@° PLOS | ONE

Check for
updates

G OPENACCESS

Citation: Haj S, Chodick G, Refaeli R, Goren S,
Shalev V, Muhsen K (2017) Associations of
Helicobacter pyloriinfection and peptic disease
with diabetic mellitus: Results from a large
population-based study. PLoS ONE 12(8):
€0183687. https://doi.org/10.1371/journal.
pone.0183687

Editor: David M. Ojcius, University of the Pacific,
UNITED STATES

Received: May 16, 2017
Accepted: August 9, 2017
Published: August 29, 2017

Copyright: © 2017 Haj et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: In this study, we
used deidentified patients’ data from a
computerized database of a health maintenance
organization. These data are collected as part of
patients’ clinical care, and not for research
purposes. Legal and ethical restrictions apply for
secondary usage of these data in research. Our IRB
approval is limited to using anonymous data, and
accordingly we received exemption from informed
consent. We are not allowed to provide datasets to
be publicly available. Given IRB and legal

RESEARCH ARTICLE

Associations of Helicobacter pylori infection
and peptic disease with diabetic mellitus:
Results from a large population-based study

Saeda Haj'®, Gabriel Chodick'2®, Rotem Refaeli', Sophy Goren', Varda Shalev'?,
Khitam Muhsen'*

1 Department of Epidemiology and Preventive Medicine, School of Public Health, Sackler Faculty of
Medicine, Tel Aviv University, Tel Aviv, Israel, 2 Medical division, Maccabi Health Services, Tel Aviv, Israel

® These authors contributed equally to this work.
* kmuhsen@post.tau.ac.il

Abstract

Background

Evidence is conflicting regarding the association between Helicobacter pyloriinfection and
diabetes mellitus. The study objective was to examine associations of H. pyloriinfection,
gastric ulcers and duodenal ulcers, with diabetes mellitus.

Methods

This cross-sectional study was undertaken using coded data from the computerized data-
base of Maccabi Health Services in Israel, on 147,936 individuals aged 25-95 years who
underwent the urea breath test during 2002—2012. Multiple logistic regression models were
conducted, while adjusting for known risk factors for diabetes mellitus.

Results

A H. pyloripositive test was recorded for 76,992 (52.0%) individuals and diabetes for 12,207
(8.3%). The prevalence of diabetes was similar in individuals with and without H. pyloriinfec-
tion, but this association was modified (P for heterogeneity 0.049) by body mass index
(BMI): adjusted odds ratio (aOR) 1.16 (95% confidence intervals (CI) 1.04—1.29) in persons
with BMI<25 kg/m? versus aOR 1.03 (95% CI 0.98—1.08) in persons with BMI>25 kg/m?.
Diabetes mellitus prevalence was higher in persons with gastric (aOR 1.20 (95% CI 1.06—
1.34)) and duodenal ulcers (aOR 1.20 (95% CI 1.12—1.28)) compared to persons without
these diagnoses.

Conclusions

In this large population-based study, we demonstrated significant positive associations,
albeit of small magnitude, of H. pyloriinfection and peptic disease with diabetes. The long-
term gastric inflammation and associated-damage to the gastric mucosa might play a role in
such associations.
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Introduction

Diabetes mellitus (DM) is a major public health problem, with increasing prevalence globally
[1]. The major burden (90-95%) is caused by type 2 DM, which typically develops in adult-
hood and is characterized by variable levels of insulin resistance, impaired insulin secretion
and increased glucose production [2]. Established risk factors for type 2 DM include sociode-
mographic factors [3-5] and lifestyle e.g., obesity, physical inactivity, poor diet and smoking
[3, 6, 7]. However, these factors do not fully explain the occurrence of the disease.

Infections have been postulated to play a role in the pathogenesis of type 2 DM [8, 9],
through the involvement of low grade systemic inflammation. The bacterium Helicobacter
pyloriis of particular interest, given its chronic course and persistent inflammation.

H. pylori colonizes the human stomach for decades, usually without causing apparent dis-
ease. H. pylori causes chronic gastritis, gastric and duodenal ulcers, and in rare occasions gas-
tric cancer and lymphoma, which usually develop during adulthood [10]. H. pylori infection
might also play a role in extragastric diseases [11], such as unexplained iron deficiency anemia
and idiopathic thrombocytopenia [12].

