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Abstract: The aim of the present study was to investigate asymmetric (ADMA) and symmetric dimethylarginine (SDMA) production in patients
presenting with one or more risk factor (RF) for coronary heart disease (CHD). Patients and methods: Overall, 113 participants were
enrolled in the study, including 45 patients presenting with risk for CHD (27 male and 18 female; aged 55.9 + 6.4 years), 30 sex and
age-matched middle-aged healthy controls (16 male and 14 female; aged 56.3 =+ 8.4 years), and 38 young healthy controls (38 male;
aged 24.6 + 3.9 years). Results: No significant differences for ADMA and SDMA were recorded between patients groups presenting
with risk for CHD. However, ADMA and SDMA were significantly higher in all examined patient groups (>3 and 1-2 RF, hypertensive
and non-hypertensive, obese and non-obese, diabetics and non-diabetics) compared with both control groups (middle-aged and
young controls) (p<0.001). ADMA significantly correlated with SDMA in >3 RF (p<0.05), hypertensive (p<0.05), non-obese
(p<0.05), non-diabetics (p<0.01), as well in middle-aged (p<0.05) and young controls (p<0.001). Conclusion: Significantly
higher ADMA and SDMA were found between patients presenting with risk for CHD (> 3 and 1-2 RF, hypertensive and non-
hypertensive, obese and non-obese, diabetics and non-diabetics) and healthy, middle-aged and young controls. ADMA significantly
correlated with SDMA in >3 RF, hypertensive, non-obese and non-diabetic patients, as well as in middle-aged and young controls.
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1. Introduction

Endothelial dysfunction plays an important role in the
pathogenesis of cardiovascular disease. It is directly re-
lated to cardiovascular morbidity and mortality because
it predicts long-term progression of atherosclerotic

* E-mail: marinadi@open.telekom.rs

disease and cardiovascular event rates [1,2]. Endothe-
lial dysfunction is believed to be induced by different
pathomechanisms, including impaired bioavailability of
nitric oxide (NO). NO is a signaling molecule formed from
L-arginine by a number of different isoforms of nitric oxide
synthase (NOS) [3]. The activity of NO mostly results
from its inhibited synthesis or increased consumption by
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reactive oxygen species. Its antithrombotic, antiathero-
sclerotic, antihypertensive, antioxidant and proapoptotic
properties have already been demonstrated.

Asymmetric dimethylarginine (ADMA) an en-
dogenous NOS inhibitor, has been shown to be an
independent risk factor and well-established predictor of
cardiovascular events and death in patients with coro-
nary heart disease (CHD), advanced renal failure, hy-
percholesterolemia, insulin resistance, diabetes mellitus
and hypertension, and is closely associated with vascu-
lar oxidative stress [4-6]. Prospective investigations of
ADMA have highlighted its role in increasing vascular
resistance, reducing vascular compliance, attenuating
cerebral blood flow, increasing sodium retention and
decreasing cardiac output, thereby causing adverse
cardiovascular events. The predictive power of ADMA
was demonstrated to be independent of traditional and
widely used risk factors that the risk of all-cause and
cardiovascular morbidity and mortality [7].

Not all studies of ADMA and CVD have found sig-
nificant association with endothelial dysfunction. In an
Australian study that included patients with triple-vessel
coronary disease, plasma ADMA levels were not signifi-
cantly different between patients with and without coro-
nary disease [8]. In their study of elderly high-risk men,
Eid et al. reported no differences in plasma ADMA levels
in men with or without CVD [9]. Finally, in the Ludwig-
shafen Risk and Cardiovascular Health Study (LURIC),
the authors reported no association between 2543 per-
sons with versus 695 persons without angiographically
confirmed CAD after multivariable adjustment [7].

However, it remains unknown whether elevated
ADMA plasma concentration may be considered sim-
ply as a marker for cardiovascular disease or whether
increased ADMA levels per se may predispose to the
development of vascular disease. Moreover, there is
compelling evidence to suggest that ADMA may be suit-
able not only as a diagnostic marker for the risk assess-
ment, but also to suggest that the biochemical pathways
that regulate ADMA may be promising therapeutic ap-
proaches for treatment of cardiovascular disease.

