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Abstract

Background: Type 2 diabetes patients have decreased pancreatic beta cell mass with a decline in beta cell
function. Gastrin has increased beta cell proliferation in vitro and in animal studies. High gastric acid levels
inhibit gastrin secretion. Proton pump inhibitors (PPIs) lower gastric acid, subsequently increasing gastrin levels.
This may stimulate beta cell proliferation and function, and improve glycemic control. Studies with small
numbers of type 2 diabetes patients have shown a slightly lower A1C in those taking PPI versus non-PPI users.
Methods: This study was a retrospective multicenter electronic data analysis using data obtained from health
care facilities within Veterans Integrated Service Network (VISN) 21. Patients were included if they had
established care within VISN 21 and had type 2 diabetes with an A1C > 6.5%, were started on a PPI
concurrently with stable doses of metformin or sulfonylurea (SFU) monotherapy, had at least two documented
A1C values, and had a medication possession ratio >80% for metformin, SFU, or a PPI. Veterans were excluded
if they were using insulin, combination antihyperglycemic therapy, or oral corticosteroids. A control group not
using PPI was also identified.
Results: There was a statistically significant decrease in A1C within each group. However, there was no
statistically significant difference between the PPI and control group in the post-A1C.
Conclusion: In patients with type 2 diabetes, A1C improved in both groups, but PPI addition did not affect
glycemic control. Future randomized controlled trials are needed to determine the value of PPIs as a treatment
option for patients with type 2 diabetes.
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Background

Patients with type 2 diabetes have decreased pan-
creatic beta cell mass with an eventual decline in beta

cell function.1,2 Gastrin is a hormone that has been shown to
increase beta cell proliferation in vitro and in animal stud-
ies.2–6 Due to a negative feedback loop between gastrin and
gastric acid, gastrin secretion is inhibited by high gastric
acid levels.5 Because proton pump inhibitors (PPIs) lower
gastric acid, subsequently increasing gastrin levels, it is
theorized that this may stimulate beta cell proliferation and
function and improve glycemic control. Six recent studies
with small numbers of subjects with type 2 diabetes have
shown a slightly lower A1C in those subjects taking a PPI
when compared to those not taking a PPI.2–4,7–9

The purpose of this study was to replicate previous studies
and evaluate the effect of PPIs on glycemic control in pa-

tients with type 2 diabetes by comparing A1C values to a
similar group of patients with type 2 diabetes not using a PPI.

Methods

Study design

This study was approved by the Institutional Review Board
of the Veterans Affairs (VA) Northern California Health Care
System. The study design was a retrospective multicenter
electronic data analysis using data obtained from health care
facilities within Veterans Integrated Service Network (VISN)
21, which includes VA facilities in Northern Nevada, Central
and Northern California, Hawaii, and The Philippines. De-
mographic, diagnostic, laboratory, and prescription data were
organized and analyzed using Microsoft SQL tables. Hba1c
and routine chemistry studies were performed in each VA
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station’s clinical laboratory; HbA1c assays are standardized
by the National Glycohemoglobin Standardization Project.
The data collected were used to determine baseline charac-
teristics and medication adherence.

Patients

VA patients were included in the analysis if they had a PPI
prescription written at any station within VISN 21 between
January 1, 2005, and December 31, 2011, and carried a di-
agnosis of type 2 diabetes, which the authors defined as
having at least two outpatient or hospital encounters at any
VISN 21 station coded with an ICD9 code for diabetes
within the two years before PPI initiation. Veterans were also
required to have established care within VISN 21, which the
authors defined as having outpatient visits or medication fills
documented for at least 3 months, but no more than a year
before PPI initiation. To assess diabetic control, a baseline
A1C > 6.5% was required along with at least two A1C
values, one within 365 days before PPI initiation and one at
least 90, but no greater than 365 days following PPI initia-
tion. PPI had to be taken concurrently with stable doses of
metformin or sulfonylurea (SFU) monotherapy, and more
than one prescription fill was necessary for metformin, SFU,
and/or PPI. Veterans were excluded if they were using in-
sulin or combination antihyperglycemic therapy, or oral
corticosteroid use documented within 90 days of the baseline
and follow-up A1C. The Veterans in the control group were
Veterans with type 2 diabetes, who received care during the
same timeframe and met the same criteria, but had not re-
ceived PPI.

Adherence assessment

Adherence was assessed using the medication possession
ratio (MPR). The MPR was calculated as the sum of days

supply for all fills over a specific period of time divided by
the number of days elapsed during the period.10 Only Ve-
terans with an MPR >80% for metformin, SFU, or PPI,
considered to be adequate adherence, were included in the
analysis.

