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Abstract:

There is a growing clinical evidence to support the hypothesis that asymmetric dimethylarginine (ADMA), an endogenous inhibitor

of nitric oxide synthase is a new independent cardiovascular risk factor. ADMA mediates endothelial dysfunction in lipid disorders,

coronary artery disease, chronic heart failure, diabetes mellitus and hypertension. The aim of this review was to summarize the latest

evidence from epidemiological and prospective clinical trials and to emphasize the role of ADMA as a cardiovascular risk factor.
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Endothelial dysfunction

Endothelial dysfunction precedes cardiovascular

(CV) events and is thought to be a marker of early

atherosclerosis as well as a predictor of late complica-

tions of atherosclerosis. Functional assessment of en-

dothelial function is based on physiological dilatation

of artery in response to increased blood flow. Flow-

mediated arterial vasodilatation is dependent on nitric

oxide (NO) release by endothelial cells in response to

increased shear stress. Measurement of postischemic

flow-mediated dilation (FMD) of brachial artery was in-

troduced to clinical practice by Celermajer in early

1990s [10]. Impairment of FMD was found to be

a good predictor of CV morbidity [2, 8, 11, 15, 22, 25,

27, 38].

Asymmetric dimethylarginine

Asymmetric dimethylarginine (ADMA) is produced

in human cells during proteolysis of methylated nu-

clear proteins (Fig. 1) [36]. Protein arginine methyl-

transferases (PRMT 1 and 2) catalyze dimethylation

of arginine and formation of ADMA residues (PRMT

1) or symmetric dimethylarginine (SDMA) residues

(PRMT 2) [16]. Proteolysis of methylated nuclear

proteins leads to the formation of free ADMA and

SDMA. SDMA is the biologically inactive stereoiso-

mer of ADMA [3, 12]. ADMA is intracellularly hy-

drolyzed by dimethylarginine dimethylaminohydro-

lase (DDAH) into citrulline and dimethylamine.
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ADMA is released into plasma and inhibits NO

production by nitric oxide synthase (NOS) causing

endothelial dysfunction. ADMA mediates endothelial

dysfunction in lipid disorders, coronary artery disease

(CAD), chronic heart failure, diabetes mellitus and hy-

pertension. Several experimental and recent epidemiol-

ogical and prospective studies support the suggestion

that ADMA is a novel cardiovascular risk factor.

ADMA – experimental studies

Achan and co-workers administered low doses of ADMA

to healthy subjects and observed a CV response. When

injected iv, ADMA reduced heart rate, cardiac output (by

approximately 15%) and increased blood pressure (by

6%). Those changes were temporary and receded after 1

hour [1]. Similar results were obtained in other studies

during ADMA administration. ADMA decreased forearm

blood flow [9, 36], renal flow and increased systemic and

pulmonary vascular resistance [18, 19].

ADMA in health and disease

– cross-sectional studies

Boger and co-workers found that healthy persons with

hypercholesterolemia had significantly elevated

(2.1 µmol/l) levels of ADMA comparing to control.

Plasma ADMA levels correlated with degree of FMD

impairment in those subjects. Intravenous infusion of

L-arginine, a substrate for NO synthesis, restored en-

dothelial function. The study proved that ADMA

caused endothelial dysfunction in hypercholestero-

lemic individuals [7].

The CARDIAC study enrolled 800 subjects (be-

tween 25 and 85 years old; 75% males). Half of the

subjects with CHD (stable angina pectoris or a history

of myocardial infarction) and half controls with CV

risk factors without CHD. Plasma concentration of

ADMA was 20% higher in patients with CV diseases

and showed tendency to increase with the number of

traditional risk factors (triglycerides, body mass index). The

risk of CHD was 2.35 times higher with every increase in

ADMA plasma concentration by 1 µmol/l. Above a thresh-

old ADMAplasma concentration of 1.75 µmol/l, the risk for

CV disease was 6–7 fold higher [20].