Symmetric dimethylarginine (SDMA), an alternative
methylation product of N-mono-methylarginine — the im-
mediate precursor and a stereoisomer of ADMA — lacks
NOS inhibitory activity, but is independently associated
with increased cardiovascular and all-cause mortality.
The pattern of risk linked to SDMA is different from that
linked to ADMA, suggesting different pathophysiological
roles of these 2 methylarginine metabolites [10]. Be-
cause SDMA does not inhibit NOS, this structural isomer
was thought to be inert [11]. However, recent publica-
tions suggest that SDMA has a predictive value for
cardiovascular risk similar to that of ADMA [12]. Several

explanations have been proposed, including increased
formation of reactive oxygen species, competition for
I-arginine transport into endothelial cells, or valid reflec-
tion of renal function by SDMA [13].

Since these three markers were demonstrated to be
significantly associated with an increased risk of incident
cardiovascular events and total mortality in subjects
at a broad range of global risk, the aim of the present
study is to investigate ADMA and SDMA production, not
only in patients presenting the risk for CHD but also in
healthy middle-aged and young controls.

2. Patients and methods
2.1. Patients

The present study was carried out with of 113 subjects
overall, including 45 patients (27 male and 18 female;
aged 55.87 + 6.39 years), without history of previous
myocardial infarction but presenting with risk for CHD,
recruited from Outpatient Department of the Institute for
Treatment and Rehabilitation of Cardiovascular Diseas-
es “Niska Banja”, Nis, Serbia, 30 sex and age-matched
middle-aged healthy controls (16 male and 14 female;
aged 56.33 £ 8.36 years) and 38 young healthy controls
(38 male; aged 24.58 + 3.89 years). Patients presenting
with risk for CHD were assigned into groups according
to the frequency of CHD risk factors (RF) (15 patients
with 1-2 CHD RF, 30 patients with 23 CHD RF) and
the history of hypertension (8 non-hypertensive and 37
hypertensive patients), obesity (35 non- obese and 10
obese patients) and diabetes mellitus (35 nondiabetics,
10 diabetics). Major clinical and biochemical character-
istics, as well as the presence of RF for CHD, are shown
in Table 1. The patients and controls had relatively nor-
mal kidney function as estimated by the Cockcroft and
Gault formula, which is used to predict an individual’s
creatinine clearance. Estimated glomerular filtration rate
was 107.3+13.2 ml/min/1.73 m2 in patients, 114.7£12.8
ml/min/1.73 m2m in middle-aged healthy controls, and
124.7+£15.2 ml/min/1.73 m2m in young controls.

The study was approved by the local Research Eth-
ics Committee, and an Informed consent was obtained
from all subjects enrolled in the study.

3. Methods
3.1. Baseline assessments

Adetailed medical evaluation was performed at baseline,
with a particular attention to underlying RF, comorbidities
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and medical history. According to previously diagnosed
comorbidities, including arterial hypertension, diabe-
tes mellitus and/or hyperlipidemia, the concomitant
treatment included regular use of cardioprotective
(antiplatelets, [(-blockers, angiotensin-converting en-
zyme inhibitors and/or angiotensin-receptors blockers),
antihyperglycemic (oral antihyperglycemic drugs) and
lipid-lowering drugs (statins).

To determine glycemia, lipid profile parameters
and high sensitive CRP (Humastar 180 Biochemical
analyzer, HUMAN, Germany), blood samples for basic
biochemical analyses were taken from an antecubital
vein after an overnight fast of 12 hours.

Arterial blood pressure was expressed as the aver-
age of 3 consecutive measurements on the left hand
with the patient still in the sitting position; heart rate was
determined digitally.