Several studies have addressed the relationship between H. pylori infection and DM; how-
ever, the findings are conflicting [8, 9, 13-17]. Two meta-analyses of observational studies
reported significant positive associations between H. pylori infection and DM with pooled
odds ratios of 1.33 and 2.0 [18, 19]. However, the crude results of the original studies were
combined in these meta-analyses, rather than the adjusted results; therefore, the impact of con-
founding could not be ruled out. Consideration of age, socioeconomic status and body mass
index (BMI) are especially important, given the associations of these factors with both H. pylori
infection and DM [4-7, 20, 21]. Adjustment for these and other confounders was limited in
many of the previous studies on H. pylori and DM. Moreover, most of the evidence on the
association between H. pylori infection and DM is based on small samples. Large population-
based studies are essential, since the postulated relationship between H. pylori infection and
DM appears to be of small magnitude. Gastric inflammation and damage to the gastric mucosa
may be at the base of an association between H. pylori infection and DM. However, the role of
peptic ulcers, which develop following persistent gastric inflammation in DM, has rarely been
assessed.

The aim of the current large population-based study was to examine associations of
H. pylori infection, and of gastric and duodenal ulcers, with DM. We also examined whether
such associations differ by age and BMI. Our hypothesis was that positive associations
would be found of H. pylori infection, and of related gastroduodenal diseases, with DM
prevalence.

Materials and methods
Study design and population

A cross-sectional study was conducted using anonymous data retrieved from the computer-
ized database of Maccabi Health Services (MHS). MHS is the second largest health mainte-
nance organization in Israel, with two million insured persons (~25% of the Israeli
population). The source population comprised adults aged >25 years insured in MHS who
performed the Urea Breath Test (UBT) between 2002 and 2012. Individuals were excluded
from the study population if they used anti-H. pylori eradication therapy (according to pur-
chases of medications) or proton pump inhibitors four weeks before the UBT. Persons with a
history of bariatric surgery and recent cancer diagnosis (within three years from the UBT)
were also excluded.
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Data extraction and definitions

Information was obtained on the results of UBT, diagnoses of DM, hypertension, dyslipide-
mia, gastric ulcers, duodenal ulcers, H. pylori-gastritis, birth year, sex, town of residence,
smoking (ever, never, and unknown) and BMI (weight in kilograms (kg)/height” in

meters (m)).

H. pylori positivity was defined based on the UBT result; individuals were classified as
H. pylori positive if they had a UBT result >3.5, and negative if the test result was <3.5. If
more than one UBT was performed, we used the first test to determine H. pylori positivity. The
presence of gastroduodenal diseases was defined based on the following codes of the interna-
tional classification of disease, 9™ revision (ICD-9): H. pylori-gastritis (41.86), gastric ulcer
(531) and duodenal ulcer (532).

DM was defined based on entry to the MHS DM registry. Persons having at least one of the
following criteria were classified as diabetic: 1) HbAlc >7.25%; 2) glucose >200 mg/dL; 3)
diagnosis in the medical chart of DM based on any ICD-9 relevant code, and HbAlc >6.5% or
glucose>125 mg/dL; 4) purchase of anti-diabetic medications twice in the previous two
months [22]. Anti-diabetic medications can be purchased by prescription only, and data are
routinely sent to primary care physicians for final validation.

Hypertension was defined based on entry to the MHS hypertension registry [23]. Individu-
als were classified as hypertensive if they had two or more physician’s diagnoses of hyperten-
sion or diagnosis from hospital records, and two or more blood pressure measurements with
systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg. If a diagnosis of
hypertension was lacking, four documented abnormal blood pressure measurements were
required with >50% of systolic and diastolic blood pressure measurements of >160 and >90
mmHg, respectively. Persons with >6 dispensed hypertension medications were also classified
as hypertensive [23].

Dyslipidemia was determined based on diagnoses codes (ICD-9" code 272 and its subhier-
archy, and equivalent MHS internal codes), documented by a physician twice or more in the
medical record.

Socioeconomic status was defined based on the socioeconomic rank of place of residence at
the level of town, as defined by the Israel Central Bureau of Statistics [24]. The ranks are on a
scale from 1 to 10, with higher ranks representing a higher socioeconomic status. This aggrega-
tive socioeconomic index reflects a combination of basic characteristics of a specific geographi-
cal unit investigated, mainly financial resources of the residents, housing conditions,
motorization level, education and employment [24]. Communities with socioeconomic ranks
of 1-5, 6-7 and 8-10 were classified as low, intermediate and high, respectively. Country of
birth was classified as: Israel, Former Soviet Union (FSU), America/Europe (excluding coun-
tries of the FSU), North Africa/Asia and other/unknown.

