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Objective: To assess the clinical efficacy and safety of sitagliptin on atherosclerosis, β-cell function, and
glycemic control in Japanese patients with type 2 diabetes.
Methods: A prospective observational study of 270 patients with type 2 diabetes mellitus was carried
out. Patients (aged 64.3 [12.4] years, body mas index 25.2 [4.3]) with glycated hemoglobin 46.9% (52
mmol/mol) or fasting plasma glucose 4130 mg/dL were treated with sitagliptin for 12 months. The
primary end point was glycated hemoglobin level changes from baseline to 3 months. The secondary end
points included changes in several biomarkers related to inflammation and β-cell function from baseline
to 3 months, as well as changes in glycated hemoglobin level from baseline to 12 months.
Results: Glycated hemoglobin levels were significantly lower in patients treated with sitagliptin for
3 months than at baseline (8.1% [1.4%]–7.3% [1.2%]) (65 [16.9]–56 [13.1] mmol/mol]) (P o 0.0001), which
continued after 12 months (7.4% [1.3%]) (56 [15.2] mmol/mol) (P o 0.0001). In addition, a marker of
vascular-specific inflammation, pentraxin-3, and a marker of β-cell function (proinsulin/insulin ratio),
respectively, were lower after treatment with sitagliptin for 3 months than at baseline (1.88 [0.78]–1.65
[0.63] ng/mL [P ¼ 0.0038] and 0.20 [0.14]–0.17 [0.11] [P ¼ 0.01], respectively). On the other hand, a
biomarker reflecting whole body inflammation; that is, high-sensitivity C-reactive protein level, was
unchanged. Adverse events occurred in 14 patients (5.18%).
Conclusions: Sitagliptin may have beneficial effects on vascular inflammation and β-cell function in
Japanese patients with type 2 diabetes. Pentraxin-3 may be an early predictive marker for detecting the
antiatherosclerotic effects of dipeptidyl peptidase-4.
& 2017. The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The incidence of type 2 diabetes is increasing worldwide and
can lead to cardiovascular disease (CVD), which is a major cause of
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mortality in these patients.1 Several clinical studies have shown
that inadequate glycemic control is a risk factor for CVD.2 However,
there is little evidence that glycemic control and treatment with
any antidiabetes agent actually reduces the incidence of CVD.

Sitagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibitor that
was approved in Japan as an antidiabetes agent in 2009. DPP-4
inhibitors improve glucose metabolism by inducing incretin hor-
mones that stimulate insulin secretion and inhibit glucagon
secretion in a glucose-dependent manner, thereby improving
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

www.elsevier.com/locate/cuthre
www.elsevier.com/locate/cuthre
http://dx.doi.org/10.1016/j.curtheres.2016.12.002
http://dx.doi.org/10.1016/j.curtheres.2016.12.002
http://dx.doi.org/10.1016/j.curtheres.2016.12.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.curtheres.2016.12.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.curtheres.2016.12.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.curtheres.2016.12.002&domain=pdf
mailto:tetsuon@yokohamah.johas.go.jp
http://dx.doi.org/10.1016/j.curtheres.2016.12.002


Y. Tsurutani et al. / Current Therapeutic Research 84 (2017) 26–31 27
glycemic control with a lower risk of hypoglycemia or weight
gain.3–6 Therefore, sitagliptin, a relatively new agent, is becoming
widely used in newly diagnosed and poorly controlled patients
with type 2 diabetes in Japan.7

Recently, the potential antiatherosclerotic effects of DPP-4
inhibitors have been attracting attention. Glucagon-like peptide-
1 (GLP-1) receptors are expressed in various cardiovascular tissues,
including endothelial cells.8 In a rodent model of atherosclerosis,
GLP-1 receptor agonists,9 and DPP-4 inhibitors,10–12 including
sitagliptin, were shown to inhibit atherosclerosis. However, the
underlying mechanisms by which these incretin-related drugs
exert antiatherosclerotic effects are not fully understood. The
pathogenesis of atherosclerosis is characterized by various mech-
anisms such as inflammation, lipid metabolism, cell proliferation,
and oxidative stress. Therefore, measurements of biomarkers
related to those proatherosclerotic factors are valuable for clarify-
ing the mechanisms by which DPP-4 inhibitors exert antiathero-
sclerotic effects. To clarify whether sitagliptin has protective effects
on vascular-specific or nonspecific inflammation, we measured the
level of pentraxin-3 (PTX3) as well as high-sensitivity C-reactive
protein (hs-CRP) in the present study.

