Effect of sitagliptin on tissue
characteristics of the carotid wall in
patients with type 2 diabetes: a post hoc
sub‑analysis of the sitagliptin preventive
study of intima‑media thickness evaluation
(SPIKE)
著者別名
journal or
publication title
volume
number
year
権利

URL

五所 正彦
Cardiovascular Diabetology
17
1
2018
(C) The Author(s) 2018. This article is
distributed under the terms of the Creative
Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution,
and reproduction in any medium, provided you
give appropriate credit to the original
author(s) and the source, provide a link to
the Creative Commons license, and indicate if
changes were made. The Creative Commons Public
Domain Dedication waiver
(http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data
made available in this article, unless
otherwise stated.
http://hdl.handle.net/2241/00151200
doi: 10.1186/s12933-018-0666-3

Creative Commons : 表示
http://creativecommons.org/licenses/by/3.0/deed.ja

Katakami et al. Cardiovasc Diabetol (2018) 17:24
https://doi.org/10.1186/s12933-018-0666-3

ORIGINAL INVESTIGATION

Cardiovascular Diabetology
Open Access

Effect of sitagliptin on tissue
characteristics of the carotid wall in patients
with type 2 diabetes: a post hoc sub‑analysis
of the sitagliptin preventive study
of intima‑media thickness evaluation (SPIKE)
Naoto Katakami1,2* , Tomoya Mita3,4, Yoko Irie5, Mitsuyoshi Takahara1,6, Taka‑aki Matsuoka1, Masahiko Gosho7,
Hirotaka Watada3,4,8, Iichiro Shimomura1 and on behalf of the Sitagliptin Preventive study of Intima-media
thickness Evaluation (SPIKE) Collaborators

Abstract
Background: Ultrasonic gray-scale median (GSM) of the carotid wall reflects its composition and low-GSM carotid
plaque is considered to be vulnerable. This study aimed to evaluate the effect of sitagliptin, a dipeptidyl peptidase-4
inhibitor, on the longitudinal change in GSM, an index of the tissue characteristics of the carotid wall, in patients with
type 2 diabetes mellitus (T2DM).
Methods: This is a post hoc sub-analysis using data obtained from the SPIKE trial, a randomized controlled trial that
demonstrated the beneficial effect of sitagliptin on the progression of carotid intima-media thickness in patients with
T2DM. A total of 274 T2DM patients with no past history of apparent cardiovascular disease (137 in the sitagliptin
treatment group and 137 in the conventional treatment group) were enrolled. The primary outcome was the change
from baseline in mean GSM-CCA during the 104-week treatment period.
Results: The mean GSM-CCA significantly increased in the sitagliptin treatment group (adjusted ΔGSM = 2.40 ± 1.19
[mean ± SE], p = 0.044) but not in the conventional treatment group (adjusted ΔGSM = 1.32 ± 1.19, p = 0.27). How‑
ever, there was no significant difference in changes in mean GSM-CCA between the treatment groups.
Conclusions: A post hoc sub-analysis suggests that the tissue characteristics of the carotid arterial wall were
improved in the sitagliptin treatment group during the 104-week treatment period, but not in the conventional
treatment group. However, there was no between-group difference in the changes of GSM values between the two
treatment groups. Prespecified studies with large sample sizes would be necessary to confirm our findings.
Trial registration UMIN000028664, Registered 15 August 2017 (“retrospectively registered”)
Keywords: DPP-4 inhibitor, Sitagliptin, Carotid atherosclerosis, Carotid plaque, Ultrasound diagnosis,
Tissue characterization, Diabetes mellitus
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Introduction
Disruption of unstable atherosclerotic plaque plays a
crucial role in the pathogenesis of cardiovascular disease
(CVD) events. Plaque disruption is dependent on the tissue characteristics of the plaque lesion: the lipid content,
the presence of neovascular vessels, inflammatory cells in
the atheroma, and the thickness of the fibrous cap [1–4].
Since diabetes mellitus (DM) is related to increased vulnerability to plaque disruption and higher incidence of
clinical CVD [5], stabilization of unstable plaque would
be critical to reducing the incidence of CVD events in the
management of DM.
Dipeptidyl peptidase-4 (DPP-4) inhibitors, which
inhibit the degradation of active incretins including glucagon-like polypeptide-1 (GLP-1) by DPP-4,
increase the concentration of active incretins and thereby
improved glycemic control with low hypoglycemia risk.
Furthermore, these agents potentially have anti-atherosclerotic properties beyond their glucoregulatory
effects [6, 7]. Several experimental studies have shown
that DPP-4 inhibitors can inhibit foam cell formation
and atherosclerosis in both GLP-1-dependent and GLP1-independent manners [8–13]. Such anti-inflammatory
and anti-atherosclerotic effects of DPP-4 inhibitors have
also been confirmed by studies conducted in clinical settings [14, 15]. Furthermore, several studies demonstrated
that DPP-4 inhibitors prevented increase in carotid
intima-media thickness (IMT), an established marker of
early-stage atherosclerosis [16–19], in patients with type
2 diabetes (T2DM) compared with conventional treatment [20–22]. However, little is known about the effect of
DPP-4 inhibitors on the tissue characteristics of atherosclerotic lesions in the carotid wall.
Interestingly, a recent study indicates that noninvasive
ultrasonic tissue characterization of carotid plaque using
gray-scale median (GSM) reflects plaque composition.
Low-GSM plaque, which is characterized by high lipid
content, neovascular vessels, and inflammatory infiltration,
is considered to be particularly unstable [23]. Furthermore,
the GSM value in the carotid wall can serve as a predictor of future CVD events [24–26]. The presence of echolucent low GSM plaque as well as plaque thickness were
independent predictors of CVD, even after adjustment for
other risk factors, and the addition of plaque echogenicity
(presence/absence of echolucent plaque) and plaque thickness to the conventional risk factors and plaque thickness
resulted in further and significant improvement of the risk
prediction of CVD in asymptomatic patients with T2DM
[25]. Thus, IMT and GSM reflect different aspects of atherosclerotic changes in the prediction of and the risk of
cardiovascular disease. Therefore, it would be worthwhile
to evaluate the effect of anti-diabetic agents on the longitudinal change in the GSM value.
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The aim of the present study is to evaluate the effect of
sitagliptin, a DPP-4 inhibitor, on the longitudinal change
in the GSM value, an index of the ultrasonic tissue characteristics of the carotid wall, in patients with T2DM,
using data obtained from the Sitagliptin Preventive study
of Intima-media thickness Evaluation (SPIKE) trial [22].

