
Effects of Dipeptidyl Peptidase-4 Inhibitors on 
Carotid Intima-Media Thickness in Type 2 Diabetes 
Patients: A Systematic Review and Meta-Analysis

Introduction

Dipeptidyl peptidase 4 (DPP-4) inhibitors are new anti-diabetic 
drugs; such as alogliptin; linagliptin; saxagliptin; sitagliptin and 
vildagliptin; can reduce blood glucose mainly by inhibit glucagon 
release through the enhancement of glucagon-like peptide-1 
(GLP-1) and gastric inhibitory peptide (GIP) [1]. DPP-4 inhibitors 
are also proposed have beneficial Cardioprotective effects [2]. 
Cardiovascular disease (CVD) is a major cause of morbidity 
and mortality in patients with type 2 diabetes mellitus (T2DM) 
[3,4]. Some research shows that chronic treatment with DDP-4 
inhibitors may have cardioprotective effects in diabetes patients 
presenting with acute coronary syndrome [5]. Some research has 
a different view; they find DPP-4 inhibitors have not been shown 
to be associated with an increased risk of cardiovascular events 
[6,7]. The conclusion is uncertain. Carotid intima-media thickness 
(IMT) is a marker for atherosclerosis [8]. Evidence from preclinical 
studies suggests that DPP-4 inhibitors could have beneficial effects 
on atherosclerosis in both GLP-1-dependentand -independent 
manners [9]. The aim of this study was to determine the effect of  
DPP-4 inhibitors treatment on Carotid Intima-Media Thickness  

 
in diabetic patients; by means of a systematic review and a meta-
analysis.

Methods 

Outcome and search strategy 

The primary outcome of this meta-analysis was mean intima 
media thickness common carotid artery (mean-IMT-CCA) and 
left maximum intima media thickness of the common carotid 
artery(max-left-IMT-CCA) .An electronic literature search of 
PubMed; the Cochrane Library without language restriction 
until Dec 2017; using keywords including alogliptin; linagliptin; 
saxagliptin; sitagliptin; vildagliptin; dipeptidyl peptidase 4 
inhibitors and DPP-4 inhibitors.

Study selection criteria

The literature search; selection of studies; and extraction of 
data was done independently by 2 reviewers (Kuijun Zhan; Kaiyuan 
LIU). Disagreements were resolved by consensus. Included studies 
had to meet the following criteria: 
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Abstract 

Background: Recent studies suggested that dipeptidyl peptidase-4 (DPP-4) inhibitors benefit to atherosclerosis-related cardiovascular diseases, 
but evidence was inconclusive. We aimed to determine the effects of dipeptidyl peptidase-4 inhibitors on Carotid Intima-Media Thickness in type 2 
diabetes patients.

Methods: A literature search was conducted via electronic databases. The inclusion criteria were randomized controlled trials (RCTs) comparing 
DPP-4 inhibitors to placebo or anti-hyperglycaemic agent, study duration of no less than 12 weeks performed in type 2 diabetes patients. The primary 
outcome was the Intima-Media Thickness of Carotid. Random-effects model were applied to data synthesis.

Results: Five trials enrolling 762 and 761 patients for DPP-4 inhibitors and placebo or anti hyperglycaemic agent were included. The primary 
outcome of this meta-analysis was mean intima media thickness common carotid artery (mean-IMT-CCA) and left maximum intima media thickness of 
the common carotid artery (max-left-IMT-CCA). There were no obvious differences in mean-IMT-CCA (SMD: -0.2466, 95%CI [-0.6052, 0.1120], P=0.1777) 
over 12 months. And that’s the same for 24 months (SMD: -0.5249, 95%CI [-1.1492, 0.0994], P=0.0994). There was no significant difference between 
DPP-4 Inhibitors and placebo or anti hyperglycemic agent in max-left-IMT-CCA, (SMD:0.2217, 95%CI [-0.2602, 0.7035], P=0.3673). And remained same 
over 24 months (SMD:0.1064, 95%CI [-0.3498, 0.5627], P=0.6475).

Conclusion: There is no significant decrease on Carotid Intima-Media Thickness after DPP-4 inhibitors treatment over 12 and 24 weeks.
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A.	 All studies involved patients with type two diabetes 
mellitus.

