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ABSTRACT

Background: Helicobacter pylori infection is one of the most prevalent chronic bacterial infections. Several studiessuggest a possible association between H. pylori infection and type 2 diabetes mellitus (T2DM), potentially mediated bychronic inflammation and metabolic dysregulation. This study aimed to evaluate the association between T2DM andactive H. pylori infection among patients in Kirkuk City, Iraq.
Methods: This cross-sectional study was conducted at the Consulting Clinic of Azadi Teaching Hospital, Kirkuk, Iraq,between April 2022 and January 2023. A total of 185 participants aged 18–77 years were enrolled, including 112 patientswith T2DM and 73 non-diabetic individuals. H. pylori infection was detected using a stool antigen immunochromato-graphic test. Data were analyzed using IBM SPSS Statistics version 26. Categorical variables were compared usingFisher’s exact test, and crude odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. Stratified analyseswere performed according to gender, age group, and smoking status.
Results: The mean age of participants was 48.6 ± 13.2 years. H. pylori positivity was observed in 82/112 (73.2%) patientswith T2DM and 38/73 (52.1%) non-diabetic individuals. The crude OR for H. pylori infection among T2DM patientscompared with non-diabetic participants was 2.52 (95% CI: 1.35–4.69; P = 0.004). Stratified analyses showed a generallyconsistent direction of association across subgroups, although statistical significance was not observed in all strata.Only crude ORs were calculated, and no adjusted analysis was performed. Therefore, the results may be affected byconfounding factors and cannot establish an independent association.
Conclusion: Stool antigen-confirmed H. pylori infection was more prevalent among patients with T2DM than amongnon-diabetic participants in this cross-sectional study.
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INTRODUCTIONH elicobacter pylori (H. pylori) is a short, spiral-
shaped, Gram-negative, microaerophilic bac-
terium that primarily colonizes the gastric
antral mucosa. It can cause gastric mucosal

changes ranging from mild inflammation to malignancy and
is one of the most prevalent pathogens worldwide [1]. Chronic
H. pylori infection is recognized as a major risk factor for gas-
tritis, gastric ulcer, duodenal ulcer, gastric adenocarcinoma,
and gastric mucosa-associated lymphoid tissue lymphoma
[2]. Several extra-gastric conditions, including iron defi-
ciency anemia, immune thrombocytopenic purpura, mega-
loblastic anemia, diabetes mellitus, cardiovascular diseases,
and certain neurological disorders, have also been linked to H.
pylori infection [3].
Several studies have reported a higher prevalence of H. pylori
infection among people with T2DM than among non-diabetic
individuals [1]. T2DM is a chronic metabolic disorder char-
acterized by elevated blood glucose levels due to insulin re-
sistance and relative insulin deficiency. In contrast, a non-
diabetic state is defined by normal fasting blood glucose and
HbA1c levels, indicating adequate insulin function and main-
tained glucose homeostasis [4]. Approximately half of the
global population is estimated to be infected with H. pylori;
however, prevalence differs between countries and is gener-
ally higher in developing regions [5]. H. pylori infection and
diabetes mellitus are two common health conditions, and H.
pylori infection has been described as one of the common in-
fectious problems associated with diabetes, particularly in
patients with gastric symptoms [6].
Epidemiological studies have suggested an association be-
tween H. pylori infection, insulin resistance, and metabolic
syndrome [7, 8]. H. pylori may disrupt glucose and lipid
metabolism, which are often already impaired in individuals
with diabetes mellitus, particularly those with poor metabolic
control [9]. The possible relationship between H. pylori preva-
lence and diabetes has therefore attracted increasing research
interest [10]. However, findings regarding the prevalence
of H. pylori among diabetic patients remain conflicting and
inconsistent [6]. Some studies have not found a correlation
between H. pylori infection and insulin resistance or metabolic
syndrome [11].
Stool antigen testing can identify active H. pylori infection,
unlike serological tests, which cannot reliably distinguish
current from past infection [12]. Evidence regarding the asso-
ciation between active H. pylori infection and T2DM remains
inconsistent because of differences in study design, popula-
tion characteristics, and diagnostic methods. In addition, lo-
cal data from Kirkuk are limited. Therefore, this study aimed
to assess the association between stool antigen-confirmed H.
pylori infection and T2DM among patients attending Azadi

Teaching Hospital in Kirkuk City.