Statistical analysis

The Chi square test was used to examine associations of DM with H. pylori infection and with
related gastroduodenal diseases. The Chi square test was also used to examine differences
between H. pylori infected and uninfected individuals in sociodemographic variables, BMI and
smoking; as well as differences between diabetic and non-diabetic patients according to these
variables. Age-adjusted Mantel-Haenszel Odds Ratios (ORyy) and the corresponding 95%
confidence intervals (CIs) were calculated to examine associations of H. pylori infection (based
on UBT), gastric ulcer and duodenal ulcer, with DM prevalence.

Multivariable logistic regression models were fitted, while adjusting for age, socioeconomic
status, country of birth, hypertension, dyslipidemia, BMI and smoking. Adjusted OR (aOR)
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and 95% CIs were obtained from these models. The analyses were performed in stratification
by age group (25-29, 30-39, 40-49, 50-59, 60-69 and 70-95 years) and BMI (<25 versus >25
kg/m?), separately for each exposure variable: H. pylori infection (based on UBT), gastric ulcer,
and duodenal ulcer. Additional analysis was done while adding both variables H. pylori infec-
tion (based on UBT) and gastric ulcer, as well as a different analysis with the variables H. pylori
infection and duodenal ulcer.

Using the chi square test for heterogeneity, the effect modification by age and BMI was
assessed.

Two-sided P<0.05 was considered significant.

Data were analysed using SPSS version 23 (IBM, Armonk, New York, USA) and WinPepi
(25]

Ethical consideration

The study protocol was approved by the Helsinki committee of Assuta Medical Center and the
ethics committee of Tel Aviv University. Since this is a retrospective study in which we used
coded (anonymized) administrative data from electronic medical records, exemption from
informed consent was granted by the Helsinki committee.

Results

Among 158,059 individuals aged 25-95 years who underwent UBT between 2002 and 2012,
147,936 met study inclusion criteria and their data were analyzed. The mean age of the eligible
persons was 42.8 years (standard deviation 12.7); about 39% of them were males, and 24.3%
were born in the FSU. In total, 76,965 (52.0%) were H. pylori positive (UBT>3.5). Diagnoses
of H. pylori-gastritis, gastric ulcer and duodenal ulcer were documented in 50,035 (33.8%),
3153 (2.1%) and 10,366 (7.0%) individuals, respectively. DM was determined in 12,2207
(8.3%) persons and obesity (BMI>30 kg/mz) in 25,910 (17.5%).

The prevalence of H. pylori infection (based on UBT results) increased from 48.2% in per-
sons aged 25-29 years to 55.1% and 56.9% in persons aged 30-39 and 40-49 years, respec-
tively; and decreased gradually in older age groups. The prevalence of H. pylori infection
differed according to country of birth, being highest in those born in the FSU countries (59%),
and lowest (36%) in those born in the Americas/Europe (Table 1).

The pattern of the age-specific prevalence of H. pylori infection found in the entire cohort
(Table 1) was also evident for subgroups of persons who were born in Israel, in the FSU and in
Asia/North Africa, but not for the subgroup of persons who were born in Europe and the
Americas (Fig 1).

The prevalences of H. pylori infection was similar between men and women. A significant
gradual decrease (P<0.001) was observed in the prevalence of H. pylori infection according to
socioeconomic status of place of residence, and a significant increase was found with increas-
ing BMI (Table 1). H. pylori infection according to UBT was associated with an increased like-
lihood of having a diagnosis code of H. pylori-gastritis (age-adjusted Mantel-Haenszel OR 3.86
(95% CI 3.76-3.94) and gastric ulcer (age-adjusted Mantel-Haenszel OR 1.20 (95% CI 1.11-
1.28)).

The prevalence of DM increased significantly (P<0.001) with increased age and BMI, and
decreased according to socioeconomic rank of place of residence (P<0.001). It also differed
according to country of birth (S1 Table). DM was slightly more common in men than in
women (P<0.001), and markedly more prevalent in individuals with hypertension and/or dys-
lipidemia (S1 Table).
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Table 1. H. pyloriinfection prevalence according to sociodemographic characteristics.

Age (years)
25-29

30-39

40-49

50-59

60-69

70-95

Sex, males

Men

Women
Socioeconomic status rank ?
Low (1-5)
Intermediate (6-7)
High (8-10)
Missing

Country of birth
Israel

Former Soviet Union countries
Asia/ North Africa
Europe® / America
Other/unknown
BMI (kg/m?) ©
<18.5

18.5-24

25-29

>30

Missing

Smoking

Ever

Never

Unknown
Hypertension

No hypertension
Dyslipidemia

No dyslipidemia

Total

22,547
46,357
39,473
22,014
12,116
5429

58,173
89,763

60,282

39,500

38,790
9364

96,180
35,885
5379
7009
3483

4139
62,053
49,636
25,910

6198

20,913
86,540
40,483
33,317
114,619
46,637
101,299

H. pyloripositive, N (%)

10,866 (48.2%
25,542 (55.1%
22,452 (56.9%
10,737 (48.8%
5274 (43.5%)
2094 (38.6%)

