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ABSTRACT
We evaluated the effect of sitagliptin on vascular
endothelial function in Japanese type 2 diabetes
patients without cardiovascular disease. Subjects included 24 Japanese type 2 diabetes patients without cardiovascular disease. This study
was a prospective, open-label, randomized clinical trial. We divided the study subjects into 2
groups: subjects who received sitagliptin 50 mg
daily (sitagliptin group, n = 12) and subjects who
did not receive sitagliptin (control group, n = 12).
Brachial artery flow-mediated dilation (FMD) was
measured after overnight fasting. Sitagliptin administration was initiated at 1 month after enrollment in study (baseline). FMD and level of
biochemical variables in the sitagliptin and control groups were measured at baseline and 3
months from baseline (3 months). We evaluated
the effect of sitagliptin on vascular endothelial
function by measuring FMD. FMD at 3 months
was significantly higher in the sitagliptin group
than in the control group (5.36% ± 2.18% vs
3.41% ± 2.29%, P = 0.040), while FMD at baseline
was not significantly different between the 2
groups. In addition, FMD of the sitagliptin group
at 3 months was significantly higher than that at
baseline (5.36% ± 2.18% vs 3.67% ± 2.30%, P =
0.004), while no significant differences were
observed in the FMD of the control group during
the study period. The change in the adiponectin
from baseline to 3 months was significantly
higher in the sitagliptin group than that in the
control group (0.82 ± 2.18 μg/mL vs 0.01 ± 0.55
μg/mL, P = 0.039). Sitagliptin improves vascular
endothelial function of the brachial artery in
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Japanese type 2 diabetes patients without cardiovascular disease. Furthermore, elevation of
adiponectin may induce reduction of endothelial
dysfunction in type 2 diabetes patients treated
with sitagliptin.
Keywords: Sitagliptin; Endothelial Function;
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Adiponectin

1. INTRODUCTION
Atherosclerosis progression plays an important role in
increasing the risk of cardiovascular disease in diabetes
patients [1,2]. Therefore, it is important to prevent development and progression of cardiovascular disease in
diabetes patients. Ultrasound techniques are useful and
noninvasive methods for evaluating atherosclerosis progression. Flow-mediated dilation (FMD) of the brachial
artery measured using ultrasonography is an established
method for evaluating vascular endothelial function [3].
FMD is a predictor of cardiovascular disease [4,5]. Furthermore, FMD is related to microvascular complications
in diabetes patients [6,7]. Many studies reported that oral
hypoglycemic agents for diabetes improve endothelial
dysfunction [8-11]. However, whether vascular endothelial dysfunction in diabetes patients is improved by administration of an oral dipeptidyl peptidase-4 (DPP-4)
inhibitor is unknown. DPP-4 inhibitor shows a hypoglycemic effect by elevating the plasma levels of incretin
hormone in type 2 diabetes [12]. The incretin hormone,
particularly glucagon-like peptide-1 (GLP-1), has an
extraglycemic effect in humans [13]. GLP-1 improves
brachial artery endothelial dysfunction in type 2 diabetes
patients [14]. These findings indicate that the DPP-4 inhibitor may have an effect of vascular protection in addition to improving glycemic control in diabetes and
non-diabetes subjects.
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The aim of our study was to evaluate the effect of the
DPP-4 inhibitor sitagliptin on vascular endothelial function in type 2 diabetes patients without cardiovascular
disease by measuring FMD.

2. MATERIALS AND METHODS
2.1. Study Subjects
We recruited 24 type 2 diabetes patients (12 men and
12 women) without cardiovascular disease with ages
ranging from 49 to 78 years (mean age 68.0 ± 8.5 years)
who were treated with diet only, sulfonylurea only, metformin only, or sulfonylureas plus metformin in our division. We excluded patients receiving an α-glucosidase
inhibitor, thiazolidinedione, insulin injection, GLP-1
receptor analogues (exenatide and liraglutide) injection,
hormone therapy, and immunosuppressive therapy. In
addition, patients treated for chronic disease such as malignant diseases, collagen diseases, and acute diseases
were excluded.

