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Introduction. Patients with type 2 diabetes represent 
50% of all sudden cardiac deaths. Disseminated ar-
teriosclerotic lesions are the cause of vascular inci-
dents that cause permanent disability resulting from 
lower limb amputations. Objectives. Our study was 
designed to investigate the relationship between 
asymmetrical dimethylarginine (ADMA), symmetric di-
methylarginine (SDMA) plasma concentration and in-
tima–media thickness (IMT) in subjects with diabetes 
mellitus without vascular complications (group A) and 
a group of diabetic patients diagnosed with diabetes 
micro- and macroangiopathy (group B). Patients and 
Method. The experimental groups included 42 diabet-
ic patients. Group A – 22 patients (9 W and 13 M), free 
from vascular complications (mean age 55.83±7.37 
years), group B – 20 patients (6 W, 14 M) with accom-
panying micro- and macropathic changes (mean age 
63.80±8.79 years). Group C (n=22), the control group, 
consisted of healthy volunteers (12 W and 10 M), be-
tween the ages of 40 to 60 (mean age 51.16±6.39), 
selected in reference to the age and sex of the re-
search group. The carotid artery intima-media com-
plex thickness (IMT) was evaluated with the use of a 
duplex ultrasound. Conclusions. There was no correla-
tion between ADMA and the maximal or mean IMT of 
the common carotid artery (CCA) and internal carotid 
artery (ICA). We demonstrated a correlation between 
SDMA concentration and CCA IMT. The results suggest 
that ICA IMT may serve as a marker of vascular com-
plication among patients with diabetes.
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INTRODUCTION

Diabetes is a group of metabolic diseases of various eti-
ologies characterized by hyperglycemia. Experts predict that 
the number of diabetics will increase to 629 million people 
in 2045, which constitutes a 48% increase in the number 
of patients. It is reported that approximately 3.5–5 million 
people annually die from diabetes complications, which 
equals one death per 8 seconds. Acute complications as-
sociated with diabetes include hypoglycemia, hyperglycemia, 

ketoacidosis, coma, loss of consciousness and common 
infections. Chronic complications include microangiopathy 
and macroangiopathy associated with end stage renal fail-
ure, stroke, myocardial infarction, and diabetic foot syn-
drome which entails a high risk of amputation.

The endothelium is an integral part of the vessel wall 
and the largest organ of the body. Endothelial dysfunc-
tion includes morphological and functional changes, 
such as increased IMT (intima media thickness) or va-
soconstriction and is thought to be the first initial step 
of atherosclerosis. High ADMA (asymmetric dimethy-
larginine) plasma concentration is associated with en-
dothelium dysfunction. ADMA is an endogenous inhib-
itor of nitric oxide synthases (NOS) and causes a de-
crease of NO* availability – one of the most common 
vasodilating factors. ADMA concentration correlates 
positively with dyslipidemia, age, high blood pressure, 
chronic renal insufficiency, and diabetes. The associa-
tion with IMT thickness has also been described (Dor-
oszko et al., 2008). Symmetric dimethylarginine (SDMA) 
is another product of post-translational methylation of 
arginine. SDMA does not inhibit NOS, however, it is 
stated that it could decrease NO* availability by com-
petitive binding to NO* synthases and blocking enzyme 
active center for arginine according to Bode-Böger and 
others (Bode-Böger et al., 2006). SDMA could be a use-
ful marker of early-stage renal failure and a determinant 
of cardiovascular risk.

Molecular background changes in the ADMA and 
SDMA levels are associated with the activity of PRMTs. 
Protein arginine methyltransferases (PRMTs) mediate 
the methylation of a number of protein substrates of 
arginine residues and serve critical functions in many 
cellular responses, including cancer development, pro-
gression, aggressiveness, T-lymphocyte activation, and 
hepatic gluconeogenesis. There are nine members of 
the PRMT family, divided into 4 types (types I–IV) (Ji 
Hye Kim et al., 2016).

Objectives

Our study was designed to investigate the relation-
ship between ADMA, SDMA plasma concentration and 
intima–media thickness (IMT) in subjects with diabetes 
mellitus without vascular complications (group A) and a 
group of diabetic patients with established diabetes mi-
cro- and macroangiopathy (group B).

Differences between the study groups with respect 
to ADMA and SDMA levels have already been proved 
and published in another article (Fiodorenko-Dumas et 
al., 2017).
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Patients and Method

