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Aims: A close association has been demonstrated between increased cardiovascular risk and 

high asymmetric dimethylarginine (ADMA) levels in type 2 diabetes mellitus (DM) patients. We 

planned to measure serum ADMA levels in type 2 DM patients using vildagliptin, a dipeptidyl 

peptidase-4 (DPP-4) inhibitor.

Materials and methods: A total of 68 type 2 DM patients who were on metformin were 

enrolled in the study. Based on the glycemic levels of patients, vildagliptin was added on to 

treatment in 33 patients. Patients were followed for 6 months. Serum ADMA, C-reactive  protein, 

and fibrinogen levels were compared in groups of patients using metformin or metformin + 

vildagliptin, after 6 months.

Results: Serum ADMA levels were found to be significantly lower in the group using vildagliptin 

compared to the group using metformin + vildagliptin (P,0.001). However, serum C-reactive 

protein and fibrinogen levels were statistically similar in the two study groups (P=0.34 and 

P=0.23, respectively).

Conclusion: Metformin + vildagliptin treatment was observed to lower serum ADMA levels 

in type 2 DM patients. Our findings notwithstanding, large-scale prospective randomized 

 controlled studies are warranted to conclude that vildagliptin provides cardiovascular protection 

along with diabetes regulation.

Keywords: asymmetric dimethylarginine (ADMA), dipeptidyl peptidase-4 (DPP-4) inhibitor, 

vildagliptin, type 2 diabetes mellitus

Introduction
Cardiovascular events are known to be increased by two- to fourfold in patients with 

type 2 diabetes mellitus (DM). Cardiovascular events rank first among the reasons for 

death in type 2 DM patients.1 Therefore, it is important that drugs employed in the 

treatment of type 2 DM have beneficial effects on cardiovascular protection.

One of the drug classes used in the treatment of type 2 DM are endogenous 

 dipeptidyl peptidase-4 (DPP-4) inhibitors. Owing to the development of DPP-4 inhibi-

tors, the half-life of endogenous glucagon-like peptide-1 (GLP-1) is prolonged through 

the inhibition of GLP-1 degradation.2,3 The increased endogenous plasma GLP-1 

concentration is thought to exhibit protective effects on the cardiovascular system.4,5

Increased basal plasma levels of asymmetric dimethylarginine (ADMA), the 

endogenous nitric oxide synthase inhibitor, is known to cause endothelial dysfunction 

and atherosclerosis.6 A close association has been demonstrated between increased 
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cardiovascular risk and increased serum ADMA levels in 

studies conducted on diabetic patients.4 Serum ADMA level 

was also sought with the DPP-4 inhibitor saxagliptin in an 

animal study.7 The findings of that study suggest that the 

DPP-4 inhibitors could affect serum ADMA levels.

In our study, we planned to measure serum levels of ADMA, 

which is thought to be closely associated with increased 

cardiac risk, in type 2 DM patients using vildagliptin.

Materials and methods
In our study, 68 patients over 18 years old with type 2 DM 

and who were on metformin only (1,000 mg twice daily) were 

enrolled. Based on the glycemic levels of patients, vildaglip-

tin (50 mg twice daily) was added on in 33 patients. Patients 

were followed for a duration of 6 months. A group of type 2 

DM patients who were treated with metformin and had good 

glycemic control (glycated hemoglobin [HbA
1c

] ,7.0%) 

comprised group 1. Metformin-treated type 2 DM patients 

with poor glycemic control (HbA
1c

 .6.5%) were identified, 

vildagliptin was added as a second-line therapy, and they 

comprised group 2. This group was matched to subjects in 

the first group. Serum ADMA level is known to be affected 

by such disorders as hypercholesterolemia, atherosclerosis, 

hypertension, chronic heart failure, DM, and chronic renal 

insufficiency. It is also known that certain medications, such 

as calcium-channel blockers, beta-blockers, angiotensin-

converting enzyme inhibitors, and angiotensin-receptor 

blockers affect serum ADMA levels. Therefore, patients 

using diabetic medicines other than metformin, those who 

had any other additional disorders, and/or were using addi-

tional drugs were excluded from the study. Also, patients 

that were currently on DPP-4 inhibitor treatment or GLP-1 

receptor-agonist treatment, had acute coronary syndrome 

within the last 6 months or liver disease or overt nephropa-

thy (albuminuria .300 mg/day), or pregnant patients were 

excluded from the study. The study was initiated after ethi-

cal committee approvals of both the Ministry of Health and 

Bezmialem Vakif University.