Research design and methods
The present study was a post hoc analysis based on
data obtained from the Sitagliptin Preventive study of
Intima-media thickness Evaluation (SPIKE) trial [22].
The original SPIKE trial was a prospective, randomized,
open-label, multicenter, blinded end point (PROBE)
study to evaluate the efficacy of sitagliptin in preventing
the progression of atherosclerosis in patients with T2DM
and the primary outcome was the change in carotid IMT
during the 2-year intervention period. The study design,
study schedule, and outcomes of the original SPIKE trial
have been described in detail previously [22].
Subjects
Participants eligible for the SPIKE trial were patients
with T2DM in whom the target of blood glucose control
specified in the Treatment Guide for Diabetes (Edited
by Japan Diabetes Society in 2010) was not achieved
(HbA1c ≥ 7.0%), despite insulin therapy in addition
to dietary/exercise therapy or concomitant therapeutic drugs for T2DM other than DPP-4 inhibitors over a
period of 3 months or longer. Exclusion criteria were (1)
type 1 diabetes mellitus or secondary diabetes, (2) severe
infections before or after surgery or severe trauma, (3)
myocardial infarction, angina pectoris, cerebral stroke,
or cerebral infarction, (4) retinopathy requiring laser
photocoagulation and/or vitrectomy, or history of
these treatments within 1 year, (5) moderate or severe
renal dysfunction (serum creatinine: male, ≥ 1.4 mg/
dL; female, ≥ 1.2 mg/dL), (6) severe liver dysfunction
(aspartate aminotransferase ≥ 100 IU/L), (7) moderate
or severe heart failure (New York Heart Association stage
III or higher), (8) under treatment with an incretin preparation, such as other DPP-4 inhibitors, at the start of the
study, (9) receiving therapeutic drugs not concomitantly
administrable with incretin preparations with regard to
the National Health Insurance program, such as DPP-4
inhibitors, at the start of the study, (10) pregnant, lactating, or possibly pregnant females or those planning to
become pregnant, (11) medical history of hypersensitivity to investigational drugs, or (12) judged as ineligible by
clinical investigators.
T2DM patients with no past history of apparent CVD
who periodically attended the Outpatient Diabetes Clinics at 12 centers across Japan were asked to participate
in this study and all patients who agreed to participate
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were enrolled. Originally, a total of 282 patients were
enrolled and randomly allocated into either the sitagliptin treatment group (n = 142) or the conventional treatment group (using drugs other than the DPP-4 inhibitor)
(n = 140). After excluding 8 patients from analyses (they
withdrew from the study and/or objected to the inclusion
of their data in any analysis), 137 subjects in the sitagliptin treatment group and 137 in the conventional treatment group were included in the full analysis set.
The protocols of the original study and this sub-analysis were approved by the Institutional Review Board
of each participating institution in compliance with the
Declaration of Helsinki and current legal regulations in
Japan. Written informed consent was obtained from all
the participants after full explanation of the study.
This study has been registered on the University Hospital Medical Information Network Clinical Trials Registry,
which is a non-profit organization in Japan and meets the
requirements of the International Committee of Medical
Journal Editors (UMIN000007396, UMIN000028664).

Ultrasound examination
B-mode ultrasonography of the carotid artery was performed using an ultrasound machine with a high-frequency (> 7.5-MHz) linear transducer. According to the
guidelines of the Japan Society of Ultrasonics [27], scanning of the extracranial common carotid artery (CCA),
the carotid bulb, and the internal carotid artery in the
neck was performed bilaterally in three different longitudinal projections as well as transverse projections.
The IMT was measured as the distance between 2 parallel echogenic lines corresponding to the blood-intima
and media-adventitia interface on the posterior wall of
the artery. The measurements of mean IMT of the CCA
(mean-IMT-CCA) were performed using automated
digital edge-detection software (IntimaScope; MEDIA
CROSS, Tokyo, Japan) [28]. The software system averaged 200 points of IMT values in the segment 2 cm proximal to the dilation of the carotid bulb. The measurements
of maximum IMT of the CCA (max-IMT-CCA) were
performed at the site of the thickest point in the CCA.
The method for determining IMT has been described in
detail in previous reports [22].
The echogenicity of the arterial wall was evaluated
based on the GSM method in a gray-scale range of 0–255
(0 as the darkest and 255 as the brightest tone). Adobe
Photoshop software (Adobe Systems, version 7.0, San
Jose, CA, USA) was used for image standardization
and calculation of gray-scale values. In accordance with
the previous report, the standardization of the B-mode
image was performed using a curve option, so that the
GSM for the blood ranged from 0 to 5, and for the adventitia from 185 to 195 [29]. Then, the mean-IMT-CCA
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area (the segment 2 cm proximal to the dilation of the
carotid bulb) was delineated with a freehand tool, and
the GSM of the selected area was read from the entire
delineated area. Similarly, if there was an atherosclerotic
plaque lesion (i.e. focal elevated lesion with max-IMTCCA > 1.0 mm), the GSM of the plaque lesion was also
measured using the same method. In the event multiple
plaque lesions were found in one individual, the plaque
with the greatest thickness was subject to GSM measurement and the GSM value was used as the subject’s representative value. To avoid inter-reader variability, all scans
were electronically stored and read in random order by
a single reader (K. A.) who was unaware of the clinical
characteristics and the treatment group of the subjects.

Outcome measures
The primary outcome of this study was the change of
GSM value in the mean-IMT-CCA area (especially, the
arithmetic average of the right and the left GSM values in
one individual) during the 104-week observation period.
In cases where atherosclerotic plaque lesions were found,
the changes of the GSM value in the plaques were also
evaluated. The definitions of the GSM measures used in
this study are as follows:
••  Mean GSM-CCA: the primary outcome of this study.
The arithmetic average of the right and left GSMCCA values. (If either the right or left GSM-CCA
value was not obtained, the value of the other side
was used as the mean GSM-CCA value).
••  Right GSM-CCA: the GSM value of the intimamedia complex measured in the mean-IMT-CCA
area (the segment 2 cm proximal to the dilation of
the carotid bulb) of the right common carotid artery.
••  Left GSM-CCA: the GSM value of the intima-media
complex measured in the mean-IMT-CCA area (the
segment 2 cm proximal to the dilation of the carotid
bulb) of the left common carotid artery.
••  Right GSM-plaque: the GSM value of the plaque
lesion (max-IMT-CCA > 1.0 mm) with the greatest thickness measured in the right common carotid
artery.
••  Left GSM-plaque: the GSM value of the plaque lesion
(max-IMT-CCA > 1.0 mm) with the greatest thickness measured in the left common carotid artery.

