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Abstract

Background: The etiology of type 2 diabetes mellitus (T2DM] is complex, with environmental
factors playing a significant role in its pathophysiology. Nonsteroidal anti-inflammatory
drugs usage and Helicobacter pylori infection are the two most frequent causes of peptic ulcer
disease (PUD). The link between PUD and T2DM is unclear, and comprehensive analyses of
anti-PUD medications’ impact on T2DM risk, especially in Asian populations, are lacking.

This study aimed to determine the relationship between PUD, anti-PUD medications, and the
likelihood of developing T2DM.

Objectives: Using a population-based cohort study conducted in Taiwan, we investigated the
impact of PUD and anti-PUD medications on the risk of T2DM.

Design: This is a retrospective, population-based cohort study using the largest database used
in Taiwan.

Methods: An 18-year follow-up period study was conducted on a cohort of patients with PUD
diagnosed between 2001 and 2018 using the Taiwan National Health Insurance Research
Database. The risk of PUD as well as anti-PUD medications use were examined using Cox
proportional regression model.

Results: Based on multivariable Cox proportional hazards regression analysis, patients with
PUD had a higher overall T2DM incidence (22.7 vs 21.3 per 1000 person-years) than patients
without PUD. The adjusted hazard ratio was 1.12 (95% confidence interval=1.10, 1.13).
Patients with PUD have a higher risk of T2DM in both genders and age groups. Patients with
anti-PUD medications, such as H2 receptor antagonists, proton-pump inhibitors, antibiotics,
prostaglandin analogs, anticholinergics, and antacids usage, are associated with a lower risk
of developing T2DM than those without. Patients with PUD who underwent surgery were found
to have a higher risk of T2DM.

Conclusion: Patients with PUD are more likely to develop T2DM. Nevertheless, patients
receiving anti-PUD medications have a lower incidence of T2DM.

Keywords: anti-PUD medications, peptic ulcer disease (PUD], retrospective cohort study, type
2 diabetes mellitus (T2DM)
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Introduction million individuals worldwide, a number pro-
Type 2 diabetes mellitus (T2DM) is a growing jected to rise to 643 million by 2030.!
global health concern, currently affecting 537 Characterized by peripheral insulin resistance,
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insufficient pancreatic -cell mass, or inadequate
insulin synthesis and secretion, the etiology of
T2DM is complex, with environmental factors
playing a significant role.! Identifying modifiable
contributors to T2DM could enable effective pre-
vention and management, reducing its medical
and economic burden. Individuals with T2DM
are at elevated risk for complications, particularly
cardiovascular conditions, underscoring the
importance of improving glucose regulation and
reducing disease prevalence.! Lifestyle modifica-
tions, including medication, weight loss, exercise,
and dietary interventions, remain the primary
strategies for managing T2DM.!

Peptic ulcer disease (PUD), encompassing gastric
and duodenal ulcers, arises from an imbalance
between protective and aggressive factors affect-
ing mucosal integrity.2 Causes include Helicobacter
pylori infection, nonsteroidal anti-inflammatory
drugs (NSAIDs), and gastric acid, alongside life-
style factors like smoking, alcohol consumption,
and stress.2 Helicobacter pylori, a gram-negative
bacterium infecting the gastric mucosa, affects
30%-40% of Americans and nearly half of the
global population.? It contributes to 70% of gas-
tric ulcers and 95% of duodenal ulcers and is
associated with gastric adenocarcinoma and
mucosa-associated lymphoid tissue lymphoma.
PUD can also result from drug-induced ulcers,
stress, or conditions like Zollinger-Ellison syn-
drome.? PUD treatments include H2 receptor
antagonists, proton-pump inhibitors (PPIs), H.
pylori eradication regimens, bismuth salts, prosta-
glandin analogs, anticholinergics, and antacids.?

The lifetime prevalence of PUD is in the 5%—10%
range, with annual incidences of 0%—3%.4 Use of
anti-PUD medications has transformed PUD
management, with decreasing incidences since
the 1950s and decreases in annual prevalence
estimates (0.12%-1.5%) accompanied by reduc-
tions in complications and mortality.? In the
United States, PUD-related hospitalizations
decreased by 25.8% from 2005 to 2014.2 PUD’s
age-standardized prevalence rate fell from 143.4
per 100,000 people in 1990 to 99.4 per 100,000
people in 2019, declining in tandem with mortal-
ity and disability-adjusted life-years.? Long-term
NSAID users develop gastric ulcers in 10%—30%
of cases, with complications occurring in 2%—4%
of cases.? PUD complications include bleeding,
perforation, and gastric outlet obstruction.*
Bleeding, often asymptomatic until presenting as

melena or hematemesis, is a significant concern,
with hospital admissions declining globally but
mortality remaining at 5%-10% and it is more
common among older individuals, high-dose
NSAID users, and those taking concurrent corti-
costeroids.* Perforation, characterized by severe
abdominal pain, has mortality rates of up to 20%,
depending on age and comorbidities.* Anti-PUD
medications significantly reduce hospitalization
rates, a critical finding given the rising use of
NSAIDs and aspirin, which independently
increase PUD risk. With their widespread and
growing use of anti-PUD medications, this analy-
sis underscores the importance of thoroughly
understanding their implications.