Venous blood samples were obtained from the patients 

enrolled in the study at between 8 and 9 am following at least 

10–12 hours of fasting. Patients’ blood samples were used to 

measure the following laboratory values: ADMA (BioTek™ 

ELx 50 washer and ELx 800 reader using ADMA Xpress human 

commercial kit; Thermo Fisher Scientific, Waltham, MA, 

USA), C-reactive protein (CRP) (Cobas® 501 system, using 

immunoturbidimetric method; Roche, Basel, Switzerland), 

fibrinogen (optical measurement method on an AMAX-200 full 

automatic coagulation apparatus, using a TriniCLOT fibrinogen 

kit; Tcoag, Wicklow, Ireland), HbA
1c

 (turbidimetric inhibition 

immunoassay; Roche), low-density lipoprotein cholesterol 

(LDL-C), high-density lipoprotein cholesterol (HDL-C), trig-

lyceride, hemogram, and alanine aminotransferase (ALT) and 

creatinine values (immunoassay chemiluminescent method; 

Beckman Coulter, Pasadena, CA, USA).

statistical analysis
For the assessment of study findings, SPSS for Windows 13.0 

(IBM, Armonk, NY, USA) was used in statistical analyses. 

We computed that 30 subjects in each group provided 95% 

power to detect 20% difference between the two groups, with 

an alpha of 0.05. To ensure 30 completers in each group, we 

set the sample size at 35 in each group.

During the assessment of study findings, along with 

definitive statistical methods (mean, median, standard 

deviation), Student’s t-test was used to compare normally 

distributed parameters, and the Mann–Whitney U test was 

used to compare abnormally distributed parameters. The χ2 

test was employed to compare the proportional data. A two-

sided P-value of ,0.05 was considered significant.

Results
There were 16 women (M:F =19:16) in the type 2 DM group 

using metformin (n=35), and eleven women (M:F =22:11) in 

the metformin + vildagliptin group (n=33), with no statisti-

cally significant difference between the groups (P=0.09). No 

significant differences were found upon the comparison of 

age, body mass index (BMI), waist circumference, diabetes 

duration, or the last of HbA
1c

, LDL-C, HDL-C, triglyceride, 

ALT, and creatinine values of patients (Table 1).

Table 1 Demographic and laboratory characteristics of patients 
by group

Metformin  
(n=35)

Met-vildagliptin 
(n=33)

P-value

Mean ± SD Mean ± SD

age (years) 52.1±6.5 49.8±8.7 0.21
BMi (kg/m²) 30.5±4.5 29.4±4.9 0.34
Waist circumference (cm) 106±10.6 103±9.6 0.27
Diabetes duration (years) 3.1±3 4.6±3.8 0.11
Baseline hba1c (%) 6.5±1.3 7.3±1.5 0.02
after treatment hba1c (%) 6.5±1.4 7.0±1.5 0.15
lDl-c (mg/dl) 133±31 132±24 0.94
hDl-c (mg/dl) 49±13 47±11 0.46
Triglyceride (mg/dl) 156±93 146±80 0.66
alT (U/l) (10–40) 28.5±22.7 32.7±28.4 0.45
creatinine (mg/dl) 0.74±0.14 0.78±0.19 0.38

Abbreviations: sD, standard deviation; BMi, body mass index; hba1c, glycated 
hemoglobin; lDl-c, low-density lipoprotein cholesterol; hDl-c, high-density lipoprotein 
cholesterol; alT, alanine aminotransferase; Met-vildagliptin, metformin + vildagliptin.
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Serum ADMA, CRP, and fibrinogen levels were measured 

concurrently in the groups of type 2 DM patients using met-

formin or metformin + vildagliptin. Upon comparison of these 

values, serum ADMA levels were detected to be significantly 

lower in patients with vildagliptin added on to metformin 

(P,0.001). However, CRP and fibrinogen levels were found 

to be similar in the two groups of patients (Table 2).