Statistical analyses
All values are reported as mean ± SD, median (range),
or actual number of subjects with the percentage in
parentheses.
The primary end point was the change in GSM of
the carotid wall from baseline to 104 weeks. The primary analysis was performed using the mixed-effects
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model for repeated measures (MMRM) including treatment group, time (week), baseline GSM, and interaction
between treatment group and time with an unstructured
covariance structure to model within-subject variability.
Subgroup analyses were also performed in subgroups by
baseline sex, age, duration of diabetes, body mass index
(BMI), HbA1c, presence of hypertension, presence of
dyslipidemia, use of renin–angiotensin–aldosterone system inhibitors, and use of statins. In this subgroup analysis, differences in parameters from baseline to 104 weeks
between groups were analyzed by the Student’s t-test.
Baseline and follow-up group comparisons were assessed
with the Student t test or Wilcoxon rank sum test for
continuous variables and Fisher’s exact test for categorical variables.
To evaluate the associations between change in the
mean GSM-CCA and other clinical parameters such as
age, gender, body mass index (BMI), HbA1c, serum lipid
levels (e.g. TC, HDL-C, TG), blood pressure, smoking
status, administration of the anti-diabetic drugs other
than insulin and DPP-4 inhibitors, anti-hyperlipidemic
drugs, and anti-hypertensive drugs, and mean-IMTCCA, regression analyses including treatment group as a
covariate were performed.
All statistical tests were two-sided with a 5% significance level. Analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC).

Results
Baseline characteristics of study subjects

The baseline demographic and clinical characteristics of
the 274 study participants (137 subjects in the sitagliptin group and 137 in the conventional treatment group)
have been previously reported [22]. In summary, there
were no significant differences between the sitagliptin
group and the conventional treatment group in terms of
the clinical parameters: the percentage of males was 61
and 60% (p = 1.00), age was 64 ± 10 and 64 ± 10 years
(p = 0.90), the percentage of current smoker was 22 and
21% (p = 0.22), duration of T2DM was 17.2 ± 8.5 and
17.3 ± 8.7 years (p = 0.94), HbA1c was 8.1 ± 1.1 and
8.0 ± 1.0% (p = 0.45), BMI was 25 ± 4 and 25 ± 4 kg/
m2 (p = 0.88), the prevalence of hypertension was 55 and
63% (p = 0.22), the prevalence of dyslipidemia was 66
and 61% (p = 0.45), and the percentage of statin use was
48 and 46% (p = 0.81), respectively..
Effect of sitagliptin on metabolic factors and carotid IMT

Effect of sitagliptin on metabolic factors and carotid
IMT have been also previously reported [22]. In summary, sitagliptin treatment had a more potent glucose-lowering effect than the conventional treatment
(− 0.5 ± 1.0% vs. − 0.2 ± 0.9%, p = 0.004) without an
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increase in hypoglycemia. However, regarding serum
lipid profiles, blood pressure, and markers of inflammation and endothelial injury (i.e. hs-CRP, interleukin-6, ICAM-1 and VCAM-1), there were no significant
between-group differences in changes from baseline to
104 weeks (data not shown). Reductions in the mean and
left maximum IMT, but not right maximum IMT, of the
common carotid arteries at 104 weeks were significantly
greater after sitagliptin treatment than after conventional
treatment (− 0.029 mm [SE 0.013] vs. 0.024 mm [SE
0.013], p = 0.005; − 0.065 mm [SE 0.027] vs. 0.022 mm
[SE 0.026], p = 0.021, and − 0.007 mm [SE 0.031] vs.
0.027 mm [SE 0.031], p = 0.45, respectively) [22].
Effect of sitagliptin on the ultrasonic tissue characteristics
of the carotid wall

At baseline, plaque lesions were observed in the right
CCA in 139 subjects (74 subjects in the sitagliptin group
and 65 in the conventional treatment group) and in the
left CCA in 157 subjects (80 subjects in the sitagliptin group and 77 in the conventional treatment group),
respectively. The GSM values of these plaques were
measured. There were no significant differences in all the
GSM measures (i.e. mean GSM-CCA, right GSM-CCA,
left GSM-CCA, right GSM-Plaque, and left GSM-Plaque)
between the two treatment groups at baseline (Table 1).
The magnitude of the change in GSM values during the treatment period was evaluated using the
MMRM (Table 1). The mean GSM-CCA significantly
increased in the sitagliptin treatment group (adjusted
ΔGSM = 2.40 ± 1.19 [mean ± SE], p = 0.044) but not
in the in the conventional treatment group (adjusted
ΔGSM = 1.32 ± 1.19, p = 0.27). In the sitagliptin treatment group, right GSM-Plaque (adjusted
ΔGSM = 5.49 ± 2.69, p = 0.044) and left GSM-Plaque
(adjusted ΔGSM = 5.10 ± 2.50, p = 0.044) also significantly increased during the 104-week observation
period. Similarly, right GSM-CCA and left GSM-CCA
tended to increase during the 104-week observation
period, while it did not reach the statistical significance
(adjusted ΔGSM = 2.39 ± 1.38, p = 0.084 and adjusted
ΔGSM = 2.08 ± 1.48, p = 0.16, respectively). However,
in the conventional treatment group, there were no significant changes in all the GSM measures (i.e. mean
GSM-CCA, right GSM-CCA, left GSM-CCA, right
GSM-Plaque, and left GSM-Plaque) during the 104-week
observation period.
Similar findings were shown even after adjustment for
possible confounding factors such as age, gender, BMI,
HbA1c, serum lipid levels, blood pressure, smoking status, and administration of anti-diabetic, anti-hypertensive, anti-hyperlipidemic and anti-platelet drugs (data
not shown).
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Table 1 The effect of sitagliptin on the GSM of the carotid wall
n

Sitagliptin treatment group n

Conventional treatment group Adj. mean difference (95% CI) p value between-group

Mean GSM-CCA (weeks)
Baseline 137 50.6 ± 18.6

136

104

122

52

130 51.1 ± 17.9

120 52.6 ± 16.9

126

Mean change (SE) (weeks)

52.6 ± 18.3

0.36

53.5 ± 20.3

0.69

52.0 ± 17.6

0.66

52

0.65 (1.11)