)
)
)
)

30,787 (52.9%)
46,178 (51.4%)

35,652 (59.1%)
19,672 (49.8%)
17,113 (44.1%)
4528 (48.4%)

48,831 (50.8%)
21,024 (58.6%)
2955 (54.9%)
2550 (36.4%)
1605 (46.1%)

1879 (45.4%)
31,131 (50.2%)
26,301 (53.0%)
14,261 (55.0%)

3393 (54.7%)

11,950 (57.1%)
44,069 (50.9%)
20,946 (51.7%)
16,426 (49.3%)
60,539 (52.8%)
22,905 (49.1%)
54,060 (53.4%)

& Socioeconomic status(SES) rank of city/town of residence; 1-5 represents low SES; 6-7, intermediate

SES; and 8-10, high SES.

® Excluding countries of the Former Soviet Union.
° BMI: body mass index; kg: kilogram; m: meter

https://doi.org/10.1371/journal.pone.0183687.t001

Associations of H. pyloriinfection, and of gastric and duodenal ulcer,

with DM

Overall, in a crude analysis, prevalences of DM among H. pylori infected and uninfected

patients were 7.9% vs 8.6%. Higher prevalence was found in persons with a diagnosis of gastric

ulcer (14.8% vs 7.6%) and duodenal ulcer (14.1% vs 8.1%) than in those without such

diagnoses.
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AGE GROUP (YEARS) BY COUNTRY OF BIRTH

Fig 1. Prevalence of H. pyloriinfection (%) (urea breath test>3.5) by age group (in years) and country of birth; Maccabi
Health Services, Israel 2002-2012. + Excluding countries that belonged to the Former Soviet Union.

https://doi.org/10.1371/journal.pone.0183687.g001

Age-adjusted and age-stratified results. The age-stratified prevalences of DM according
to each independent variable (H. pylori infection by UBT, gastric ulcer and duodenal ulcer),
and BM]I, are presented in Table 2.

Adjustment for age showed increased likelihood for DM in relation to H. pylori infection
[age-adjusted ORypg 1.10 (95% CI 1.05-1.14)], gastric ulcer [age-adjusted ORyyyy 1.31 (95% CI
1.18-1.46)] and duodenal ulcer [age-adjusted ORyy 1.25 (95% CI 1.17-1.33)] (Table 3A).

There was evidence (P = 0.02 for heterogeneity) for a positive association between H. pylori
infection and DM prevalence, which differed by age: OR range of 1.51-1.10 for ages 25-59
years, and non-significant associations for ages 60-95 years (Table 3). The association between
gastric ulcer and DM prevalence was statistically significant for ages 40-69, although the test
for heterogeneity was not statistically significant (P = 0.5). The strength of the association of
duodenal ulcer with DM prevalence differed slightly by age group (P = 0.13 by chi square test
for heterogeneity) (Table 3A).

The heterogeneity test showed borderline statistical significance when pooling the age-
adjusted ORyyyg of the associations of H. pylori infection and duodenal ulcer with DM across
BMI categories (P = 0.05 and P = 0.08, respectively) (Table 3A-3C).

Multivariable analysis. In pooled multivariable analyses, the positive associations of H.
pylori infection, gastric ulcer and duodenal ulcer, with DM, were slightly attenuated but
remained significant: aOR 1.05 (95% CI 1.05-1.10), 1.20 (95% CI 1.06-1.34) and 1.20 (95% CI
1.12-1.28), respectively, after adjustment for age, socioeconomic status of place of residence,
country of birth, smoking, BMI, dyslipidemia and hypertension. The results were similar when
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Table 2. Prevalence of diabetes mellitus according to H. pyloriinfection, and gastric and duodenal ulcers, by age group and BMI.