Several reports have shown that DPP-4 inhibitors have protec-
tive effects on β-cell function.13–16 β-Cell dysfunction is important
in the pathogenesis of type 2 diabetes. In particular, Asian patients
with type 2 diabetes are characterized by a relatively lower body
mass index than other ethnic populations.17 In addition, insulin
secretory defects are more prominent in Asian patients than in
white patients.18,19 Therefore, preservation of β-cell function is an
important strategy in the treatment of Asian patients with dia-
betes. In several studies, DPP-4 inhibitors preserved β-cell function
in a model of mice with diabetes.13,14 However, histologic analyses
are rarely performed in humans; therefore, it remains unknown
whether DPP-4 inhibitors also have a protective effect on β-cell
function in humans. Thus, assessment of β-cell function using
biomarkers such as homoeostasis model assessment of β-cell
function and proinsulin/insulin (PI/I) ratio is necessary to deter-
mine the protective effects of DPP-4 inhibitors in human β cells.

In the present prospective and observational study, the efficacy
of sitagliptin for glycemic control was assessed for 3 months in
newly diagnosed or poorly controlled patients with type 2 diabetes.
In addition, we investigated the pleiotropic effects of sitagliptin on
atherogenic factors and β-cell function.
Subjects, Materials, and Methods

Study design and participants

This open-label, central registration, multicenter, prospective,
and pragmatic observational study (Sitagliptin Investigation on
Glycemic Effects in Yokohama: SINGLE-Y) was carried out from
March 2011 to April 2013 at 42 sites (39 general practitioners and
3 major regional hospitals) in Yokohama, Japan. Eligible study
participants included adults (aged Z20 years) with poorly con-
trolled type 2 diabetes (glycated hemoglobin [HbA1c] 46.9% [52
mmol/mol] or fasting plasma glucose 4130 mg/dL) receiving diet
and exercise therapy over the course of 1 month or receiving oral
glucose-lowering agents (eg, sulfonylureas, biguanides, and thia-
zolidinediones as monotherapies or in combination). The primary
exclusion criteria included any patient with diabetes who had
experienced diabetes-related ketoacidosis or diabetes-related
coma within 6 months; patients with a severe infection, severe
trauma, or planning any surgery; pregnant or breastfeeding
women; and patients receiving treatment with insulin, glinides,
or α-glucosidase inhibitors. All patients provided written informed
consent. The medical expenses were paid by the participants and
their insurance in accordance with normal clinical practice. The
expenses for exploratory clinical tests were paid by the research
funding. The present study was approved by the ethics committee
at Yokohama Rosai Hospital, Saiseikai Yokohama-shi Tobu Hospi-
tal, and Showa University Fujigaoka Hospital.

Eligible patients were administered sitagliptin (50 mg/d) for
3 months. The doses of sulfonylureas were adjusted according to
the recommendations of Japan Diabetes Society (glimepiride o2
mg/d, glibenclamide o1.25 mg/d, and gliclazide o40 mg/d).
Doses of sitagliptin and other glucose-lowering agents were
unchanged within the first 3 months; thereafter, changes in the
dose of sitagliptin (25–100 mg/d) or other glucose-lowering agents
were permitted. Changes in background medication such as
antihypertension, antiplatelet, or lipid-lowering drugs were
allowed in case of medical necessity.

Study end points

A flow chart of study participants throughout the study and end
points are shown in Figure 1. The primary end point included
changes in HbA1c from baseline to 3 months. The secondary end
points were as follows: changes in HbA1c from baseline to 12
months; changes in apolipoprotein B-48, VLDL cholesterol, particle
size of LDL cholesterol, hs-CRP, PTX3, transforming growth factor-
β, and urinary 8-epi-prostaglandin F2α, homeostasis model assess-
ment of insulin resistance, homeostasis model assessment of β-cell
function, plasma insulin concentrations, plasma proinsulin con-
centrations, and plasma PI/I ratios from baseline to 3 months.
Secondary end point measurements were only performed at
Yokohama Rosai Hospital, Saiseikai Yokohama-shi Tobu Hospital,
and Showa University Fujigaoka Hospital. Postprandial samples
were excluded from the analysis. In addition, lipid profiles, liver
enzymes, kidney function, and uric acid levels were measured. The
collected data included the patients' demographic characteristics,
medical histories, anthropometric data, blood analysis for glycemic
control parameters, all adverse events, and hypoglycemic events.
These data were collected to the study center for data manage-
ment from the patients' medical records by the investigators using
a case report form that was anonymized. Laboratory analyses were
done at clinical test companies; specifically, BML Corporation
(Tokyo, Japan) or SRL Corporation (Tokyo, Japan) trusted by each
hospital or clinic. Measurements of specific biomarkers were
centrally carried out by SRL Corporation. At each visit, body
weight, blood pressure, and pulse rate were measured using
weighting scales and automated sphygmomanometers at each
hospital or clinic. Safety profile and tolerability were assessed by
each investigator throughout the study. Adverse events were
defined as any untoward medical occurrence that did not neces-
sarily have a causal relationship with the treatment, including
abnormalities on clinical laboratory measurements. If participants
experienced adverse events, all details (eg, date, intensity, dura-
tion, outcome, and relationship to the drug) were documented and
reported to the principal investigator by each investigator. Inves-
tigators assessed medication adherence by asking patients directly.