0.25 (1.14)

0.40 (− 2.74, 3.53)

0.80

104

2.40 (1.19)*

1.32 (1.19)

1.08 (− 2.23, 4.39)

0.52

Right GSM-CCA (weeks)
Baseline
52
104

136 51.3 ± 20.6

136 52.8 ± 18.9

0.53

120 53.2 ± 18.2

122 53.4 ± 20.6

0.94

129 51.2 ± 19.1

Mean change (SE) (weeks)

126 53.1 ± 18.8

52

0.14 (1.30)

1.26 (1.32)

104

2.39 (1.38)

0.85 (1.37)

0.41

− 1.13 (− 4.77, 2.53)
1.53 (− 2.30, 5.36)

0.54
0.43

Left GSM-CCA (weeks)
Baseline 136 49.9 ± 19.9

136 52.5 ± 21.2

0.30

104

122 53.6 ± 22.2

0.52

52

130 50.9 ± 19.4

120 51.9 ± 19.0

Mean change (SE) (weeks)
52

1.12 (1.38)

104

2.08 (1.48)

126 50.9 ± 19.5

0.99

− 0.46 (1.40)

2.12 (1.48)

Right GSM-plaque (weeks)
Baseline
52
104

74 51.4 ± 19.5

65

61 53.5 ± 20.4

62

72 51.7 ± 19.3

56

Mean change (SE) (weeks)

1.58 (− 2.29, 5.45)

0.42

− 0.04 (− 4.17, 4.09)

0.98

55.8 ± 21.5

0.21

59.2 ± 23.6

0.16

55.6 ± 22.9

52

2.06 (2.04)

2.80 (2.23)

104

5.49 (2.69)*

4.20 (2.71)

0.30

− 0.74 (− 6.77, 5.28)
1.29 (− 6.30, 8.88)

0.81
0.74

Left GSM-plaque (weeks)
Baseline
52
104

80 52.6 ± 23.5

77

73 54.5 ± 21.3

73

76 51.2 ± 19.4

Mean change (SE) (weeks)
52

1.15 (2.19)

104

5.10 (2.50)*

69

55.4 ± 20.9

0.43

51.9 ± 17.5

0.42

54.5 ± 20.5

0.32

− 0.05 (2.24)

− 0.35 (2.57)

1.20 (− 5.01, 7.41)

0.70

5.45 (− 1.66, 12.56)

0.13

The primary outcome of this study was the change of Mean GSM-CCA (sown in italics). Data are mean ± SD unless otherwise stated

Comparisons of GSMs during treatment with those at baseline were performed with one-sample t-test based on a mixed-effects model for repeated measures.
Differences in Δchange in GSM from baseline at 52 and 104 weeks between groups were analyzed with a mixed-effects model for repeated measures. Treatment
group, week, interactions between treatment group and week, and baseline GSM were included as fixed effects
CI confidence interval, GSM gray-scale median, CCA common carotid artery, SE standard error
* p < 0.05

However, there was no significant difference in the
change in GSM measures from baseline at 52 and
104 weeks between the two groups.
Differences in Δchange in mean GSM-CCA in
patients treated with or without sitagliptin in subgroups were shown as Fig. 1. This subgroup analysis
revealed similar results, while there was a significant

between-treatment-group difference in Δchange in mean
GSM-CCA in patients with dyslipidemia.
Regression analyses revealed that there was no statistically significant association between change in the mean
GSM-CCA and clinical parameters such as age, gender,
BMI, HbA1c, serum lipid levels (e.g. TC, HDL-C, TG),
blood pressure, smoking status, and administration of the
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Fig. 1 Differences in Δchange in mean GSM-CCA patients treated with or without sitagliptin in subgroup analysis. Differences in Δchange in mean
GSM-CCA from baseline at 104 weeks in patients treated with or without sitagliptin were analyzed by the Student’s t-test. Subgroup analyses were
performed in subgroups by baseline sex, age, duration of diabetes, BMI, HbA1c, presence of hypertension, presence of dyslipidemia, use of renin–
angiotensin–aldosterone system inhibitors, and use of statins. Data are expressed as mean with 95% confidence interval. CI confidence interval, BMI
body mass index, RAS inhibitors of renin–angiotensin–aldosterone system

anti-diabetic drugs other than insulin and DPP-4 inhibitors, anti-hyperlipidemic drugs, and anti-hypertensive
drugs, and mean-IMT-CCA.

Discussion
Many previous studies have provided the evidences that
incretin-related agents such as GLP-1 analogues and
DPP-4 inhibitors provide beneficial effects against atherosclerosis [7, 20–22, 30, 31]. Although the PROLOGUE
trial, a study to evaluate whether DPP-4 inhibitors affect
atherosclerosis, did not show an additional effect of sitagliptin on the progression of carotid IMT [32], several studies demonstrated that DPP-4 inhibitors more
potently inhibited the progression of carotid IMT than
conventional treatment in patients with T2DM [21, 22,
30]. However, it remains unclear whether these agents
affect the tissue characteristics of the carotid arterial wall.