A: all BMI categories

H. pyloripositive
H. pylorinegative
Gastric ulcer

No gastric ulcer
Duodenal ulcer
No duodenal ulcer
B: BMI<25 kg/m?
H. pyloripositive
H. pylorinegative
Gastric ulcer

No gastric ulcer
Duodenal ulcer
No duodenal ulcer
C: BMI>25 kg/m?
H. pyloripositive
H. pylorinegative
Gastric ulcer

No gastric ulcer
Duodenal ulcer
No duodenal ulcer

BMI: Body mass index; DM: diabetes mellitus

https://doi.org/10.1371/journal.pone.0183687.t002

Age 25-29 years
DM (%)

Total
10,866
11,681

295
22,252
775
21,772

6524
7756
177
14,103
427
13,853

3559
3146
103
6602
271
6434

0.7
0.5
0.3
0.6
1.4
0.6

0.2
0.2
0.0
0.2
0.7
0.2

1.8
1.3
1.0
1.6
2.6
1.5

Age 30-39 years Age 40-49 years Age 50-59 years Age 60-69 years
Total DM (%) Total DM (%) Total DM (%) Total

Age 70-95 years
DM (%) | Total | DM (%)

25,542 2.2 22,452 6.8 10,737 17.5 5274 26.8 2094 30.8
20,815 1.8 17,021 6.2 11,277 15.8 6842 25.9 3335 31.9
678 2.9 783 8.7 680 21.3 448 32.1 269 33.1
45,679 2.0 38,690 6.5 21,334 16.5 11,668 26.1 5160 31.4
2308 2.9 2637 8.3 2405 19.5 1458 29.6 783 31.5
44,049 2.0 36,836 6.4 19,609 16.3 10,658 25.8 4646 31.1
12,417 0.7 8910 0.2 3256 6.6 1350 141 553 19.3
11,226 0.6 7583 1.5 3804 5.1 1934 13.3 879 20.0
330 0.6 335 2.1 197 5.6 126 17.5 71 18.3
23,313 0.6 16,158 1.8 6863 5.8 3158 13.5 1361 19.8
1021 0.7 968 4.0 705 7.2 385 15.3 193 21.2
22,622 0.6 15,525 1.6 6355 5.6 2899 13.4 1239 19.5
11,645 4.2 12,787 10.5 7268 22.7 3839 31.6 1464 35.6
8443 3.8 8941 10.3 7277 21.7 4840 31.1 2337 36.8
312 5.8 432 14.1 473 27.9 315 38.4 185 38.9
19,776 4.0 21,296 10.4 14,072 22.0 8364 31.0 3616 36.2
1126 5.2 1577 11.4 1652 25.0 1050 35.0 557 38.4
18,962 3.9 20,151 10.4 12,893 21.8 7629 30.8 3244 36.0

including into the same model the variables H. pylori positivity (by UBT) and gastric ulcer or
duodenal ulcer: aOR 1.07 (95% CI 1.03-1.12), 1.20 (95% CI 1.06-1.33), 1.20 (95% CI 1.11-
1.27) respectively.

Multivariable adjusted associations of H. pylori infection, gastric ulcer and duodenal ulcer,
with DM, by age and BMI groups, differed slightly across the sub-groups. However, no signifi-
cant heterogeneity by age group was found. The adjusted association of H. pylori infection
with DM was stronger in people with BMI<25 kg/m” than in those with BMI >25 kg/m?

(P = 0.04 by chi square test for heterogeneity); however, for the adjusted associations of gastric
ulcer and duodenal ulcer with DM, no significant heterogeneity by BMI was found (P = 0.3)
(Table 4A-4C).

An association between gastric ulcer and DM was found in both H. pylori negative persons
aOR 1.24 (95% CI 1.06-1.44) and H. pylori positive persons: aOR 1.17 (95% CI 0.98-1.40);

P = 0.6 by chi square test for heterogeneity. Similarly, an association between duodenal ulcer
and DM was found in both H. pylori negative aOR 1.20 (95% CI 1.10-1.31) and positive per-
sons: aOR 1.25 (95% CI 1.12-1.39); P = 0.5 by chi square test for heterogeneity.

Discussion

In this large population-based study, we assessed associations of H. pylori infection and its
related gastroduodenal diseases with DM, among adults aged 25-95 years. To our knowledge,
this is the largest study that addressed the role of H. pylori infection in DM. The overall associ-
ation of H. pylori infection (by UBT) with DM was close to null (aOR 1.05 (95% CI 1.01-
1.10)), although this association was stronger in patients with BMI<25 kg/m* (aOR 1.17 (95%

PLOS ONE | https://doi.org/10.1371/journal.pone.0183687  August 29, 2017 7/13


https://doi.org/10.1371/journal.pone.0183687.t002
https://doi.org/10.1371/journal.pone.0183687

@° PLOS | ONE

H. pyloriinfection & diabetes mellitus

Table 3. Age adjusted and age specific odds ratios and 95% confidence intervals of the associations of H. pylori infection, and gastric and duode-
nal ulcers, with diabetes mellitus, by age (in years) and BMI (< and >25 kg/m2).