B.	 Two groups diabetic patients where one group was 
treated with DPP-4 inhibitors and the other with placebo or other 
treatments. 

C.	 All studies contain CIMT outcomes.

D.	 Clinical; double-blind randomized controlled trial; The 
placebo group and the DPP-4 inhibitors group that were compared 
should have the same kind of treatment and care in all other ways 
(for example; education regarding diet and lifestyle changes). 

Data extraction

Recorded data included characteristics of the studies; 
demographic data; and Carotid intima-media thickness changes in 
patients allocated to DPP-4 inhibitors or conventional therapy.

Statistical methods

Tabulated data on study characteristics were prepared. All 
values were expressed as standardized mean differences (SMDs) 
with 95% credible intervals (CIs). Homogeneity among studies 

was tested by means of Cochran’s Q test and calculation of the 
variation across studies attributable to heterogeneity rather than 
chance (I2). When substantial heterogeneity was demonstrated (p 
value <0.1 or a I2 value >50%); a random-effects model was used; 
otherwise a fixed-effect model was used. Sensitivity analyses were 
performed with pooled estimate by omitting one study at a time. All 
analyses were performed in R (version 3.4.2), using ‘meta’ package 
(version 4.8-4).

Result

Flow and identification of studies

A total of 184 citations were identified through our extensive 
search. 167 studies were excluded because of exclusion were 
irrelevant or lacking original data). Thirteen of the 17 studies were 
excluded for irrelevant or not fulfilling the inclusion criteria. Four 
studies fulfilled the inclusion criteria and were included in the final 
analysis [10-14]. A total of 1523 patients were included in the five 
studies; the demographic and baseline biochemical parameters of 
the included studies are shown in Table 1. Among those articles 
included; two of them came from Japan; and all the four trials are in 
English literature (Table 1) & (Figure 1).

Table 1:  Baseline clinical characteristics of patient.

Experiment Country
Follow-

up(months)

Intervention Group Control Group

N Male
Age 

(years)
HbA1c 

(％)
BMI (kg/

m2)
N Male Age

HbA1c 
(％)

BMI (kg/
m2)

Ishikawa 
2014

sitagliptin 
100 mg/day

Japan 12 37 32 73.7±7.3 - 25.3±3.9 39 33 69.0±8.0 - 23.8±3.1

Mita 
(Alogliptin) 

2016

Alogliptin 
25mg /day 

Japan 12, 24 172 101 64.4±9.8 7.3±0.8 24.6±4.3 169 98 64.8±9.1 24.9±3.7 7.2±0.8

Mita 
(Sitagliptin) 

2016

sitagliptin 
25 or 50 

mg/day; 50 
or 100mg/

day

Japan 12, 24 142 83 63.8±9.7 8.1±1.1 25.0±4.3 140 82 63.6±1.0 8.0±1.0 25.0±3.8

Oyama 
2016

sitagliptin Japan 12, 24 222 146 69.2 ± 9.3
6.96 ± 
0.64

25.3 ± 4.1 220 151 69.5±9.2
6.96 ± 
0.55

24.9 ± 4.0

Mita 2017 sitagliptin Japan 24 137 82 63.6±10.0 8.0±1.0 25.1±3.4 137 83 63.2±9.6 8.3±1.1 25.2±4.4

Figure 1: Flow diagram of literature search and study selection.
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Risk of bias assessment

The risk of bias of included trials was assessed according to 
the recommendations of the Cochrane Handbook of Systematic 
Reviews of Interventions (Figure 2).

Figure 2: Literature quality evaluation.

Effect of DPP-4 inhibitors on IMT

We performed separate meta-analyses for each outcome (mean-
IMT-CCA and max-left-IMT-CCA) on 12 months and 24months.For 
large heterogeneity; we are using random-effects model. Mean-
IMT-CCA. As shown in Figure 3 & 4; Over 12 months; there was no 
significant difference between DPP-4 Inhibitors and placebo or anti-
hyperglycaemic agent in mean-IMT-CCA; (SMD: -0.2466;95%CI: 
[-0.6052; 0.1120]; P=0.1777). And remained over 24 months (SMD: 
-0.5249;95%CI: [-1.1492; 0.0994]; P=0.0994) (Figure 3 & 4).