3.2. Asymmetric and symmetric
dimethylarginine (ADMA and SDMA)
determination

ADMA and SDMA were evaluated by high-performance
liquid chromatography with fluorescence detection ac-
cording to the method developed by Paroni et al. [14] .

3.3. Statistical analysis

Data was analyzed using statistical software Jandel
SigmaStat® for Windows (version 3.5). The Student's
T-test and Mann-Whitney Rank Sum Test, as well as a
Chi-squared Test and Wilcoxon Signed Rank Test were
used as appropriate. Data was expressed as means *
SD, absolute values and percents. A p value less than
0.05 was considered statistically significant.

Table 1. Cardiovascular risk factors, clinical and biochemical parameters, ADMA and SDMA.

I(Dnaiiirgt)s Middle-aged controls (n=30) ‘((r?ir;ga)controls
CHD risk factors
Age (years) 55.87 = 6.39° 56.33 + 8.36° 24.58 + 3.89
Male:Female (n,%) 27:18 (60:40) © 16:14 (53:47) 38:0 (100:0)
Hypertension (n,%) 37:8 (82:18) © 12:18 (40:60) ¢ 2:36 (5:95)
Hyperlipidemia (n,%) 33:12 (73:27) AP 10:20 (33:67) © 2:36 (5:95)
Diabetes mellitus (n,%) 10:35 (22:78) © 5:25 (17:83) © 0(0)
Smoking (n,%) 34:11 (76:34) 21:9 (70:30) 27:11 (71:29)
Obesity (n,%) 10:35 (22:78) ° 6:24 (20:80) ° 3:36 (8:92)
Clinical parameters
Heart rate (bpm) 77.56 = 11.68 82.00 + 8.96° 73.68 = 7.86
Systolic blood pressure (mmHg) 133.69 = 11.82° 135.83 =7.32° 123.03 = 5.01
Diastolic blood pressure (mmHg) 83.11 =+ 51460 86.00 = 7.59° 72.89 = 3.61
Biochemical parameters
Glycemia (mmol/l) 6.01 + 1.49F 523 +0.76 5.18 = 0.52
Total cholesterol (mmol/l) 6.47 = 1.27A0P 5.16 = 0.75 4,97 +0.43
HDL-cholesterol (mmol/l) 124 +026°F 1.39 £ 0.32 1.44 + 0.39
LDL- cholesterol (mmol/l) 4.07 +0.94¢0 3.77 +0.16° 291 +0.45
Triglycerides (mmol/l) 214 + 0.818°P 152 +£0.68F 111 £042
High sensitive CRP (mg/dl) 1253 = 525D 1.55 + 0.89 149 +1.43
ADMA and SDMA
ADMA (umol/ly 0.61 =0.14A0P 026 =0.11° 0.30 = 0.11
SDMA (umol/l) 0.59 = 0.24 AP 029 £ 0.13 0.28 = 0.09

CHD, coronary heart disease,; CRF, C reactive protein; ADMA, asymmetric dimethylarginine; SDMA, symmetric dimethylarginine.

ADMA values in patients with risk factors for CAD are from an our previous publication15.

A p<0.001 vs. middle-aged controls
B p<0.01 vs. middle-aged controls
C p<0.05 vs. middle-aged controls
D p<0.001 vs. young controls

E p<0.01 vs. young controls

F p<0.05 vs. young controls
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4. Results
4.1.Baseline assessments

Baseline clinical and biochemical characteristics, as
well as ADMA and SDMA for the entire group of patients
presenting with risk for CHD, their age-matched, i.e.
middle-aged, as well as young controls, are shown in
Table 1. Control groups were free of CHD RF.

4.2. ADMA and SDMA according to the
frequency of CHD risk factors

No significant differences for ADMA and SDMA were
recorded between the = 3 and 1-2 RF groups of patients
presenting with risk for CHD. ADMA and SDMA were
significantly higher in both patients groups compared
with healthy middle-aged and young controls (p<0.001)
(Table 2). ADMA and SDMA were significantly correlated
in the = 3 RF group (p<0.05), middle-aged (p<0.05) and
young controls (p<0.001).