MATERIALS AND METHODS

Study design and setting

This cross-sectional analytical study was conducted at the
Consulting Clinic of Azadi Teaching Hospital, Kirkuk, Iraq,
between April 2022 and January 2023.
Participants

A total of 185 participants aged 18–77 years were included
in the study, comprising 112 patients diagnosed with T2DM
and 73 non-diabetic individuals. The diagnosis of T2DM was
based on World Health Organization criteria, including fasting
plasma glucose ≥ 126 mg/dL, 2-hour postprandial glucose
≥ 200 mg/dL, or glycated hemoglobin (HbA1c) ≥ 6.5%.
Inclusion and exclusion criteria

The inclusion criteria were age between 18 and 77 years, con-
firmed diagnosis of T2DM for the case group, and normal
fasting blood glucose, postprandial glucose, and HbA1c levels
for the non-diabetic group. Participants were excluded if they
had antibiotic use within 4 weeks, proton pump inhibitor use
within the previous 2 weeks, bismuth compound use within
4 weeks, previous H. pylori eradication therapy, pregnancy,
immunosuppressive conditions, major gastrointestinal ma-
lignancy, or severe systemic illness affecting immune status.
Stool specimen collection and H. pylori testing

H. pylori infection was assessed using a rapid stool antigen
immunochromatographic assay manufactured by Spectrum
Diagnostics, Egyptian Company for Biotechnology, Obour
City Industrial Area, Cairo, Egypt, and performed according
to the manufacturer’s instructions. Approximately 1–2 g of
stool was collected from each participant in a clean, dry, leak-
proof container. Whenever possible, specimens were tested
within 6 hours of collection. If testing was delayed, speci-
mens were stored at 2–8 ◦C for up to 3 days; for longer storage,
specimens were kept below −20 ◦C. The assay was used to
detect active H. pylori infection. Participants were recruited
using convenience sampling during the study period. Be-
cause individual-level data on several potential confounders
were unavailable, adjustment for BMI, socioeconomic sta-
tus, residence, gastrointestinal symptoms, diabetes duration,
glycemic control, HbA1c level, and medication use could not
be performed; therefore, residual confounding cannot be ex-
cluded.
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Statistical analysis

Data were entered and analyzed using IBM SPSS Statistics ver-
sion 26 (IBM Corp., Armonk, NY, USA). Categorical variables
were summarized as frequencies and percentages, whereas
continuous variables were expressed as mean ± standard de-
viation (SD). The distribution of age was assessed using the
Shapiro–Wilk test and was approximately normal. The asso-
ciation between T2DM and H. pylori infection was evaluated
using Fisher’s exact test. Crude odds ratios (ORs) with corre-
sponding 95% confidence intervals (CIs) were calculated to
estimate the strength of association.
Stratified analyses were conducted according to gender, age
group, and smoking status to assess the consistency of the
association across subgroups. These analyses were consid-
ered exploratory, and no adjustment for multiple compar-
isons was performed; therefore, subgroup-specific P-values
should be interpreted cautiously. A multivariable logistic re-
gression model was initially planned to adjust for potential
confounders, including age, sex, and smoking status. How-
ever, this analysis could not be performed because aggregated
data rather than individual-level observations were used. Ac-
cordingly, only crude associations are reported. Given the rel-
atively high prevalence of H. pylori infection in the study pop-
ulation, the reported ORs may overestimate the magnitude
of association and are interpreted with caution. As this was a
cross-sectional study, outcomes are reported as prevalence or
positivity rates rather than incidence. A P-value < 0.05 was
considered statistically significant.

RESULTS

Overall association between T2DM and Helicobacter pylori

A total of 185 participants were included in the study, compris-
ing 112 patients with T2DM and 73 non-diabetic individuals.
The mean age of participants was 48.6± 13.2 years (range: 18–
77 years). The mean age was higher among T2DM patients
(52.1 ± 11.4 years) than among non-diabetic participants (43.3
± 13.8 years).
Overall analysis showed that the prevalence of H. pylori in-
fection was higher among T2DM patients than among non-
diabetic individuals. Specifically, 82 of 112 (73.2%) T2DM
patients tested positive for H. pylori, compared with 38 of 73
(52.1%) non-diabetic participants. The crude OR for H. pylori
infection among T2DM patients compared with non-diabetic
participants was 2.52 (95% CI: 1.35–4.69; P = 0.004), indicat-
ing a positive crude association between T2DM and H. pylori
infection.