The research was approved by the Scientific Research 
Ethics Committee of the Wroclaw Medical University. 
All persons participating in the program were informed 
about the purpose of the studies to which they gave 
their consent. The study involved 42 patients with type 
2 diabetes (15 W and 27 M), aged 40 to 60 (mean age 
59.45±8.83 years), with the duration of diabetes ranging 
from 5 to 15 years (mean age 7.54±3.50 years), treat-
ed at the Department of Angiology, Hypertension and 
Diabetology of the Wroclaw Medical University. Two 
groups of patients were distinguished: Group A (n=22) 
– patients with type 2 diabetes with no vascular com-
plications 9 W and 13 M, aged from 48 to 63 (mean 
55.83±7.37 years), and the duration of diabetes ranging 
from 5 to 15 years (mean 5.32±1.70 years). The group 
included patients with negative history of chronic coro-
nary heart disease, normal resting ECG, no symptoms 
of peripheral artery disease (ankle-brachial index >0.9), 
moderate IMT (<0.9 mm) of carotid arteries in duplex-
doppler ultrasound, excretion of albumin with normal 
urine and free from diabetic retinopathy. Group B 
(n=20) – included diabetic patients micro- and/or mac-
roangiopathy, 6 W and 14 M, aged from 55 to 71 years 
(mean 63.80±8.79 years) with the duration of diabetes 
ranging from 5 to 15 years (mean 10.25±7.16 years). The 
following were observed in this group of patients: dia-
betic retinopathy (early stage of the disease), confirmed 
by ophthalmoscopic examination or fluorescein angiog-
raphy (based on ophthalmic documentation), diabetic ne-
phropathy diagnosed on the basis of microalbuminuria 
or proteinuria, ischemic heart disease (diagnosed with 
coronary angiography), peripheral artery disease (ABI 
<0.9), cerebral arteriosclerosis and symptoms of tran-
sient ischemia of the CNS in medical history. Group C 
(n=22) consisted of healthy volunteers, 12 W and 10 M, 
aged 46 to 58 (mean 51.16±6.39), selected as a control 
group in reference to age and sex of the study group.

Individuals in whom any inflammation occurred 
within the previous 3 months or who developed vas-
cular event (stroke or acute coronary syndrome) within 
the previous 6 months were excluded from the study. 
People taking glucocorticosteroids or non-steroidal anti-
inflammatory drugs (except for 75–150 mg of acetylsali-
cylic acid daily), as well as people diagnosed with cancer, 
liver failure, renal failure or other serious comorbidities 
were also excluded.

Test methods

Examinations carried out on all patients qualified for 
the study program included a thorough analysis of the 
history of the disease and a thorough physical examina-
tion, determination of body mass index (BMI), repeat-
edly performed blood pressure measurements, as well 
as obtaining a resting ECG, chest X-ray, abdominal ul-
trasound and Doppler examination with colour coding 
of carotid arterial flow (Vivid 7 device). Lower limb 
blood pressure was measured with the use of the Dop-
pler method with the calculation of ankle/brachial in-
dex (ABI) using the Vasodop VQ 4000 device with the 
ELCAT GmbH Vasolab 5000 software.

Morning venous blood samples were collected from 
the antecubital vein of all subjects in order to assess 
the peripheral blood count using the 16-parameter 
ABX MIKROS OT hematological analyser, lipid pro-
file (LDL-cholesterol level was calculated using Friede-
wald equation), creatinine, urea, uric acid concentrations 
were determined using enzymatic method, and fibrino-

gen level was examined using the Clauss method. The 
percentage of HbA1c was additionally measured in pa-
tients with diabetes using the Roche Unimate set.

Highly sensitive CRP was assessed using the ELISA 
kit High Sensitivity C-Reactive Protein Enzyme Immu-
noassay (nr EIA-3954 DRG International Inc., USA). 
The results were given in mg/l.

Concentrations of ADMA, SDMA and L-arginine 
in blood plasma were determined with the use of the 
HPLC method with fluorescent detection. The SPE (sol-
id phase) extraction method was applied in preparation 
of plasma for analysis, using Varian’s SCX 50 columns. 
Before being dispensed onto the Water Co.’s Symmetry 
C18, 150×4.6 mm, 5 um chromatographic column, the 
obtained analytes were subjected to a process of deri-
vatization, with an OPA reagent (o-diphtalaldehyd). Test 
samples and standards were eluted from the column in 
isocratic system, with a solution of 12% v/v acetonitrile 
in K-phosphate buffer (50 mM, pH 6.6), flow 1.1 mL/
min and temperature of 35°C. Wavelengths of detector 
excitation and emission amounted to 340 and 450 mm, 
respectively. Varian’s equipment, consisting of Pro Star 
240 pomp, Pro Star 363 spectrofluorescent detector, Pro 
Star 410 automatic sample changer and Star Chromatog-
raphy Workstation software v. 6.3, was used in HPLC 
analysis. The obtained values are expressed in μmol/L.

The IMT (intima-media thickness) of the carotid ar-
tery was evaluated semi-automatically with the Vivid 7 
Dimension ultrasound (GE Healthcare). The measure-
ments were performed on both sides of the common 
and internal carotid artery. Distal wall IMT in the com-
mon carotid artery was analyzed on a 15 mm section 
directly below the division. The evaluation area in the 
internal carotid artery included the artery bulb. The av-
erage and maximum IMT thickness was automatically 
obtained in the analyzed section of the common and in-
ternal carotid arteries. The results were expressed as the 
mean value (mm) of the measurements carried out on 
both sides of the homonymous arteries.

Mean CCA IMT and maximum ICA IMT are both 
proposed as markers of subclinical cardiovascular disease 
by two consensus groups (Stein et al., 2007; Touboul et 
al., 2007).

Statistical analysis

The results are presented as means ± S.D. Non-par-
ametric tests were used in the analyses, including Mann 
Whitney, Kruskal-Wallis, Wilcoxon, and Spearman’s cor-
relation coefficient (Aczel 2006). In each statistical test, 
approximate or exact (depending on the number of ob-
servations), the p-value (the minimum materiality level 
at which there are no grounds for rejecting the tested 
hypothesis) was determined, which was used in statisti-
cal reasoning, concurrently increasing the credibility of 
the presented results (Francuz et al., 2007). The p-value 
<0.05 was considered statistically significant.