Helicobacter pylori infection can stimulate pro-
longed inflammatory responses, including ele-
vated tumor necrosis factor-o. (TNFa) and
interleukin-6 (IL-6) levels, potentially altering
systemic cytokine networks.> Chronic inflamma-
tion is a key factor in the pathogenesis of PUD
and is similarly associated with the development
of T2DM. This shared inflammatory basis has
prompted researchers to investigate potential
associations between PUD and T2DM, aiming to
better understand the interplay between these
conditions. Some studies suggest higher rates of
H. pylori infection in T2DM patients,%’ while
others do not support an association between H.
pylori infection and DM3° so the relationship
remains inconclusive. NSAIDs and aspirin are
major contributors to PUD and its complications.
NSAIDs use quadruple PUD complication risks,
while aspirin doubles the risk by prostaglandin
inhibition, direct mucosal irritation, and increased
acid exposure, compromising the stomach’s pro-
tective barriers.? PPIs reduce gastric acid secre-
tion, increasing gastrin levels and potentially
promoting B-cell production.? However, their
role in T2DM development is debated. Whereas
one cohort study linked PPI use to a higher diabe-
tes risk,!0 other analyses have suggested protec-
tive effects in patients with upper gastrointestinal
disorders,!:12 and a randomized trial found no
significant association.!? Surgical interventions
for PUD, particularly gastric surgeries, may
increase T2DM risk due to potential develop-
ment of dumping syndrome, which causes rapid
gastric emptying and spikes in blood glucose lev-
els, impacting glucose metabolism.!4 Furthermore,
alterations in gut hormones following surgery can
exacerbate insulin resistance, heightening T2DM
risk in these patients.15
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Considering such complexities, we hypothesize
that PUD may influence T2DM risk. Despite
existing studies, comprehensive evaluations of the
impact of anti-PUD medications on T2DM risk
are lacking, particularly in Asian populations. To
address this gap, we conducted a retrospective
study in a Taiwanese cohort to explore the rela-
tionships among PUD, its treatments, those who
were not on these indicated anti-PUD medica-
tions, and T2DM risk, with the aim of generating
hypotheses for further investigation.

Methods

Data source

The Taiwan National Health Insurance Research
Database (NHIRD) was used for this study. Since
1996, more than 99% of Taiwanese residents’
health information has been collected and stored
in the NHIRD. The database of Longitudinal
Generation Tracking Database (LGTD2000)
from NHIRD consists of data, including the
demographic characteristics of the insured,
records of admission and discharge, medicine,
and treatment. The disease codes in this database
were coded using the World Health Organization’s
Ninth and Tenth Revision, International
Classification of Diseases (ICD-9 and ICD-10,
respectively). The Research Ethics Committee of
China Medical University Hospital approved this
study (CMUHI111-REC2-109-CR-1).

Study population

In this study, the case cohort consisted of patients
diagnosed with PUD with the disease codes ICD-
9: 531-533 and ICD-10: K25-27, K31.82, and
K56.6, between 2001 and 2018. Those who were
not diagnosed with PUD were matched to the
case cohort according to sex, age, comorbidity of
hyperlipidemia, coronary heart disease (CHD),
hypertension, obesity, sleep disorders, chronic
obstructive pulmonary disease (COPD), stroke,
and heart failure, and year of index date to iden-
tify the control cohort. The index date for control
subjects was randomly appointed a month and
day with the same index year of the matched
PUD cases. Propensity score matching was per-
formed at a ratio of 1:1. The first prescription
date was the index date for patients with PUD, a
random date between 2001 and 2018 was set as
the index date for the controls, and the follow-up

period was from the index date to until a new
diagnosis of T2DM or until the subject was cen-
sored because of death, withdrawal from insur-
ance, or the end of follow-up on December 31,
2019. Participants who were diagnosed with
T2DM before the index date were excluded. In
addition, the diagnostic criteria have been speci-
fied (e.g., ICD codes) and minimum occurrences
within a defined time frame are indicated. For
instance, we identified PUD, T2DM, and comor-
bidities with at least three claims for outpatient
and/or hospitalization visits. To avoid subjects
being misdiagnosed or coded incorrectly as PUD,
T2DM, or comorbidities, we defined patients
with at least three consensus diagnoses to ensure
the validity of the diagnosis.

