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Introduction: Oral hypoglycemic medications sometimes do not control type 2 diabetes well. Proton
pump inhibitors (PPIs) as adjunctive therapy might improve diabetes control through increasing serum
gastrin and fasting insulin levels.
Methods: Electronic medical records in a family medicine residency program office practice were
reviewed for 73 individuals with type 2 diabetes (not taking insulin), for whom PPIs were prescribed.
Values for glycosylated hemoglobin (HbA1c) for periods of time when a PPI had been prescribed were
compared with HbA1c levels for periods of time with no record of PPI prescribing or over-the-counter
PPI use.
Results: The mean HbA1c for patients not taking insulin was 7.11 during periods with recorded prescribing or over-the-counter use of PPIs, compared with 7.70 during periods without recorded PPI therapy (P ⴝ
.001). Mean HbA1c for metformin monotherapy was not significantly different (6.81 with PPI vs. 7.10 without
PPI; n ⴝ 16; P ⴝ .25). Mean HbA1c was significantly different for combination therapy that included metformin and/or sulfonylurea and/or giltazone (7.26 vs. 7.80; n ⴝ 27; P ⴝ .002).
Conclusion: The observed association between PPI therapy and lower HbA1c levels suggests that
PPIs may be useful as adjunctive therapy for type 2 diabetes. (J Am Board Fam Med 2012;25:50 –54.)
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The prevalence of type 2 diabetes continues to rise;
it now affects about 25 million people in the United
States and 285 million people worldwide.1,2 Type 2
diabetes is characterized by insulin resistance
and/or deﬁcient pancreatic ␤-cell mass or production and secretion of insulin.3,4
Mefford and Wade have reviewed animal and
human evidence showing that gastrin plays a sig-
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niﬁcant role in pancreatic function and glucose
regulation.5–18 Proton pump inhibitors (PPIs), used
to treat excess stomach acid, indigestion, gastroesophageal reﬂux disease, and gastric ulcers, can
lead to consistently elevated serum gastrin levels.18 –25 Data on the relationship between PPI
therapy and diabetes control is scanty in the literature. Mefford and Wade’s retrospective chart review found a signiﬁcantly lower mean glycosylated
hemoglobin (HbA1c) for patients with type 2 diabetes (not receiving insulin therapy) who previously
had been prescribed a PPI.5
The purpose of this study was to see if the
reported association between PPI therapy and
lower HbA1c levels would be seen in patients with
type 2 diabetes during time periods on PPI therapy
versus time periods off PPI therapy.

Methods
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Electronic medical records (Logician/Centricity) in
the ofﬁce practice of a community hospital– based
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in OTC form. All of these patients also were prescribed various oral hypoglycemic agents, but none
had insulin prescribed during the time frame covered by the chart audit. The mean age was 62.6
years (range, 32– 87 years); 45 patients (63.3%)
were women and 26 (36.7%) were men (Table 1).
Of the patient sample, 24 (33.8%) were AfricanAmerican, 23 (32.4%) were non-Hispanic white, 17
(23.9%) were Hispanic, 5 (7%) were Asian, and 2
(2.8%) were unknown. These proportions are similar to the overall ethnic composition of this clinic
practice.
The mean HbA1c for 71 patients not using exogenous insulin was 7.12 during periods with recorded prescribing or OTC use of PPI therapy
compared with 7.71 during periods without recorded PPI prescribing or OTC use (P ⫽ .001;
Figure 1).
Mean HbA1c for patients receiving metformin
monotherapy (n ⫽ 16) was not signiﬁcantly different (HbA1c of 6.80 with PPI vs 7.10 without PPI;
P ⫽ .25; Figure 2), but mean HbA1c was signiﬁcantly different for patients receiving combination
therapy that included metformin and/or sulfonylurea and/or giltazone therapy (n ⫽ 27; HbA1c of
7.26 with PPI vs 7.80 without PPI being prescribed
or used OTC; P ⫽ .002; Figure 3). There was no
signiﬁcant interaction effect detected for age, sex,
or ethnicity.

Discussion
Data Analysis
The Statistical Package for the Social Sciences (version 15.0, IBM, Chicago, IL) was used to compare
the mean HbA1c levels of diabetic patients taking
different diabetes medications alone and in combination, with and without accompanying PPI therapy. The 2-sided t test (signiﬁcance level of P ⬍
.05) was used for the main analyses comparing
mean HbA1c levels for patients receiving any hypoglycemic therapy or taking other classes and
combinations of classes of diabetes medications
with versus without concomitant PPI therapy.
Analysis of covariance was used to check for interaction effects with age, sex, and ethnicity.