ADMA was also found to be a risk marker of acute

cerebrovascular events. In 363 Swedish patients with

cardioembolic infarction or transient ischemia attack

(TIA), Wanby found increased concentrations across

quartiles of ADMA in all subgroups. The mean concen-

tration of ADMA in the lowest quartile was below

0.48 µmol/l and in the highest quartile over 0.56 µmol/l.

The mean ADMA concentration in control group was

0.5 µmol/l. The increased concentrations of ADMA

were observed in cardioembolic infarction (mean

0.55 µmol/l) and TIA (mean 0.54 µmol/l). ADMA ap-

peared to be a strong marker for TIA prediction (odds

ratio for the highest versus the lowest quartile 13.1) [37].

Increased ADMA levels were also observed in patients

with diabetes mellitus and insulin resistance [24, 32].

Plasma ADMA concentration positively correlated with

impairment of insulin-mediated glucose disposal and glu-

cose tolerance test in nondiabetic, normotensive subjects.

There was a strong relationship between insulin resistance

and plasma levels of ADMA [14, 33].

In a cross-sectional study of 563 elderly high-risk men

Eid and co-workers found higher concentrations of

ADMA in overweight and obese patients. A strong corre-

lation was noticed between ADMA levels and insulin re-

sistance among these subjects [14]. Patients with chronic

heart failure also had elevated ADMA plasma levels [17].

ADMA might be involved in pathomechanism of en-

dothelial dysfunction in hyperhomocysteinemia. The

hyperhomocysteinemic subjects have significant impair-

ment of flow-mediated vasodilation and significantly

higher plasma ADMA concentrations [6, 13, 31, 34].
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Endothelial dysfunction and raised plasma concen-

trations of ADMA were detected in pregnant women

who subsequently developed pre-eclampsia. Elevated

plasma ADMA and impaired FMD preceded develop-

ment of clinical signs of pre-eclampsia [28, 29].

Elevated ADMA concentrations were also reported

in childhood hypertension, chronic renal failure, CAD

and stroke, hepatic failure, hyperthyroidism, periph-

eral arterial disease, pregnancy-induced hypertension

and pulmonary hypertension [4, 5].

ADMA as a cardiovascular risk factor

– prospective studies

Zoccali and co-workers examined 225 patients (123

men, 102 women) with end-stage renal disease, regu-

larly dialyzed for at least 6 months, without clinical

signs of circulatory congestion. The aim of this study

was to prospectively assess the relationship between

ADMA concentration in plasma and survival as well

as cardiovascular outcomes in patients on chronic he-

modialysis. Median concentration of plasma ADMA

in patients who died during the trial was 3.02 µmol/l

and was significantly higher compared to survivors –

2.26 µmol/l. Cardiovascular events were more frequent

in patients with higher ADMA concentration. An in-

crease in concentration of ADMA by 1 µmol/l caused

26% increase in risk of all-cause mortality [39]. In

conclusion, ADMA proved to be an independent pre-

dictor of all-cause mortality and cardiovascular events

in patients with chronic renal failure (Tab. 1).

Valkonen in a prospective, nested, case-control study

of Finnish men analyzed the association between

ADMA concentration and increased risk of acute coro-

nary events. The examined population consisted of

healthy middle-aged men, non-smokers, with no CHD

history. In the highest quartile of ADMA plasma con-

centration (> 0.62 µmol/l), risk of acute coronary events

during five years was almost four-fold higher [35].

Nijveldt et al. examined 52 critically ill, multiple

organ failure patients from the surgical intensive care

unit (ICU). The ICU mortality in this group was 40%.

ADMA concentrations were significantly higher in

critically ill patients (median 0.74 µmol/l) compared to

healthy control group (median 0.42 µmol/l). ADMA

appeared to be the strongest and independent risk fac-

tor for ICU death. There was 17.2-fold higher risk of

death in the highest quartile of ADMA concentration

(1.05 µmol/l) and the risk was raised on the average

32-fold per 1.0 µmol/l increase in ADMA [26].