2.2. Study Design
The study protocol was approved by the Ethical Committee of Nippon Medical School and carried out in accordance with the principles of the Declaration of Helsinki. This study was a prospective, open-label, randomized clinical trial. This study design is shown in Figure 1.
All subjects provided written informed consent before
participation, and the study was approved by the local
institutional review board. The baseline of the study was
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defined as the time at 1 month after entry into this study.
Clinical characteristics of study subjects were investigated at baseline. We randomized study subjects at baseline into 2 groups using the envelope method as follows:
subjects who received sitagliptin 50 mg daily (sitagliptin
group, n = 12) and subjects who did not receive sitagliptin (control group, n = 12). Subjects in the sitagliptin group began receiving sitagliptin 50 mg daily in
addition to treatment for diabetes at entry from baseline
to 3 months from baseline (3 months), and subjects in the
control group were maintained on diabetes treatment
during the study period. For both groups, treatment for
diabetes, excluding sitagliptin, and that for other diseases,
including hypertension or dyslipidemia, were not altered
during the study period. We followed the study subjects
for 3 months. FMD and the levels of biochemical variables were investigated at baseline and at 3 months.

2.3. Clinical Characteristics of Study
Subjects
We investigated baseline clinical characteristics of
study subjects, including gender; age; body mass index
(BMI); duration of diabetes; diabetes complications
(retinopathy, nephropathy, and neuropathy); cardiovascular disease, smoking habit; hypertension; antihypertensive medication; statin use; treatment of diabetes; systolic and diastolic blood pressure. We measured the levels of the biochemical variables, including low-densitylipoprotein (LDL)-cholesterol, high-density-lipoprotein
(HDL)-cholesterol, triglyceride, uric acid, plasma creatinine,

Figure 1. Study design.
Copyright © 2012 SciRes.
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fasting plasma glucose (FPG), HbA1c, plasma 1,5-anhydroglucitol (1,5-AG), and adiponectin, after overnight
fasting at baseline and at 3 months. Plasma glucose level
was measured using the glucose oxidase method. HbA1c
level (Japan Diabetes Society, JDS) (%) was measured
using high-performance liquid chromatography (HPLC,
JDS Lot3). In addition, HbA1c level (JDS) was transformed into A1c (National Glycohemoglobin Standardization Program, NGSP) as follows: A1c (NGSP) (%) =
HbA1c (JDS) + 0.4 [15]. Plasma level of 1,5-AG was
measured using an HPLC method. The levels of HDLcholesterol, LDL-cholesterol, and triglycerides were
measured using an enzymatic method. Adiponectin was
measured using latex particle-enhanced turbidimetric
immunoassay [16].

2.4. Measurement of FMD
FMD of the brachial artery of study subjects was
measured according to a previously reported method [17].
FMD measurement on the right brachial artery was
evaluated using A- and B-mode ultrasonography using a
linear-array 10-MHz transducer (UNEXEF18G; UNEX
Corporation, Nagoya, Japan). For the hyperemia scan,
vessel diameter was measured continuously for 180 s
after cuff deflation. Interobserver reproducibility of FMD
measurement using UNEXEF18G was calculated with a
correlation coefficient of r = 0.961 (P < 0.001) between
the 2 observers, while their intraobserver variability for
measurements varied by 2.4%. Subjects were instructed
to abstain from smoking and caffeine consumption for at
least 8 h and to lie down for 15 min before the start of
the study. We measured the systolic blood pressure of the
study subjects before the measurement of FMD. FMD
measurement was performed according to a report by the
International Brachial Artery Reactivity Task Force [18].
The baseline diameter of the brachial artery was defined
as the mean diameter of that artery 5 cm proximal to the
elbow joint at 4 consecutive diastolic times on an electrocardiogram before hyperemia. After determination of
this baseline diameter, forearm hyperemia was induced
by inflating the sphygmomanometric cuff at systolic
blood pressure plus 50 mmHg before FMD measurement
and continued for 5 min in the forearm. After cuff deflation, the maximum diameter after hyperemia was measured. The rate of change in diameter (%) from the baseline diameter and maximum diameter after hyperemia
was recorded as the FMD. If the rate of diameter change
was less than 0%, this rate was defined as 0%. During
the study period, FMD was measured at baseline and at 3
months.

2.5. Statistical Analysis
The Mann-Whitney U test and chi-squire test were
Copyright © 2012 SciRes.

used to compare differences in baseline clinical characteristics, FMD, and levels of biochemical variables between the sitagliptin and control groups. Wilcoxon test
was used to compare changes in FMD and the levels of
biochemical variables during the study period. Data were
presented as means ± standard deviation (SD), and n (%).
Statistical significance was defined as P < 0.05. All
analysis was performed using SPSS for Windows Ver.
12.0J (SPSS Japan Inc.).

