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Background: Dipeptidyl peptidase 4 (DPP4) inhibitors are used for treatment of diabetes mellitus (DM). We hypothesized that sitagliptin, a DPP4-inhibitor, could improve endothelial dysfunction in DM patients with coronary artery
disease (CAD).
Methods and Results: The 40 patients with CAD and uncontrolled DM, aged 68.7±9.4 years (mean ± standard
deviation) (50% males, hemoglobin A1c [HbA1c] 7.4±1.0%) were assigned to either additional treatment with sitagliptin
(50 mg/day, n=20) or aggressive conventional treatment (control, n=20) for 6 months. Endothelial function was assessed by the reactive hyperemia peripheral arterial tonometry index (RHI). The clinical characteristics at baseline
were not different between the groups. After treatment, fasting blood glucose and insulin levels, and lipid profiles
were not different between the groups. HbA1c levels significantly improved similarly in both groups. The percent
change in RHI was greater in the sitagliptin group than in the control group (62.4±59.2% vs. 15.9±22.0%, P<0.01).
Furthermore, treatment with sitagliptin resulted in a significant decrease in the high-sensitivity C-reactive protein
(hsCRP) level, but no such change was noted in the control group. Linear regression analysis demonstrated a significant negative relation between changes in RHI and hsCRP, but not between RHI and HbA 1c.
Conclusions: Sitagliptin significantly improved endothelial function and inflammatory state in patients with CAD and
uncontrolled DM, beyond its hypoglycemic action. These findings suggest that sitagliptin has beneficial effects on
the cardiovascular system in DM patients.   (Circ J 2013; 77: 1337 – 1344)
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D

iabetes mellitus (DM) increases the risk of atherosclerosis and cardiovascular disease, and is also known
to worsen the outcome after surviving a cardiovascular (CV) event.1 However, glucose-lowering medications do
not provide enough cardiovascular protection in DM patients
and whether they reduce CV events remains controversial.2

Editorial p 1156
Atherosclerosis is an inflammatory disease of the arterial
wall and accumulating evidence suggests the involvement of

endothelial dysfunction in all stages of atherogenesis.3,4 Approaches designed to reduce the inflammatory activity and improve endothelial function may therefore have additional therapeutic value in the prevention and treatment of atherosclerotic
diseases, including coronary artery disease (CAD).5
The new class of anti-type-2 DM drugs, including dipeptidyl peptidase-4 (DPP4) inhibitors and glucagon-like peptide 1
(GLP-1) analogs, improve glucose metabolism through the
activation of GLP-1 receptor signaling, which induces insulin
secretion and suppresses glucagon secretion in the pancreas.6,7
Several studies have reported the beneficial effects of GLP-1
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Table 1. Baseline Clinical Characteristic of the Patients With CAD and Uncontrolled DM
Age, years
M/F
Current smoking, n (%)
Hypertension, n (%)
Duration of DM, years
HbA1c, (%)
Dyslipidemia, n (%)

Sitagliptin group (n=20)

Control group (n=20)

69.9±7.6

67.5±10.9

P value
0.43

10/10

10/10

0.99

4 (20.0)

4 (20.0)

0.99

14 (80.0)

16 (70.0)

0.72

6.8 (3.0–10.0)

7.2 (1.4–14.5)

0.91

7.3±0.8

7.5±1.2

0.40

11 (55.0)

13 (65.0)

0.75

History of OMI

8 (40.0)

6 (30.0)

0.74

1/2/3 vessels/LMT lesion

7/8/4/1

9/5/5/1

0.79

36.8 (17.0–54.8)

34.5 (27.5–67.8)

0.46

Gensini score
Medications
  β-blockers, n (%)

14 (70.0)

17 (85.0)

0.45

   ACEIs or ARBs, n (%)

13 (65.0)

16 (80.0)

0.48

   CCBs, n (%)

13 (65.0)

14 (70.0)

0.99

   Nitrite, n (%)

3 (15.0)

2 (10.0)

0.99
0.99

   Statins, n (%)

19 (95.0)

19 (95.0)

   Antiplatelet drugs, n (%)

19 (95.0)

20 (100)

0.99

5 (25.0)

0.06

   Insulin, n (%)
   Sulfonylurea, n (%)
   Biguanide, n (%)

0 (0.0)
12 (60.0)

9 (45.0)

0.53

7 (35.0)