Main outcome and comorbidities

The study outcome of the interest was the occur-
rence of T2DM (ICD-9: 250.X0, 250.X2, and
ICD-10: E11). In this study, we considered age,
sex, T2DM-related comorbidities, and the use of
anti-PUD medications as confounding factors. In
addition to continuous values, age was also
divided into four groups containing younger or
equal to 34, 35-49, 50-64, and older or equal to
65years old. The T2DM-related comorbidities
were identified before endpoints and included
hyperlipidemia (ICD-9: 272; ICD-10: E78),
CHD (ICD-9: 411-414; ICD-10: 120, 124, 125),
hypertension (ICD-9: 401-405; ICD-10: I10—
116), obesity (ICD-9: 278; ICD-10: E66), sleep
disorders (ICD-9: 327.23, 780.51, 780.53,
780.57; ICD-10: G47.30, G47.33), COPD
(ICD-9: 491, 492, 496; ICD-10: J41, J43, J44),
stroke (ICD-9: 430-438; ICD-10: 160-169), and
heart failure (ICD-9: 428; ICD-10: 150) (the
details have been documented as Supplemental
Table 1). The anti-PUD medications that are
available in Taiwan, contain H2 receptor antago-
nists (famotidine, cimetidine, nizatidine, raniti-
dine, and roxatidine), PPIs (esomeprazole,
lansoprazole, pantoprazole, omeprazole, rabepra-
zole, and dexlansoprazole), antibiotics (clarithro-
mycin, metronidazole, tetracycline, and
amoxicillin), bismuth salts (bismuth subcitrate),
prostaglandin analog (misoprostol), anticholiner-
gics (dicyclomine and pirenzepine), antacids (alu-
minum hydroxide, magnesium hydroxide,
calcium carbonate, and sodium bicarbonate), and
other agent (carbenoxolone). The comparison
between PUD patients with and without surgery
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A cohort from people enrolled in the Longitudinal
Generation Tracking Database (LGTD2000)
N=2,000,000

+
Newly diagnosed PUD in 2001-
2018 (N = 372,933)

type 2 diabetes mellitus, subjects

information about age or sex (N =
57,973)

PUD subjects without type 2
diabetes mellitus at baseline

(N = 314,960)

Excluding subjects with history of

under 20 years of age, and missing

1:1 propensity matched with demographic
characteristics, comorbidities, and medications

v
Subjects aged = 20 years without
PUD in 2001-2018

Using the same exclusion
criteria as PUD group

Non-PUD subjects without type 2
diabetes mellitus at baseline
(N =314,960)

Totally, 314,960 PUD patients and 314,960 non-PUD subjects in
the study cohort. Follow—up until diagnosing type 2 diabetes
mellitus, or the end of 2019.

Figure 1. Flowchart illustrating the cohort selection process.

was also conducted. The comorbidities, use of
anti-PUD medications, and surgery of PUD were
identified from the index date to endpoints.

Statistical analysis

Between the PUD and non-PUD cohorts, we cal-
culated the frequency and percentage for the cat-
egorical variables (such as sex, stratified age,
comorbidities, and anti-PUD medications) and
the mean and SD for the continuous variables.
The distribution differences between the two
cohorts were assessed using standardized mean
differences (SMD). An SMD of <0.1 indicates a
negligible difference between the two cohorts.
Unadjusted and multivariable-adjusted hazard
ratios (aHR) with corresponding 95% confidence
intervals (CIs) for T2DM risk between the two
cohorts were analyzed using the Cox proportional
hazard regression model. The aHR was obtained
from a multivariate model including sex, age, and
comorbidities. We measured the cumulative inci-
dence curves between patients with PUD and
comparison cohorts using the Kaplan—Meier
method and tested the differences using the log-
rank test. We test the proportional hazards
assumption by creating a model to evaluate the
T2DM risk throughout the overall follow-up

period and conducted an analysis for death as a
competing risk. All statistical analyses were per-
formed using SAS, version 9.4 (SAS Institute
Inc., Cary, NC), and plots were plotted using R
software version 4.0 (R Foundation for Statistical
Computing, Vienna, Austria). The statistical sig-
nificance level was set at p<0.05.

Results

A flowchart illustrating the cohort selection pro-
cess was shown in Figure 1, to enhance transpar-
ency in the population selection, showing
inclusion and exclusion criteria for both the PUD
and control groups. Between 2001 and 2018,
629,920 participants were enrolled in this study,
and both the case and control cohorts included
314,960 subjects. Table 1 shows the baseline
characteristics and demographics of the partici-
pants including sex, age, comorbidities, and treat-
ments. The proportion of female patients was
lower than that of male patients. The mean age in
patients with PUD and comparison group was
50.5 (*15.6) and 50.5 (*15.7), respectively.
Compared with patients without PUD, the
comorbidities between the two cohorts were simi-
lar with all of the SMD =<0.10. Regarding medi-
cation, there were more patients with PUD
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Table 1. Demographic characteristics, comorbidity, and medication in patients with and without PUD.