Table 2. ADMA and SDMA according to the number of cardio-
vascular risk factors, and to the presence or absence of
hypertension, obesity and diabetes mellitus.

ADMA (umol/l) SDMA (umol/l)
CHD risk factors
> 3risk factors (n=30) 0.63 + 0.1478 0.61 + 0.26"°
1-2 risk factors (n=15) 0.57 + 0.12~8 0.58 + 0.2148
middle-aged controls (n=30) 0.26 +0.118 0.29 = 0.13
young controls (n=38) 0.40 = 0.11 0.28 = 0.09
Hypertension
hypertensive (n=37) 0.61 + 0.1478 0.58 + 0.2148
non-hypertensive (n=8) 0.63 + 0.13~8 0.67 + 0.36"°
middle-aged controls (n=30) 0.26 +0.118 0.29 = 0.13
young controls (n=38) 0.30 = 0.11 0.28 = 0.09
Obesity
obese (n=10) 0.63 + 0.1478 0.68 + 0.3478
non-obese (N=35) 0.60 + 0.1478 0.57 +0.2148
middle-aged controls (n=30) 0.26 =0.118 0.29 = 0.13
young controls (n=38) 0.40 = 0.11 0.28 = 0.09
Diabetes mellitus
diabetics (n=10) 0.63 = 0.14~8 0.61 =0.17~8
non-diabetics (N=35) 0.60 = 0.14~8 0.59 = 0.26"8
middle-aged controls (n=30) 026 =0.118 0.29 = 0.13
young controls (n=38) 0.30 = 0.11 0.28 = 0.09

CHD, coronary heart disease; ADMA, asymmetric

dimethylarginine; SDMA, symmetric dimethylarginine.

ADMA values according to the number of CHD risk factors, and to the
presence of diabetes mellitus are from an our previous publication14.
A p<0.001 vs. middle-aged controls

B p<0.001 vs. young controls

4.3.ADMA and SDMA according to the
presence or absence of hypertension

No significant differences for ADMA and SDMA were
recorded between hypertensive and non-hypertensive
groups of patients presenting with risk for CHD. ADMA
and SDMA of patients were significantly higher com-
pared with healthy, non-hypertensive, middle-aged and
young controls (p<0.001) (Table 2). ADMA and SDMA
were significantly correlated in hypertensive patients
(p<0.05).

4.4. ADMA and SDMA according to the
presence or absence of obesity

No significant differences for ADMA and SDMA were ob-
served between obese and non-obese patients present-
ing with risk for CHD. ADMA and SDMA were, however,
significantly higher in patients groups compared with
healthy, non-obese middle-aged and young controls
(p<0.001) (Table 2). ADMA and SDMA were significantly
correlated in non-obese CHD patients (p<0.05).

4.5. ADMA and SDMA according to the
presence or absence of diabetes mellitus

No significant differences for ADMA and SDMA were
recorded between diabetics and non-diabetics present-
ing with risk for CHD. In diabetics and non-diabetics,
ADMA and SDMA were significantly higher compared
with healthy middle-aged and young controls (p<0.001)
(Table 2). ADMA and SDMA were significantly correlated
in non-diabetic patients (p<0.01).

5. Discussion

ADMA was demonstrated to be significantly associated
with an enhanced atherogenesis and with an increased
risk of incident morbidity and mortality in subjects with
low, intermediate and high cardiovascular risk [16].
Some studies of ADMA and CVD have found no sig-
nificant associations (7,8,9) Recently published results
of the different effects of ADMA on various artery types
have questioned its role as a confinable and specific
cardiovascular risk factor, and clearly suggested the
need for further studies to elucidate its prognostic sig-
nificance for patients with cardiovascular risk [17]. For
that reason, one of the aims of the present study is to
investigate its production in patients presenting the risk
for CHD with regards to the frequency of CHD RF. The
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results of the study demonstrated no significant differ-
ences for ADMA and SDMA concentrations between =
3 and 1-2 RF groups of patients. However, ADMA and
SDMA were significantly higher in th epatient group
compared with healthy middle-aged and young controls.