3. RESULTS
The baseline clinical characteristics of study subjects
are shown in Table 1. No significant difference was observed in the clinical characteristics between the sitagliptin and control groups. Furthermore, no significant
difference was observed in the treatment of diabetes and
prevalence of diabetes complications between the 2
groups. The FMD and the levels of biochemical variables,
including glucose and lipid metabolism variables, and
adiponectin of the study subjects at baseline and 3
months are shown in Table 2, and comparisons of
changes in FMD from baseline to 3 months between the
sitagliptin and control groups is shown in Figure 2. FMD
at 3 months was significantly higher in the sitagliptin
group than in the control group (5.36% ± 2.18% vs
3.41% ± 2.29%, P = 0.040), while no significant difference was observed in the FMD at baseline between the
sitagliptin and control groups. In addition, FMD of the
sitagliptin group at 3 months was significantly higher
than that at baseline (5.36% ± 2.18% vs 3.67% ± 2.30%,
P = 0.004), while no significant differences were observed between the FMD of the control group at baseline
and at 3 months. Furthermore, the change in the FMD
from baseline to 3 months was significantly higher in the
sitagliptin group than in the control group (1.69% ±
1.76% vs 0.54% ± 1.52%, P = 0.009).
No significant difference was observed in the glucose
metabolism variables between the 2 groups during the
study period. However, A1c levels in the sitagliptin
group at 3 months were significantly lower than those at
baseline (7.51% ± 1.75 % vs 7.92% ± 1.16 %, P = 0.034),
and 1,5-AG levels in the sitagliptin group at 3 months
were significantly higher than those at baseline (55.03 ±
42.01 μmol/L vs 37.31 ± 24.30 μmol/L, P = 0.015), while
no significant difference was observed in the levels of
FPG in the sitagliptin group during the study period. In
contrast, no significant difference was observed in the
glucose metabolism variables in the control group during
the study period. Also, no significant difference was observed in the levels of other biochemical variables between the 2 groups during study period. However, the
change in the adiponectin from baseline to 3 months was
significantly higher in the sitagliptin group than that in
OPEN ACCESS
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Table 1. Baseline clinical characteristics of study subjects.
Clinical
characteristics

Sitagliptin
group

Control
group

Number

12

12

Gender (men)

5 (41.7)

7 (58.3)

0.414

Age (years)

64.9 ± 9.7

69.5 ± 6.8

0.235

Body Mass Index

23.9 ± 2.4

23.0 ± 4.2

0.326

Duration of diabetes
(years)

12.3 ± 7.6

10.9 ± 8.6

0.575

Diabetes retinopathy

3 (25.0)

4 (33.3)

1.000

Diabetes nephropathy

7 (58.3)

6 (50.0)

1.000

Diabetes neuropathy

3 (25.0)

5 (41.7)

0.667

Cardiovascular disease

0 (0)

0 (0)

1.000

P-value
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Table 2. Comparison of flow-mediated dilation and biochemical variables of study subjects at baseline and at 3 months.
Variables

Baseline

3 months

Sitagliptin group

3.67 ± 2.30

5.36 ± 2.18**#

Control group

3.35 ± 1.93

3.41 ± 2.29

Sitagliptin group

8.51 ± 2.72

7.89 ± 3.14

Control group

7.48 ± 2.72

7.50 ± 2.00

Sitagliptin group

7.92 ± 1.16

7.51 ± 1.75*

Control group

7.92 ± 1.10

7.66 ± 0.87

1) FMD (%)

Smoking habit

2) FPG (mmol/L)

3) A1c (%)

4) 1,5-AG (μmol/L)

None

7 (58.3)

6 (50.0)

0.896

Sitagliptin group

37.31 ± 24.30

55.03 ± 42.01*

Recent

3 (25.0)

4 (33.3)

0.896

Control group

42.09 ± 28.38

45.99 ± 35.21

Current

2 (16.7)

2 (16.7)

0.896

5) LDL-CHOL (mmol/L)

Hypertension

9 (75.0)

8 (66.7)

1.000

Sitagliptin group

2.46 ± 0.39

2.40 ± 0.50

Antihypertensive
medication

9 (75.0)

8 (66.7)

1.000

Control group

2.80 ± 0.61

2.76 ± 0.47

Statin use

5 (41.7)

4 (33.3)