RESULTS

The summary of the demographic data of subjects 
from both study groups are presented in Table 1. The 
development of vascular complications of diabetes was 
associated with longer duration of the disease (p<0.05). 
Waist circumference was higher in patients with vascu-
lar complications in comparison with patients without 
complications (p<0.01). Mean BMI and the incidence of 
hypertension in particular groups of patients were com-
parable.
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Mean concentrations of ADMA, SDMA and L-argi-
nine in patients’ plasma are presented in Table 2. We 
observed high ADMA and SDMA concentration in both 
study groups and it was significantly higher than the 
control group (p<0.05) (Fiodorenko-Dumas et al., 2017). 
There were no significant differences in the assessed pa-
rameters between group A and B. There was no correla-
tion between ADMA and CCA IMT or ICA IMT. How-
ever, SDMA concentrations correlated significantly with 
mean CCA IMT (correlation coefficient 0.631, p<0.05) 
and max CCA IMT (correlation coefficient 0.622, 
p<0.05) in the group of patients with diabetic microangi-
opathy and/or macroangiopathy (Table 3).

Compared to control, the values of the IMT complex 
in the internal carotid artery (ICA), both mean and max-
imum, were higher in diabetic patients, but only between 
the group with microangiopathy and/or macroangiopa-

thy and the control group, the differences were statisti-
cally significant (p<0.05) (Table 4).

CCA IMT was thicker in patients with diabetes com-
pared to the control, particularly with reference to maxi-
mal CCA, however, differences between diabetics with 
and without vascular complication did not reach statis-
tical significance. ICA IMT, both mean and maximum, 
were higher in diabetic patients, and the marked differ-
ences between the patients with vascular complications 
(group B) and the control group were statistically signifi-
cant (p=0.0032 and p=0.005, respectively) (Fig. 1, Fig. 2).

The process of arterial wall remodeling, expressed 
mainly through the thickening of the common and in-
ternal carotid intima media complex, remains depend-
ent on high HbA1c percentage (correlation coefficients:  
0.766 and 0.851, p=0.01) which was observed in group 
B. Studies confirmed inflammatory response stimulation 

Table 1. Demographic data of the studied group

Type 2 diabetes patients
Control
(Group C)

Significance of  
differencesParameters

Patients with no vascular 
complications
(Group A)

Patients with the diabetic 
micro and macroangiopathy
(Group B)

N 22 20 22

Women 9 6 12

Men 13 14 10

Age (years) 55.83±7.37 63.80±8.79 51.16±6.39
A vs B; p=0.7324SN
A vs C: p=0.6727SN
B vs C: p=0.4034SN

Duration of diabetes 
(years) 5.32±1.70 10.25±7.16 A vs B; p=0.05

BMI (kg/m²) 30.9±5.76 32.54±3.86 27.66±4.27
A vs B; p=0.4268SN
A vs C: p=0.0887SN
B vs C: p=0.06

Waist (cm) 102.00±9.84 112.30±8.34 99.83±9.01
A vs B; p=0.01
A vs C: p=0.7437SN
B vs C: p=0.001

Hypertension (%) 72.7% of the studied subjects 80% of the studied subjects 18%

Microangiopathy

Non-proliferative retinopathy 
(90% of the studied subjects)

Microalbuminuria (40% of the 
studied subjects)

Macroangiopathy Ischaemic heart disease (25% 
of the studied subjects)

Results have been presented as mean values ± standard deviation. SN – statistically non-significant

Table 2. ADMA and selected parameters of the studied group.

Type 2 diabetes patients
Control
 (Group C)

Significance of  
differences

Patients with no vascular 
complications
(Group A)

Patients with the diabetic micro and/
or macroangiopathy
(Group B)

ADMA (µmol/l) 0.794±0.050 0.887±0.074 0.532±0.046
A vs B; p=0.1349NS
A vs C: p=0.001
B vs C: p=0.001

SDMA (µmol/l) 0.842±0.103 0.902±0.161 0.443±0.071
A vs B; p=0.0941 NS
A vs C: p=0.001
B vs C: p=0.001

L-arginine 
(µmol/l) 70.620±15.413 61.874±14.331 82.760±24.901

A vs B; p=0.3333NS
A vs C: p=0.2415NS
B vs C: p=0.0659NS

Results have been presented as mean values ± standard deviation. SN – statistically non-significant

http://156.17.100.82/cgi-bin/expertus?KAT=%2Fhome%2Fbiblioteka%2Fexpertus%2Fpar%2Fw%2F&FST=data.fst&FDT=data05.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1%2C100a%2C152a%2C200a&mask=2&F_00=02&V_00=Fiodorenko-Dumas+%AFanna+
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by carbohydrate metabolism disorders (correlation with 
average ICA IMT and maximal ICA IMT with hsCRP 
were 0.636, p=0.05 and 0.673, p=0.05, respectively) in 
the same group of patients.

DISCUSSION

The endothelium is one of the biggest paracrine organs. 
Its dysfunction is considered as the first stage of athero-
genesis. Reduced NO bioavailability plays a crucial role in 
the process. ADMA is a strong inhibitor of eNOS (en-
dothelial nitric oxide synthase) (Landim et al., 2009).