According to the results of the present study, no sig-
nificant differences for ADMA and SDMA were observed
between hypertensive and non-hypertensive patients
presenting the risk for CHD. In the patient group, ADMA
and SDMA were significantly higher compared with
healthy, non-hypertensive, middle-aged and young
controls.

Increased circulating methylarginines have been
linked to the metabolic syndrome to explain the underly-
ing endothelial dysfunction and overall cardiovascular
risk. It has been demonstrated that increased protein
turnover in insulin-resistant states contribute to an in-
crease in circulating methylarginines and that obesity,
sex and ageing affected methylarginine levels. Data
show that ADMA is 29% to 120% higher in obese, and
34% higher in elderly, than in lean subjects, while SDMA
is 34% and 20% higher in those subjects, respectively.
Elevations of the methylarginines in obese and also
ADMA in elderly men are assumed to be related to in-
creased protein turnover and to lesser insulin sensitivity
to protein metabolism; it has been suggested that these
interrelationships might amplify insulin resistance and
endothelial dysfunction [18]. Another study has found,
on the contrary, that despite obese women had elevated
hsCRP and triglycerides, decreased insulin sensitivity,
adiponectin and HDL-cholesterol levels — all of which
were closely linked RF for cardiovascular disease —
circulating ADMA levels remained unchanged in obese
individuals as compared with controls [19]. According to
the results of the present study, no significant differences
for ADMA and SDMA were recorded between obese and
non-obese patients presenting with risk for CHD. ADMA
and SDMA were significantly higher in obese and non-
obese patients, compared with healthy middle-aged and
young controls. The results of the present study have
not revealed any significant differences for ADMA and
SDMA between diabetics and non-diabetics presenting
with risk for CHD.

References

[1]1 Landmesser U, Hornig B, Drexler H. Endothelial
function: a critical determinant in atherosclerosis?
Circulation 2004; 109(ll): 27-33

[2] Valkonen V, Paiva H, Salonen J, Lakka TA,
Lehtimaki T, Laakso J, Laaksonen R. Risk of
acute coronary events and serum concentration of

Abnormal regulation of ADMA plays a role in endo-
thelial dysfunction in different vascular beds and accel-
erated CHD risk of patients with diabetes mellitus [20].
Reduced NO bioavailability is believed to be crucial for
the pathogenesis of endothelial dysfunction in the early
stages of diabetes mellitus. For that reason, strategies
aimed at increase NO bioavailability are thought to re-
sult in restoration of endothelial function [21].

According to the multicenter CARDIAC case control
study ADMA can be regarded as a new marker for
cardiovascular disease. The plasma concentration of
ADMA may represent an additional parameter that, in
conjunction with other established cardiovascular risk
factors, may help identify patients with an increased risk
of cardiovascular disease [22].

In conclusion, the results of the present study have
demonstrated no significant differences for ADMA and
SDMA between groups of patients presenting with risk
for CHD, with respect to the frequency of CHD risk
factors and previous history of hypertension, obesity
and diabetes mellitus, but did show significantly higher
ADMA and SDMA values between patients presenting
the risk for CHD and both middle-aged and young con-
trols. ADMA significantly correlated with SDMA in 23 RF,
hypertensive, non-obese and non-diabetic patients, as
well as in middle-aged and young controls.

Our study has limitations; it is a single-center study
and confirmation in other cohorts is necessary to vali-
date our findings. Second, the average age of the cohort
was 55.9 years and may not apply to younger cohorts.
Third, the cohort was relatively small, and the number of
events recorded during the study was limited.

Acknowledgements

This work was supported by a grant number 175092,
from the Ministry of Education and Science of Serbia.