Stratified analysis by gender

The association between T2DM and H. pylori infection strati-
fied by gender is presented in Table 1. Among males, 42 of 60
(70.0%) T2DM patients were positive for H. pylori, compared
with 15 of 37 (40.5%) non-diabetic males, yielding an OR of
3.42 (95% CI: 1.49–7.60; P = 0.005). Among females, 40 of
52 (76.9%) T2DM patients were positive, compared with 23
of 36 (63.9%) non-diabetic females, yielding an OR of 1.88
(95% CI: 0.75–4.87; P = 0.231). These subgroup-specific esti-
mates represent the association between T2DM and H. pylori
infection within each gender stratum and do not indicate an
independent effect of gender.
Stratified analysis by age group

Age-stratified results are presented in Table 2. The preva-
lence of H. pylori infection among T2DM patients compared
with non-diabetic individuals was 29/41 (70.7%) versus 18/33
(54.5%) in the 18–37-year age group (OR = 2.01, 95% CI: 0.78–
5.53; P = 0.224), 36/46 (78.3%) versus 16/28 (57.1%) in the 38–
57-year age group (OR = 2.70, 95% CI: 0.91–7.37; P = 0.069),
and 17/25 (68.0%) versus 4/12 (33.3%) in the 58–77-year age
group (OR = 4.25, 95% CI: 0.91–15.11; P = 0.076). Although
higher odds were observed in older age strata, the associations
did not reach statistical significance within individual strata.
These age categories were used for stratified descriptive anal-
ysis only and do not represent independent or adjusted effects.
Stratified analysis by smoking status

The association between T2DM and H. pylori infection strati-
fied by smoking status is presented in Table 3. Among smok-
ers, 31 of 43 (72.1%) T2DM patients were positive for H. pylori,
compared with 15 of 25 (60.0%) non-diabetic smokers, yield-
ing an OR of 1.72 (95% CI: 0.62–4.67; P = 0.420). Among
non-smokers, 51 of 69 (73.9%) T2DM patients were positive,
compared with 23 of 48 (47.9%) non-diabetic individuals,
yielding an OR of 3.08 (95% CI: 1.42–6.46; P = 0.006). The ob-
served association within subgroups reflects the relationship
between T2DM and H. pylori infection within each smoking
category and does not indicate an independent effect of smok-
ing.
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Table 1. Association between T2DM and H. pylori infection stratified by gender.
Gender Group H. pylori positive, n (%) H. pylori negative, n (%) OR (95% CI) P-value

Male T2DM (n = 60) 42 (70.0) 18 (30.0) 3.42 (1.49–7.60) 0.005
Non-DM (n = 37) 15 (40.5) 22 (59.5) Reference —

Female T2DM (n = 52) 40 (76.9) 12 (23.1) 1.88 (0.75–4.87) 0.231
Non-DM (n = 36) 23 (63.9) 13 (36.1) Reference —

Values are presented as row percentages within each gender stratum. Odds ratios compare T2DM with non-diabetic individuals within each genderstratum using Fisher’s exact test. CI, confidence interval; OR, odds ratio; T2DM, type 2 diabetes mellitus.
Table 2. Association between T2DM and H. pylori infection stratified by age group.

Age group (years) Group H. pylori positive, n (%) H. pylori negative, n (%) OR (95% CI) P-value

18–37 T2DM (n = 41) 29 (70.7) 12 (29.3) 2.01 (0.78–5.53) 0.224
Non-DM (n = 33) 18 (54.5) 15 (45.5) Reference —

38–57 T2DM (n = 46) 36 (78.3) 10 (21.7) 2.70 (0.91–7.37) 0.069
Non-DM (n = 28) 16 (57.1) 12 (42.9) Reference —

58–77 T2DM (n = 25) 17 (68.0) 8 (32.0) 4.25 (0.91–15.11) 0.076
Non-DM (n = 12) 4 (33.3) 8 (66.7) Reference —

Values are presented as row percentages within each age group. Odds ratios compare T2DM with non-diabetic individuals within each age stratum usingFisher’s exact test. CI, confidence interval; OR, odds ratio.
Table 3. Association between T2DM and H. pylori infection stratified by smoking status.

Smoking status Group H. pylori positive, n (%) H. pylori negative, n (%) OR (95% CI) P-value

Smoker T2DM (n = 43) 31 (72.1) 12 (27.9) 1.72 (0.62–4.67) 0.420
Non-DM (n = 25) 15 (60.0) 10 (40.0) Reference —

Non-smoker T2DM (n = 69) 51 (73.9) 18 (26.1) 3.08 (1.42–6.46) 0.006
Non-DM (n = 48) 23 (47.9) 25 (52.1) Reference —

Values are presented as row percentages within each smoking category. Odds ratios compare T2DM with non-diabetic individuals within each smokingstratum using Fisher’s exact test. CI, confidence interval; OR, odds ratio.