The present study, a post hoc sub-analysis using data
obtained from the SPIKE study showed that sitagliptin treatment significantly increased the GSM value, an
index of ultrasonic tissue characteristics, of the carotid
arterial wall over a 104-week observation period, while
conventional treatment did not affect the GSM value.
This finding was complementary with the result of the
original SPIKE study showing that sitagliptin treatment
more potently inhibited the progression of carotid IMT
than conventional treatment in patients with T2DM [22].
Our study was also consistent with another previous
study using samples from asymptomatic patients undergoing carotid endarterectomy that revealed that incretin
therapy–treated plaques presented with higher collagen
content and less inflammation and oxidative stress than
non-incretin–treated plaques, indicating a more stable
plaque phenotype [33].
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The precise mechanism how sitagliptin improved the
tissue characteristic of the carotid arterial wall remains
unclear. Hypercholesterolemia, oxidative stress, inflammation, and insulin resistance are major risk factors for
the formation of the vulnerable plaque [34, 35]. However, in the present study, neither serum lipid profiles nor
inflammation markers were significantly associated with
change in the mean GSM-CCA. Improvement in hyperglycemia may be related to the improvement of the tissue
characteristics of the carotid arterial wall, since reduction in HbA1c was tended to be larger in the sitagliptin
treatment group [22]. Low plasma adiponectin levels
are associated with increased plaque vulnerability [36].
Interestingly, atherosclerotic plaques of T2DM patients
showed lower levels of adiponectin and adaptor protein
PH domain and leucine zipper containing 1 (APPL1), an
adaptor protein that interact directly with adiponectin
receptors, compared with non-diabetic patients. It was
also shown that current incretin-users presented higher
adiponectin and APPL1 content compared with never
incretin users [37]. These findings suggest a potential
role of adiponectin/APPL1 signaling mediating the beneficial effect of sitagliptin on the tissue characteristic of
the carotid arterial wall. In addition, recent studies suggest that DPP-4 may play a direct role in vascular inflammation and atherosclerosis independent of its metabolic
actions [11, 38–40]. Thus, direct anti-atherosclerotic
effect of sitagliptin on vascular cells is another possible explanation for its beneficial effect on carotid arterial wall, since DPP-4 inhibitors had anti-atherosclerotic
effects in both a GLP-1-dependent and GLP-1-independent manners [8–13].
Several limitations of our study should be discussed.
First, although a significant increase in GSM value during the treatment period was observed in sitagliptin
treatment group alone, there was no between-group difference in the changes of GSM values between the two
treatment groups. Therefore, it would be premature to
conclude that sitagliptin treatment significantly improved
the tissue characteristics of the carotid arterial wall. Second, the present study is a post hoc sub-analysis using
data obtained from the SPIKE study. Third, the ultrasound settings for each image were not always standardized. However, the blood was used as the reference for
black and the adventitia as the reference for white, and
gain settings for measurements within an individual
were similar throughout the study. Therefore, the impact
of gain of ultrasound beam on the GSM value would be
quite small, if any. Fourth, compared with the SPIKE trial
showing beneficial effect of sitagliptin on progression
of carotid IMT, in the PROLOGUE trial the change in
carotid IMT in the sitagliptin group did not differ significantly from that in the conventional treatment group [22,
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32]. As Oyama, et al. described in their paper, one possible explanation for this discrepancy is that higher prevalence of statin use in the PROLOGUE study as compared
to the SPIKE trial masked the beneficial effect of sitagliptin, since statins potently suppress IMT progression.
In addition, in the PROLOGUE study, additional use of
both pioglitazone and biguanides increased in the conventional treatment group, possibly contributing to the
suppression of IMT progression. Thus, administration
of anti-diabetic, anti-hyperlipidemic, and anti-hypertensive drugs may affect the plaque components as well as
its thickness. Although the baseline medical prescriptions were almost matched in this post hoc analysis of
the SPIKE trial, it was not possible to adjust for the effect
of changes in therapeutic regimen during the observation period. Another possible explanation for the different effect of sitagliptin on progression of carotid IMT
between these two studies is that the baseline characteristics of the participants, such as severity of T2DM,
HbA1c level, and the prevalence of hypertension, dyslipidemia, and cardiovascular disease, differed between
them. Therefore, it would thus be premature to generalize our findings to the T2DM patients with higher risk for
atherosclerosis.

Conclusions
In conclusion, a post hoc sub-analysis suggests that the
tissue characteristics of the carotid arterial wall were
improved in the sitagliptin treatment group during the
104-week treatment period but not in the conventional
treatment group. However, the statistically significant
additional effect of sitagliptin on carotid GSM relative to
conventional treatment was not demonstrated. Prespecified studies with large sample size would be necessary to
confirm our findings.
Abbreviations
BMI: body mass index; CCA: common carotid artery; CVD: cardiovascular dis‑
ease; DM: diabetes mellitus; DPP-4: dipeptidyl peptidase-4; GLP-1: glucagonlike polypeptide-1; GSM: gray-scale median; HR: hazard ratio; IMT: intimamedia thickness; MMRM: mixed-effects model for repeated measures; T2DM:
type 2 diabetes mellitus.
Authors’ contributions
All authors contributed to the concept and design of this ongoing study. NK
was the principal guarantor of this work and has full access to all the data and
takes responsibility for the integrity of the data and accuracy of data analysis.
All authors read and approved the final manuscript.
Author details
Department of Metabolic Medicine, Osaka University Graduate School
of Medicine, 2‑2, Yamadaoka, Suita, Osaka 565‑0871, Japan. 2 Department
of Metabolism and Atherosclerosis, Osaka University Graduate School of Medi‑
cine, 2‑2, Yamadaoka, Suita, Osaka 565‑0871, Japan. 3 Department of Medicine,
Metabolism & Endocrinology, Juntendo University Graduate School of Medi‑
cine, Hongo 2‑1‑1, Bunkyo‑ku, Tokyo 113‑8421, Japan. 4 Center for Molecular
Diabetology, Juntendo University Graduate School of Medicine, Hongo 2‑1‑1,
Bunkyo‑ku, Tokyo 113‑8421, Japan. 5 Osaka Police Hospital, 10‑31 Kitayamacho,
1

Katakami et al. Cardiovasc Diabetol (2018) 17:24

Page 8 of 9

Tennoji‑ku, Osaka 543‑0035, Japan. 6 Department of Diabetes Care Medicine,
Osaka University Graduate School of Medicine, 2‑2, Yamadaoka, Suita, Osaka
565‑0871, Japan. 7 Department of Biostatistics, Faculty of Medicine, University
of Tsukuba, 1‑1‑1, Tennodai, Tsukuba, Ibaraki 305‑8575, Japan. 8 Center
for Therapeutic Innovations in Diabetes, Juntendo University Graduate School
of Medicine, Hongo 2‑1‑1, Bunkyo‑ku, Tokyo 113‑8421, Japan.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Acknowledgements
The authors gratefully acknowledge the assistance of K. Ando in performing
GSM analysis and H. Yamada and D. Takayama (Soiken Holdings Inc, Tokyo
Japan) in performing statistical analysis.

Ethics approval and consent to participate and publish
The study protocol was approved by the Research Ethics Committee of
Osaka University Graduate School of Medicine and the study was conducted
in accordance with the principles of the Helsinki Declaration. This study is a
retrospective analysis of the obtained data, carried out by the opt-out method
of our hospital website.