A: all BMI
categories

H. pylori
positive
Gastric ulcer

Duodenal
ulcer

B: BMI<25
kg/m2

H. pylori
positive

Gastric ulcer

Duodenal
ulcer

C: BMI>25
kg/m2

H. pylori
positive
Gastric ulcer

Duodenal
ulcer

Pooled age
groups
ORwmH (95% CI)?

1.10 (1.05-1.14)°

1.31 (1.18-1.46)°
1.25 (1.17-1.33)¢

1.16 (1.05-1.29)

1.10 (0.82—1.46)
1.38 (1.17-1.61)

1.04 (1.00-1.09)

1.34 (1.19-1.51)
1.18 (1.10-1.27)

Age 25-29

OR (95% Cl)

1.51 (1.08-2.13)

0.50 (0.08-3.97)
2.47 (1.33-4.60)

1.19 (0.58-2.43)

0.99 (0.99-1.00)
3.62 (1.10-11.99)

1.49 (0.93-2.06)

0.61 (0.09-4.43)
1.71(0.79-3.73)

Age 30-39

OR (95% Cl)

1.21 (1.06-1.38)

1.46 (0.93-2.29)
1.43 (1.11-1.85)

1.16 (0.83-1.60)

0.97 (0.24-3.92)
1.10 (0.51-2.36)

1.11 (0.96-1.28)

1.48 (0.92—2.40)
1.35 (1.03-1.78)

BMI: Body mass index; Cl: confidence intervals; OR: Odds ratio

@ Age-adjusted OR by Mantel-Haenzel. Each independent variable (H. pyloriinfection, gastric ulcer and duodenal ulcer) was analyzed separately

bp=0.05,
°P=0.2,

9P = 0.08 by chi square test for heterogeneity across BMI categories.

https://doi.org/10.1371/journal.pone.0183687.1003

Age 40-49

OR (95% Cl)

1.10 (1.02-1.20)

1.38 (1.07-1.77)
1.34 (1.16-1.54)

1.28 (1.01-1.62)

1.19 (0.56-2.54)
2.53 (1.80-3.57)

1.02 (0.94-1.12)

1.42 (1.08-1.87)
1.11 (0.94-1.30)

Age 50-59

OR (95% Cl)

1.13 (1.05-1.21)

1.38 (1.14-1.66)
1.25 (1.12-1.39)

1.32 (1.08-1.61)

0.97 (0.52—1.79)
1.31 (0.97-1.78)

1.06 (0.98-1.15)

1.37 (1.12-1.68)
1.19 (1.06-1.34)

Age 60-69

OR (95% Cl)

1.05 (0.97-1.14)

1.34 (1.10-1.65)
1.21 (1.07-1.36)

1.07 (0.87-1.31)

1.36 (0.85-2.18)
1.17 (0.87—1.58)

1.03 (0.94-1.12)

1.39 (1.10-1.75)
1.21 (1.06-1.39)

Age 70-95

OR (95% Cl)

0.95 (0.84-1.07)

1.08 (0.83—1.40)
1.13 (0.96-1.32)

0.96 (0.73-1.25)

0.91 (0.49-1.68)
1.1 (0.77-1.61)

0.95 (0.83-1.09)

1.12 (0.83-1.52)
1.11 (0.92-1.34)

P for age
heterogeneity

0.02

0.5
0.13

0.4

0.8
0.004

0.29

0.7
0.7

CI 1.04-1.29)), suggesting an effect modification by BMI (P for heterogeneity 0.049). We
found significant positive associations of gastric and duodenal ulcers with DM, independent of
known risk factors for DM such as age, socioeconomic status, BMI, dyslipidemia, hypertension
and smoking. These associations were of small magnitude (aOR 1.20 (95% CI 1.06-1.34) and
1.20 (95% CI 1.12-1.28), respectively).

Previous studies that addressed the association between H. pylori infection and DM

reported conflicting results. Some demonstrated a significant positive association between H.
pylori infection and DM [8, 16, 26-28], while others reported null results [14, 17, 29] or posi-
tive associations that became non-significant following adjustment for potential confounders
[9, 13, 30, 31]. These discrepancies might be explained, at least in part, by different methods
employed across the studies in the detection of H. pylori infection, and in sample size and/or
selection of the study population. Also, these studies employed various definitions of DM,
some followed the American Diabetes Association criteria [14, 16, 28]. Others used one of sev-
eral criteria such as reports on anti-diabetic medications, self-report physician diagnosis of
DM or fasting blood glucose [8, 9, 15].