4 (20.0)

0.48

  α-Glucosidase inhibitors, n (%)

9 (45.0)

6 (30.0)

0.52

   Pioglitazone, n (%)

3 (15.0)

3 (15.0)

0.99

Data are mean ± SD, n (%) or median and (interquartile range).
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CAD, coronary artery disease;
CCB, calcium-channel blocker; DM, diabetes mellitus; HbA1c, hemoglobin A1c; LMT, left main trunk; OMI, old myocardial infarction.

on the cardiovascular system, and exogenous GLP-1 has improved endothelial dysfunction in Dahl salt-sensitive rats and
in type-2 DM patients with CAD without affecting insulin
resistance.8,9 In contrast, there is a lack of evidence for the
beneficial effects of DPP4 inhibitors on the cardiovascular system. Recently, we showed that a DPP4 inhibitor significantly
improved endothelial function in an atherosclerosis mouse
model by augmenting endogenous GLP-1 activity in association with its anti-inflammatory effects.10 These findings indicate that DPP4 inhibitors could have beneficial effects on the
endothelium, beyond their hypoglycemic action, in DM patients.
The present study tested the hypothesis that DPP4 inhibitors
would improve endothelial dysfunction in association with
improvement of inflammation in DM patients with CAD. For
this purpose, we investigated whether additional treatment with
DPP4 inhibitor, sitagliptin, improved endothelial dysfunction
in patients with CAD and uncontrolled DM.

Methods
Study Subjects
For this study, we recruited 40 patients with CAD and uncontrolled type-2 DM and endothelial dysfunction (age: 68.7±9.4
years; males 50%; hemoglobin A1c [HbA1c]: 7.4±1.0%, mean ±
standard deviation [SD]) referred to Kumamoto University
Hospital, Japan. We excluded patients receiving GLP-1 receptor analog (exenatide and liraglutide) and those requiring rapid
intensive glucose control. Other exclusion criteria were heart
failure (New York Heart Association functional class II–IV),
active systemic inflammatory disease, chronic renal failure requiring hemodialysis, active hepatic disease, collagen disease,

malignancy, and acute coronary syndrome within the 3 months
preceding admission. CAD was defined as patients with angiographically documented organic coronary stenosis >50%
by quantitative coronary angiography (CAG) of the major
coronary arteries. We enrolled the 40 patients in a stable state
within 7 days after CAG. The patients were prospectively assigned to additional treatment with sitagliptin (50 mg/day, n=20)
or intensification of conventional treatment (control, n=20) for
6 months. All patients were educated by hospital nutritionists
and treated in accordance with the guideline of the Japan Diabetes Society. Based on the CAG results, we calculated the
Gensini score as the index of the severity of coronary atherosclerosis.11
The study was approved by the institutional ethics review
committee and signed informed consent was given by each
patient before participation. This study was registered under
the UMIN protocol registration system (ID UMIN000008806).
Assessment of Endothelial Function
Peripheral endothelial function was assessed by reactive hyperemia peripheral arterial tonometry (RH-PAT) using an
EndoPAT2000 (Itamar Medical, Caesarea, Israel) as described
previously.12 RH-PAT measurements are largely operator-independent and a computerized algorithm with an on-line system automatically calculates the RH-PAT index (RHI); thus,
there is minimal inter- or intraoperator variability. RH-PAT
studies were performed when patients were in a stable, fasted
state in the early morning, and before taking any medications.
As described previously,12 a blood pressure (BP) cuff was
placed on the study arm, while the opposite arm served as a
control. After a 10-min acclimatization period in a temperature- and light-controlled room, the baseline pulse amplitude
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Table 2. Additional or Increase in Drugs
Sitagliptin group (n=20)

Control group (n=20)

P value

β-blockers, n (%)

1 (5.0)

1 (5.0)

0.99

ACEIs or ARBs, n (%)

3 (15.0)

5 (25.0)

0.69

CCBs, n (%)

0 (0)

1 (5.0)

0.99

Nitrite, n (%)

0 (0)

0 (0)

0.99

Statins, n (%)

2 (10.0)

1 (5.0)

0.99

Antiplatelet drugs, n (%)

0 (0)

0 (0)

0.99

Insulin, n (%)

0 (0)

4 (20.0)

0.11

Sulfonylurea, n (%)

0 (0)

4 (20.0)

