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The use of proton pump inhibitors decreases the
risk of diabetes mellitus in patients with upper
gastrointestinal disease
A population-based retrospective cohort study
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Abstract
Objectives:The aim of this study was to investigate the effects of proton pump inhibitors (PPIs) on the risk of diabetes mellitus (DM)
among patients with upper gastrointestinal disease (UGID).

Methods: This was a retrospective cohort study with a follow-up period of 5 years. We identified 388,098 patients who were
diagnosed with UGID between 2000 and 2006 from the Longitudinal Health Insurance Database of the Taiwan National Health
Insurance program.We used Cox proportional hazard ratio (HR) to compare the risk of DM between UGID patients received PPIs and
those did not receive PPIs. HRs were adjusted for possible confounders, including age, sex, hypertension, gout and/or
hyperuricemia, coronary artery disease, stroke, pancreatitis, hyperlipidemia, obesity, H2-blocker use, and clozapine or olanzapine
use. The dose-related effects of PPIs on the risk of DM were evaluated according to the defined daily dose (DDD).

Results: The adjusted HR was 0.80 (95% CI, 0.73–0.88) for the study group (UGID patients with PPIs) compared with comparison
group I (UGID patients without PPIs). Among patients who used PPIs, those older than 60 years of age had a lower risk of DM (HR,
0.73; 95% CI, 0.63–0.83) than those younger than 40 years. Additionally, the effect of PPIs was significantly dose-dependent (P for
trend <0.001). Patients with UGID who received >540 DDDs of PPIs exhibited the greatest reduction in the risk of DM.

Conclusions: Our results demonstrated a decreased risk of DM in UGID patients who used PPIs; the risk appeared to be
significantly dose-dependent.

Abbreviations: CAD = coronary artery disease, CIs = confidence intervals, DDD = defined daily dose, DM = diabetes mellitus,
EGF = epidermal growth factor, HRs = hazard ratios, LHID = Longitudinal Health Insurance Database, NHI = National Health
Insurance, PPIs = proton pump inhibitors, T2DM = Type 2 diabetes mellitus, UGID = upper gastrointestinal disease.
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1. Introduction blood concentration of the hormone gastrin.[5,6] Some in vitro
Diabetes mellitus (DM) is a worldwide epidemic and the number
of people with DM has more than doubled globally in the past
3 decades.[1] Type 2 DM (T2DM) is caused by peripheral insulin
resistance and is usually characterized by b-cell hyperplasia and
hyperinsulinemia.[2] Proton pump inhibitors (PPIs) are widely
used for the treatment of gastric acid-related diseases such as
peptic ulcer disease and gastroesophageal reflux disease.[3,4] PPIs
block the last enzyme in the gastric acid secretion system and,
consequently, decrease gastric acid secretion and increase the
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studies have demonstrated that gastrin induces b-cell neogenesis
from pancreatic exocrine duct cells and increases b-cell mass.[7,8]

Several studies have shown that treatment with gastrin can
induce the formation of new b-cells under various conditions in
animal models.[9,10] Retrospective studies in adults with DM
have shown that patients who receive PPIs achieve better
glycemic control than patients without receiving PPIs.[11,12]

Singh et al[13] designed a randomized, double-blind, placebo-
controlled study to evaluate the effect of pantoprazole therapy on
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glucose-insulin homeostasis in patients with T2DM; the results
showed significantly reducedHbA1c levels and increased gastrin
levels. Therefore, we hypothesized that PPIs can induce the
formation of new b-cells and, consequently, reduce the risk of
DM in patients with upper gastrointestinal disease (UGID).
Currently, insufficient clinical data exist regarding the effect of
PPIs on DM risk, especially among Asian populations, and
available studies have not provided a clear analysis of the effect of
PPI dose on DM risk reduction. Therefore, we conducted a
hypothesis-generating, retrospective study in a Taiwanese
population to assess the risk of DM development among UGID
patients treated with PPIs.