Statistical analysis

Data are given as means (SD). Before the analysis, the data
distribution was assessed by the Shapiro-Wilk test. Paired t tests or
Wilcoxon signed-rank tests were used to compare the parameters
before and after the observation period. One-way repeated meas-
ures ANOVA was used for comparison of values at baseline, after
3 months, and at 12 months. Pairwise associations were examined
by Pearson’s correlation coefficient test. In all statistical analyses,
P o 0.05 was considered statistically significant. JMP 12 software
(SAS Institute Inc, Cary, NC) was used for all analyses.



At month 3
257 completed 3 months treatment

270 patients with type 2 diabetes 
(HbA1c > 6.9 % or fasting plasma glucose > 130 mg/dL) were enrolled

Primary end-point:   
Change in HbA1c from baseline to 3 months

34 were checked for specific 
biomarkers

Secondary end-points(specific biomarkers):
Changes in HOMA-IR,HOMA-β, pro-insulin, 
insulin, PI/I ratio, Apo-B, VLDL cholesterol, LDL particle 
size, hs-CRP, PTX3, TGF-βand urinary 8-epi-prostaglandin F2α
from baseline to 3 months

Secondary end-point:
Change in HbA1c from baseline to 12 months

At month 12
211 completed 12 months treatment

Specific biomarkers were measured in 50 
patients in 3 major regional hospitals

Oral administration of sitagliptin 50 mg/day

13 discontinued
5 adverse events
7 lost to follow-up      
1 lack of efficacy

46 discontinued
9 adverse events
26 lost to follow-up
3 withdrew consent
6 lack of efficacy
2 others

4 discontinued 
2 adverse events
2 lost to follow-up

12 excluded from analysis because 
of postprandial sample collection

Figure 1. Flow chart of study participants and study end points throughout the study. Data include the number of study participants. HbA1c ¼ glycated hemoglobin; HOMA-
IR ¼ homoeostasis model assessment of insulin resistance; HOMA-β ¼ homoeostasis model assessment of β-cell function, PI/I ¼ pro-insulin/insulin ratio; Apo-B ¼
apolipoprotein B; hs-CRP ¼ high sensitivity C-reactive protein; PTX3 ¼ pentraxin-3; TGF-β ¼ transforming growth factor-β; 8-epi-PGF2α ¼ 8-epi-prostaglandin F2α.
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Results

Baseline characteristics of the study participants

A total of 270 Japanese patients with type 2 diabetes (165 men
and 105 women) met the criteria and participated in the present
study. Characteristics at baseline were as follows: age 64.3 (12.4)
years; body mass index 25.2 (4.3); plasma glucose 200.8 (70.7)
mg/dL; HbA1c 8.1% (1.4%) (65 [16.9] mmol/mol); systolic and
diastolic blood pressure 130 [16] mm Hg and 77 [11] mm Hg,
respectively; total cholesterol 200 [37] mg/dL; HDL cholesterol
54.4 [14.0] mg/dL; LDL cholesterol 112 [39] mg/dL; triglycerides
166 [96] mg/dL; and estimated glomerular filtration rate 70.1
[21.5] mL/min/1.73 m2 (Table I).
Table I
Baseline characteristics of the study participants.*

Characteristic Study values

Sex, n
Male 165
Female 105

Age, y 64.3 (12.4)
Body mass index 25.2 (4.3)
Plasma glucose level, mg/dL 200.8 (70.7)
Glycated hemoglobin
% 8.1 (1.4)
mmol/mol 65 (16.9)