DISCUSSION

The present study found a statistically significant crude asso-
ciation between T2DM and H. pylori infection among patients
in Kirkuk City. The prevalence of H. pylori infection was higher
in individuals with T2DM (73.2%) than in non-diabetic par-
ticipants (52.1%), with a crude OR of 2.52 (95% CI: 1.35–4.69).
These findings indicate a positive association between T2DM
and H. pylori infection. This observation is consistent with
previous studies that reported a higher prevalence of H. pylori
infection among patients with T2DM [13].
Several biological mechanisms may explain this relationship.
Impaired immune function in individuals with diabetes, in-
cluding reduced neutrophil activity and altered cytokine re-
sponses, may increase susceptibility to persistent infection
[14]. In addition, delayed gastric emptying and autonomic
neuropathy associated with T2DM may facilitate H. pylori col-
onization. Chronic low-grade inflammation in diabetes may
further contribute to a favorable environment for bacterial
persistence [15].
Stratified analyses by gender, age group, and smoking status
were performed to explore the consistency of the association
across subgroups. The direction of association between T2DM
and H. pylori infection was generally consistent across these

strata. The findings of the present study align with those
reported in a study conducted in Kirkuk, Iraq [16]. In the
present study, H. pylori positivity among T2DM patients was
76.9% in females and 70.0% in males. This finding is broadly
comparable with research conducted in Erbil, Iraq [17]. In
addition, a recent updated meta-analysis of 45 case-control
studies reported a significant association between H. pylori
infection and diabetes mellitus [18].
The age-stratified analysis showed higher crude odds of H.
pylori positivity among T2DM patients than among non-
diabetic individuals in all age groups, although the subgroup
associations did not reach statistical significance. These find-
ings should be interpreted cautiously because the subgroup
analyses were exploratory and limited by small sample sizes.
The observed variation in statistical significance across sub-
groups may reflect differences in sample size and statistical
power rather than true effect modification.
Smoking status was evaluated only descriptively in this study,
and the stratified findings should not be interpreted as evi-
dence of an independent smoking effect because no adjusted
model was performed. The significant finding within the non-
smoker subgroup reflects the association between T2DM and
H. pylori infection within that subgroup, rather than a direct ef-
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fect of smoking. These findings are consistent with research
from Saudi Arabia that reported no significant association
between H. pylori prevalence and smoking status [19]. In a
single-center Romanian endoscopic study, H. pylori infection
was more frequently observed among patients with T2DM
than among non-diabetic controls, although the difference
did not reach statistical significance. The same study also
reported that smoking was significantly associated with a
higher frequency of H. pylori infection [20].
Given that H. pylori infection was relatively common in this
study population, ORs may overestimate the strength of as-
sociation compared with prevalence ratios. Therefore, the
reported crude OR of 2.52 should be interpreted as indicating
a positive association rather than a direct estimate of rela-
tive risk. Several limitations should be acknowledged. First,
the cross-sectional design precludes establishing temporal
or causal relationships between T2DM and H. pylori infection.
Second, convenience sampling may limit the generalizability
of the findings and introduce selection bias. Third, the anal-
ysis was based on aggregated data, which prevented multi-
variable regression and adjustment for potential confounding
variables such as age, sex, and smoking status. As a result, the
findings represent crude associations and may be influenced
by residual confounding. Finally, although stool antigen test-
ing is a useful method for detecting active infection, some
degree of misclassification cannot be completely excluded.
Despite these limitations, the study provides local evidence
from Kirkuk City, where data on the association between
T2DM and H. pylori infection are limited. The use of a stool
antigen test for active infection and the inclusion of both dia-
betic and non-diabetic participants strengthen the relevance
of the findings.

CONCLUSION

Stool antigen-confirmed H. pylori infection was significantly
more prevalent among patients with T2DM than among non-
diabetic participants in Kirkuk City. These findings suggest
a possible association between T2DM and active H. pylori in-
fection; however, due to the cross-sectional design and the
absence of adjusted analysis, a causal or independent rela-
tionship cannot be established. Further large-scale prospec-
tive studies, with appropriate adjustment for socioeconomic,
metabolic, lifestyle, and gastrointestinal factors, are recom-
mended to confirm this association and clarify its potential
causal mechanisms.
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