2. Materials and methods

2.1. Data sources

This study was a retrospective cohort study. The study samples
were retrieved from the Longitudinal Health Insurance Database
(LHID), which consisted of 5% samples (about 1,000,000
subjects) of the population included in the Taiwan National
Health Insurance (NHI) program. The NHI program was an
insurance system and covered for more than 99% of the national
population in Taiwan and provided for research purposes. No
significant differences in the distribution of age and gender were
found between the patients in the sample group and the original
population. The LHID contained all medical claimed data for
approximately 1,000,000 subjects from 2000 to 2011. It
included diagnosis codes, drug prescriptions, hospital visits,
including detailed clinical and demographic information of all
hospital admissions and ambulatory visits. This study was
exempt from full review by the Institutional Review Board of
Taipei Medical University because the identification numbers of
all of the individuals in the NHRI database were encrypted to
protect the privacy of the individuals.

2.2. Study sample

For the study cohort, we identified 388,098 patients who were
newly diagnosed with UGID (ICD-9-CM codes 530–536, which
included diseases of the esophagus, stomach, and duodenum)
during an ambulatory care visit between January 1, 2000 and
December 31, 2006. Three separate, consecutive diagnoses were
required to increase the validity of the diagnosis. For each patient,
we assigned the first ambulatory care visit for the treatment of
UGID as the index date. We also identified 415,362 patients
without UGID (non-UGID patients) who received care between
January 1, 2000 and December 31, 2011.
The LHID also provides information on medical orders during

ambulatory care visits and hospital admissions. We reviewed this
data and determined which subjects had ever filled prescriptions
for PPIs during the 5 years after their respective index dates. We
classified UGID patients into 2 groups: those who received PPIs
(n=87,679) and those who did not receive PPIs (n=250,419). In
the group of UGID patients who received PPIs, we excluded
patients who had been diagnosed with DM and prescribed PPIs
before the index date. We also excluded UGID patients who
received PPIs after December 31, 2006 and those with fewer than
90 daily doses of PPIs within the first 180 days after the first
administration of PPIs.
Finally, we selected 7384 UGID patients who received PPIs as

the study group. We also selected 14,768 UGID patients without
PPI use as comparison group I. Each patient in the study group
was matched to 2 UGID patients without PPI use by age, sex, and
2

index year. Next, we selected 29,536 non-UGID patients as
comparison group II. Each patient in comparison group I was
matched to 2 non-UGID patients by age, sex, and index year. All
of the subjects were followed for 5 years or censored at the date of
DM diagnosis.

2.3. Dosage of PPI

Complete information about all prescriptions of PPIs was
extracted from the NRI prescription database. Data collected
included the date of prescription, the daily dose, and the
number of days supplied. For the PPIs-treatment group, we
calculated the total dosage prescribed during the follow-up
period. The defined daily dose (DDD) recommended by the
World Health Organization of 20mg per day was used to
quantify omeprazole and rabeprazole usage; 30mg per day for
lansoprazole and esomeprazole usage and 40mg per day for
pantoprazole usage.

2.4. Outcome measurement and confounding factors

Each patient was followed for 5 years or until DM was
diagnosed, whichever occurred first. The primary outcome was
development of DM and the secondary outcome was dose effect
of PPIs on the risk of DM.DMwas diagnosed according to ICD-9
code 250.0. The measured outcome of DM diagnosis of patients
was those with DM diagnosis at least 2 times and with following
HbA1C test. We adjusted the risk of DM development for
possible confounding factors, including hypertension, gout and/
or hyperuricemia, coronary artery disease (CAD), stroke,
pancreatitis, hyperlipidemia, obesity, H2-blocker use, and
clozapine or olanzapine.

2.5. Statistical analysis

Statistical analyses were performed using SAS version 9.1 (SAS
System for Windows, Version 8.2, Cary, NC). Student t test and
Pearson x2 test were applied to evaluate differences in socio-
demographic characteristics, such as age and sex, and comor-
bidities among the study cohort and the comparison cohorts. Cox
proportional hazard ratios (HRs) were used to estimate HRs and
95% confidence intervals (CIs). Onset time of DM among
different DDD groups was evaluated by Student t test. The
Kaplan–Meier method and log-rank test were used to examine
the differences in 5-year DM-occurrence rates between the study
and comparison cohorts. All tests were 2-tailed, and P values less
than 0.05 were considered significant.