Variable PUD SMD?
No Yes
N=314,960 N=314,960
N (%) N (%)
Sex
Female 153,454 (48.7) 154,619 (49.1) 0.007
Male 161,506 (51.3) 160,341 (50.9) 0.007
Age, mean (SD) 50.5 (15.7) 50.5 (15.6) 0.000
Stratify age
<34 55,546 (17.6) 55,792 (17.7) 0.002
35-49 96,341 (30.6) 96,593 (30.7) 0.002
50-64 99,008 (31.4) 99,365 (31.6) 0.002
=65 64,065 (20.3) 63,210 (20.1) 0.007
Comorbidity
Hyperlipidemia 89,126 (28.3) 88,120 (28.0) 0.007
CHD 38,294 (12.2) 38,724 (12.3) 0.004
Hypertension 113,683 (36.1) 112,584 (35.8) 0.007
Obesity 2977 (0.95) 2845 (0.90) 0.004
Sleep disorders 26,379 (8.38) 25,623 (8.14) 0.009
COPD 39,159 (12.4) 39,318 (12.5) 0.002
Stroke 18,543 (5.89) 18,591 (5.90) 0.001
Heart failure 12,293 (3.90) 12,459 (3.96) 0.003
Medication
H2 receptor antagonists 70,534 (22.4) 42,838 (13.6) 0.23
Proton-pump inhibitors 34,960 (11.1) 61,476 (19.5) 0.235
Antibiotics 63,846 (20.3) 76,889 (24.4) 0.1
Bismuth salts 210(0.07) 677 (0.21) 0.04
Prostaglandin analogs 1500 (0.48) 1903 (0.60) 0.017
Anticholinergics 24,484 (7.77) 28,525 (9.06) 0.046
Antacids 11,243 (3.57) 22,853 (7.26) 0.163
Other 11,206 (3.56) 23,406 (7.43) 0.171
Surgery of PUD 610(0.19) 4369 (1.39) 0.135

aA SMD of <0.10 indicates a negligible difference between the two cohorts.

CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; PUD, peptic ulcer disease; SMD, standardized

mean differences.
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— Without peptic ulcer disease
---- With peptic ulcer disease
Log-rank test: P-value<0.001

Cumulative incidence of type 2 diabetes mellitus

10 15

years

Figure 2. Cumulative incidence of type 2 diabetes mellitus compared between the cohort with and without

peptic ulcer disease using the Kaplan-Meier method.

Case group mean follow-up years 6.97 (SD=5.04). Control group mean follow-up years were 7.44 (SD=4.98).

receiving treatment than were controls, except for
H2 receptor antagonists (case: 13.6% vs control:
22.4%). In the model evaluating the T2DM risk
throughout the overall follow-up period, test
results revealed a significant relationship between
Schoenfeld residuals for PUD and follow-up
time. This suggests that the proportionality
assumption was violated. In subsequent analyses,
we stratified the follow-up duration to deal with
the violation of the proportional hazard assump-
tion (Supplemental Table 2). We conducted sen-
sitivity analyses, excluding patients with follow-up
periods <6months and <lyear in the
Supplemental Table 2. The results remained sig-
nificant (Supplemental Table 2). After account-
ing for the competing risks of death, the Fine and
Gray model (which extends the standard Cox
proportional hazard regression model) was used
to estimate the cumulative incidence of T2DM.
After mutual adjustment for all relevant con-
founding factors in the competing risk regression
model, the risk of T2DM increased significantly
in the presence of PUD (adjusted sub-HR=1.18,
95% CI=1.17, 1.20) (Supplemental Table 3).

Figure 2 shows the cumulative incidence curves
of T2DM in patients with and without PUD. The
mean and standard difference in follow-up time
for the case cohort and comparison cohort were

6.97+=5.04 and 7.44+4.98, respectively. As
Table 2 shows, patients with PUD had a higher
risk of T2DM than did the controls (aHR=1.12,
95% CI=1.10, 1.13). This increased risk per-
sisted across both male and female subgroups.
Patients with PUD had higher aHRs for T2DM
than did the control cohort in all stratified age
groups. In both individuals with and individuals
without comorbidities, the case group had rela-
tively higher aHRs of T2DM.