0.11

Biguanide, n (%)

2 (10.0)

4 (20.0)

0.66

α-Glucosidase inhibitors, n (%)

0 (0)

2 (10.0)

0.49

Pioglitazone, n (%)

0 (0)

2 (10.0)

0.49

Data are n (%). Abbreviations as in Table 1.

was measured from each fingertip for 5 min. The cuff was inflated to 60 mmHg above systolic BP or 200 mmHg for 5 min.
After cuff deflation, PAT recording was continued for 10 min.
The RH-PAT data were automatically analyzed in real time in
an operator-independent manner (Endo-PAT2000 software,
version 3.0.4). The RH-PAT value that reflected the extent of
RH was calculated as the ratio of the average pulse amplitude
of PAT signal over 1-min time intervals starting 1.5 min after
cuff deflation to the average pulse amplitude of PAT signal
over the 2.5-min time period before cuff inflation (baseline).
We used natural logarithmic transformation of the RH-PAT
value to calculate the RHI as:
RHI = Ln([RH-PAT value] × [0.226 × Ln(baseline) – 0.2]).12,13
RH-PAT values were assessed at baseline and at 6 months.
Endothelial dysfunction were defined as RHI <0.560. Previous
studies have demonstrated that the RH-PAT technology has
excellent reproducibility.14,15
Biochemical Measurements
In the early morning following an overnight fast, blood samples were obtained from all patients for biochemical analysis
at baseline and at 6 months. Renal function was determined
from the estimated glomerular filtration rate (ml · min–1 · 1.73 m–2),
which was calculated using the equation recommended by the
Japanese Society of Nephrology.16 We calculated both the
homeostasis model assessment for insulin resistance (HOMAIR = fasting blood glucose × insulin / 405), and HOMA beta
cell function (HOMA-β = 360 × fasting insulin / (fasting blood
glucose – 63)].
Statistical Analysis
Normally distributed parameters are expressed as mean ± SD
values. The values for triglycerides, fasting insulin, HOMAIR, HOMA-β, high-sensitivity C-reactive protein (hsCRP), and
B-type natriuretic peptide were not normally distributed. Thus,
the results were expressed as the median value (interquartile
range) and log transformed before linear regression analysis.
Differences between continuous variables were analyzed by
the paired t-test, unpaired t-test, Mann-Whitney U-test, and
Wilcoxon’s matched pairs test as appropriate. Comparisons of
categorical variables were analyzed by the chi-square test. We
performed linear regression analysis to determine the association between RHI values and Gensini scores. Univariate and
multivariate logistic regression analyses were used to assess
the clinical markers and medications correlated with the great-

est improvement of endothelial dysfunction (∆RHI: after 6
months RHI–baseline RHI: over median value). A P value
<0.05 was considered significant. All analyses were performed
using the Statistical Package for Social Sciences, ver. 17.0J for
Windows (SPSS Japan Inc, Tokyo, Japan).

Results
Table 1 details the baseline clinical characteristics of the study
subjects, which were not significantly different between the
sitagliptin and control groups. Furthermore, no significant difference was observed between the two groups for the treatment of DM. Neither the additional nor increase in drugs significantly differed between the 2 groups (Table 2). After the
6-month treatment, there were no significant differences between the groups in the fasting blood glucose and insulin levels or in the lipid profiles, although systolic BP in the sitagliptin
group was lower than that in the control group (Table 3).
Furthermore, the levels of HbA1c significantly decreased in
both groups (sitagliptin group: –0.64±0.82%, P<0.01, control
group: –0.65±0.68%, P<0.001), but the changes in HbA1c were
the same degree of magnitude (P=0.95; Figure 1). The treatments significantly improved the RHI values in both groups
(sitagliptin: 0.388±0.110 to 0.609±0.236; control: 0.428±0.096
to 0.487±0.115; Figures 2A,B). The percent change in RHI in
the sitagliptin group was significantly greater than in the control group (62.4±59.2% vs. 15.9±22.0%; Figure 2C). The
percent changes in RHI were not significantly different among
the severity of CAD in each group (1-vessel disease [VD],
2-VD, 3-VD; control group: 19.6±7.5%, 13.2±7.7%, 24.5±9.9%,
P=0.24, sitagliptin group: 62.9±7.6%, 60.3±48.1%, 65.5±78.2%,
P=0.99). The Gensini scores were not significantly different
between the control and sitagliptin groups (control: 34.5 [27.5–
67.8]; sitagliptin: 36.8 [17.0–54.8], P=0.46). The RHI values
at baseline did not significantly correlate with Gensini score in
the present study (r=–0.123, P=0.45). We did not have detailed data of each patient’s nutritional status in the present
study. In the control group, the percent changes in RHI were
not significantly different among the patients with or without
angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) (14.9±30.6% vs. 16.2±20.0%,
P=0.92). In the sitagliptin group, the percent changes in RHI
were not significantly different among the patients with or
without ACEIs or ARBs (50.7±56.1% vs. 64.5±64.2%, P=0.72).
Statin was added to 1 patient in the control group and 2 patients in the sitagliptin group during the follow-up period. In
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Table 3. Comparison of Clinical and Biochemical Parameters at Baseline and 6 Months
Sitagliptin group
SBP, mmHg