Results
A total of 71 diabetic patients had documented
HbA1c values for periods of time during which
PPIs had been and had not been prescribed or used
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These ﬁndings are partially consistent with those
reported for the only previous study with a similar design.26 Mefford and Wade’s retrospective

Table 1. Demographic Characteristics of Study Sample
Age (years)
Mean
Median
Range
Sex (n 关%兴)
Female
Male
Ethnicity (n 关%兴)
African American
Asian
Non-Hispanic white
Hispanic
Unknown

62.6
62
32–87
45 (63.3)
26 (36.7)
24 (33.8)
5 (7)
23 (32.4)
17 (23.9)
2 (2.8)
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family medicine residency program were searched
for adult patients with an active diagnosis of type 2
diabetes mellitus, controlled or uncontrolled (International Classiﬁcation of Diseases [ICD] codes
250.00 or 250.02, respectively), with at least 2 documented ofﬁce visits between September 4, 2007,
and June 30, 2009. Charts were audited and data
were abstracted for those who had at least one
documented HbA1c result following a period of
time during which there was documented prescribing or over-the-counter (OTC) use of a PPI and at
least one HbA1c result following a period of time
during which there was no documented prescribing
or OTC use of a PPI.
Patient charts were excluded from auditing if
there was documentation of insulin or sustained
corticosteroid therapy during the time frame covered by the audit. At the time of the audit, the ofﬁce
practice contained medical records for approximately 2800 adults with a diagnosis of type 2 diabetes (controlled [ICD code 250.00] or uncontrolled [ICD code 250.02]), of whom almost 300
had PPIs on their medication lists. To check for
possible interaction effect, the principal investigator abstracted and analyzed data regarding (1) documented HbA1c results, (2) diabetes medications
on the medications list, (3) PPI medications on the
medications list, and (4) sex, age, and ethnicity. The
study protocol was approved by the University of
Texas, Houston, Institutional Review Board.

8.00

7.71

HbA1c (%)

7.50

p = 0.001

7.12

7.00

6.50

6.00

No PPI Rx

chart review for 347 individuals with type 2 diabetes who were not taking insulin therapy
showed a mean HbA1c of 7.0 for patients who
previously had been prescribed a PPI compared
with 7.6 for patients who had not been prescribed
a PPI (P ⫽ .002).5 Mean HbA1c differences for
patients taking speciﬁc hypoglycemic agents
were signiﬁcant for those receiving metformin
monotherapy (mean HbA1c was 6.6% on PPI vs
7.3% not on PPI; P ⬍ .05) and sulfonylurea with
or without metformin and/or thiazolidenedione
(glitazone; mean HbA1c was 6.5% on PPI vs
7.9% not on PPI; P ⬍ .001).5
Both chart audit studies showed that PPI therapy was associated with signiﬁcantly lower levels of
HbA1c in patients with type 2 diabetes who were

PPI Rx

taking oral hypoglycemic agents but not insulin. In
this study, the association was seen only during
times of active PPI therapy, whereas the other
study suggested a lingering association for some
months after PPI therapy was discontinued. In both
studies, mean HbA1c levels were signiﬁcantly
lower for patients who had PPIs prescribed or used
OTC along with combination hypoglycemic therapy consisting of metformin and/or glitazone
and/or sulfonylurea. This study found a statistically
insigniﬁcant difference in HbA1c for patients with
prescribed or OTC PPI use along with metformin
monotherapy in contrast to the signiﬁcant difference reported for the other chart audit study.26
The ﬁndings of this study provide modest support for the proposition that PPIs may be a useful

Figure 2. Mean hemoglobin A1c with a prescription for metformin with and without a concomitant proton pump
inhibitor (PPI).
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Figure 1. Mean hemoglobin A1c with and without an active proton pump inhibitor (PPI) prescription.
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adjunctive therapy for type 2 diabetes. The postulated mechanism for this effect is PPI causing elevation of serum gastrin, enhancing pancreatic
␤-cell function, and stimulating increased insulin
secretion.
The major limitation of this retrospective chart
audit study is that it demonstrates only a statistical
association between prescribed PPI therapy and
lower HbA1c levels. This association does not necessarily result from a causal relationship. Another
limitation of this study is the lack of medication
adherence information for both diabetes medications and PPIs. Thus the data analysis essentially is
based on documented known intention to treat.
Given the high incidence of gastroesophageal reﬂux (the main indication for PPI therapy), it is
probable that some patients were taking over-thecounter PPIs or PPIs prescribed by physicians outside this practice that were not documented in the
medical records that were audited.
The described association merits further investigation with clinical trials measuring gastrin, insulin, and HbA1c levels for patients with type 2 diabetes (not taking insulin), off and on adjunctive PPI
therapy, which the authors (INM, EUW) are now
conducting.

Conclusion
PPIs may be a useful adjunctive therapy for type 2
diabetes. Clinical trials are warranted to further
investigate this possibility.
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