Table 3 shows the risk of T2DM among the three
groups of patients without PUD, those with PUD
who did not undergo surgery, and those with
PUD who underwent surgery. Compared with
patients without PUD, patients with PUD with or
without surgery had a higher risk of T2DM (with
surgery, aHR=1.41; 95% CI=1.30, 1.52; with-
out surgery, aHR=1.12; 95% CI=1.10, 1.13),
and the risk of T2DM for patients with PUD who
underwent surgery was 1.20 (95% CI=1.11,
1.30) times that of the PUD patients without

surgery.

Table 4 shows the association of T2DM and anti-
PUD medications in patients with PUD. Among
those with taking H2 receptor antagonists (aHR =
0.66; 95% CI=0.64, 0.67), PPIs (aHR=0.86;
95% CI=0.84, 0.88), antibiotics (aHR=0.79;
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Table 2. Comparison of incidence and HR of type 2 diabetes mellitus stratified by sex, age, and comorbidity between patients with

and without PUD.

Variable PUD Crude HR Adjusted HR?
. . (95% Cl) (95% Cl)
Event PY Rateb Event PY Rateb
All 49,768 234,2487  21.3 49,732 2,194,069 22.7 1.07 (1.06, 1.09)***  1.12(1.10, 1.13)***
Sex
Female 22,025 1,142,644 19.3 22,838 1,079,041 21.2 111 (1.09, 1.13)*** 1,16 (1.14, 1.18)***
Male 27,743 1,199,843  23.1 26,894 1,115,027 24.1 1.04 (1.03, 1.06)***  1.09 (1.07, 1.11)***
Stratify age
<34 1905 499,678 3.81 2107 494,937 4.26 1.12 (1.06, 1.20)***  1.16 (1.08, 1.23)***
35-49 11097 784,643 14.1 10796 744,474 14.5 1.04 (1.01,1.07)**  1.07 (1.04, 1.10)***
50-64 21639 693,046 31.2 20,937 633,400 33.1 1.08 (1.06, 1.10)***  1.09 (1.07, 1.11)***
=45 15127 365,121 41.4 15,892 321,257 49.5 1.19 (117, 1.22)%**  1.22 (1.19, 1.25)***
Comorbidity©
No 5513 984,712 5.60 6762 925,987 7.30 1.30 (1.25, 1.35)***  1.48 (1.42, 1.53)***
Yes 44255 1,357,775  32.6 42,970 1,268,081 33.9 1.05 (1.04, 1.06)***  1.06 (1.04, 1.07)***

aAdjusted HR: multivariable analysis including age, sex, and comorbidities of hyperlipidemia, coronary heart disease, hypertension, obesity, sleep
disorder, chronic obstructive pulmonary disease, stroke, and heart failure.

bRate: incidence rate, per 1000 person-years.

cComorbidity: patients with any one of the comorbidities of hyperlipidemia, coronary heart disease, hypertension, obesity, sleep disorder, chronic
obstructive pulmonary disease, stroke, and heart failure were classified as the comorbidity group.

*p < 0.01. ***p < 0.001.

Cl, confidence interval; crude HR, crude hazard ratio; PY, person-years.

95% CI=0.77, 0.81), prostaglandin analogs
(aHR=0.65; 95% CI=0.52, 0.80), anticholiner-
gics (aHR=0.67; 95% CI=0.65, 0.70), antacids
(aHR=0.76; 95% CI=0.73, 0.78), and other
(aHR=0.81; 95% CI=0.79, 0.84) had signifi-
cantly lower risk of T2DM than those who did
not undergo these treatment. “No” subgroup in
each category includes patients who did not take
the specific type of anti-PUD medication in ques-
tion. In contrast, the risk in patients who received
bismuth salts was 0.94 (95% CI=0.80, 1.10)
times that of those who did not although it is not
significant.

Discussion

This retrospective cohort study is the first to com-
prehensively assess the impact of anti-PUD medi-
cations on the risk of T2DM development in

patients with PUD. The study found that PUD
patients have an elevated T2DM risk compared
to those without PUD. However, patients receiv-
ing most anti-PUD medications showed signifi-
cantly reduced T2DM risk.

PUD symptoms are nonspecific and vary, with
duodenal ulcers causing night-time discomfort
and hunger, whereas gastric ulcers lead to weight
loss, nausea, and postprandial pain. Untreated
PUD often recurs due to persistent underlying
causes such as H. pylori infection or NSAID use,
particularly in asymptomatic elderly individuals.?
More than 95% of duodenal ulcer patients and
70% of gastric ulcer patients exhibit antral gastri-
tis caused by H. pylori infection. Helicobacter pylor:
contributes to the pathophysiology of PUD by
establishing a microenvironment conducive to its
survival, which inadvertently causes mucosal
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Table 3. Incidence, crude, and adjusted HR of type 2 diabetes mellitus compared among patients with PUD with and without surgery
treatment compared to non-PUD controls.