Fasting insulin, μU/mL 16.2 (24.5)
Systolic blood pressure, mm Hg 130 (16)
Diastolic blood pressure, mm Hg 77 (11)
Total cholesterol level, mg/dL 200 (37)
HDL cholesterol level, mg/dL 54.4 (14.0)
LDL cholesterol level, mg/dL 112 (39)
Triglyceride level, mg/dL 166 (96)
Estimated glomerular filtration rate, mL/min/1.73 m2 70.1 (21.5)
Smoking, % 29.2
Drinking, % 42.2
Hypertension, % 52.6
Dyslipidemia, % 57.4

n Data are presented as number, mean (SD), or percentage.
Primary end point

Patients receiving sitagliptin as a monotherapy or combination
therapy had significantly lower HbA1c values 3 months after
treatment than at baseline (8.1% [1.4%]–7.3% [1.2%]) (65 [16.9]–56
[13.1] mmol/mol) (P o 0.0001) (Figure 2). This glucose-lowering
effect of sitagliptin was seen both in men (7.9% [1.3%]–7.2% [1.1%])
(55 [13.0]–63 [13.9] mmol/mol) (P o 0.0001) and women (8.4%
[1.5%]–7.4% [1.2%]) (68 [16.9]–58 [13.3] mmol/mol) (P o 0.0001).

Secondary end points

Patients receiving sitagliptin as a monotherapy or combination
therapy had significantly lower HbA1c values 12 months after
treatment than at baseline (8.1% [1.4%]–7.4% [1.3%]) (65 [16.9]–57
[15.1] mmol/mol; P o 0.0001) (Figure 2).

Changes in other secondary end points are summarized in
Table II. Thirty-four patients were checked for specific biomarkers.
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Figure 2. Changes in glycated hemoglobin (HbA1c) from baseline to 3 and 12
months. Error bars represent SD.



Table II
Changes in biomarkers related to atherogenic factors and β-cell function (N ¼ 34).*

Biomarker Baseline At 3 mo P value (vs baseline)

Glycated hemoglobin 0.0067
% 7.68 (1.08) 7.17 (1.17)
mmol/mol 53 (26.4) 44 (30.2)

Apolipoprotein B-48, mg/mL 5.81 (7.29) 6.38 (7.88) 0.5
VLDL cholesterol level, mg/dL 27.4 (8.8) 25.6 (9.3) 0.4
LDL particle size, Å 270 (4.7) 268 (6.0) 0.1
High-sensitivity C-reactive protein, mg/dL 0.118 (0.78) 0.095 (0.103) 0.2
Pentraxin-3 level, ng/mL 1.88 (0.78) 1.63 (0.63) 0.0038
Transforming growth factor-β, ng/mL 2.39 (2.76) 1.85 (1.32) 0.3
urinary 8-epi-prostaglandin F2α, pg/mg creatinine 331 (141) 339 (171) 0.7
Homoeostasis model assessment of insulin resistance 4.47 (4.66) 7.64 (7.24) 0.17
Homoeostasis model assessment of β-cell function 38.9 (26.1) 82.9 (62.9) 0.07
Insulin level, pmol/L 60.1 (49.9) 59.3 (35.3) 0.91
Proinsulin level, pmol/L 9.89 (5.79) 8.37 (5.12) 0.02
Proinsulin/insulin ratio 0.20 (0.14) 0.17 (0.11) 0.01

n Data are presented as mean (SD).
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After 3 months, patients treated with sitagliptin had significantly
lower PTX3 levels than at baseline (1.88 [0.78]–1.63 [0.63] ng/mL;
P ¼ 0.0038). There was no significant correlation between the
changes in PTX3 levels and the changes in HbA1c values (r ¼
–0.07; P ¼ 0.69). In addition, the changes in PTX3 levels were not
correlated to HbA1c values at baseline (r ¼ –0.19; P ¼ 0.29).
Therefore, it is assumed that sitagliptin treatment decreased PTX3
levels independent from the glycemic control. In contrast, the hs-
CRP levels were unchanged with sitagliptin treatment. Changes in
biomarkers related to lipid profiling such as VLDL cholesterol level,
apolipoprotein-B 48 concentration, and LDL cholesterol particle
size were not significant. Similarly, there were no significant
differences in transforming growth factor-β, levels, a marker of
cell proliferation, or urinary 8-epi-prostaglandin F2α levels, a
marker of oxidative stress, with sitagliptin treatment.