3. Results

Figure 1 illustrates the enrollment of the study group and the 2
comparison groups. All groups were matched for age, sex, and
the year of index date.
Table 1 lists the demographic characteristics of the 3 groups.

The sex and age distributions were similar among the groups. The
mean age of the entire cohort was 55.3±16.96 years and nearly
60% of the subjects were male. The prevalences of comorbid
diseases, including hypertension, gout and/or hyperuricemia,
CAD, stroke, pancreatitis, and hyperlipidemia, were higher in the
study group than in the 2 comparison groups.
We assessed the crude HRs and adjusted HRs for the risk of

DM during the 5-year follow-up period between comparison
group I and II and between the study group and comparison
group I. The adjusted HR for the risk of DM for UGID patients



Figure 1. Flow chart of the selection of the study group and 2 matched comparison groups.
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without PPI use (comparison group I) was 1.42 (95% CI,
1.33–1.52) compared with non-UGID patients (comparison
group II). The adjusted HR for UGID patients with PPI use (study
group) was 0.80 (95% CI, 0.73–0.88) compared with UGID
patients without PPI use (comparison group I). Additionally, the
adjusted HR for UGID patients with PPI use (study group) was
Table 1

Demographic characteristics of patients with upper gastrointestinal

Nonupper gastrointestinal
disease patients (N=29,536)

U

Variable Without

Age, y (mean±SD) 55.38±16.95 55
0–40 (%) 6128 (20.75) 3
41–60 (%) 11,124 (37.66) 5
>60 (%) 12,284 (41.59) 6

Sex
Female (%) 11,900 (40.30) 5
Male (%) 17,636 (59.70) 8

Hypertension (%) 7790 (26.37) 5
Gout or/and hyperuricemia (%) 2654 (8.99) 2
Coronary artery disease (%) 3449 (11.68) 3
Stroke (%) 2048 (6.93) 1
Pancreatitis (%) 64 (0.22)
Hyperlipidemia (%) 3156 (10.69) 2
Obesity (%) 236 (0.80)
H2-blockers use 1168 (3.95) 3
Clozapine/olanzapine use (%) 70 (0.24)

PPIs=proton pump inhibitors, SD= standard deviation.
∗
P, non-UGID patients as comparison group.

† P, UGID patients without PPIs as comparison group.

3

0.87 (95% CI, 0.78–0.97) compared with non-UGID patients
without PPI use (comparison group II).
These results demonstrated that UGID patients had an

increased risk of DM after adjustment for various potential
confounders. We also observed that UGID patients who received
PPIs had a decreased risk of DM (Table 2).
disease (UGID) and without UGID (non-UGID).

pper gastrointestinal disease patients

PPIs (N=14,768) With PPIs (N=7384) P
∗

P†

.38±16.95 55.38±16.95 1 1
064 (20.75) 1532 (20.75) 1 1
562 (37.66) 2781 (37.66) 1 1
142 (41.59) 3071 (41.59) 1 1

950 (40.30) 2975 (40.30) 1 1
818 (59.70) 4409 (59.70) 1 1
494 (37.20) 3612 (48.92) <0.001 <0.001
507 (16.98) 1696 (22.97) <0.001 <0.001
072 (20.80) 2515 (34.06) <0.001 <0.001
310 (8.87) 1351 (18.29) <0.001 <0.001
167 (1.13) 339 (4.59) <0.001 <0.001
932 (19.85) 2315 (31.35) <0.001 <0.001
195 (1.32) 76 (1.03) <0.001 <0.01
480 (23.56) 3467 (46.95) <0.001 <0.001
41 (0.28) 44 (0.60) 0.19 <0.001
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Table 2

Crude hazard ratios (HRs) and adjust HRs for the risk of diabetes mellitus (DM) among the 3 patient groups.