Primary objective

PPI effect on glycemic control was evaluated by com-
paring the A1C before and after PPI initiation to the A1C in
a group of patients with type 2 diabetes not taking a PPI.
Patients were required to be on a PPI for at least 90 days to
determine the effect on A1C. We identified the pre-A1C in
the period between the PPI start date and 365 days prior; if
more than one A1C was documented in the pre-PPI period,
we pulled the A1C closest to the PPI start date. If there was
more than one A1C documented in the post-A1C analysis
period, from 90 to 365 days out, we chose the A1C closest to
the 90-day point. To ensure that patients were on PPI
therapy at the time of post-A1c, we looked for a PPI fill after
the post-A1C and identified the first fill after the post-A1C
as the last PPI fill. We looked for initiation of metformin or
SFU monotherapy between the PPI start date and 6 months
prior. We looked for the last metformin or SFU fill date
between the last PPI fill and 6 months after. If there was
more than one fill documented in this time frame, we took
the fill closest to the last PPI fill date.

Secondary objective

Differences between the treatment and control groups in
factors known to affect glycemic control were also assessed,
which were use of an atypical antipsychotic, niacin, statin,
or thiazide diuretic, body mass index (BMI) changes, and
serum potassium levels. The authors considered patients as
taking an atypical antipsychotic, niacin, statin, or thiazide
diuretic, drugs known to affect glucose control, by looking
for a dispense date for any of these medications between 90
and 185 days before the pre-A1C, as well as a prescription
fill date up to 180 days after the post-A1C to determine that
therapy continued throughout the treatment analysis period.

Statistical analysis

To ensure a sample size adequate for the evaluation of an
effect on HbA1c, a power analysis was performed assuming a
two-tailed test, alpha of 0.05, beta of 0.2, effect size for A1C

Table 1. Baseline Demographics

PPI No PPI P

Male (n, %) 187 (96) 2244 (96) 0.85
Age (years, SD) 67.4 (10.5) 66.7 (10.9) 0.44
A1C, baseline (%, SD) 7.3 (0.7) 7.3 (0.9) 0.14
K+, baseline (mEq/L, SD) 4.2 (0.4) 4.2 (0.4) 0.35
BMI, baseline (kg/m2, SD) 31.0 (6.1) 31.3 (6.2) 0.43

BMI, body mass index; PPI, proton pump inhibitor.

FIG. 1. Results: average A1C. The data
show a statistically significant decrease in
A1C within each group. However, when we
compared the post-A1C in the control and
treatment group, there was no statistically
significant difference between the treatment
and control group. PPI, proton pump inhibitor.
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of 0.5, and standard deviation of 1.49. We determined that a
sample size of 59 was needed to have adequate power to
show a difference between the treatment and control group.

Independent group t-test and Mann-Whitney Rank sum
test were used to analyze the difference in baseline and
follow-up A1C, potassium, eGFR, and BMI between the
treatment and control groups. The paired t-test and Wil-
coxon Signed-Rank test were used to analyze the baseline
and follow-up A1C within each group. The chi-squared test
was used to compare the difference in use of medications
known to affect glycemic control between the two groups.
Statistical analysis was performed with SigmaPlot, version
12.5 (Systat Software, San Jose, CA)

Results

Patient characteristics

A total of 195 patients were in the treatment group and
2330 patients were in the control group for the final analysis.
There were no significant differences in baseline charac-
teristics between the treatment and control groups (Table 1).

PPI effect on HgbA1C

There was a statistically significant decrease in A1C
within each group (control and PPI treated). However, there

was no statistically significant difference between the
treatment and control group in the post-A1C (Fig. 1).

Results of secondary objective analysis

There were no significant differences in pre-BMI and
post-BMI (Fig. 2), serum potassium (Fig. 3), or use of other
medications known to affect glycemic control (Fig. 4) be-
tween the treatment and control groups. Doses of oral hy-
poglycemic agents were constant in both the treatment and
control groups. Renal function remained essentially constant
as well (Table 2).

Discussion

Our study demonstrates that there was a slight A1C de-
crease in both groups, but there was no significant difference
in follow-up A1C between the treatment and control group.
The analysis was adequately powered to show a difference
between the study groups, as we only needed a sample size
of 59 in each group. There were no significant differences
between the study groups in factors known to affect gly-
cemic control during the treatment period, such as weight,11

potassium,12 and adherence.13,14 Dietary intake was con-
sistent, as shown by stable BMI, and not likely to have
changed glycemic content.15 Both groups achieved excellent
glycemic control as demonstrated by A1C values.16

FIG. 2. Results: BMI. There were no sig-
nificant differences in pre-BMI and post-
BMI in the treatment and control groups.
BMI, body mass index.