Variables N Event PY Rate? Crude HR Adjusted HR? (95%  Adjusted HR®
(95% Cl) Cl) (95% Cl)

Non-PUD 314,960 49,768 2,342,487 213 1 (Reference) 1 (Reference)

controls

PUD without 310,591 49,069 2,170,305 22.6 1.07 (1.06, 1.08)*** 1.12(1.10, 1.13)*** 1 (Reference)

surgery

PUD with 4369 663 23,764 27.9 1.33 (1.24, 1.44)*** 1.41(1.30, 1.52)***  1.20 (1.11, 1.30)***

surgery

aRate: incidence rate, per 1000 person-years.
bAdjusted HR: multivariable analysis including age, sex, and comorbidities of hyperlipidemia, coronary heart disease, hypertension, obesity, sleep
disorder, chronic obstructive pulmonary disease, stroke, and heart failure.

*xxp < 0.001.

Cl, confidence interval; crude HR, crude hazard ratio; PUD, peptic ulcer disease; PY, person-years.

damage.? This damage triggers the release of pro-
inflammatory cytokines, a process associated with
the development of insulin resistance and
T2DM.%1617 Similarly, NSAIDs, aspirin, smok-
ing, stress, and alcohol compromise mucosal
integrity by disrupting protective mucus glyco-
proteins and prostaglandin synthesis, while also
promoting free radical formation and cellular
autolysis.*

Among PUD patients, we observed that, regard-
less of gender, age, or comorbidities, there is an
increased risk of developing T2DM. Several long-
term studies have linked H. pylor: infection to an
increased risk of T2DM, supported by findings of
higher HbAlc levels in older individuals.®17:18
Such findings are consistent with those of earlier
research by Gasbarrini et al.1° and So et al.,?° who
discovered a positive correlation between H.
pylori infection prevalence and diabetes in cross-
sectional studies and a meta-analysis reported a
significant association (odds ratio (OR)=2.00,
95% CI=1.82, 2.20).2! However, research on the
East Asian CagA strain of H. pylori found no link
to diabetes, suggesting its inflammation may not
exacerbate insulin resistance despite its role in
gastric cancer.® The findings highlight the com-
plexity of the H. pylori-T2DM relationship and its
variability across strains and populations.

Anti-PUD medications focus on reducing gastric
acid and enhancing mucosal defense. H2 receptor
antagonists, such as famotidine, cimetidine, niza-
tidine, ranitidine, and roxatidine, inhibit the H2
receptor, reducing 90% of basal, food-stimulated,

and nocturnal acid production.2 While effective,
long-term use often leads to ulcer recurrence.?
H2 receptor antagonists have additional benefits,
such as reducing hunger and postprandial blood
glucose levels. Previous studies have reported an
inverse relationship between H2 receptor antago-
nist use and insulin resistance (OR=0.22, 95%
CI=0.05, 0.95).22 Cimetidine amplifies insulin
secretion and, along with ranitidine, reduces
postprandial glucose levels significantly.?3-25 In
the present study, H2 receptor antagonist treat-
ment was associated with a 34% lower risk of
developing T2DM, further highlighting their
potential therapeutic benefits.

PPIs, including esomeprazole, lansoprazole, pan-
toprazole, omeprazole, rabeprazole, and dexlanso-
prazoledirectlyinhibit the stomach’s proton-pump,
blocking the final stage of acid secretion and con-
trolling both basal and nocturnal acid release.?
PPIs also inhibit H. pylori growth and are currently
first-line PUD therapy, surpassing H2 receptor
antagonists. Studies have explored the relation-
ship between PPIs and glycemic control, with
mixed results.!1:26 For example, Singh et al.2? con-
ducted a randomized, placebo-controlled study
assessing pantoprazole’s effects on glucose-insulin
homeostasis in T2DM patients, finding reduced
HbAIc levels and increased gastrin levels. It sug-
gests that PPIs may enhance f-cell activity, stimu-
late insulin production, and slow gastric emptying,
reducing postprandial hyperglycemia.?-2® This
mechanism resembles incretin-based therapies, as
gastrin, such as incretin hormones, promotes
insulin secretion following meals.?® However, a
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Table 4. Cox model with HRs and 95% confidence intervals of T2DM associated with anti-PUD medications among PUD patients.

