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ABSTRACT

This study was initiated to identify clinical and dietary parameters that predict efficacy of dipeptidyl peptidase-4 inhibitors. A total of
72 untreated Japanese patients with type 2 diabetes who received DPP-4 inhibitors (sitagliptin, alogliptin or vildagliptin) for 4 months
were examined for changes of glycated hemoglobin (HbA1c) and body mass index (BMI), and self-administered 3-day food records,
as well as serum levels of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). DPP-4 inhibitors significantly reduced HbA1c

(before initiation of DPP-4 inhibitors 7.2 ± 0.7%, 4 months after initiation of DPP-4 inhibitors 6.7 ± 0.6% [paired t-test, P < 0.01 vs
before]). Multiple regression analysis showed that changes of HbA1c were significantly correlated with baseline HbA1c, as well as
estimated intake of fish. Furthermore, changes of HbA1c were significantly correlated with serum levels of EPA (r = )0.624, P < 0.01)
and DHA (r = )0.577, P < 0.01). HbA1c reduction by DPP-4 inhibitors is significantly correlated with estimated intake of fish and
serum levels of EPA and DHA. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2012.00214.x, 2012)
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INTRODUCTION
Dipeptidyl peptidase-4 (DPP-4) inhibitors improve glycemic
control in patients with type 2 diabetes by preventing degrada-
tion of two incretin hormones, glucagon-like peptide-1 (GLP-1)
and glucose-dependent insulinotropic polypeptide (GIP), that
are secreted from the intestine on ingestion of various nutri-
ents1,2. Recent studies have shown associations of DPP-4 inhibi-
tors’ efficacy with age and fasting plasma glucose levels, as well
as baseline glycated hemoglobin (HbA1c) and body mass index
(BMI)3–5, but clinical parameters that predict the efficacy of
DPP-4 inhibitors are largely unknown. The present study
showed that alterations in HbA1c level on administration of
DPP-4 inhibitors as monotherapy are associated with estimated
intake of fish, estimated intake of dietary n-3 polyunsaturated
fatty acid (PUFA), and serum levels of eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA).

MATERIALS AND METHODS
The protocol was approved by the ethics committee of Kansai
Electric Power Hospital, and carried out in accordance with the
principles of the Declaration of Helsinki. A total of 72 untreated
Japanese patients with type 2 diabetes (the Japan Diabetes Society
criteria of 20106; age 64.6 ± 11.3 years; duration of diabetes 9.0 ±
8.9 years; baseline HbA1c 7.2 ± 0.7%; BMI 24.5 ± 4.3 kg/m2)
who had been on diet and exercise therapies participated in
the current study. DPP-4 inhibitors (sitagliptin, alogliptin or
vildagliptin) were given for 4 months and no other antidiabetic
drugs were used during the period. A total of 59 patients received
sitagliptin, 12 received alogliptin and one received vildagliptin.
HbA1c levels were determined before the initiation of DPP-4
inhibitors and 4 months after the initiation of DPP-4 inhibitors,
and were shown in National Glycohemoglobin Standardization
Program values, as recommended by the Japan Diabetes Society6.
Fasting serum levels of DHA, EPA and arachidonic acid (AA)
were determined based on fatty acid composition of total lipids
including phospholipids, triglycerides and cholesteryl esters in
the serum of 20 patients (age 63.1 ± 11.7 years; duration of
diabetes 6.7 ± 5.7 years; baseline HbA1c 7.0 ± 0.8%; BMI
24.2 ± 3.1 kg/m2) before initiation of DPP-4 inhibitors.
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Self-administered 3-day food records, which were recorded dur-
ing the 4-month period, were analyzed for estimated intake of
various nutrients using Healthy Maker Pro 501 (Mushroomsoft
Co., Ltd., Okayama, Japan). All statistical calculations were
carried out using PASW Statistics 18 (SAS Institute Inc., Cary,
NC, USA), including linear regression analyses of the associations
between changes in HbA1c levels and various parameters. Multi-
ple linear regression analyses were carried out to identify the
parameters potentially associated with HbA1c reduction, and sim-
ple regression analyses were carried out to evaluate their contri-
butions. A P-value of <0.05 was taken to show significant
difference. Values are shown as mean ± SD.