Competing interests
NKa holds an endowed chair (Department of Metabolism and Atherosclerosis)
established by funds from Kowa Pharmaceutical Co., has received research
funds from MSD and lecture fees from Arkray Co. Ltd., Astellas Pharma Inc.,
Boehringer Ingelheim, Daiichi Sankyo Inc., Dainippon Sumitomo Pharma
Co., Eli Lilly, Kowa Pharmaceutical Co., Kyowa Hakko Kirin Co. Ltd., Mitsubishi
Tanabe Pharma Co., Novo Nordisk Pharma, Ono Pharmaceutical Co., Takeda
Pharmaceutical Co., Sanofi-Aventis, and Shionogi & Co. TMi received research
funds from MSD and Takeda Pharma K.K. and has received lecture fees
from AstraZeneca K.K., Boehringer Ingelheim, Eli Lilly, Kowa Pharmaceuti‑
cal Co., Mitsubishi Tanabe Pharma Co., MSD, Ono Pharmaceutical Co., and
Takeda Pharmaceutical Co. YI has no financial conflicts of interest. MT holds
an endowed chair (Department of Diabetes Care Medicine) established by
AstraZeneca K.K., Boehringer Ingelheim, Mitsubishi Tanabe Pharma Co., MSD,
Novo Nordisk Pharma, Ono Pharmaceutical Co., Taisho Toyama Pharmaceutical
Co. TM is assigned to associate professor (Department of Metabolic Medicine)
has received research funds from Daiichi Sankyo Inc., Ono Pharmaceutical
Co, Eli Lilly, Novo Nordisk Pharma, Takeda Pharmaceutical Co. and lecture fees
from MSD, Astellas Pharma Inc., Boehringer Ingelheim, Daiichi Sankyo Inc.,
Dainippon Sumitomo Pharma Co., Eli Lilly, Kowa Pharmaceutical Co., Kyowa
Hakko Kirin Co. Ltd., Mitsubishi Tanabe Pharma Co., Novo Nordisk Pharma, Ono
Pharmaceutical Co., Kissei Pharmaceutical Co., Taisho Toyama Pharmaceuti‑
cal Co., Ltd., Sanwa Kagaku Kenkyusho Co., Sanofi Co. MG received lecture
and/or consultant fees from Daiichi Sankyo Company, Ltd., Novartis, Taiho
Pharma, and Ferring Pharma, received travel fees from Takeda Pharmaceuti‑
cal Co., and received manuscript fees from Kowa Co. Ltd. IS received lecture
fees from Astellas Pharma Inc., AstraZeneca K.K., MSD K.K., Ono Pharmaceuti‑
cal Co., Kyowa Hakko Kirin Co., Kowa Pharmaceutical Co., Sanofi K.K., Sanwa
Kagaku Kenkyusho Co., Daiichi Sankyo Co., Takeda Pharma K.K., Mitsubishi
Tanabe Pharma Co., Teijin Pharma, Eli Lilly Japan K.K., Nippon Boehringer
Ingelheim Co., Novartis Pharma K.K., Novo Nordisk Pharma, Bayer Yakuhin,
Pfizer Japan Inc., Bristol-Myers K.K., Mochida Pharmaceutical Co., Shionogi &
Co., and Taisho Toyama Pharmaceutical Co., and research funds from Astellas
Pharma Inc., AstraZeneca K.K., Eisai Co., MSD K.K, Otsuka Pharmaceutical Co.,
Ono Pharmaceutical Co., Kaken Pharmaceutical Co., Kissei Pharmaceutical
Co., Kyowa Hakko Kirin Co., Sanofi K.K., Shionogi & Co., Daiichi Sankyo Co.,
Dainippon Sumitomo Pharma Co., Takeda Pharma K.K., Mitsubishi Tanabe
Pharma Co., Teijin Pharma, Nippon Boehringer Ingelheim Co., Novartis Pharma
K.K., Novo Nordisk Pharma, Pfizer Japan Inc., Bristol-Myers K.K., Mochida
Pharmaceutical Co., Eli Lilly Japan K.K, Kowa Co., Ltd., Kowa Pharmaceutical
Co., and Taisho Toyama Pharmaceutical Co. HW received lecture fees from
Novo Nordisk, Inc., Eli Lilly and Company, Sanofi, Dainippon Sumitomo Pharma
Co., Fujifilm, Bayer Health Care, Kissei Pharmaceutical Company, Mochida
Pharmaceutical Company, MSD, Takeda Pharmaceutical Company, Boehringer
Ingelheim Pharmaceuticals Inc., Daiichi-Sankyo, Ono Pharmaceutical Co. Ltd.,
Novartis Pharmaceuticals Corporation, Mitsubishi Tanabe Pharma Corporation,
AstraZeneca LP, Kyowa Hakko Kirin Company Ltd., Sanwa Kagaku Kenkyusho
Co. Ltd., Kowa Company Ltd., Astellas Pharma Inc.; advisory fees from Novo
Nordisk, Inc., Mochida Pharma Company, AstraZeneca LP, Kowa Company,
Astellas Pharma Inc., Sanofi, Boehringer Ingelheim Pharmaceuticals Inc., MSD,
Mitsubishi Tanabe Pharma Corporation, Novartis Pharmaceuticals Corporation,
Dainippon Sumitomo Pharma Co., Takeda Pharmaceutical Company, Ono
Pharmaceutical Co., Pfizer Inc., and Kowa Company; and research funds from
Boehringer Ingelheim, Pfizer, Mochida Pharmaceutical Co., Sanofi-Aventis,
Novo Nordisk Pharma, Novartis Pharmaceuticals, Sanwakagaku Kenkyusho,
Terumo Corp. Eli Lilly, Mitsubishi Tanabe Pharma, Daiichi Sankyo Inc., Takeda
Pharmaceutical Co., MSD, Shionogi, Pharma, Dainippon Sumitomo Pharma,
Kissei Pharma, and Astrazeneca K.K.

Consent for publications
Not applicable.

Funding
This research was supported by Grants-in-Aid for Scientific Research from
the Japanese Ministry of Education, Science, Sports, Culture and Technology
[KAKENHI 16K09747].