Our findings indicate complex patterns of associations between H. pylori infection and

DM, and between peptic diseases and DM. First, the positive associations of gastric and duode-
nal ulcers with DM were attenuated when controlling for known risk factors for DM such as
age, socioeconomic status, BMI, dyslipidemia, hypertension and smoking. The associations
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Table 4. Adjusted odds ratio and 95% confidence intervals of the associations of H. pylori infection, and gastric and duodenal ulcers, with diabe-
tes mellitus by age (in years) and BMI (< and >25 kg/m2).

Pooled age Age 25-29 Age 30-39 Age 40-49 Age 50-59 Age 60-69 Age 70-95 P for age
groups heterogeneity
aOR (95% Cl) aOR (95% Cl) aOR (95% Cl) aOR (95% Cl) aOR (95% Cl) aOR (95% ClI) aOR (95% Cl)
i-\: all BMI categories
H. pylori positive 1.05(1.01-1.10) ¢ | 1.43(1.00-2.05) | 1.11(0.96—1.27) | 1.03 (0.94-1.12) | 1.09 (1.01-1.18) | 1.03 (0.95-1.13) | 0.94 (0.83—1.06) 0.16
Gastric ulcer 1.20 (1.06-1.34)¢ | 0.51 (0.06-3.33) | 1.19(0.91-1.55) | 1.19 (0.90-1.56) | 1.20 (0.98—1.48) | 1.28 (1.03—1.59) | 1.08 (0.81—1.43) 0.9
Duodenal ulcer 1.20(1.12-1.28)° | 1.96 (0.99-3.87) | 1.18 (0.73—1.89) | 1.18 (1.00-1.38) | 1.20 (1.06-1.34) | 1.22 (1.07-1.39) | 1.09 (0.92-1.30) 0.6
B: BMI<25 kg/m?°
H. pylori positive 1.16 (1.04-1.29) | 1.18 (0.57-2.42) | 1.10(0.79-1.53) | 1.21 (0.95-1.54) | 1.35 (1.10-1.66) | 1.05 (0.85-1.29) | 0.99 (0.75-1.30) 0.4
Gastric ulcer 1.06 (0.79-1.42) NA 0.81(0.20-3.35) | 0.96 (0.44—2.06) | 0.88 (0.47-1.66) | 1.30 (0.80-2.11) | 1.01 (0.54—1.90) 0.8
Duodenal ulcer 1.27 (1.07-1.49) | 3.26 (0.98-10.90) | 0.93 (0.43-2.01) | 2.10 (1.47-3.00) | 1.20 (0.84—1.59) | 1.16 (0.86—1.58) | 1.06 (0.72—1.55) 0.038
C: BMI>25 kg/m??
H. pylori positive 1.03 (0.98-1.08) 1.57 (1.03-2.37) | 1.11 (0.95-1.29) | 1.00 (0.91-1.10) | 1.05 (0.97—-1.14) | 1.03 (0.94—1.14) | 0.93 (0.81-1.07) 0.18
Gastric ulcer 1.22(1.08-1.39) | 0.51(0.07-3.80) | 1.24 (0.75-2.06) | 1.23 (0.92-1.65) | 1.25 (1.01-1.56) | 1.23 (1.07-1.42) | 1.09 (0.79-1.49) 0.9
Duodenal ulcer 1.17 (1.09-1.26) | 1.61(0.71-3.63) | 1.22(0.92-1.63) | 1.05 (0.88-1.24) | 1.20 (1.04-1.34) | 1.28 (1.01-1.64) | 1.10 (0.90-1.33) 0.6

aOR: adjusted odds ratio; BMI: Body mass index; Cl: confidence intervals; NA: not applicable, no cases of gastric ulcer in patients aged 25-29 years.
Multivariable models presented in this table were fitted separately for each independent variable: H. pyloriinfection (by UBT), gastric ulcer and duodenal

ulcer.

@ Adjusted for age, socioeconomic status (SES) of place of residence, country of birth, BMI, smoking, dyslipidemia and hypertension.
b Adjusted for age, SES of place of residence, country of birth, smoking, dyslipidemia and hypertension. The age specific models did not include age.

°P =0.049,
4p=0.3,

° P = 0.3 by chi square test for heterogeneity across BMI categories.

https://doi.org/10.1371/journal.pone.0183687.t1004

did not completely diminish; rather, adjustment had limited impact on the strength of the

associations. This suggests that these factors may comprise partial confounders in the associa-

tion between peptic ulcer disease and DM.
Second, we report a possible effect modification by BMI. The association between H. pylori

infection and DM became more evident in people with BMI<25 kg/m?; although some varia-
tion in the association measure was observed across the BMI/age groups. Testing for heteroge-
neity by age was mostly not significant. Previous studies also proposed that H. pylori infection
and DM might be modified by age and BMI [28, 32]. These observations highlight the impor-
tance of large population-based studies for examining an independent role of H. pylori infec-
tion, beyond well-known and established risk factors for DM.