RESULTS
In the present study, DPP-4 inhibitors, similarly to previous
reports1, significantly reduced HbA1c levels, but not bodyweight
(before initiation of DPP-4 inhibitors 7.2 ± 0.7%; 4 months after
initiation of DPP-4 inhibitors 6.7 ± 0.6% [paired t-test, P < 0.01
vs before]). Multiple regression analysis of HbA1c reduction
(DHbA1c) taking into account sex, age, duration of diabetes,
BMI, baseline HbA1c and estimated intake of various food cate-
gories in 3-day food records showed that DHbA1c was well cor-
related with baseline HbA1c, but not with BMI (Table 1).
DHbA1c also showed a significant association with estimated
intake of fish and seafood in the food records (Figure 1a and

Table 1). Among fish and seafood, estimated intake of fish, but
not shellfish and other seafood, showed a significant association
with DHbA1c (Table S1). The beneficial effects of fish on human
health have been partly attributed to PUFA, such as EPA and
DHA7. We therefore investigated the association of DHbA1c

with estimated intake of PUFA. DHbA1c was significantly corre-
lated with estimated intake of EPA and DHA, along with base-
line HbA1c (Figure 1b and Table S2). As serum EPA and DHA
levels might serve as markers for intake of corresponding fatty
acids8 (Figure S1), we analyzed associations of DHbA1c with
serum EPA and DHA levels. Serum levels of EPA and DHA,
but not n-6 PUFA arachidonic acid, were well correlated with
DHbA1c (Figure 1c). Although DHbA1c reduction showed a sig-
nificant association with estimated intake of milk products
(Table 1), we were unable to find nutrients in milk products,
including saturated fatty acids, that were responsible for the
association.

DISCUSSION
We find that changes of HbA1c levels on administration of
DPP-4 inhibitors are associated with estimated intake of fish
and estimated intake of dietary n-3 PUFA, as well as serum
EPA and DHA levels. Despite being a retrospective cohort study
with a limited sample size, these findings are clinically impor-
tant in two respects: (i) the efficacy of DPP-4 inhibitors can
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Figure 1 | (a) Correlation between estimated intake of fish and seafood with glycated hemoglobin (HbA1c) reduction (National Glycohemoglobin
Standardization Program [NGSP], %) 4 months after initiation of dipeptidyl peptidase-4 inhibitors (DHbA1c; n = 72). (b) Correlation between
estimated intake of eicosapentaenoic acid (EPA), docosahexaenoic (DHA) with DHbA1c (n = 72). (c) Correlation between serum levels of EPA, DHA
and arachidonic acid (AA) with DHbA1c (n = 20). Linear regression analyses were carried out to calculate the correlation coefficient (r) and P-values.
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be predicted by serum EPA and DHA levels; and (ii) consum-
ing more fish with diet therapy can enhance the efficacy of
DPP-4 inhibitors. Furthermore, the current findings suggest
that the differing efficacies of DPP-4 inhibitors found among
different ethnicities2 might be partly a result of differences in
fish consumption.

Although many studies have shown the beneficial effects of
dietary n-3 PUFA from fish7, the mechanisms involving dietary
n-3 PUFA in DPP-4 inhibitor efficacy have not yet been investi-
gated. Although EPA and DHA have been shown to prevent
excessive adiposity, thereby ameliorating insulin resistance in
animal models, the effects of n-3 PUFA on glycemic control in
type 2 diabetes itself are somewhat controversial9. Interestingly,
it has been found that EPA and DHA enhance GLP-1 secretion,
possibly through free fatty acid receptors, such as GPR120, in
GLP-1-secreting cells and mice10,11. It is thus possible that
dietary n-3 PUFA and DPP-4 inhibitors synergistically increase
biologically-active GLP-1 levels to facilitate maintenance of
glycemic control, but it remains to be determined whether EPA

and DHA enhance GLP-1 secretion in patients with type 2 dia-
betes. In addition, whether the present findings hold true for
DPP-4 inhibitors in general is not known, as most of the
patients in the current study received sitagliptin or alogliptin,
and vildagliptin patients were limited.

We find that the reduction of HbA1c by DPP-4 inhibitors sig-
nificantly correlates with estimated intake of fish, estimated
intake of EPA and DHA, and serum levels of EPA and DHA.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Figure S1 | Correlation between estimated intakes and serum concentrations of eicosapentaenoic acid (EPA) and docosahexaenoic
(DHA; n = 16).

Table S1 | Association of glycated hemoglobin (HbA1c) reduction and estimated intake of fish, shellfish and other seafood

Table S2 | Association of glycated hemoglobin (HbA1c) reduction and estimated intake of polyunsaturated fatty acids
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