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.
Received: 25 November 2017 Accepted: 22 January 2018

References
1. Fuster V, Badimon L, Badimon JJ, Chesebro JH. The pathogenesis of
coronary artery disease and the acute coronary syndromes. N Engl J Med.
1992;326:242–50.
2. Lee RT, Grodzinsky AJ, Frank EH, Kamm RD, Schoen FJ. Structuredependent dynamic mechanical behavior of fibrous caps from human
atherosclerotic plaques. Circulation. 1991;83:1764–70.
3. Davies MJ, Richardson PD, Woolf N, Katz DR, Mann J. Risk of thrombosis
in human atherosclerotic plaques: role of extracellular lipid, macrophage,
and smooth muscle cell content. Br Heart J. 1993;69:377–81.
4. Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol. 2006;47:C7–12.
5. Creager MA, Lüscher TF, Cosentino F, Beckman JA. Diabetes and vascular
disease: pathophysiology, clinical consequences, and medical therapy:
part I. Circulation. 2003;108:1527–32.
6. Fadini GP, Avogaro A. Cardiovascular effects of DPP-4 inhibition: beyond
GLP-1. Vascul Pharmacol. 2011;55:10–6.
7. Song X, Jia H, Jiang Y, Wang L, Zhang Y, Mu Y, Liu Y. Anti-atherosclerotic
effects of the glucagon-like peptide-1 (GLP-1) based therapies in patients
with type 2 Diabetes Mellitus: a meta-analysis. Sci Rep. 2015;26(5):10202.
8. Terasaki M, Nagashima M, Nohtomi K, Kohashi K, Tomoyasu M, Sinmura K,
Nogi Y, Katayama Y, Sato K, Itoh F, Watanabe T, Hirano T. Preventive effect
of dipeptidyl peptidase-4 inhibitor on atherosclerosis is mainly attribut‑
able to incretin’s actions in nondiabetic and diabetic apolipoprotein
E-null mice. PLoS ONE. 2013;8:e70933.
9. Terasaki Y, Nomiyama T, Kawanami T, Hamaguchi Y, Takahashi H, Tanaka
T, Murase K, Nagaishi R, Tanabe M, Yanase T. Dipeptidyl peptidase-4
inhibitor linagliptin attenuates neointima formation after vascular injury.
Cardiovasc Diabetol. 2014;13:154.
10. Nader MA. Sitagliptin ameliorates lipid profile changes and endothelium
dysfunction induced by atherogenic diet in rabbits. Naunyn Schmiede‑
bergs Arch Pharmacol. 2014;387:433–44.
11. Hirano T, Mori Y. Anti-atherogenic and anti-inflammatory properties of
glucagon-like peptide-1, glucose-dependent insulinotropic polypeptide,
and dipeptidyl peptidase-4 inhibitors in experimental animals. J Diabetes
Investig. 2016;7:80–6.
12. Matsubara J, Sugiyama S, Sugamura K, Nakamura T, Fujiwara Y, Akiyama
E, Kurokawa H, Nozaki T, Ohba K, Konishi M, Maeda H, Izumiya Y, Kaikita
K, Sumida H, Jinnouchi H, Matsui K, Kim-Mitsuyama S, Takeya M, Ogawa
H. A dipeptidyl peptidase-4 inhibitor, des-fluoro-sitagliptin, improves
endothelial function and reduces atherosclerotic lesion formation in
apolipoprotein E-deficient mice. J Am Coll Cardiol. 2012;59:265–76.

Katakami et al. Cardiovasc Diabetol (2018) 17:24

13. Vittone F, Liberman A, Vasic D, Ostertag R, Esser M, Walcher D, Ludwig A,
Marx N, Burgmaier M. Sitagliptin reduces plaque macrophage content
and stabilises arteriosclerotic lesions in Apoe (-/-) mice. Diabetologia.
2012;55:2267–75.
14. Satoh-Asahara N, Sasaki Y, Wada H, Tochiya M, Iguchi A, Nakagawachi
R, Odori S, Kono S, Hasegawa K, Shimatsu A. A dipeptidyl peptidase-4
inhibitor, sitagliptin, exerts anti-inflammatory effects in type 2 diabetic
patients. Metabolism. 2013;62:347–51.
15. Tremblay AJ, Lamarche B, Deacon CF, Weisnagel SJ, Couture P. Effects
of sitagliptin therapy on markers of low-grade inflammation and cell
adhesion molecules in patients with type 2 diabetes. Metabolism.
2014;63:1141–8.
16. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr,
Cardiovascular Health Study Collaborative Research Group. Carotid-artery
intima and media thickness as a risk factor for myocardial infarction and
stroke in older adults. N Engl J Med. 1999;340:14–22.
17. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical
cardiovascular events with carotid intima-media thickness: a systematic
review and meta-analysis. Circulation. 2007;115:459–67.
18. Li MF, Zhao CC, Li TT, Tu YF, Lu JX, Zhang R, Chen MY, Bao YQ, Li LX, Jia WP.
The coexistence of carotid and lower extremity atherosclerosis further
increases cardio-cerebrovascular risk in type 2 diabetes. Cardiovasc
Diabetol. 2016;5(15):43.
19. Rassi CH, Churchill TW, Tavares CA, Fahel MG, Rassi FP, Uchida AH,
Wajchenberg BL, Lerario AC, Hulten E, Nasir K, Bittencourt MS, Rochitte
CE, Blankstein R. Use of imaging and clinical data to screen for car‑
diovascular disease in asymptomatic diabetics. Cardiovasc Diabetol.
2016;9(15):28.
20. Barbieri M, Rizzo MR, Marfella R, Boccardi V, Esposito A, Pansini A, Paolisso
G. Decreased carotid atherosclerotic process by control of daily acute
glucose fluctuations in diabetic patients treated by DPP-IV inhibitors.
Atherosclerosis. 2013;227:349–54.
21. Mita T, Katakami N, Yoshii H, Onuma T, Kaneto H, Osonoi T, Shiraiwa T,
Kosugi K, Umayahara Y, Yamamoto T, Yokoyama H, Kuribayashi N, Jin‑
nouchi H, Gosho M, Shimomura I, Watada H, Collaborators on the Study
of Preventive Effects of Alogliptin on Diabetic Atherosclerosis (SPEAD-A)
Trial. Alogliptin, a dipeptidyl peptidase 4 inhibitor, prevents the progres‑
sion of carotid atherosclerosis in patients with type 2 diabetes: the study
of preventive effects of alogliptin on diabetic atherosclerosis (SPEAD-A).
Diabetes Care. 2016;39:139–48.
22. Mita M, Katakami N, Shiraiwa T, Yoshii H, Onuma T, Kuribayashi N, Osonoi
T, Kaneto H, Kosugi K, Umayahara U, Yamamoto T, Matsumoto K, Yokoy‑
ama H, Tsugawa M, Gosho M, Shimomura I, Watada H, Collaborators on
Sitagliptin Preventive study of Intima media thickness Evaluation (SPIKE)
Trial. Sitagliptin attenuates the progression of carotid intima-media
thickening in insulin-treated patients with type 2 diabetes mellitus: the
sitagliptin preventive study of intima-media thickness evaluation (SPIKE):
a randomized controlled trial. Diabetes Care. 2016;39:455–64.
23. Grønholdt ML, Wiebe BM, Laursen H, Nielsen TG, Schroeder TV, Sillesen
H. Lipid-rich carotid artery plaques appear echolucent on ultrasound
B-mode images and may be associated with intraplaque haemorrhage.
Eur J Vasc Endovasc Surg. 1997;14:439–45.
24. Nicolaides AN, Kakkos SK, Kyriacou E, Griffin M, Sabetai M, Thomas DJ,
Tegos T, Geroulakos G, Labropoulos N, Doré CJ, Morris TP, Naylor R, Abbott
AL, Asymptomatic Carotid Stenosis and Risk of Stroke (ACSRS) Study
Group. Asymptomatic internal carotid artery stenosis and cerebrovascular
risk stratification. J Vasc Surg. 2010;52:1486–96.
25. Irie Y, Katakami N, Kaneto H, Takahara M, Nishio M, Kasami R, Sakamoto
K, Umayahara Y, Sumitsuji S, Ueda Y, Kosugi K, Shimomura I. The utility
of ultrasonic tissue characterization of carotid plaque in the predic‑
tion of cardiovascular events in diabetic patients. Atherosclerosis.
2013;230:399–405.