In this study, we also investigated biomarkers related to β-cell
function. Patients had significantly lower plasma proinsulin con-
centrations and PI/I ratios after sitagliptin treatment than at
baseline (9.89 [5.79]–8.37 [5.12] pmol/L [P ¼ 0.02] and 0.20
[0.14]– 0.17 [0.11] [P ¼ 0.01], respectively). In contrast, changes
in plasma insulin concentrations, homoeostasis model assessment
of β-cell function, and homoeostasis model assessment of insulin
resistance, a marker of insulin resistance, were unchanged. Changes
in other observations are shown in Table III. No significant change
Table III
Changes in other observations.*

Observation Baseline At 3 mo At 12 mo

Body weight, kg 65.5 (13.7) 64.9 (13.3) 65.3 (13.7)
Systolic blood pressure, mm Hg 129.5 (16.2) 127.1 (13.4) 127.4 (13.4)
Diastolic blood pressure, mm Hg† 76.6 (11.2) 74.2 (9.7) 74.2 (10.2)
Pulse rate, bpm 74.9 (13.6) 73.6 (12.8) 73.1 (11.1)
Total cholesterol level, mg/dL† 200.1 (37.4) 196.2 (41.1) 192.4 (36.0)
LDL cholesterol level, mg/dL 111.8 (30.2) 107.8 (26.4) 111.2 (27.5)
HDL cholesterol level, mg/dL† 54.4 (13.9) 53.9 (13.8) 53.5 (14.1)
Triglyceride level, mg/dL 166.0 (92.4) 157.3 (90.6) 152.4 (87.2)
Aspartate aminotransferase level, U/L 26.1 (13.1) 25.2 (11.8) 25.2 (10.8)
Alanine aminotransferase level, U/L 30.2 (21.6) 28.0 (18.2) 27.3 (17.2)
γ-glutamyltranspeptidase level, U/L 53.4 (67.8) 50.6 (64.8) 49.2 (72.6)
Total bilirubin level, mg/dL 0.7 (0.4) 0.6 (0.2) 0.7 (0.4)
Blood urea nitrogen level, mg/dL 15.9 (5.1) 16.0 (4.9) 16.4 (5.8)
Creatinine level, mg/dL† 0.77 (0.23) 0.78 (0.23) 0.80 (0.25)
Uric acid level, mg/dL† 5.2 (1.3) 5.6 (1.3) 5.5 (1.3)

n Data are presented as mean (SD).
† P o 0.05 compared with baseline, after 3 months, and at 12 months as

determined by 1-way repeated measures ANOVA.
in body weight was observed. Statistically significant changes were
observed in diastolic blood pressure, total cholesterol level, HDL
cholesterol level, serum creatinine level, and uric acid level after
sitagliptin treatment.

Safety

Adverse events are summarized in Table IV. Adverse events
were reported by 14 (5.18%) of 270 participants. Deaths occurred in
4 participants (attributable to cerebral infarction in 2 participants,
sepsis in 1 participant, and gallbladder cancer in 1 participant).
Patient withdrawals from the study were attributed to skin
eruptions, flatulence, constipation, nausea, joint pain, arrhythmias,
and renal dysfunction. There were no episodes of hypoglycemia
observed in the present study.
Discussion

The present study clearly shows that sitagliptin significantly
improves glycemic control in Japanese patients with newly diag-
nosed or poorly controlled type 2 diabetes. In addition, PTX3 and
PI/I ratios were significantly lower after receiving sitagliptin treat-
ment for 3 months than at baseline.

In the present study, sitagliptin had glucose-lowering effects as
determined by HbA1c values, which were approximately 0.7%
lower at 12 months than at baseline. This finding is in agreement
with that of recent clinical studies of sitagliptin20,21 and other DPP-4
inhibitors.22,23 Importantly, the reduction was achieved without
weight gain or an increased risk of hypoglycemia. Sitagliptin exerts
glucose-lowering effects with glucose dependency; thus, the risk of
hypoglycemia is low unless used with high doses of sulfonylureas. In
the present study, the doses of sulfonylureas were adjusted accord-
ing to the recommendation of Japan Diabetes Society. These adjust-
ments may have contributed to the absence of hypoglycemic events.