1.000

Sitagliptin group

1.41 ± 0.32

1.46 ± 0.37

Control group

1.27 ± 0.26

1.30 ± 0.26

Sitagliptin group

1.18 ± 0.33

1.21 ± 0.58

Control group

1.47 ± 0.46

1.23 ± 0.41

Sitagliptin group

329.37 ± 82.06

325.40 ± 80.64

Control group

324.40 ± 73.36

319.44 ± 75.01

10.78 ± 12.80

12.08 ± 12.46

8.23 ± 3.37

8.23 ± 3.34

Treatment of diabetes
Sulfonylurea only

4 (33.3)

4 (33.3)

1.000

Metformin only

3 (25.0)

4 (33.3)

1.000

Sulfonylurea plus
metformin

3 (25.0)

1 (8.3)

0.590

Diet only

2 (16.7)

3 (25.0)

1.000

Systolic

129.3 ± 12.2

122.7 ± 11.3

0.190

Diastolic

73.3 ± 9.9

72.8 ± 7.4

0.839

LDL-CHOL (mmol/L)

2.46 ± 0.39

2.80 ± 0.61

0.064

HDL-CHOL (mmol/L)

1.41 ± 0.32

1.27 ± 0.26

0.224

Triglyceride (mmol/L)

1.18 ± 0.33

1.47 ± 0.46

0.119

Uric acid (μmol/L)

329.37 ± 82.06

324.40 ± 73.36

0.977

Serum creatinine
(μmol/L)

65.49 ± 20.19

64.02 ± 13.85

0.954

FPG (mmol/L)

8.51 ± 2.72

7.48 ± 1.95

0.419

A1c (NGSP) (%)

7.92 ± 1.16

7.92 ± 1.10

0.728

1,5-AG (μmol/L)

37.31 ± 24.30

42.09 ± 28.38

0.644

Adiponectin (μg/mL)

10.78 ± 12.80

8.23 ± 3.37

0.579

Blood pressure (mmHg)

Mean ± SD, n (%); FPG, fasting plasma glucose; 1,5-AG, 1,5-anhydroglucitol; A1c, glycosylated hemoglobin; NGSP, National Glycohemoglobin
Standardization Program.

Copyright © 2012 SciRes.

6) HDL-CHOL (mmol/L)

7) Triglyceride (mmol/L)

8) Uric acid (μmol/L)

9) Adiponectin (μg/mL)
Sitagliptin group
Control group

Mean ± SD; FMD, flow-mediated dilation; #P < 0.05 for sitagliptin group vs
control group at 3 months; *P < 0.05 for 3 months vs baseline of sitagliptin
group; **P < 0.01 for 3 months vs baseline of sitagliptin group.

the control group (0.82 ± 2.18 μg/mL vs 0.01 ± 0.55
μg/mL, P = 0.039) (Figure 3).

4. DISCUSSION
We showed that sitagliptin improves FMD of the brachial artery in Japanese type 2 diabetes patients without
cardiovascular disease. To our knowledge, this is the first
study evaluating the effect of improvement in endothelial
OPEN ACCESS
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Figure 2. Comparisons of changes in flow-mediated dilation (FMD). (a) Comparisons of mean FMD values in the sitagliptin and control groups between baseline and 3 months; (b) Comparison of the mean change in FMD from baseline to 3 months between the sitagliptin and the control group; (c) Changes in FMD of all subjects of the sitagliptin
group from baseline to 3 months; (d) Changes in FMD of all subjects of the control group from baseline to 3 months.
∆FMD = (FMD at 3 months) − (FMD at baseline). *P < 0.05, **P < 0.01.

Figure 3. Comparisons of changes in adiponectin from baseline
to 3 months. ΔAdiponectin = (adiponectin at 3 months) – (adiponectin at baseline). *P < 0.05.
Copyright © 2012 SciRes.