The current evidence does not enable determination of causality in the observed associa-
tions of H. pylori infection, and gastric and duodenal ulcers, with DM. H. pylori infection
might be a marker for unmeasured characteristics. Nonetheless, whether H. pylori is causally
related to DM or is simply a risk marker, our observations have public health and clinical
importance, and suggest that patients infected with H. pylori and those with peptic disease war-
rant special attention regarding the prevention of DM.

H. pylori infection is generally acquired in early childhood [33], several years before the
usual onset of DM. H. pylori gastric colonization induces rigorous humoral and cell-mediated
immune responses [10, 34], which do not clear the infection. The inflammation induced by H.
pylori might provide a possible explanation for the positive associations observed of H. pylori
infection and peptic disease with DM. The predominant human T cell response is the T-helper
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1 mediated response, which is associated with releasing proinflammatory cytokines and activa-
tion of phagocytes [10, 34, 35]. H. pylori also induces Th2 and T-regulatory (Tregs) responses
[10, 34, 35]. Imbalance between Th1 and Tregs responses might induce peptic disease [34, 36].
Our finding of a positive association between peptic ulcer disease and DM suggests that the
long-term gastric inflammation and induced-damage to the gastric mucosa are likely involved
in the relationship between H. pylori infection and DM.

H. pylori-induced inflammation affects gastric physiology. For example, H. pylori affects the
levels of pepsinogen (PG) I and PGII; proenzymes of the digestive enzyme pepsin. PGI and
PGII are secreted from cells in the corpus and PGII is also secreted from cells in the antrum
and duodenum [37, 38]. Serum PGI and PGII are increased in H. pylori infected vs. uninfected
individuals, and higher levels are found in those with more severe gastritis [39]. As the severity
of gastritis progresses and corpus atrophic lesions appear, the PGI level decreases, while the
PGII level remains stable; the result is a decrease in the PGI:PGII ratio [39, 40]. These markers
predict various gastric pathologies [39]. A recent study [41] showed significant negative corre-
lations between the PGI:PGII ratio and cardiovascular risk factors among individuals with
type 2 DM [41]. H. pylori infection can also affect the regulation of ghrelin and leptin [42-44],
two hormones that have important roles in energy homeostasis [45]; both hormones are
secreted by the epithelial cells in the stomach [45, 46]. Ghrelin decreases energy expenditure
and stimulates weight gain [47], while leptin reduces appetite and increases energy expenditure
[45]. Altogether, these studies suggest that H. pylori can alter gastric physiology, which can in
turn affect metabolic homeostasis and the risk of DM.

In the current study, H. pylori infections were detected in 52.0% of individuals who per-
formed UBT. This is comparable with previous data on H. pylori positivity among Israeli
adults, as well as the variation observed according to country of birth [21]. However, unexpect-
edly, the prevalence of the infection (by UBT) was lower in the subgroups of persons aged
50-95 years than in the younger age subgroups; this observation was not explained by country
of birth, and suggests possible differences in referrals to UBT by age group. The prevalence of
DM (8.3%) is also comparable to previous estimates (8.3-9.5%), despite the use of different cri-
teria to determine DM [48, 49].

Our study has some limitations. We used data from a large HMO database, which were col-
lected primarily for administrative purposes. The methods of collecting information on vari-
ables such as BMI and smoking may vary among medical personnel within the same HMO.
Missing information was low for BMI, country of birth and socioeconomic status; yet relatively
high (27%) for smoking. In persons with unknown smoking status, the prevalence of H. pylori
infection was similar to that in never smokers, and DM prevalence was lower compared to
those with documented smoking status. This might have resulted in partial adjustment for
smoking.

Our study also has several strengths. First is the use of a large population-base sample. Sec-
ond is the employment of standard criteria for the classification of DM, which combine results
of laboratory tests, purchases of anti-diabetic medications and physicians’ diagnoses. Lastly,

H. pylori infection was determined based on UBT, which is among the most accurate non-
invasive methods for the detection of H. pylori. Since only physicians can refer patients to
UBT, our study population most likely represents symptomatic persons.

Conclusions

Significant positive associations of small magnitude were found between H. pylori infection
and DM, and between peptic disease and DM, independent of known determinants of DM.
The long-term gastric inflammation and associated-damage to the gastric mucosa, as reflected
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by peptic disease, might play a role in the association between H. pylori infection and DM. Fur-
ther studies are needed to elucidate the underlying mechanisms of these associations.
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