According to the literature, plasma ADMA concentra-
tion remains in strong positive correlation with subject’s 
age (Mizayaki et al., 1999), high cholesterol level (Päivä et 
al., 2003), hypertension (Moroszko et al., 2008) and dia-
betes (Konya, 2015).

In our study, we observed high ADMA and SDMA 
plasma levels in both groups of patients with diabetes, 
regardless of the presence or absence of vascular compli-
cations. In patients with diabetic vascular complications 
levels of ADMA and SDMA are slightly higher, but the 
differences do not reach the level of statistical signifi-
cance; ICA IMT was, however, significantly increased in 
this group. These findings contrast with Celik and oth-

Table 3. Correlations of ADMA with the proliferative lesions of the carotid artery wall

Type 2 diabetes patients

Patients with no vascular complications
(Group A)

Patients with the diabetic micro and/or macroangiopathy
(Group B)

Parameter CCA average CCA
max

ICA
mean

ICA
max

CCA
mean CCA max ICA

mean
ICA
max

ADMA (µmol/l) –0.063 –0.028 0.172 0.217 0.134 0.080 0.176 0.127

SDMA (µmol/l) –0.098 0.140 –0.210 –0.112 0.631 0.622 0.231 0.255

L-arginine 
(µmol/l) 0.021 –0.126 –0.018 –0.077 –0.247 –0.215 –0.182 –0.158

Parameter correlation coefficient p=0.05

Table 4. Evaluation of the IMT complex of the common carotid artery (CCA) and IMT complex of internal carotid artery (ICA) in the 
examined patients

Type 2 diabetes patients

Control
(Group C) Significance of differences

Parameter
Patients with no vascu-
lar complications
(Group A)

Patients with
the diabetic micro and/or 
macroangiopathy
(Group B)

CCA-IMT mean (mm) 0.68±0.11 0.81±0.21 0.68±0.16
A vs B; p=0.3730SN
A vs C: p=0.7014SN
B vs C; p=0.2615SN

CCA-IMT max (mm) 0.91±0.32 0.97±0.27 0.84±0.16
A vs B; p=0.9245SN
A vs C: p=0.7447SN
B vs C; p=0.6636SN

ICA-IMT mean (mm) 0.80±0.23 1.01±0.31 0.69±0.17
A vs B; p=0.0854SN
A vs C: p=0.2468SN
B vs C; p=0.0032

ICA-IMT
max (mm) 1.04±0.23 1.32±0.37 0.88±0.22

A vs B; p=0.1509SN
A vs C: p=0.08049SN
B vs C; p=0.0054

Results have been presented as mean values ± standard deviation. SN – statistically non-significant

Figure 1. Mean value of ICA IMT in studied groups Figure 2. Maximum value of ICA IMT in studied groups
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ers (Celik et al., 2014), who demonstrated higher ADMA 
concentration in diabetic patients with vascular complica-
tions compared to those without CV complications.

One of the possible explanations of the obtained re-
sults could be concomitant treatment. All group A and 
group B patients received antidiabetic medication, es-
pecially metformin. Group B also received ASA (ace-
tylsalicylic acid), statins, AT I inhibitors (angiotensin II 
receptor type I inhibitor), ACE-I (Angiotensin-convert-
ing-enzyme inhibitors) which could affect ADMA con-
centration.

It has been reported that metformin reduces ADMA 
level (Maas, 2005), however, there is no consent regard-
ing whether it actually was metformin or better glycemic 
control effect. Ojima and others (Ojima et al., 2013) re-
ported that GLP-1 RA diminished ADMA development. 
Several DPP-IV inhibitors could reduce ADMA level in 
diabetic patients’ plasma (Kubota et al., 2012; Cakirca et 
al., 2014).

A randomized clinical studies proved that ADMA 
plasma level was diminished after treatment with enal-
april or eprosartan (Delles et al., 2002), and the effect 
was observed independently of blood pressure reduction. 
Statin, especially rosuvastatin, has also been reported to 
reduce ADMA plasma concentration (Lu et al., 2004). 
A similar effect of fibrates (Yang et al., 2004), niacin 
(Westphal et al., 2006), estrogens (Post et al., 2003) has 
also been reported. Conflicting results of the impact on 
ADMA level are described for polyunsaturated fatty ac-
ids (Eid et al., 2006), L-arginine (Watanabe et al., 2000), 
and ASA (Bode-Böger et al., 2005). These drugs are the 
treatment options with anti-atherosclerotic effects in high 
CV risk subjects. On the other hand, high concentration 
of ADMA could be a marker of high CV risk, especially 
in connection with diabetes, hypercholesterolemia, and 
hypertension (Gać et al., 2020).

Some studies demonstrate benefits of physical training 
on ADMA level (Gomes et al., 2008).

High IMT was assessed in CCA max measurements 
in patients with concomitant vascular complications 
(group A 0.84±0.16; group B 0.97±0.27). Significantly 
greater differences were observed for the IMT complex 
of the ICA. Both mean and maximum values in group 
B were higher than those in group A, and high statisti-
cal significance was observed (mean ICA IMT group A 
0.69±0.17; group B 1.01±0.31; max ICA IMT group A 
0.88±0.22; group B 1.32±0.37; p=0.0032 and p=0.005 
respectively). Studies suggest greater clinical usefulness of 
ICA wall evaluation as a marker which can extract group 
of diabetic patients with vascular complications. Moreo-
ver, thickening of the mean and maximum IMT complex 
of the internal carotid artery was dependent on HbA1c 
concentration; correlation coefficients 0.766 at p=0.01 
and 0.851 at p=0.01, respectively.