FIG. 3. Results: potassium. There were
1031 patients missing prepotassium values
and 976 missing postpotassium values.
However, there were significant differences
in prepotassium and postpotassium levels
between the treatment and control groups.
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Recent reports have documented a potential increased risk
of renal failure in chronic PPI users.17 In our population,
renal function remained constant. Furthermore, impact of
renal function on our primary outcome variable, HbA1c, is
modest, particularly since renal function was largely un-
changed over the study period.18

Two recent reviews have supported the overall lack of
effect of PPI on glycemic control. Takebayashi and Inukai
also considered the reported positive effect of gastrin on
pancreatic b-cell replication. In their literature review, they
opine that, in general, PPI agents have benefit in terms of
glycemic control, although this is not a universal finding. This
benefit appears to be independent of the type of PPI. In ad-
dition, the glycemic benefit appears to be dependent on basal
HbA1c in that the greatest benefit is present with higher
baseline HbA1c values. The mechanisms of this apparent
benefit are unclear; it is unlikely that there is, in humans, b-
cell neogenesis like there is in rodents. There may be effects
on postprandial insulin secretion, downregulation of ghrelin,
and other possible effects, including a possible enhancement
of the effect of endogenous GLP-1 on b-cell neogenesis.19

Another recent review, by Gómez-Izquierdo and Yu, em-
ployed a focused literature review and met-analysis to address
the same question. In contrast to the analysis of Takebayashi

and Inukai, these authors reported that, while there was no
consistent effects of PPI on HbA1c, pantoprazole therapy did
show glycemic benefit.20 These discrepant results, based on
literature review, are testimony to what may be at most a
modest and inconsistent effect of PPI on glycemic control,
dependent on study design and patient selection.

Limitations

Because this study is a retrospective analysis, it only
demonstrates an association between PPI use and effect on
A1C, and does not establish a causal relationship between
the two variables. Over-the-counter (OTC) PPIs are gener-
ally expensive and Veterans get their medications for free or
a nominal co-pay, so the inability to determine OTC PPI use
is probably insignificant. We were limited to electronic data
for this analysis. The data are only as accurate and reliable
as the documentation. This study population was primarily
male veterans with type 2 diabetes, and therefore it is dif-
ficult to determine the generalizability to nonveterans with
uncontrolled or type 1 diabetes. In addition, many patients
receiving PPI take them for relatively short courses, or in-
termittently, and our inclusion criterion of use for ‡90 days
would not have included these individuals. It is also possible

FIG. 4. Results: atypical antipsy-
chotics, niacin, statins, and thiazide
diuretics. There were no significant
differences in use of atypical anti-
psychotic, niacin, statins, or thiazide
diuretics at baseline and at follow-up
in the treatment and control groups.
Know the range of the P-values and
how close they get to 0.05. NS, not
significant.

Table 2. Changes Over Study Period

Parameter
PPI group No-PPI group

Drug class Pre Post P Pre Post P

Sulfonylurea (mg/day)
Glipizide 10.3 – 6.5 10.3 – 6.5 NS 10.6 – 9 10.6 – 9 NS
Glyburide 7.8 – 4.9 7.8 – 4.9 NS 8.7 – 6.4 8.7 – 6.4 NS
Tolazamide a 544.64 – 292.56 544.64 – 292.56 NS
Tolbutamide 250b 250 NS 2481.5 – 1198.4 2481.5 – 1198.4 NS

Biguanide (mg/day)
Metformin 1481.7 – 541.7 1481.7 – 541.7 NS 1377.8 – 577 1377.8 – 577 NS

Renal function (mL/min)
eGFR 75.36 – 27.96 76.37 – 28.36 0.958 (NS) 75.37 – 22.32 74.54 – 23.76 0.434 (NS)

Data expressed as mean – SD.
aNo patients in this category.
bOnly one patient in this category.
NS, not significant.
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that the glycemic response to PPI might be different with
other oral hypoglycemics that may have different effects on
the GI tract, for example, DPP-4 agents, alpha-glucosidase
inhibitors, or SGLT-2 inhibitors.

Conclusion

We showed reasonable glycemic control in a cohort of
veterans with diabetes. Addition of a PPI to their regimen
did not affect their glycemic control. This is in contrast to
prior recent studies. Even though this was a retrospective
analysis, we applied stricter control criteria and had a larger
study population. We looked at factors known to affect
glycemic control (BMI changes, potassium changes, and
other medications) and determined there was no difference
between the control and treatment groups with respect to
these parameters; therefore, we can be more confident in our
results. Our study showed that PPIs do not have a significant
effect on glycemic control, indicating they do not put pa-
tients at risk for hypoglycemia. Indeed, there is some evi-
dence that the combination of PPI and metformin may
exacerbate the risk of either agent to provoke B12 defi-
ciency.21 Future prospective randomized controlled trials
are still needed to verify this finding. Improved glycemic
control is likely related to improvement in secular factors
affecting our diabetic population as a whole.
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