In the present study, PTX3 levels were significantly lower after
treatment with sitagliptin for 3 months than at baseline. PTX3 is
an acute inflammatory biomarker produced by peripheral tissues
and reflects impaired vascular endothelial function.24 In contrast,
CRP is produced mainly in the liver in response to stimulation of
various cytokines, reflecting whole-body inflammation. The
expression of PTX3 has been found to increase in patients with
CVD.25,26 In a model of acute myocardial infarction, PTX3-deficient
mice showed exacerbated heart damage with higher circulating
levels of interleukin-6 than wild-type mice. In addition, this
phenotype was reserved by exogenous PTX3.27 Therefore, it is



Table IV
Observed adverse events

Type of adverse event Result*

Any adverse event 14 (5.18)
Cerebral infarction 2 (0.74)
Sepsis 1 (0.37)
Gallbladder cancer 1 (0.37)
Skin eruption 3 (1.11)
Flatulence 2 (0.74)
Constipation 1 (0.37)
Joint pain 1 (0.37)
Nausea 1 (0.37)
Arrhythmia 1 (0.37)
Renal dysfunction 1 (0.37)

n Data are presented as n (%).
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assumed that increased PTX3 may have protective effects against
cardiac tissue damage. In diabetes patients, plasma PTX3 levels are
positively correlated with the development of retinopathy,
whereas hs-CRP levels are not.28 Another report29 showed that
plasma PTX3 levels are associated with carotid intima-media
thickness in type 1 diabetes patients, independent from glycemic
control. Thus, PTX3 may be an accurate predictor of vascular
inflammation in patients with diabetes. To our knowledge, the
present study is the first to show a decrease in PTX3 levels
attributable to treatment with DPP-4 inhibitors. No previous study
was identified through a search of Medline or Embase to Decem-
ber 2016 using the key words dipeptidyl peptidase-4 inhibitors and
pentraxin-3. PTX3 seems to be an early predictive marker for the
antiatherosclerotic effects of DPP-4 inhibitors.

Three recent randomized clinical studies showed that DPP-4
inhibitors neither reduced nor increased the risk of cardiovascular
events in patients with type 2 diabetes with a history of CVD or at
high risk for CVD.20,22,23 These results cannot exclude possible
benefits of DPP-4 inhibitors for CVD because there were careful
regulations of risk factors with statins, antiplatelet drugs, and/or
antihypertensive drugs in a large proportion of those patients. In
rodent studies, treatment with DPP-4 inhibitors reduces athero-
sclerotic lesion formation in apolipoprotein E-deficient mice11 and
LDL receptor-deficient mice.12 In human studies, intima-media
thickness progression was inhibited to a greater extent in patients
receiving sitagliptin for 12 months than that of diet controlled
patients with coronary artery disease and impaired glucose
tolerance.30 Therefore, early and effective glycemic control with
DPP-4 inhibitors may reduce the incidence of CVD in the
long term.

The present study showed a decrease in PI/I ratios with
sitagliptin treatment, suggesting a protective effect on β-cell
function. An elevated PI/I ratio reflects β-cell dysfunction.31,32

Previous basic studies showed protective effect of DPP-4 inhibitors
on β cells. Mu et al33 reported that β-cell mass and β-cell to α-cell
mass were higher in high-fat diet and streptozotocin-induced mice
with diabetes receiving sitagliptin treatment than that of placebo,
whereas glipizide had no effect. GLP-1 has also been shown to
increase β-cell mass in rodents by promoting β-cell replication and
differentiation of β-cell precursors and by inhibiting apoptosi-
s.34,35Although molecular mechanisms by which these incretin
hormones promote β-cell proliferation or inhibit apoptosis are still
not fully understood, it is likely that the protective effects of DPP-4
inhibitors are attributable to increased circulating incretin hor-
mones. Use of DPP-4 inhibitors may be an effective strategy for
protecting β-cell function in patients with type 2 diabetes, espe-
cially with impaired insulin secretory defects commonly seen in
Asians.

The present study has some limitations. First, we did not
include a placebo group for comparison purposes. Second, the
number of participants enrolled was small and the treatment
period of 3 months may have been too short. In particular,
measurements of biomarkers related to β-cell function and athe-
rogenic factors, including PI/I ratio and PTX3, were performed at
only 3 major regional hospitals, which further limited the number
of patients included in the statistical analysis. Larger, placebo-
controlled studies with longer follow-up periods are required.
Third, we cannot all exclude the potential influence of dropouts on
results, because we used paired t tests or Wilcoxon signed-rank
tests without the missing data of dropouts in the analysis in this
pragmatic observational study.
Conclusions

The present study suggests that sitagliptin treatment was
associated with improved glycemic control in this small, select
group of Japanese patients with newly diagnosed or poorly
controlled type 2 diabetes. In addition, sitagliptin may have
pleiotropic effects on vascular inflammation and β-cell function.
Treatment with sitagliptin may be a useful strategy for Japanese
patients with type 2 diabetes for reducing the risk of CVD and
preserving β-cell function.
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