Upper gastrointestinal disease patients

DM
Nonupper gastrointestinal

disease patients (N=29,536) Without PPIs (N=14,768) With PPIs (N=7384)

Yes (%) 2391 (8.09) 1612 (10.92) 630 (8.53)
Crude HR (95% CI) 1 1.37 (1.29–1.46)

∗

Adjusted HR (95% CI) 1 1.42 (1.33–1.52)
∗

Crude HR (95% CI) 1 0.77 (0.70–0.84)
∗

Adjusted HR (95% CI) 1 0.80 (0.73–0.88)
∗

Crude HR (95% CI) 1 1.05 (0.97–1.15)
Adjusted HR (95% CI) 1 0.87 (0.78–0.97)

∗

CI= confidence interval, DM=diabetes mellitus, PPIs=proton pump inhibitors.
Adjusted HRs: adjusted for age, sex, hypertension, gout and/or hyperuricemia, coronary artery disease, stroke, pancreatitis, hyperlipidemia, obesity, H2-blocker use, and clozapine or olanzapine use.
∗
P<0.001.

Figure 2. The risk of diabetes mellitus between patients with upper
gastrointestinal disease (UGID) with PPI use and UGID patients without PPI
use. Adjusted hazard ratios: adjusted for age, sex, hypertension, gout and/or
hyperuricemia, coronary artery disease, stroke, pancreatitis, hyperlipidemia,
obesity, H2-blocker use, and clozapine or olanzapine use.
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Among patients receiving PPIs, those who were older than 60
years of age had a lower risk of DM (HR, 0.73; 95% CI,
0.63–0.83) than those who were younger than 40 years. Male
and female patients receiving PPIs had similarly decreased risks of
DM. Adjusted HRs were 0.81 (95% CI, 0.71–0.91) and 0.80
(95% CI, 0.69–0.93) for males and females, respectively (Fig. 2).
We evaluated the effects of cumulative DDD on the risk of DM
and observed a significant dose-related effect (P for trend, P<
0.001; Table 3). A significant increase in the onset time of DM
was observed in patients who received more than 180 DDDs
(816±493 days) of PPIs. Patients who received >540 DDD of
PPIs had the greatest reduction in the risk of DM (adjusted HR,
0.22; 95% CI, 0.14–0.35).
Table 3

Dose effect analysis of the risk of diabetesmellitus (DM) in patients wit
inhibitors (PPIs).

UGID patient without
PPIs (N=14,768)

Patients of upper gastrointes

Outcome <180 DDD (N=4210) 180–360 D

DM (%) 1612 (10.92%) 437 (10.38%) 137
Crude HR (95% CI) 0.95 (0.85–1.05) 0.63 (0
Adjusted HR (95% CI) 0.80 (0.72–0.89)

∗
0.54 (0

Onset time (days, mean+SD) 654±575 621±541 816

DDD=defined daily dose, DM=diabetes mellitus, SD= standard deviation.
Adjusted HRs: adjusted for age, sex, hypertension, gout and/or hyperuricemia, coronary artery disease,
∗
P<0.001.
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The Kaplan–Meier curve of the rate of development of DM
revealed that UGID patients who did not receive PPIs had the
highest cumulative incidence of DM compared to the other
2 groups (Fig. 3).

4. Discussion

This study is the first retrospective cohort study evaluating the
effect of PPIs on DM risk in patients with UGID. We found that
patientswithUGIDhadan increased risk ofDMcompared to non-
UGIDpatients, butwe also found thatUGIDpatientswho received
PPI therapy had a significantly lower risk of developingDMwithin
5 years than patients who did not receive PPIs. Furthermore, we
observed a dose-related effect of PPIs on DM risk.
One possible explanation for the findings of this study is the

mechanism of PPIs, which elevate intragastric pH and increase
gastrin concentration.[14] Suarez-Pinzon et al[15] demonstrated
that gastrin induced the formation of new b-cells and increased
insulin secretion. Several animal studies also showed that
treatment with gastrin induced the formation of new b-cells
under various conditions.[8–10,15] Suarez-Pinzon et al[15] further
showed that the combination of epidermal growth factor and
gastrin increased the number of b-cells in adult human pancreatic
tissue cultured in vitro and significantly increased b-cell and
insulin content in human islet cells implanted in nonobese
diabetic/severe combined immunodeficiency mice. Singh et al[13]