Upon assessment of patients whose ADMA levels 

were in the normal range versus those with high ADMA 

levels, only four (11.4%) patients in the metformin-using 

group had ADMA levels within the normal range, whereas 

31 (88.6%) patients had increased ADMA levels. As for the 

group of patients with vildagliptin added on to metformin, 

17 (51.5%) patients had ADMA levels within the normal 

range, and 16 (48.5%) patients had increased levels of 

ADMA (Figure 1).

Discussion
In our study, we observed that add-on treatment with vilda-

gliptin decreased serum ADMA levels with statistical sig-

nificance in type 2 DM patients using metformin. This might 

be of importance in providing cardiovascular protection in 

patients with type 2 DM, because diabetes has long been 

known to be a major cardiovascular risk factor. Numerous 

studies have been conducted to demonstrate that diabetes 

in patients causes an increase in cardiovascular risk. The 

EUROASPIRE (European Action on Secondary Prevention 

through Intervention to Reduce Events) III trial covering 

the European population found that 25% of patients with 

cardiovascular disorders had DM.8

Increased risk of cardiovascular disorders in type 2 DM 

patients is closely related with plasma NO levels. NO of 

endothelial origin has a key role in the maintenance of vas-

cular homeostasis. Decrease in NO levels leads to endothelial 

dysfunction and atherosclerosis.4 Measurements of intracel-

lular endothelial NO were employed in animal experiments. 

Measuring intracellular endothelial NO levels at the endothe-

lial level is impossible in human studies. In humans, serum 

ADMA levels are measured instead, being an endogenous 

inhibitor of endothelial NO synthase.9 Together with the 

increase in serum ADMA levels, it was shown that produc-

tion of NO decreases with consequent endothelial dysfunc-

tion and cardiovascular events.9 Upon the recognition of the 

importance of endothelial dysfunction in atherosclerosis, 

ADMA has been acknowledged as a significant marker of 

cardiovascular risk.10

Serum ADMA levels were shown to be increased in 

 diabetics.4 These findings suggest that increase in serum 

ADMA in diabetics is a strong indicator of increased car-

diovascular risk.4 However, there is no known efficient treat-

ment in  diabetics to lower serum ADMA concentration, the 

indicator of increased cardiovascular risk.

Studies on the influence of DPP-4 inhibitors, a drug class 

being increasingly used recently, on the cardiovascular sys-

tem have attracted attention. DPP-4 inhibitors increase the 

concentration of GLP-1 in blood by inhibiting the DPP-4 

enzyme, which breaks up endogenous GLP-1. Studies are 

being conducted to examine the effects of endogenous GLP-1 

on the endothelium and cardiovascular system, along with 

a number of other body organs. The results of these studies 

are inconsistent.11–13

In an animal study in the literature, saxagliptin was used 

in obese rats, and aortic and glomerular endothelial NO levels 

were measured. This study also found significant endothelial 

NO increases in animals treated with saxagliptin (P,0.001).7 

In another animal study, the vildagliptin analog PFK275-

055 was given to obese, prediabetic rats, and the ischemic 

area following myocardial infarction was demonstrated to 

be smaller.12 In a study on humans with small patient groups, 

72-hour GLP-1 infusion was administered to a subgroup of 

Table 2 Comparison of serum ADMA, CRP, and fibrinogen levels 
in vildagliptin user and nonuser groups

Metformin  
(n=35)

Met-vildagliptin 
(n=33)

P-value

Mean ± SD Mean ± SD

aDMa (μmol/l) 0.90±0.21 0.67±0.22 ,0.001
crP (mg/l) 3.6±5.7 4.1±4.8 0.34
Fibrinogen (mg/dl) 348.5±93.2 373.2±73.7 0.23

Note: Fibrinogen 100–500 mg/dl.
Abbreviations: sD, standard deviation; aDMa, asymmetric dimethylarginine 
(0.26–0.64 μmol/l); crP, c-reactive protein (,5 mg/l); Met-vildagliptin, metformin + 
vildagliptin.

