OPMDs

Out of the 6 studies included to associate H. pylori with OPMDs,
3 studies (Attia et al., Shimoyama et al., and Hulimavu et al.) did
not take healthy controls in their studies. Hence, it was not pos-
sible to calculate the odds ratio in those studies. The fourth study
by Kazanowska et al. could not find any association in healthy
controls making the odds ratio value infinity. Thus, these four
studies were excluded from the meta-analysis. A quantitative
analysis using only the 2 studies would not provide sufficient

21
Table 3  Odds Ratio and 95% CI of individual studies
Author and year Odds ratio 95% CI
Okuda/2000 0.16 0.05-0.43
Fernando/2009 1.79 0.66-5.02
Dayama/2011 1.59 0.16-20.98
Irani/2013 8.21 2.99-22.79
Grimm/2014 Infinity 0.5829—infinity
Sharma/2015 20.44 5.87-87.75
Xiu Meng/2016 045 0.23-0.88
Gupta/2016 1.29 0.12-67.48
Ravali/2017 42.14 6.18-1758.68

evidence for a conclusive inference. Thus, OPMDs association
to H. pylori was not assessed using meta-analysis.

H. pylori and 0SCC

Out of the 9 studies included in the systematic review, only 8
were included for the meta-analysis. One study (Grimm et al.)
was excluded as the odds ratio calculated was infinity. A ran-
dom effect model was used for the meta-analysis where over-
all odds ratio calculated was 2.29 with 0.61-8.68 as 95%
confidence interval. The odds ratio of all the included studies
has been provided in Table 3. Out of the 8 studies subjected to
meta-analysis, 3 studies (Ravali, Sharma, et al., and Irani
et al.) showed a positive association of H. pylori with
OSCC. However, the confidence interval in the study by
Ravali was very broad. Two studies (Xiu et al. and Okuda
et al.) reported an inverse correlation of H. pylori with
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—— r——7 ——
0.1 1 10 100
H.pylori and OSCC
Fig. 3 Forest plot summarizing the potential association between H.
pylori and OSCC. Overall odds ratio is 2.29; 95% CI 0.61-8.68
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OSCC. The remaining 3 studies (Dayama et al., Fernando
et al., and Gupta et al.) did not show any significant associa-
tion. Overall, the meta-analysis revealed a non-significant as-
sociation between the bacterium and OSCC (Fig. 3).

Conclusion

All the included studies were designed as case-control studies.
The most significant variation between the studies was the
different diagnostic modalities (IHC, ELISA, PCR, culture)
used for the detection of H. pylori. Due to the heterogeneity
of the included studies, individual odds ratio and confidence
intervals were calculated for each study. The data from the
included studies showed contradictory results, which in turn
could be attributed to the variations in the methodology. Thus,
based on the results of the included studies, it was not possible
to make any conclusive statement on the potential association
of H. pylori with oral cancer. Conclusive evidence of the true
carcinogenic potential of H. pylori in the oral mucosa would
require further large-scale multi-center prospective in vitro
and in vivo studies.
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