Research by Dalla and others (Dalla et al., 2007) has 
shown that IMT increases with duration of diabetes, 
higher concentrations of cholesterol, triglycerides, oxi-
dized LDL (oxLDL) in blood serum, and higher daily 
insulin intake. The DCCT (Diabetes Control and Com-
plication Trial) and their continuation, EDIC (Epide-
miology of Diabetes Interventions and Complications) 
studies, indicated that unfavorable lipidogram was more 
frequently observed in patients with microangiopathy 
complications than in patients with no vascular lesions 
(Lyons et al., 2006). The results of our study did not 
confirm a simple dependence of the IMT carotid artery 
complex thickness on the concentrations of total choles-
terol, HDL-cholesterol, LDL-cholesterol and triglycerides 
in the serum of the analyzed patients.

It is recommended to use mean CCA and maximum 
ICA IMT measurements for cardiovascular risk assess-
ment (Stein et al., 2008; Touboul et al., 2007). The as-
sociation between risk factors in ICA and CCA IMT 
was studied by Polak and others (Polak et al., 2010), who 
suggested that max ICA IMT might add value to mean 
CCA IMT for CV risk assessments.

Epidemiological investigations have linked ADMA 
plasma level with IMT. At first, Miyazaki and others 
(Miyazaki et al., 1999) observed a strong positive correla-
tion between ADMA and IMT in healthy, young popu-
lation. Subsequently, other researchers reported similar 
findings in the case of chronic kidney disease (Zoccali et 
al., 2002). Zsuga and others (Zsuga et al., 2007) observed 
a strong negative correlation between ADMA concen-
tration and IMT. The study involved a group of young 
patients (<55 years) with mild carotid stenosis (at least 
30%). In 2012, Bai and others provided a meta-analysis 
of 22 studies concerning the ADMA and IMT associa-
tion (Bai et al., 2013). They indicated that ADMA plasma 
concentration was a novel marker of preclinical athero-
sclerosis and the association between ADMA and IMT 
was stronger in patient with chronic kidney disease. A 
large prospective study conducted by Furuki and others 
(Furuki et al., 2008) showed that plasma level of ADMA 
was the only predictor of IMT progression.

We believe that the reason for the lack of correlation 
between ADMA concentration and IMT could be the 
effect of the small size of the studied groups and their 
heterogeneity, with high percentage of patients suffering 
from microangiopathic complications. For this reason 
further tests involving larger groups of patients are nec-
essary.

Currently, we know that ADMA is not only a marker 
of vascular endothelial damage, but also a substance that 
is actively involved in the pathway of action of many 
classical risk factors for atherosclerosis (Cooke 2004). 
According to Yasuda and others (Yasuda et al., 2006), 
improved glycemic control provides antiatherogenic ef-
fect through diminishing ADMA concentration in dia-
betic patients.

The results of authors’ own research demonstrated 
a significant dependence of the CCA IMT mean value 
(correlation coefficient 0.631) and the maximum CCA 
IMT value (correlation coefficient 0.622) on the plasma 
SDMA concentration in patients with diabetic microan-
giopathy and macroangiopathy. SDMA is believed to be 
a marker of early-stage renal dysfunction.

According to a meta-analysis, (Schlesinger et al., 2016), 
ADMA and SDMA are independent risk markers of all-
cause mortality and CVD across different populations 
and methodological approaches.

Our findings could constitute a link between high 
SDMA concentrations and CVD in patients with dia-
betic macroangiopathy. Small size of the study, which 
makes it impossible to demonstrate the possible effect of 
the applied groups of medication on the study groups, 
constitutes a limitation of the study. The heterogeneity 
of group B, with prevalence of patients with cardiomyo-
pathy, is also important.

CONCLUSIONS

1. We observed high ADMA and SDMA plasma level 
in both groups of diabetic patients, independently of the 
presence or absence of vascular complications. ADMA 
and SDMA levels are slightly higher in patients with 
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diabetic vascular complications, however, the differences 
did not reach statistical significance.

2. There was no correlation between ADMA and the 
mean or maximum IMT of CCA and ICA.

3. The study suggest clinical usefulness assessment of 
the ICA IMT as a marker, which can extract group of 
diabetic patients with vascular complication.

4. Our study is the first one to describe positive cor-
relation between SDMA concentration and CCA IMT.

5. It is only a preliminary study, further tests involving 
larger groups of patients are necessary.

REFERENCES

Aczel AA (2006) Statistics in management, PWN Publishing House, War-
saw

Bai Y, Sun L, Du L, Zhang T, Xin W, Lan X, Du G (2013) Associ-
ation of circulating levels of asymmetric dimethylarginine (ADMA) 
with carotid intima-media thickness: evidence from 6168 partic-
ipants. Ageing Res Rev 12: 699–707. https://doi.org/10.1016/j.
arr.2012.02.003