Control group

Baseline

6 months

Baseline

6 months

123.3±13.2

115.6±10.0*

125.4±14.5

128.6±12.1

DBP, mmHg

70.6±11.1

67.6±11.6

68.7±10.5

66.6±9.2

BMI, kg/m2

24.2±3.6

23.7±3.3

24.2±2.7

24.3±2.9

WC, cm

91.0±10.3

89.2±8.9

90.9±8.5

91.7±6.3

127.0±31.2

124.1±23.8

129.2±44.9

126.9±21.1

Fasting glucose, mg/dl
Fasting insulin, μU/ml

7.50 (4.55–11.35)

7.50 (5.00–12.20)

5.80 (4.53–13.9)

8.20 (3.70–9.40)

HOMA-IR

2.52 (1.11–3.41)

2.27 (1.46–4.05)

2.13 (1.17–4.09)

2.25 (1.26–3.00)

HOMA-β

46.0 (32.3–72.1)

61.4 (24.8–81.8)

34.3 (24.3–72.2)

45.7 (22.4–65.0)

TC, mg/dl

149.4±25.0

140.4±29.7

159.0±25.9

142.4±22.7†

HDL-cholesterol, mg/dl
TG, mg/dl

47.4±14.1

48.6±14.5

47.1±14.0

49.4±12.2

108.0 (86.0–140.0)

103.5 (77.0–121.0)

116.5 (94.5–151.0)

121.0 (72.0–138.0)

LDL-cholesterol, mg/dl

84.0±23.0

73.9±26.6

89.7±21.9

73.4±18.1†

eGFR, ml · min–1 · 1.73 m–2

68.3±18.5

67.3±18.5

66.2±21.4

67.5±27.9

44.2 (19.7–72.1)

32.2 (17.8–62.0)

61.7 (23.8–100.5)

36.3 (16.9–99.0)

62.2±7.7

62.1±6.8

63.7±7.7

64.8±6.5

BNP, pg/ml
LVEF, %

Data are mean ± SD, n (%) or median and (interquartile range).
*P<0.05 vs. control group at 6 months, †P<0.05 vs. baseline by the same treatment.
BMI, body mass index; BNP, B-type natriuretic peptide; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, highdensity lipoprotein; HOMA-IR, homeostasis model assessment-insulin resistance; HOMA-β, HOMA β cell function; LDL, low-density lipoprotein;
LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference.

Figure 1.   Change in hemoglobin A1c (HbA1c) in patients who
either received additional sitagliptin or underwent intensification of conventional treatment (control). The levels of HbA1c
decreased to the same degree of magnitude in both groups
(sitagliptin group: –0.64±0.82%, control groups: –0.65±0.68%,
P=0.95).

the control group patient, the percent change in RHI was
15.2% (almost the average value). In the sitagliptin group, the
2 patients’ percent changes in RHI were 44.4% and 26.7%
(below the average value). Two patients were treated with
ezemitibe during the follow-up period: 1 patient in the control
group and 1 in the sitagliptin group. The control group patient’s percent change in RHI was 15.3% (almost the average
value), whereas the percent change in RHI for the patient in
the sitagliptin group was 26.7% (below the average value).