function in type 2 diabetes patients by administration of
DPP-4 inhibitors.
Endothelium-dependent arterial dilation is mediated
by the release of endothelium-derived nitric oxide [18].
Endothelial dysfunction in diabetes is caused by increased levels of oxidative stress induced by abnormalities in glucose metabolism [19]. Endothelial dysfunction
is improved by administration of oral hypoglycemic
agents [8-11]. These agents improve the abnormalities in
glucose metabolism and thus reduce oxidative stress.
DPP-4 inhibitor shows a hypoglycemic effect by increasing the plasma level of incretin hormone in type 2
diabetes patients, as previously described [12]. Furthermore, DPP-4 inhibitors suppress endogenous glucose
production and enhance insulin secretion [20]. Therefore,
sitagliptin may too have the same effect as that of other
oral hypoglycemic agents in improving endothelial dysOPEN ACCESS
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function by improving abnormalities in glucose metabolism and reducing oxidative stress. In addition, the levels
of 1,5-AG, which are thought to reflect postprandial glucose levels, in the sitagliptin group at 3 months were
significantly higher than those at baseline. This result
suggests that the improvement in endothelial dysfunction
in the sitagliptin group is due to a reduction of postprandial hyperglycemia and fluctuation of glucose levels.
DPP-4 inhibitor reduces postprandial glucose levels until
240 min after meal injection [20]. Several studies showed
that postprandial hyperglycemia was improved in type 2
diabetes patients receiving DPP-4 inhibitor monotherapy
[21] and DPP-4 inhibitor plus sulfonylurea and metformin therapy [22,23]. The mean amplitude of glycemic
excursion in daily glucose profiles was negatively correlated with fasting FMD in type 2 diabetes patients [24].
Acarbose and nateglinide improve postprandial hyperglycemia and endothelial dysfunction [9,25]. In addition,
repetitive fluctuations in the levels of glucose or insulin
enhanced adhesion of monocytes to the endothelium of
the rat thoracic aorta [26]. These results suggest that improvement of fasting vascular endothelial dysfunction by
sitagliptin in type 2 diabetes patients is associated with a
reduction in postprandial hyperglycemia and glucose
fluctuation.
Furthermore, our study demonstrated that the increase
of plasma adiponectin level of sitagliptin group was significantly higher than that of control group. This result
suggests that adiponectin may be possible relevant factor
of reduction of endothelial dysfunction in diabetes patients treated with sitagliptin. Lim et al. demonstrated
that circulating levels of adiponectin was increased significantly in sitagliptin treatment and sitagliptin had protective properties against restenosis after carotid injury
and therapeutic implications for treating macrovascular
complications in OLETF rats [27]. Low adiponectin
level is a risk factor for the subsequent development of
cardiovascular diseases [28,29]. In contrast, adiponectin
has protective effect of reactive oxygen species, and
stimulates AMPK activation in endothelial cells, leading
to activation of eNOS in vascular endothelial cells [30].
This result suggests that elevation of adiponectin may
induce reduction of endothelial dysfunction in our study
subjects treated with sitagliptin.
Our study has some limitations. First, we could not
assess plasma GLP-1 levels. Vildagliptin decreases reactive oxygen species-induced vascular endothelial cell
senescence depending on GLP-1 level in diabetes rats
[31]. The GLP-1 analogue liraglutide inhibits the effect
of endothelial damage in human vein endothelial cells
[32]. Furthermore, exendin-4 inhibits monocyte adhesion
to endothelial cells and attenuation of atherosclerosis,
and these effects are dependent on exendin-4 levels [33].
These findings suggest that higher GLP-1 levels induce a
Copyright © 2012 SciRes.
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greater effect of repair of endothelial function in type 2
diabetes patients. Second, subjects with cardiovascular
disease were excluded in the present study. The aim of
the present study is to evaluate the effect of sitagliptin on
vascular endothelial function in Japanese type 2 diabetes
patients. Early and predominantly functional changes in
the vessel wall can be measured by brachial artery FMD
as a surrogate marker of endothelial function. However,
we assume that study subjects with cardiovascular disease may show morphological changes of the brachial
artery vessel wall. Therefore, FMD is considered as an
insufficient surrogate marker for evaluating effect of sitagliptin on vascular function in subjects with cardiovascular disease. If we evaluate the effect of sitagliptin
on atherosclerosis in subjects who have high prevalence
of advanced morphological wall changes can be expected,
surrogate marker for evaluating morphological vascular
wall damage, such as intima-media thickness (IMT) of
carotid artery, should be added. The prospective study in
subjects including cardiovascular disease is needed to
evaluate the effect of sitagliptin on atherosclerosis by
using surrogate markers of endothelial function (FMD)
and morphological wall change (such as IMT). And finally, no significant association was observed between
FMD and other inflammation or oxidative stress markers
(data not shown). We consider that a double-blind, crossover, placebo-controlled trial in a large number of study
subjects is necessary for evaluating the results of our
study.

5. CONCLUSION
Sitagliptin improves endothelial dysfunction in Japanese type 2 diabetes patients without cardiovascular disease. Furthermore, the results of our study suggest that
this effect was induced not only by improving glucose
metabolism abnormalities but also by the extraglycemic
effect of the DPP-4 inhibitor. Also, elevation of adiponectin may induce reduction of endothelial dysfunction in type 2 diabetes patients treated with sitagliptin.
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