Bode-Böger SM, Scalera F, Kielstein JT, Martens-Lobenhoffer J, Breit-
hardt G, Fobker M, Reinecke H (2006). Symmetrical dimethylargi-
nine: a new combined parameter for renal function and extent of 
coronary artery disease. J Am Soc Nephrol 17: 1128–1134. https://
doi.org/10.1681/ASN.2005101119

Bode-Böger SM, Martens-Lobenhoffer J, Täger M, Schröder H, Scal-
era F (2005) Aspirin reduces endothelial cell senescence. Biochem 
Biophys Res Commun 334: 1226–1232. https://doi.org/10.1016/j.
bbrc.2005.07.014

Cakirca M, Karatoprak C, Zorlu M, Kiskac M, Kanat M, Cikrikciog-
lu MA, Soysal P, Hursitoglu M, Camli AA, Erkoc R, Abdul-Ghani 
M (2014) Effect of vildagliptin add-on treatment to metformin on 
plasma asymmetric dimethylarginine in type 2 diabetes mellitus pa-
tients. Drug Des Devel Ther 8: 239–243. https://doi.org/10.2147/
DDDT.S52545

Celik M, Cerrah S, Arabul M, Akalin A (2014) Relation of asymmetric 
dimethylarginine levels to macrovascular disease and inflammation 
markers in type 2 diabetic patients. J Diabetes Res 139215. https://
doi.org/10.1155/2014/139215

Dalla Pozza R, Bachtold S, Bonfig W (2007)Age of onset of type 1 
diabetes in children and carotid intima medial thickness. J Clin En-
docrinol Metab 92: 2053–2057. https://doi.org/10.1210/jc.2006-2868

Delles C, Schneider MP, John S, Gekle M, Schmieder RE (2002) An-
giotensin con- verting enzyme inhibition and angiotensin II AT1-re-
ceptor blocade reduce the levels of asymmetrical N(G), N(G)-dime- 
thylarginine in human essential hypertension. Am J Hypertens 15: 
590–593. https://doi.org/10.1016/S0895-7061(02)02278-1

Lu TM, Ding YA, Leu HB, Yin WH, Sheu WH, Chu KM (2004). Ef-
fect of rosuvastatin on plasma levels of asymmetric dimethylarginine 
in patients with hypercholesterolemia. Am J Cardiol 94: 157–161. 
https://doi.org/10.1016/j.amjcard.2004.03.052

Doroszko A, Andrzejak R, Szuba A (2008) Endothelial dysfunction 
and ADMA in the pathogenesis of arterial hypertension. Nadciśnienie 
Tętnicze 12: 224–237 (in Polish).

Eid HM, Arnesen H, Hjerkinn EM, Lyberg T, Ellingsen I, Seljeflot I  
(2006) Effect of diet and omega-3 fatty acid intervention on asym-
metric dimethylarginine. A randomized controlled trial. Nutr Metab 
3: 4. https://doi.org/10.1186/1743-7075-3-4

Fiodorenko-Dumas Ż, Dumas I, Mastej K, Adamiec R (2017) Physical 
activity-related changes in ADMA and vWF levels in patients with 
type 2 diabetes: a preliminary study. Adv Clin Exp Med 26: 601–608. 
https://doi.org/10.17219/acem/62663

Francuz P, Mackiewicz R (2007) The numbers don’t know where they 
came from. A guide to methodology and statistics not only for psy-
chologists. KUL Publishing House, Lublin

Furuki K, Adachi H, Enomoto M, Otsuka M, Fukami A, Kumagae S, 
Matsuoka H, Nanjo Y, Kakuma T, Imaizumi T (2008) Plasma level 
of asymmetric dimethylarginine (ADMA) as a predictor of carotid 
intima-media thickness progression: six-year prospective study using 
carotid ultrasonography. Hypertens Res 31: 1185–1189. https://doi.
org/10.1291/hypres.31.1185

Gać P, Poręba M, Jurdziak M, Trzmielewska E, Gocławska K, Derkacz 
A, Mazur G, Szuba A, Poręba R (2020) Cardiovascular risk factors 
and the concentration of asymmetric dimethylar-ginine. Adv Clin 
Exp Med 29: 63–70. https://doi.org/10.17219/acem/111808

Gomes VA, Casella-Filho A, Chagas AC, Tanus-Santos JE (2008) 
Enhanced concentrations of relevant markers of nitric oxide for-
mation after exercise training in patients with metabolic syn-
drome. Nitric Oxide 19: 345–350. https://doi.org/10.1590/S1807-
59322009000500015

Ji Hye K, Byong Chul Y, Woo Seok Y, Eunji K, Sungyoul H, Jae Youl 
Ch (2016) The role of protein arginine methyltransferases in in-
flammatory responses. Mediators Inflamm 2016: 4028353. https://doi.
org/10.1155/2016/4028353.