Only 1 patient in the sitagliptin group was treated with omega3 polyunsaturated fatty acid during the follow-up period and
this patient’s percent change in RHI was 44.4% (below the
average value). Consequently, the percent changes in RHI
were not significantly different among the patients with or
without additional ACEIs or ARBs, statins, ezemitibe or omega3 polyunsaturated fatty acid in the present study. Furthermore,
the sulfonylurea dose was reduced and finally ceased in 5 patients and 7 continued with the same dose of sulfonylurea after
adding sitagliptin. The percent changes in RHI were not significantly different between the patients ceasing or continuing
with sulfonylurea (ceased 75.1±75.9%; continued 68.1±74.3%,
P=0.88). The level of hsCRP decreased significantly in the
sitagliptin group (1.60 [0.45–2.85] to 0.70 [0.35–1.25] mg/L,
P<0.01; Figure 3A), but not in the control group (1.60 [0.45–
2.80] to 1.30 [0.30–3.95] mg/L, P=0.49; Figure 3B).
Linear regression analysis demonstrated a significant negative correlation between changes in RHI and hsCRP (r=–0.326;
Figure 4), but not between RHI and HbA1c (r=–0.233, P=0.15).
Furthermore, multivariate logistic regression analysis identified the additional treatment of sitagliptin as a significant and
independent determinant of improved endothelial function
(∆RHI; after 6 months RHI – baseline RHI >0.11: median value),
after adjustment for significant factors identified by univariate
analysis (odds ratio: 6.63, 95% confidence interval: 1.28–
34.25; Table 4).

Discussion
The present study clearly demonstrated that sitagliptin significantly improved peripheral endothelial dysfunction in association with its anti-inflammatory effects in patients with
CAD and uncontrolled DM. To our knowledge, this is the first
study to evaluate the effects of a DPP4 inhibitor on endothelial dysfunction in such patients.
Accumulating evidence implicates the involvement of endothelial dysfunction in all stages of atherogenesis.3 In the
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Figure 3.   Change in high-sensitivity C-reactive protein (hsCRP)
level in patients who either received additional sitagliptin or
underwent intensification of conventional treatment (control).
(A) Levels of hsCRP decreased significantly in the sitaglipitn
group (1.60 [0.45–2.85] to 0.70 [0.35–1.25] mg/L, P<0.01).
(B) For the control group, hsCRP levels at baseline and after
6 months were not different (1.60 [0.45–2.80] to 1.30 [0.30–
3.95] mg/L, P=0.49).

Figure 2.   Change in the reactive hyperemia peripheral arterial tonometry index (RHI) in patients who either received
additional sitagliptin or underwent intensification of conventional treatment (control). RHI values improved significantly by
(A) sitagliptin treatment (0.388±0.110 to 0.609±0.236, P<0.001)
and by (B) aggressive conventional treatment (0.428±0.096
to 0.487±0.115, P<0.01). (C) However, the percent RHI change
in the sitagliptin group was significantly greater thant in the
control group (62.4±59.2% vs. 15.9±22.0%, P<0.01).

present study, although the levels of HbA1c decreased similarly in both treatment groups, the RHI changes in the sitagliptin group were significantly greater than those in the control group, indicating that this DPP4 inhibitor improved
peripheral endothelial dysfunction beyond its hypoglycemic

Figure 4.  Correlation between the reactive hyperemia peripheral arterial tonometry index (RHI) and changes in highsensitivity C-reactive protein (hsCRP) level. Linear regression
analysis demonstrated a significant negative correlation between changes in RHI and hsCRP values (n=40, r=–0.326,
P<0.05). ∆RHI; after 6 months RHI – baseline RHI; ∆hsCRP:
after 6 months hsCRP – baseline hsCRP.
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Table 4. Logistic Regression Analysis for Improvement in Endothelial Function
Factors

Univariate

Multivariate

OR (95% CI)

P value

OR (95% CI)

Age, per year

1.01 (0.95–1.08)

0.73

–
–

Sex, male

1.45 (0.43–5.20)

0.53

ΔHbA1c, per %

0.75 (0.32–1.82)

0.54

–

ΔhsCRP, per g/dl

0.91 (0.62–1.31)

0.60

–

ΔBMI, per kg/m2

0.81 (0.49–1.33)

0.40

–

ΔWC, per cm

0.83 (0.67–1.03)

0.10

–

ΔSBP, per mmHg

0.96 (0.92–1.01)

0.07

–

ΔDBP, per mmHg

1.01 (0.96–1.06)

0.72

–

Δfasting glucose, per mg/dl

1.00 (0.98–1.02)