Conflict of interests

It was not declared by the authors.

asymmetrical dimethylarginine. Lancet 2001; 358:
2127-2128

[3] Moncada S, Higgs A. The L-arginine-nitric oxide
pathway. N Engl J Med 1993; 329: 2002-2012

[4] Boger RH, Sullivan LM, Schwedhelm E, Wang
TJ, Maas R, Benjamin EJ, Schulze F, Xanthakis

663



http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%B6ger RH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sullivan LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schwedhelm E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maas R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Benjamin EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schulze F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xanthakis V%22%5BAuthor%5D

ADMA and SDMA in patients presenting the risk for CHD

V, Benndorf RA, Vasan RS. Plasma asymmetric
dimethylarginine and incidence of cardiovascular
disease and death in the community. Circulation
2009; 119:1592-1600

[5] Antoniades C, Shirodaria C, Leeson P,
Antonopoulos A, Warrick N, Van-Assche T,
Cunnington C, Tousoulis D, Pillai R, Ratnatunga C,
Stefanadis C, Channon KM. Association of plasma
asymmetrical dimethylarginine (ADMA) with elevat-
ed vascular superoxide production and endothelial
nitric oxide synthase uncoupling: implications for
endothelial function in human atherosclerosis. Eur
Heart J 2009; 30:1142—-1150

[6] Krzyzanowska K, Mittermayer F, Wolzt M,
Schernthaner G. Asymmetric dimethylarginine pre-
dicts cardiovascular events in patients with Type 2
diabetes. Diabetes Care 2007; 30: 1834—1839

[7] Meinitzer, Seelhorst U, Wellnitz B, Schernthaner
G. Asymmetrical dimethylarginine independently
predicts total and cardiovascular mortality in indi-
viduals with angiographic coronary artery disease
(the Ludwigshafen Risk and Cardiovascular Health
study). Clin Chem 2007; 53:273-283

[8] Wang J, Sim AS, Wang XL, Salonikas C, Naidoo
D, Wilcken DE. Relations between plasma asym-
metric dimethylarginine (ADMA) and risk factors
for coronary disease. Atherosclerosis 2006; 184:
383-388

[9] Eid HM, Arnesen H, Hjerkinn EM, Lyberg T,
Seljeflot I. Relationship between obesity, smoking,
and the endogenous nitric oxide synthase inhibitor,
asymmetric dimethylarginine. Metabolism 2004;
53:1574-1579

[10] Meinitzer A, Kielstein JT, Pilz S, Drechsler C,
Ritz E, Boehm BO, Winkelmann BR, Marz W.
Symmetrical and asymmetrical dimethylarginine
as predictors for mortality in patients referred for
coronary angiography: the Ludwigshafen Risk and
Cardiovascular Health study. Clin Chem 2011;
57:112-121

[11] Schepers E, Glorieux G, Dhondt A, Leybaert L,
Vanholder R. Role of symmetric dimethylarginine
in vascular damage by increasing ROS via store-
operated calcium influx in monocytes. Nephrol Dial
Transplant 2009; 24:1429-1435

[12] Kiechl S, Lee T, Santer P, Thompson G, Tsimikas
S, Egger G, Holt DW, Willeit J, Xu Q, Mayr M.
Asymmetric and symmetric dimethylarginines are
of similar predictive value for cardiovascular risk

in the general population. Atherosclerosis 2009;
205:261-265

[13] Kielstein JT, Salpeter SR, Bode-Boeger SM,
Cooke JP, Fliser D. Symmetric dimethylarginine
(SDMA) as endogenous marker of renal function
— a meta-analysis. Nephrol Dial Transplant 2006;
21:2446-2451

[14] Paroni R, Fermo |, Fiorina P, Cighetti G.
Determination of asymmetric and symmetric di-
methylarginines in plasma of hyperhomocystein-
emic subjects. Amino Acids 2005; 28: 389-94

[15] Deljanin llic M, llic S, Lazarevic G, Kocic G, Pavlovic
R, Stefanovic V. Impact of reversible myocardial
ischaemia on nitric oxide and asymmetric dimethy-
larginine in patients with high risk for coronary ar-
tery disease. Med Sci Monit 2010; 16:CR394-404