Page 9 of 9

26. Grønholdt ML, Nordestgaard BG, Schroeder TV, Vorstrup S, Sillesen H.
Ultrasonic echolucent carotid plaques predict future strokes. Circulation.
2001;104:68–73.
27. Terminology and Diagnostic Criteria Committee. Japan society of
ultrasonics in medicine. Subcommittee for preparing guidelines for
ultrasound diagnosis of carotid artery. Standard method for ultrasound
evaluation of carotid artery lesions. Jpn J Med Ultrason. 2009;36:501–18.
28. Yanase T, Nasu S, Mukuta Y, Shimizu Y, Nishihara T, Okabe T, Nomura M,
Inoguchi T, Nawata H. Evaluation of a new carotid intima-media thickness
measurement by B-mode ultrasonography using an innovative measure‑
ment software, intimascope. Am J Hypertens. 2006;19:1206–12.
29. Sabetai MM, Tegos TJ, Nicolaides AN, Dhanjil S, Pare GJ, Stevens JM.
Reproducibility of computer-quantified carotid plaque echogenicity: can
we overcome the subjectivity? Stroke. 2000;31:2189–96.
30. Ishikawa S, Shimano M, Watarai M, Koyasu M, Uchikawa T, Ishii H, Inden
Y, Takemoto K, Murohara T. Impact of sitagliptin on carotid intima-media
thickness in patients with coronary artery disease and impaired glucose
tolerance or mild diabetes mellitus. Am J Cardiol. 2014;114:384–8.
31. Rizzo M, Rizvi AA, Patti AM, Nikolic D, Giglio RV, Castellino G, Li Volti G,
Caprio M, Montalto G, Provenzano V, Genovese S, Ceriello A. Liraglutide
improves metabolic parameters and carotid intima-media thickness in
diabetic patients with the metabolic syndrome: an 18-month prospective
study. Cardiovasc Diabetol. 2016;15(1):162.
32. Oyama J, Murohara T, Kitakaze M, Ishizu T, Sato Y, Kitagawa K, Kamiya H,
Ajioka M, Ishihara M, Dai K, Nanasato M, Sata M, Maemura K, Tomiy‑
ama H, Higashi Y, Kaku K, Yamada H, Matsuhisa M, Yamashita K, Bando
YK, Kashihara N, Ueda S, Inoue T, Tanaka A, Node K, PROLOGUE Study
Investigators. The Effect of sitagliptin on carotid artery atherosclerosis in
type 2 diabetes: the PROLOGUE randomized controlled trial. PLoS Med.
2016;13(6):e1002051.
33. Balestrieri ML, Rizzo MR, Barbieri M, Paolisso P, D’Onofrio N, Giovane A,
Siniscalchi M, Minicucci F, Sardu C, D’Andrea D, Mauro C, Ferraraccio F,
Servillo L, Chirico F, Caiazzo P, Paolisso G, Marfella R. Sirtuin 6 expression
and inflammatory activity in diabetic atherosclerotic plaques: effects of
incretin treatment. Diabetes. 2015;64:1395–406.
34. Libby P, Aikawa M. Stabilization of atherosclerotic plaques: new mecha‑
nisms and clinical targets. Nat Med. 2002;8:1257–62.
35. Irie Y, Katakami N, Kaneto H, Takahara M, Sakamoto K, Kosugi K, Shi‑
momura I. The risk factors associated with ultrasonic tissue characteriza‑
tion of carotid plaque in type 2 diabetic patients. J Diabetes Complica‑
tions. 2014;28:523–7.
36. Sawada T, Shite J, Shinke T, Otake H, Tanino Y, Ogasawara D, Kawamori H,
Kato H, Miyoshi N, Yoshino N, Kozuki A, Hirata K. Low plasma adiponectin
levels are associated with presence of thin-cap fibroatheroma in men
with stable coronary artery disease. Int J Cardiol. 2010;142:250–6.
37. Barbieri M, Marfella R, Esposito A, Rizzo MR, Angellotti E, Mauro C,
Siniscalchi M, Chirico F, Caiazzo P, Furbatto F, Bellis A, D’Onofrio N, Vitiello
M, Ferraraccio F, Paolisso G, Balestrieri ML. Incretin treatment and athero‑
sclerotic plaque stability: role of adiponectin/APPL1 signaling pathway. J
Diabetes Complications. 2017;31:295–303.
38. Zheng TP, Yang F, Gao Y, Baskota A, Chen T, Tian HM, Ran XW. Increased
plasma DPP4 activities predict new-onset atherosclerosis in associa‑
tion with its proinflammatory effects in Chinese over a 4 year period: a
prospective study. Atherosclerosis. 2014;235:619–24.
39. Ikushima H, Munakata Y, Iwata S, Ohnuma K, Kobayashi S, Dang NH, Mori‑
moto C. Soluble CD26/dipeptidyl peptidase IV enhances transendothelial
migration via its interaction with mannose 6-phosphate/insulin-like
growth factor II receptor. Cell Immunol. 2002;215:106–10.
40. Zhong J, Rao X, Rajagopalan S. An emerging role of dipeptidyl peptidase
4 (DPP4) beyond glucose control: potential implications in cardiovascular
disease. Atherosclerosis. 2013;226:305–14.