35
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0
Metformin
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Met-vildagliptin

Figure 1 comparison of number of patients with normal or increased aDMa levels 
among patient groups.
Abbreviations: aDMa, acetyl dimethylarginine; Met-vildagliptin, metformin + 
vildagliptin.
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nondiabetic patients who had experienced acute myocardial 

infarction in addition to standard treatment, and regional and 

global left ventricular functions were shown to be improved.13 

Another study determined maintenance of cardiac functions 

by means of GLP-1 in genetically DPP-4-deficient animals.14 

In another rat study, chronic GLP-1 treatment was shown to 

increase survival through maintenance of cardiac functions.5 

The findings obtained in these studies support the results of 

our study.

Looking at the literature, there are also studies reporting 

contradictory results to our study. An animal study included 

nondiabetic rats, and the impact of vildagliptin treatment on 

cardiac functions following acute myocardial infarction was 

investigated. After a treatment period of 12 weeks, com-

parison with the control group failed to show any significant 

difference.11 Sitagliptin was given to rats rendered diabetic 

in another study, and it was found not to exhibit sufficient 

cardioprotective effects.15 These being animal studies, the 

use of nondiabetic rats or rats rendered diabetic by means 

of drugs, investigation of the effects of DPP-4 inhibitors 

after the development of cardiac injury, and ambiguity in 

the adequacy of drug doses used and treatment duration, are 

among the features that can be criticized.

Type 2 DM, as already known, is a chronic and progres-

sive disease. The duration of the disease is a significant fac-

tor in the development of macrovascular and microvascular 

complications in diabetes. Our study included patients with 

a mean duration of diabetes of 3.8 years, whose blood glu-

cose levels were generally under regulation. In the studies 

conducted up to now, patients with already developed car-

diovascular injury were examined and effects of medicines 

evaluated.11–14 In diabetic patients, it is hard to demonstrate 

the impact of medicines on cardiovascular protection once 

cardiovascular injury has developed. However, it is com-

monly acknowledged that treatments administered before the 

development of cardiovascular injury might be efficacious. 

We too preferred patients with no or lower cardiovascular 

risks. Therefore, the stability of levels of CRP and fibrinogen, 

the risk indicators expected to increase in ischemic heart 

disease, might have arisen from this fact. Moreover, the 

higher CRP concentration found in vildagliptin users, albeit 

insignificant, might have been caused by the longer duration 

of diabetes in these patients.

Compared to patients using metformin, another point is 

the observation of a significant decrease in serum ADMA 

levels in vildagliptin users, despite the unchanged blood 

glucose levels. This might suggest that the decrease in serum 

ADMA level might be related to vildagliptin activity, inde-

pendent of blood glucose regulation. Similar results were also 

obtained in a study conducted with saxagliptin.7

limitations
Because this study was conducted on humans, the distribution 

may not have been homogeneous between the patient groups, 

since there are numerous factors that might affect ADMA 

levels. The number of patients studied was rather low, due to 

the widened exclusion criteria with the attempts to decrease 

the risks influencing ADMA levels. Although ADMA levels 

examined in patients are considered an indirect indicator of 

cardiovascular risk, the counterpart of this in decreasing risk 

in patients is not known. ADMA levels were not measured 

before starting vildagliptin treatment. Because subjects were 

matched with regard to age, BMI, sex, diabetes duration, and 

all other metabolic characteristics (Table 1), we assume that 

subjects in both groups had a similar baseline AMDA level.

Conclusion
Vildagliptin treatment was observed to lower serum ADMA 

levels, which is considered one of the cardiovascular risk 

indicators in patients with type 2 DM. This finding should 

be supported with larger-scale prospective randomized 

controlled studies to conclude that vildagliptin provides 

cardiovascular protection along with diabetes regulation.

Disclosure
The authors report no conflicts of interest in this work.
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