[16] Boger R, Maas R, Schulze F, Schwedhelm E.
Asymmetric dimethylarginine (ADMA) as a pro-
spective marker of cardiovascular disease and
mortality-An update on patient populations with a
wide range of cardiovascular risk. Pharmacol Res
2009; 60:481-487

[17] Cable DG, Celotto AC, Barbosa Evora PR, Schaff
HV. Asymmetric dimethylarginine endogenous
inhibition of nitric oxide synthase causes differ-
ential vasculature effects. Med Sci Monit 2009;
15:248-253

[18] Marliss EB, Chevalier S, Gougeon R, Morais JA,
Lamarche M, Adegoke OA, Wu G. Elevations of
plasma methylarginines in obesity and ageing are
related to insulin sensitivity and rates of protein
turnover. Diabetologia 2006; 49:351-359

[19] Cetinalp-Demircan P, Can A, Bekpinar S, Unlucerci
Y, Orhan Y. Unchanged asymmetric dimethylargi-
nine levels in non-diabetic, premenopausal obese
women who have common risk factors for cardio-
vascular disease. Endocrine 2007; 31:100-104

[20] Abbasi F, Asagmi T, Cooke JP, Lamendola C,
McLaughlin T, Reaven GM, Stuehlinger M, Tsao
PS. Plasma concentrations of asymmetric dimeth-
ylarginine are increased in patients with type 2 dia-
betes mellitus. Am J Cardiol 2001; 88: 201-1203

[21] Candido R, Zanetti M. Endothelial dysfunction
in diabetic vascular disease Ital Heart J 2005; 6:
703-720

[22] Lenzen H,Tsikas D, Boger RH. Asymmetric di-
methylarginine (ADMA) and the risk for coronary
heart disease: the multicenter CARDIAC study. Eur
J Clin Pharmacol 2006; 62: 45-49


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cighetti G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schwedhelm E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schaff HV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schaff HV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marliss EB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chevalier S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gougeon R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morais JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lamarche M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adegoke OA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu G%22%5BAuthor%5D
file:///Users/doti/Documents/Versita/CEJMed%20g%c5%82o%cc%81wny/CEJMED-D-12-00023/../../../Documents and Settings/n/n/Local Settings/Temporary Internet Files/Content.IE5/OLMQMRXY/NET ADMA i SDMA/16369774.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cetinalp-Demircan P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Can A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bekpinar S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Unlucerci Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Unlucerci Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Orhan Y%22%5BAuthor%5D
file:///Users/doti/Documents/Versita/CEJMed%20g%c5%82o%cc%81wny/CEJMED-D-12-00023/../../../Documents and Settings/n/n/Local Settings/Temporary Internet Files/Content.IE5/OLMQMRXY/NET ADMA i SDMA/17873318.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lamendola C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McLaughlin T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reaven GM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stuehlinger M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsao PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsao PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xanthakis V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Benndorf RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vasan RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Antoniades C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shirodaria C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leeson P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Antonopoulos A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Warrick N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van-Assche T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cunnington C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tousoulis D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pillai R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ratnatunga C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stefanadis C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Channon KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schernthaner G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seelhorst U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wellnitz B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schernthaner G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schernthaner G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sim AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang XL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salonikas C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naidoo D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naidoo D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilcken DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lyberg T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seljeflot I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meinitzer A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kielstein JT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pilz S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Drechsler C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ritz E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boehm BO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Winkelmann BR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%A4rz W%22%5BAuthor%5D
file:///Users/doti/Documents/Versita/CEJMed%20g%c5%82o%cc%81wny/CEJMED-D-12-00023/../../../Documents and Settings/n/Local Settings/Temporary Internet Files/Content.IE5/OLMQMRXY/NET ADMA i SDMA/21036946.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thompson G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsimikas S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsimikas S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Egger G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holt DW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Willeit J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mayr M%22%5BAuthor%5D