Variable T2DM Rate Crude? Adjusted®
No.
(N=49,732) HR (95% CI) pValue  HR (95% CI) p Value

H2 receptor antagonists
No 42,494 24.2 1.00 Reference 1.00 Reference
Yes 7238 16.7 0.62 (0.60, 0.63) <0.001 0.66 (0.64, 0.67) <0.001

Proton-pump inhibitors

No 39,499 23.2 1.00 Reference 1.00 Reference

Yes 10,233 20.7 0.85 (0.83,0.87) <0.001 0.86 (0.84, 0.88) <0.001
Antibiotics

No 33,092 23.8 1.00 Reference 1.00 Reference

Yes 16,640 20.7 0.72 (0.71, 0.74) <0.001 0.79 (0.77,0.81) <0.001

Bismuth salts

No 49,587 22.7 1.00 Reference 1.00 Reference

Yes 145 20.2 0.82 (0.70, 0.97) 0.02 0.94 (0.80, 1.10) 0.43
Prostaglandin analogs

No 49,643 22.8 1.00 Reference 1.00 Reference

Yes 89 4.76 0.20 (0.16, 0.25) <0.001 0.65 (0.52, 0.80) <0.001

Anticholinergics

No 45,176 23.9 1.00 Reference 1.00 Reference

Yes 4556 15.2 0.59 (0.57, 0.60) <0.001 0.67 (0.65, 0.70) <0.001
Antacids

No 46,026 23.2 1.00 Reference 1.00 Reference

Yes 3706 17.4 0.72 (0.69, 0.74) <0.001 0.76 (0.73, 0.78) <0.001
Other

No 45,892 23.2 1.00 Reference 1.00 Reference

Yes 3840 18.1 0.74 (0.72, 0.76) <0.001 0.81 (0.79, 0.84) <0.001

aCrude HR represented relative HR.

bVariable found to be statistically significant in the univariable model were further examined in the multivariable model (including age, sex,
comorbidities of hyperlipidemia, coronary heart disease, hypertension, obesity, sleep disorder, chronic obstructive pulmonary disease, stroke, and
heart failure).

HR, hazard ratio; PUD, peptic ulcer disease; T2DM, type 2 diabetes mellitus.

meta-analysis of one randomized trial and seven large Italian population-based study linked pro-
cohort studies found no significant association longed PPI use to a higher risk of T2DM, with
between PPI use and T2DM risk.30 Conversely, a increased risks of 19%, 43%, and 56% for use
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durations of 8weeks to 6months, 6 months to
2years, and over 2years, respectively.3! These
conflicting results, driven by variations in ethnic-
ity, sex, diagnostic criteria, follow-up duration,
and PPI assessment methods, highlight the critical
need for standardized long-term studies to clarify
PPIs’ role in T2DM management or risk.

Hypoglycemic episodes have been linked to sev-
eral medications; the use of antibiotics in addition
to insulin or sulfonylureas may increase the hypo-
glycemia likelihood. Triple-treatment prescrip-
tions consisting of amoxicillin, clarithromycin,
and a PPI increased the probability of hypoglyce-
mic episodes significantly in individuals with dia-
betes and peptic ulcers.32 Clarithromycin inhibits
the cytochrome P450 3A4 (CYP3A4) enzyme.33
This can potentiate the effects of sulfonylureas,
meglitinides, or insulin in patients concurrently
using the medications, increasing hypoglycemia
risk. Amoxicillin is not directly linked to hypogly-
cemia but may contribute to gut microbiota
changes or enhance the effects of other compo-
nents of the triple therapy.?* Thus, hypoglycemia
during triple therapy is linked primarily to
clarithromycin’s effect on insulin secretion and
CYP3A4 inhibition, compounded by PPI-induced
hypergastrinemia and potential gut hormone
modulation. However, a two-treatment protocol
with omeprazole, metronidazole, amoxicillin, and
bismuth subcitrate and omeprazole, clarithromy-
cin, and amoxicillin showed no significant differ-
ences in mean fasting plasma glucose and HbAlc
levels.?> Another study administered a 2-week
treatment with metronidazole, amoxicillin, and
bismuth subcitrate, and found no significant alter-
ation in baseline insulin levels following triple
medication during the follow-up year.?® In our
study, we observed a significantly decreased risk
of T2DM in those who take PPIs and antibiotics
medications, with aHRs of 0.86 (p<<0.001) and
0.79 (p<<0.001), respectively.

Prostaglandin analogs such as misoprostol reduce
acid production and protect against NSAID-
induced ulcers by enhancing mucus and bicarbo-
nate secretion, although they are effective only for
gastric ulcers.2 A study found that acute mis-
oprostol treatment does not enhance insulin-
mediated glucose elimination in diabetic or
nondiabetic groups,3” though prostaglandins of
the E series improve muscle glucose absorption in
vivo and in vitro.3® Pirenzepine, a muscarinic
(M1) receptor inhibitor and an anticholinergic,

lowers acid secretion and protects against mucosal
lesions caused by irritants including alcohol and
sodium hydroxide.? It effectively lowered blood
glucose in TIDM patients,3® while carbenox-
olone improved glucose processing by increasing
GLUT4 expression in skeletal muscle.?® Our
results showed that PUD treatment with prosta-
glandin analogs, anticholinergics, antacids, and
carbenoxolone reduced T2DM risk by 35%,
33%, 24%, and 19%, respectively. We also
observed that the reduced risk of T2DM in the
non-PUD control cohort (Supplemental Table
4), while they were using the anti-PUD medica-
tions may reflect the similar underlying condi-
tions and mechanisms among controls that
prompted the use of these medications.