Konya H (2015) Asymmetric dimethylarginine, a biomarker of cardio-
vascular complications in diabetes mellitus. World J Exp Med 5: 110. 
https://doi.org/10.5493/wjem.v5.i2.110

Kubota Y, Miyamoto M, Takagi G, Ikeda T, Kirinoki-Ichikawa S, 
Tanaka K, Mizuno K (2012) The dipeptidyl peptidase-4 inhibitor 
sitagliptin improves vascular endothelial function in type 2 dia-
betes. J Korean Med Sci 27: 1364–1370. https://doi.org/10.3346/
jkms.2012.27.11.1364

Landim MB, Casella Filho A, Chagas AC (2009) Asymmetric dimethy-
larginine (ADMA) and endothelial dysfunction: Implications for 
atherogenesis. Clinics 64: 471–478. https://doi.org/10.1590/s1807-
59322009000500015

Lyons TJ, Jenkins AJ, Zheng D, Klein RL, Otvos JD, Yu Y, Lack-
land DT, McGee D, McHenry MB, Lopes-Virella M, Garvey WT; 
DCCT/EDIC Research Group (2006) Nuclear magnetic resonance 
determined lipoprotein subclass profile in the DCCT/EDIC cohort; 
associations with carotid intima-media thickness. Diabet Med 23: 
955–966. https://doi.org/10.1111/j.1464-5491.2006.01905

Maas R (2005) Pharmacotherapies and their influence on asymme- tric 
dimethylargine (ADMA). Vasc Med 10 (Suppl. 1): 49–57. https://
doi.org/10.1191/1358863x05vm605oa

Miyazaki H, Matsuoka H, Cooke JP, Usui M, Ueda S, Okuda S, Imai-
zumi T (1999). Endogenous nitric oxide synthase inhibitor: a novel 
marker of atherosclerosis. Circulation 99: 1141–1146. https://doi.
org/10.1161/01.cir.99.9.1141

Ojima A, Ishibashi Y, Matsui T, Maeda S, Nishino Y, Takeuchi M, 
Fukami K, Yamagishi S (2013) Glucagon-like peptide-1 receptor 
agonist inhibits asymmetric dimethylarginine generation in the kid-
ney of streptozotocin-induced diabetic rats by blocking advanced 
glycation end product-induced protein arginine methyltranferase-1 
expression. Am J Pathol 182: 132–141. https://doi.org/10.1016/j. 
ajpath.2012.09.016

Päivä H, Laakso J, Lehtimäki T, Isomustajarvi M, Ruokonen I, Laak-
sonen R (2003) Effect of high-dose statin treatment on plasma 
concentrations of endogenous nitric oxide synthase inhibitors. J Car-
diovasc Pharmacol 41: 219–222. https://doi.org/10.1097/00005344-
200302000-00010

Polak JF, Pencina MJ, Meisner A, Pencina KM, Brown LS, Wolf PA, 
D’Agostino RB Sr (2010) Associations of carotid artery intima-me-
dia thickness (IMT) with risk factors and prevalent cardiovascular 
disease: Comparison of mean common carotid artery IMT with 
maximum internal carotid artery IMT. J Ultrasound Med 29: 1759–
1768. https://doi.org/10.7863/jum.2010.29.12.1759

Post MS, Verhoeven MO, van der Mooren MJ, kenemans P, Stehou-
wer CD, Teerlink T (2003) Effect of hormone replacement ther-
apy on plasma levels of the cardiovascular risk factor asymmetric 
dimethylarginine: a randomized, placebo-controlled 12-week study 
in healthy early postmenopausal women. J Clin Endocrinol Metab 88: 
4221–4226. https://doi.org/10.1210/jc.2003-030584

Schlesinger S, Sonntag SR, Lieb W, Maas R (2016) Asymmetric and 
symmetric dimethylarginine as risk markers for total mortality 
and cardiovascular outcomes: a systematic review and meta-anal-
ysis of prospective studies. PLoS ONE 11: e0165811. https://doi.
org/10.1371/journal.pone.0165811

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Born-
stein N, Csiba L, Desvarieux M, Ebrahim S, Fatar M, Hernandez 
Hernandez R, Jaff M, Kownator S, Prati P, Rundek T, Sitzer M, 
Schminke U, Tardif JC, Taylor A, Vicaut E, Woo KS, Zannad F, 
Zureik M (2007) Mannheim carotid intima-media thickness con-
sensus (2004–2006): an update on behalf of the Advisory Board 
of the 3rd and 4th Watching the Risk Symposium, 13th and 15th 
European Stroke Conferences, Mannheim, Germany, 2004, and 
Brussels, Belgium, 2006. Cerebrovasc Dis 23: 75–80. https://doi.
org/10.1159/000097034

Watanabe G, Tomiyama H, Doba N (2000) Effects of oral ad- min-
istration of L-arginine on renal function in patients with heart fail-
ure. J Hypertens 18: 229–234. https://doi.org/10.1097/00004872-
200018020-00015

Westphal S, Borucki K, Luley C, Martens-Lobenhoffer J, Bode-Böger 
SM (2006) Treatment with niacin lowers ADMA. Atheroslcerosis 184: 
448–450. https://doi.org/10.1016/j.atherosclerosis.2005.11.018

Yang TL, Chen MF, Luo BL, Yu J, Jiang JL, Li YJ (2004) Ef-
fect of fenofi- brate on LDL-induced endothelial dysfunction in 
rats. Naunyn Schmiedebergs Arch Pharmacol 370: 79–83. https://doi.
org/10.1007/s00210-004-0971-0

Cooke JP (2004) Asymmetrical dimethylarginine. The über mark-
er? Circulation 109: 18131818. https://doi.org/10.1161/01.
CIR.0000126823.07732