0.76

–

Δfasting insulin, per μU/ml

1.25 (1.01–1.55)

<0.05

1.32 (0.99–1.73)

ΔHOMA-IR, per 1

1.45 (0.91–2.46)

0.11

–

ΔHOMA-β, per 1

1.02 (0.99–1.04)

0.18

–

ΔTC, per mg/dl

0.99 (0.97–1.01)

0.48

–

ΔHDL-cholesterol, per mg/dl

0.97 (0.90–1.04)

0.36

–

ΔTG, per mg/dl

1.00 (0.99–1.02)

0.74

–
–

ΔLDL-cholesterol, per mg/dl

0.99 (0.96–1.01)

0.28

ΔeGFR, per ml · min–1 · 1.73 m–2

1.00 (0.95–1.06)

0.90

–

ΔBNP, per pg/ml

1.00 (0.98–1.02)

0.84

–
–

ΔLVEF, per%

1.07 (0.96–1.20)

0.22

Gensini score

1.01 (0.98–1.04)

0.20

β-blockers, yes

2.43 (0.51–11.5)

0.26

–

ACEIs or ARBs, yes

0.75 (0.17–3.33)

0.71

–

CCBs, yes

1.26 (0.34–4.73)

0.74

–

Nitrite, yes

1.59 (0.24–10.71)

0.63

–

Insulin, yes

0.63 (0.10–4.24)

0.64

–

Sulfonylurea, yes

1.50 (0.43–5.25)

0.53

–

Biguanide, yes

1.00 (0.28–3.54)

0.99

–

α-Glucosidase inhibitors, yes

0.54 (0.15–1.92)

0.34

–

Pioglitazone, yes

1.00 (0.12–5.67)

0.99

–

DPP4 inhibitor (sitagliptin), yes

5.44 (1.41–21.01)

<0.05

6.63 (1.28–34.25)

P value

0.07

<0.05

DPP4, dipeptidyl peptidase-4; hsCRP, high-sensitivity C-reactive protein. Other abbreviations as in Tables 1,3.

action.
The extraglycemic effect of DPP4 inhibitors on endothelial
function could reflect increased phosphorylation of endothelial nitric oxide synthase (eNOS). Nitric oxide, produced by
eNOS, plays important roles in vascular homeostasis, including regulation and coordination of endothelial cell function,
proliferation, senescence, and apoptosis,17–19 as well as exhibiting atheroprotective effects.20 Recently, we showed that desfluoro-sitagliptin, a DPP4 inhibitor, improved high-fat dietinduced endothelial dysfunction by increasing the levels of
phosphorylated eNOS in apolipoprotein-E-deficient mice, and
thereby enhanced the phosphorylation of eNOS through the
cyclic adenosine monophosphate (cAMP)/protein kinase A
(PKA) pathway in human coronary artery endothelial cells,
resulting in significantly decreased endothelial senescence and
apoptosis.10 Although we could not measure active GLP-1
levels in the present study, our previous studies suggested that
sitagliptin could improve endothelial dysfunction by increasing eNOS activity through augmentation of the GLP-1 action
on the endothelium. DPP4 can cleave active GLP-1 (7–36)
into the less active form of GLP-1 (9–36) and there are these
2 forms of GLP-1 in the circulating plasma. It was previously
reported that GLP-1 (7–36) could activate PKA-phosphoinositide 3-kinase/Akt-eNOS and cell proliferation, and that GLP-1