The correlation between PUD surgery and
T2DM is multifactorial, involving changes in gas-
tric physiology, hormonal regulation, and nutri-
tional status. While some aspects of surgery may
reduce T2DM risk (e.g., weight loss), others,
such as altered incretin response or dumping syn-
drome, can disrupt glucose metabolism and
potentially increase the risk.4%-4! We found a sig-
nificant difference in patients with PUD surgery
in the increased risk of T2DM with aHR of 1.20
(»p<0.001).

The present study had several limitations. The
primary drawback of this retrospective chart audit
is its inability to establish a causal relationship
between reduced T2DM risk and anti-PUD
medications, as it only identifies statistical corre-
lations. The analysis is based on documented
intentions rather than controlled experimental
data. First, the validity and reliability may have
been compromised by the database utilized,
which misclassified PUD and T2DM. However,
we identified PUD, T2DM, and comorbidities
with at least three claims for outpatient and/or
hospitalization visits. To avoid subjects being
misdiagnosed or coded incorrectly as PUD,
T2DM, or comorbidities, we defined patients
with at least three consensus diagnoses to ensure
the validity of the diagnosis. In addition, Taiwan’s
universal health insurance system incorporates
peer review methods to minimize false positives.?
Second, key T2DM risk factors, such as dietary
habits, lifestyle choices (e.g., alcohol and tobacco
use), and body mass index, were not accounted
for. Lifestyle factors associated with PUD can
increase T2DM risk. Smoking and excessive
alcohol consumption impair glucose metabolism
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and increase insulin resistance, increasing the
chances of contracting T2DM.434* Unhealthy
diets high in refined carbs and fats worsen both
PUD and T2DM by promoting obesity and insu-
lin resistance.%5-4¢ In addition, chronic stress and
poor sleep, common in PUD patients, contribute
to insulin dysregulation and glucose intolerance,
further elevating T2DM risk.4748 Genetic predis-
positions can increase T2DM risk in PUD
patients through shared pathways involving
inflammation and metabolic regulation. Genes
such as IL-1, TNF-a, and IL-6 contribute to
chronic inflammation, impacting insulin resist-
ance in both conditions.*® Variants in PPARy and
TCF7L2, associated with glucose metabolism,
also affect insulin sensitivity, increasing T2DM
susceptibility.’® NODI1 and NOD2 polymor-
phisms linked to H. pylori infection in PUD have
been shown to elevate T2DM risk by altering
immune responses.’! Some patients may have
used over-the-counter PPIs, commonly taken for
gastroesophageal reflux, which may not have been
captured in the database. In addition, PUD sever-
ity could not be evaluated due to a lack of data on
disease severity. Third, the database was origi-
nally designed for billing purposes, limiting access
to personal information and anonymizing
data, which prevented direct patient contact.
Furthermore, clinical characteristics, such as
blood glucose, HbAlc levels, imaging results, gly-
cemic control measures, and serum ghrelin/
GLP-1 data were unavailable, restricting the abil-
ity to assess T2DM severity in PUD patients.>?
Also, cases of T2DM were inferred from physi-
cian-documented medical records rather than
comprehensive clinical data. Nevertheless, the
diagnoses of T2DM and PUD were based on
conventional symptomatic criteria, typical side
effects, and imaging results, reviewed by experts
to ensure reliability.52 By controlling for comor-
bidities, the study minimized the confounding
effects of drugs. Despite such efforts, retrospec-
tive studies inherently carry biases, including cat-
egorization bias, which can compromise statistical
quality. However, Taiwan’s NHI program has
high coverage and thorough claim reviews by
reimbursement professionals and peer reviewers,
ensuring the accuracy of diagnoses and disease
codes.’2 To strengthen the findings, prospective
studies or randomized controlled trials using
additional data sources are required to better
evaluate the relationships among PUD, anti-PUD
medications, and T2DM. While retrospective
analyses have intrinsic limitations, the results

remain valid due to measures taken to mitigate
non-differential categorization biases.

Conclusion

In conclusion, in the Taiwanese population, PUD
was significantly associated with a higher risk of
T2DM development. Individuals taking most
anti-PUD medications showed a greater decrease
in the incidence of T2DM risk compared to those
not taking anti-PUD medications. Further
research is necessary to determine whether cer-
tain anti-PUD medications could be clinically
employed as novel antidiabetic medications and
T2DM preventive agents.
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