Yasuda S, Miyazaki S, Kanda M, Goto Y, Suzuki M, Harano Y, Non-
ogi H (2006) Intensive treatment of risk factors in patients with 
type-2 diabetes mellitus is associated with improvement of endo-
thelial function coupled with a reduction in the levels of plasma 

https://doi.org/10.1016/j.arr.2012.02.003
https://doi.org/10.1016/j.arr.2012.02.003
https://doi.org/10.1681/ASN.2005101119
https://doi.org/10.1681/ASN.2005101119
https://doi.org/10.1016/j.bbrc.2005.07.014
https://doi.org/10.1016/j.bbrc.2005.07.014
https://doi.org/10.2147/DDDT.S52545
https://doi.org/10.2147/DDDT.S52545
https://doi.org/10.1155/2014/139215
https://doi.org/10.1155/2014/139215
https://doi.org/10.1210/jc.2006-2868
https://doi.org/10.1016/S0895-7061(02)02278-1
https://doi.org/10.1016/j.amjcard.2004.03.052
https://dx.doi.org/10.1186%2F1743-7075-3-4
http://156.17.100.82/cgi-bin/expertus?KAT=%2Fhome%2Fbiblioteka%2Fexpertus%2Fpar%2Fw%2F&FST=data.fst&FDT=data05.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1%2C100a%2C152a%2C200a&mask=2&F_00=02&V_00=Fiodorenko-Dumas+%AFanna+
http://156.17.100.82/cgi-bin/expertus?KAT=%2Fhome%2Fbiblioteka%2Fexpertus%2Fpar%2Fw%2F&FST=data.fst&FDT=data05.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1%2C100a%2C152a%2C200a&mask=2&F_00=02&V_00=Dumas+Ilias+
http://156.17.100.82/cgi-bin/expertus?KAT=%2Fhome%2Fbiblioteka%2Fexpertus%2Fpar%2Fw%2F&FST=data.fst&FDT=data05.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1%2C100a%2C152a%2C200a&mask=2&F_00=02&V_00=Mastej+Krzysztof+
http://156.17.100.82/cgi-bin/expertus?KAT=%2Fhome%2Fbiblioteka%2Fexpertus%2Fpar%2Fw%2F&FST=data.fst&FDT=data05.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1%2C100a%2C152a%2C200a&mask=2&F_00=02&V_00=Adamiec+Rajmund+
https://doi.org/10.17219/acem/62663
https://doi.org/10.1291/hypres.31.1185
https://doi.org/10.1291/hypres.31.1185
https://doi.org/10.17219/acem/111808
https://dx.doi.org/10.1590%2FS1807-59322009000500015
https://dx.doi.org/10.1590%2FS1807-59322009000500015
https://doi.org/10.1155/2016/4028353
https://doi.org/10.1155/2016/4028353
https://dx.doi.org/10.5493%2Fwjem.v5.i2.110
https://doi.org/10.3346/jkms.2012.27.11.1364
https://doi.org/10.3346/jkms.2012.27.11.1364
https://doi.org/10.1590/s1807-59322009000500015
https://doi.org/10.1590/s1807-59322009000500015
https://doi.org/10.1111/j.1464-5491.2006.01905
https://doi.org/10.1191/1358863x05vm605oa
https://doi.org/10.1191/1358863x05vm605oa
https://doi.org/10.1161/01.cir.99.9.1141
https://doi.org/10.1161/01.cir.99.9.1141
https://doi.org/10.1016/j
https://doi.org/10.1097/00005344-200302000-00010
https://doi.org/10.1097/00005344-200302000-00010
https://doi.org/10.7863/jum.2010.29.12.1759
https://doi.org/10.1210/jc.2003-030584
https://doi.org/10.1371/journal.pone.0165811
https://doi.org/10.1371/journal.pone.0165811
https://doi.org/10.1159/000097034
https://doi.org/10.1159/000097034
https://doi.org/10.1097/00004872-200018020-00015
https://doi.org/10.1097/00004872-200018020-00015
https://doi.org/10.1016/j.atherosclerosis.2005.11.018
https://doi.org/10.1007/s00210-004-0971-0
https://doi.org/10.1007/s00210-004-0971-0
https://doi.org/10.1161/01.CIR.0000126823.07732
https://doi.org/10.1161/01.CIR.0000126823.07732


Vol. 68       149The correlation between ADMA and intima–media thickness (IMT)

asymmetric dimethylarginine and endogenous inhibitor of nitric ox-
ide synthase. Eur Heart J 27: 1159–1165. https://doi.org/10.1093/
eurheartj/ehi876]

Zsuga J, Torok J, Magyar MT, Valikovics A, Gesztelyi R, Kéki S, 
Csiba L, Zsuga M, Bereczki D (2007) Serum asymmetric dimeth-
ylarginine negatively correlates with intima-media thickness in ear-
ly-onset atherosclerosis. Cerebrovasc Dis 23: 388–394. https://doi.
org/10.1159/000101461

Zoccali C, Benedetto FA, Maas R, Mallamaci F, Tripepi G, Malatino 
LS, Böger R; CREED Investigators (2002) Asymmetric dimeth-
ylarginine, C-reactive protein, and carotic intima-media thickness 
in end-stage renal disease. J Am Soc Nephrol 13: 490–496. PMID: 
11805179

https://doi.org/10.1093/eurheartj/ehi876
https://doi.org/10.1093/eurheartj/ehi876
https://doi.org/10.1159/000101461
https://doi.org/10.1159/000101461