(9–36; cleaved form) could exert a similar effect to GLP-1
(7–36). Those authors suggested this was consistent with the
existence of both GLP-1 receptor-dependent and -independent pathways in the regulation of endothelial function.21
However, the concentration of GLP-1 (9–36; cleaved form)
(ie, 100 nmol/L) in their study was much higher than physiological concentrations (ie, 100 pmol/L). Further examinations
using the physiological concentration of GLP-1 (9–36; cleaved
form) are needed.
Another extraglycemic effect of DPP4 inhibitors on endothelial function could be on other substrates of DPP4. Inhibition of DPP4 enzymatic activity could also modulate the activity of several proteins, such as stromal cell-derived factor-1α
(SDF-1α) and neuropeptide Y.22 It was reported previously
that genetic and pharmacological inhibition of DPP4 combined
with administration of granulocyte-colony stimulating factor
improved survival after myocardial infarction through SDF1α-dependent mobilization of cardiac stem cells in mice.23
Furthermore, SDF-1α is upregulated and stimulates the bone
marrow to release endothelial progenitor cells (EPCs) in response to ischemia.24 EPCs provide vascular protection by
means of endothelial repair and neoangiogenesis.25 Sitagliptin
also increases EPCs in type-2 DM patients, as an ancillary effect of DPP4 inhibition, possibly mediated through SDF-1α.26
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These results suggest that sitagliptin improves endothelial dysfunction by increasing the number of EPCs through augmentation of SDF-1α. Although we did not measure SDF-1α and
EPCs in the present study, we agree that this is an interesting
hypothesis for future studies.
The third extraglycemic effect of DPP4 inhibitors on endothelial function could be an anti-inflammatory effect. We
showed that a DPP4 inhibitor could reduce the mRNA expression levels of proinflammatory mediators (ie, interleukin
(IL)-6, IL-1β, monocyte chemoattractant protein-1, and tumor
necrosis factor-α) in the aorta of apolipoprotein-E-deficient
mice. In vitro experiments also demonstrated that sitagliptin
significantly increased GLP-1-induced cytosolic levels of cAMP
compared with GLP-1 alone, resulted in inhibition of nuclear factor-κ B (NF-κB) p65 nuclear translocation through the
cAMP/PKA pathway, and suppression of proinflammatory
mediator production in response to lipopolysaccharide in
human cultured macrophages. We further demonstrated in our
in vitro experiments that sitagliptin significantly attenuated the
expression of intercellular adhesion molecule-1 and vascular
cell adhesion molecule-1 in response to lipopolysaccharide
and increased the phospolynation of eNOS through the cAMP/
PKA pathway in human cultured coronary endothelial cells.10
Furthermore, it was recently shown that treatment with sitagliptin in type-2 DM patients decreased the proinflammatory
markers and inhibited NF-κB activation, resulted in falling
plasma levels of CRP and IL-6.27 In the present study, sitagliptin treatment for 6 months, but not intensification of conventional treatment, successfully decreased the level of hsCRP.
This result suggests that sitagliptin improves endothelial dysfunction in part by improving the inflammatory state in cells
of the arterial wall.
We evaluated peripheral endothelial function in our patients
by RH-PAT, the results of which have been correlated with
traditional and metabolic cardiovascular risk factors.13,15,28
Bonetti et al demonstrated that the RH-PAT index also significantly predicted coronary endothelial dysfunction.29 Furthermore, we previously showed that RH-PAT was predictive
of CAD, especially non-obstructive CAD associated with coronary endothelial dysfunction, before angiography.12 Because
RH-PAT is a noninvasive, quantitative, and repeatable test, it
could be an important index for evaluating vascular condition
and treatment efficacy.
Study Limitations
First, this was not a blinded, randomized study. However, the
characteristics of the patients were well matched between
groups (Tables 1,3). Second, the sample size was small, and
the design was a single-center study. We could not accurately
investigate the effects of other drugs that might be expected to
influence endothelial function such as ACEIs, ARBs, statins,
ezemitibe, and omega-3 polyunsaturated fatty acids, because
the number of patients in the subanalysis was small in the
present study. Third, we did not assess the levels of GLP-1,
glucose-dependent insulinotropic polypeptide (GIP) or SDF1α, and other possible substrates of DPP4. Because we did not
measure the concentrations of GLP-1 and GIP, it is unclear
whether or not the improvement of endothelial dysfunction by
sitagliptin depends on GLP-1. Furthermore, we could not measure the postprandial glucose levels, glycated-albumin levels,
or oxidative stress markers in the present study. Rizzo et al
have reported that DPP4 inhibitors reduced oxidative stress
and inflammation in patients with DM.30 A large multicenter
double-blind study with assessment of postprandial glucose,
glycated-albumin, oxidative stress markers, and the substrates
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of DPP4 is required to clarify the detailed mechanisms regarding our results. Further examinations are needed to determine
the correlation between changes in endothelial function and
change in the substrates of DPP4, including active GLP-1,
GIP, and SDF-1α.

Conclusions
DPP4 inhibitor, sitagliptin, significantly improved endothelial
dysfunction and inflammatory state, beyond its hypoglycemic
action, in patients with CAD and uncontrolled DM, potentially providing beneficial effects on the cardiovascular system
in such patients.
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