Lu et al. prospectively observed 153 patients (133

males and 20 females, with mean age: 71 ± 8 years)

with stable CAD who underwent percutaneous coro-

nary interventions. The patients were divided into ter-

tiles with mean ADMA plasma levels respectively:

< 0.50 µmol/l; 0.50–0.62 µmol/l and > 0.62 µmol/l.

51 major CV events happened during the follow-up

(16 months median). In tertile I, there were only 6 CV

events, compared to 17 events in tertile II and 28

events in patients of tertile III. The risk was signifi-

cantly higher in group with elevated plasma ADMA
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STUDY SUBJECTS
/DISEASE

ENDPOINTS NUMBER
OF SUBJECTS

MEAN FOLLOW
UP TIME

ADMA LEVELS
(µMOL/l)
HIGHEST

QUARTILE/TERTILE

RISK
INCREASE

Lu and co-workers [21] stable CAD CV events 153 16 months > 0.62 5.3-fold

Nijveldt and co-workers
[26]

critically ill death 52 short� > 1,05 17.2-fold

Valkonen [35] stable CAD acute coronary events 150 7.7 years > 0.62 3.9-fold

Zoccali and co-workers
[39]

end-stage renal
disease

CV events 225 33.4 months 3.02 26%
per 1 µmol/l

AtheroGene Study [30] stable CAD death, MI, stroke 1908 30 months > 0.74 2.48-fold

Mittermayer and
co-workers [23]

peripheral artery
disease

major adverse CV events 496 12 months > 0.64 1.53-fold
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(5.3-fold within the highest tertile > 0.62 µmol/l). The

relative risk increased by 36% when plasma ADMA

levels increased by 0.1 µmol/l [21].

In the largest published study (AtheroGene Study),

a total number of 1908 subjects with stable CAD,

confirmed by coronarography were recruited. 1874

patients were followed for a median of 2.6 years. The

mean age of the patients was 61 ± 9 years and popula-

tion consisted mainly of men (79.1%). The primary

endpoint of the study was death from CV causes and

nonfatal coronary events. Mean ADMA concentration

was 0.63 µmol/l (in the lowest quartile 0.53 µmol/l

and in the highest 0.74 µmol/l). There was 2.48-fold

increase in CV event risk within the highest quartile

of ADMA concentration comparing to the lowest one.

No significant association was observed between

ADMA values and death of causes other than cardio-

vascular. ADMA was revealed to be one of the strong-

est risk predictors of cardiovascular events among pa-

tients with stable CAD [30].

Mittermayer et al. studied association between

plasma ADMA levels and major CV events (myocar-

dial infarction, percutaneous coronary intervention,

coronary artery bypass graft, stroke, carotid revascu-

larization, death) in patients with advanced peripheral

artery disease. They enrolled 496 patients with mean

age 70 years (56% male). Median follow-up time

was 19 months. Major CV adverse events were reg-

istered in 141 patients. Patients in the highest quar-

tile (> 0.64 µmol/l) of ADMA concentration had 65%

greater relative risk for future CV events then those

within the lowest one (< 0.48 µmol/l). There was also

an association of ADMA plasma level with all-cause

mortality (adjusted hazard ratio in the lowest quartiles

was 1.25 and in the highest quartile 2.43) [23].

Conclusion

Several published epidemiological and prospective

clinical trials proves that ADMA should be consid-

ered a strong CV risk factor. Elevated ADMA inde-

pendently predicts future CV events. Interestingly,

even small elevation of plasma ADMA is correlated

with increased CV risk. These observations support

the view that functional vascular status is extremely

important for cardiovascular prognosis. ADMA inhib-

its NO production causing endothelial dysfunction.

Compared to traditional risk factors, ADMA may

present greater value and lead to new therapeutic

strategies.
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