evaluated the effect of pantoprazole therapy on glucose-insulin
homeostasis in patients with T2DMand showed that 12 weeks of
pantoprazole therapy significantly increased gastrin and insulin
levels and reduced HbA1c levels. Additionally, many clinical
studies have commented on the beneficial effects of PPIs on
glycemic control in patients with DM. Results of several studies
h upper gastrointestinal disease (UGID) who received proton pump

tinal disease (UGID) with proton pump inhibitors (PPIs)

DD (N=1941) 361–540 DDD (N=642) >540 DDD (N=591)

(7.06%) 38 (5.92%) 18 (3.05%)
.53–0.75)

∗
0.52 (0.38–0.72)

∗
0.27 (0.16–0.42)

∗
P for trend <0.001

.45–0.64)
∗

0.43 (0.31–0.60)
∗

0.22 (0.14–0.35)
∗

P for trend <0.001
±493 1071±485 1354±364

stroke, pancreatitis, hyperlipidemia, obesity, H2-blocker use, and clozapine or olanzapine use.



Figure 3. Development of diabetes mellitus among patients with upper
gastrointestinal disease (UGID), patients without UGID (non-UGID), patients
with proton pump inhibitor (PPI) use, and patients without PPI use. Non-UGID
patients , UGID patients without PPIs , UGID patients with PPIs . Log-rank test:
P<0.001.
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have shown a significant reduction inHbA1c in patients with DM
who were taking PPIs.[11–13] Therefore, we hypothesized that
UGID patients receiving PPIs may experience a decreased risk of
DM. The proposed mechanism for this reduction is that PPIs
increase gastrin secretion and gastrin induces islet b-cell neo-
genesis. Furthermore, gastrin and the related incretin hormones are
both gastrointestinal peptides, so PPIs could lower glycemia
through a mechanism similar to incretin-based therapies. Like
incretins, gastrin increases the amount of insulin released from the
b-cells of the islets of Langerhans after eating.[16,17] Additionally,
PPIs slow gastric emptying time, which could decrease postpran-
drial hyperglycemic excursions.[18]

This study has several noteworthy strengths. First, the Taiwan
National Health Insurance is a large, population-based database
which includes data from a longitudinal cohort. The nationwide
Longitudinal Health Insurance Database provided an excellent
resource offered a good opportunity to explore the relation
between the use of PPIs and risk of DM. Second, we only included
newly diagnosed UGID patients without prior DM and these
patients with at least 3 consecutive episodes of diagnosed UGID.
We could avoid the influence of unknown treatment histories
before the study initiated and increase the accuracy of the
diagnosis, respectively. Third, we took potential confounding
factors for DM into consideration in the regressionmodels. These
included including age, gender, hypertension, gout or/and
hyperuricemia, coronary artery disease, stroke, pancreatitis
and hyperlipidemia, obesity, H2 blockers use, and clozapine/
olanzapine use. Last, the further classification of PPIs users
according to the dose (defined daily dose) used by the patients,
demonstrating an association between larger doses of PPIs and a
greater reduction of DM risk.
Nevertheless, there are some several limitations in this study,

include the use of an administrative database that lacked records
of patient lifestyles (such as smoking and alcohol use) and
nonprescription medications use. We could not evaluate the
impact of these factors. Besides, the Longitudinal Health
Insurance Database is belonged to secondary database hence
we could not get patients’ the body weight or body mass index.
5

This factor is our study limitation; however, we added “obesity”
as a confounding factor.
Our findings indicated that PPIs may decrease the risk of DM

and with a dose-dependent effect. Further studies are warranted
to determine whether PPIs have the potential to be used clinically
as new antidiabetic drugs and prevention agents of DM.
We conclude that the risk of DM is increased in patients with

UGID, but the risk of DMcan be decreased in patients with UGID
receiving PPIs. Further, the decreased DM risk in UGID patients
with PPIs use is significantly dose dependent.
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