Figure 3: Mean-IMT-CCA on 12 months.

Figure 4: Mean-IMT-CCA on 24 months.

Max-left-IMT-CCA. 

As shown in Figure 5 & 6; Over 12 months; there was no 
significant difference between DPP-4 Inhibitors and placebo or anti 

hyperglycemic agent in max-left-IMT-CCA; (SMD:0.2217;95%CI: 
[-0.2602; 0.7035]; P=0.3673). And remained over 24 months 
(SMD:0.1064;95%CI: [-0.3498; 0.5627]; P=0.6475) (Figure 5 & 6).

Figure 5: Max-left-IMT-CCA on 12 months.

Figure 6: Max-left-IMT-CCA on 24 months.

Sensitivity analyses

Sensitivity analyses were shown in Figure 7 & 8. One of 
the literature has a great influence on the results. Excluded the 
literature; heterogeneity reduced; the DPP4 group has lower mean-
CCA-IMT (Fixed effect model; SMD: -0.2234; 95%CI [-0.3593; 
-0.0876]; P=0.0013). But no significant difference in max-left-CCA-
IMT;(SMD:0.0761; 95%CI [-0.4209; 0.2686]; P=0.6651). But the 
three literatures come from the same study and may be biased 
(Figure 7 & 8).

Figure 7: Mean-IMT-CCA on 24 months.

Figure 8: Max-left-IMT-CCA on 24 months.

Discussion

Five trials enrolling 762 and 761 patients for DPP-4 inhibitors 
and comparators were included. DPP-4 inhibitors; compared with 
placebo or other treatments; were associated with a reduced risk. 
DPP-4 inhibitors treatment did not suggest a significant Carotid 
Intima-Media Thickness reduction compared with placebo. 
Dipeptidyl peptidase-4 (DPP-4) inhibitors are an antihyperglycemic 
drugs that block degradation of incretin hormones. By enhancing 
and prolonging incretin effects; DPP-4 inhibitors stimulate glucose-
dependent insulin secretion and also reduce glucagon secretion. 
This results in improved glycemic control; as reflected by decreases 
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in glycated hemoglobin (HbA1c); fasting plasma glucose; and 
postprandial plasma glucose. Dipeptidyl peptidase-4 inhibitors also 
have the potential to improve beta-cell function [15]. Sitagliptin 
produces approximately 2–3fold increases in active glucagon-
like peptide-1 (GLP-1) and glucose-dependent insulinotropic 
polypeptide (GIP) levels [16]. 

Glucagon-like peptide-1 (GLP-1) receptors are abundantly 
expressed in vascular cells such as endothelial cells; monocyte/
macrophages and smooth muscle cells. The anti-inflammatory 
and vasodilatory properties of glucagon-like peptide-1 signaling 
on endothelial cells; its anti-inflammatory effect on macrophages 
and anti-proliferative effects on smooth muscle cells may halt 
atherosclerosis [17]. Furthermore; some studies indicate that 
sitagliptin can reduce the area of the atherosclerotic lesion; 
possibly by regulating the AMPK and MAPK pathways and then 
reducing leukocyte-endothelial cell interaction and inflammation 
reactions [18]. Atherosclerosis is the main pathological feature of 
diabetic cardiovascular complications. Thus; the beneficial effect of 
DPP-4 inhibitors on atherosclerosis; though which are small; could 
contribute to the reduction of cardiovascular risk.

A Further study are needed to identify the time DPP-4 
inhibitors to reduce Carotid Intima-Media Thickness. Among those 
articles included; two of them came from Japan; and all the four 
trials are in English literature. Thus; some biases may exist. One 
of the literature has a great influence on the results. Excluded the 
literature; heterogeneity reduced; the DPP-4 inhibitors group has 
lower mean-CCA-IMT(;Fixed effect model; SMD:-0.2234; 95%CI 
[-0.3593; -0.0876];P=0.0013). In the view of the results of this 
meta-analysis; a more careful assessment of Carotid Intima-Media 
Thickness and the DPP-4 inhibitors treatment time is suggested; as 
well as prospective studies are needing to be performed.

Conclusion

There is no significant difference of adverse reactions in DPP-4 
inhibitors and conventional therapy group.
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