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Introduction
In 1970, long before the discovery of nitric oxide (NO), 
Kakimoto and Akazawa were the first pioneers to isolate and 
describe N-N, N-G- and N-G, N ′-G dimethylarginine from 
human urine. Today, these substances are known as asymmetric 
dimethylarginine (ADMA; NG,NG-dimethyl-l-arginine) 
and symmetric dimethylarginine (SDMA; a structural isomer 
of ADMA).1 Vallance et  al first demonstrated that methy-
lated arginines, capable of inhibiting NO synthesis, circulate 
in plasma and also showed that patients with end-stage renal 
disease (ESRD) on hemodialysis had higher ADMA levels 
than controls. The study was a milestone and game changer. 
After these findings, the possibility of these compounds act-
ing as endogenous regulators of l-arginine to NO pathway in 
health and diseases raised considerably.2,3

ADMA is a naturally occurring post-translationally 
modified form of arginine that is generated in all cells during 
physiological protein turnover. This molecule has a low molec-
ular weight (202 Da), and it is a relatively stable substance. It 
can also diffuse between cells (easy entry–exit), is excreted in 
urine, and can be found in tissues and cells.2,4 Intracellular 
entry of arginine can be supplied through the Y+ transporter – 
cationic amino acid transporter.4

ADMA, but not SDMA, has a crucial role as an endog-
enous inhibitor of nitric oxide synthase (NOS; EC 1.14.13.39) 
by competing with l-arginine as a substrate (Fig. 1). NO has 
key roles in the pathophysiology of endothelial dysfunction, 

in the progression of atherosclerosis, and in cardiovascular 
diseases.5 NO, also known as endothelium-derived relaxing 
factor or EDRF, is a simple gaseous molecule with countless 
remarkable physiological functions. NO is also an important 
messenger in many vertebrate signal-transduction processes. 
It is produced endogenously from arginine in a complex reac-
tion that is catalyzed by NOS. NADPH and O2 are required 
for the synthesis of NO (Fig. 1).6 l-arginine/NO biosynthetic 
pathway is involved in many physiological and pathophysi-
ological processes. They include neurotransmission, vascular 
tone (by stimulating NO-sensitive guanylyl cyclase), regula-
tion of gene transcription, mRNA translation, and production 
of post-translational modifications of proteins.7

Arginine is a basic amino acid whose ionized group is 
a guanidinium. The side chains of this amino acid are fully 
protonated at pH 7. On the other hand, ADMA is created by 
protein methylation, a type of post-translational modification. 
This reaction is catalyzed by an enzyme set called protein argi-
nine N-methyltransferase (PRMT; Fig. 1). These enzymes can 
transfer a methyl group from S-adenosyl methionine to the 
guanidino nitrogen of arginine.8,9 Although the origin of free 
ADMA in the circulation is not definitely resolved, ADMA-
containing proteins are considered the exclusive source of 
free ADMA. Free ADMA is generally regarded as the major 
endogenous regulator of NOS activity.10 Human beings gen-
erate ∼300 µmol of ADMA per day.11 ADMA is eliminated 
from the body either by renal excretion or by degradation to 
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dimethylamine and citrulline by the enzyme dimethylarginine 
dimethylaminohydrolase (DDAH).12 Renal excretion accounts 
for only 20% of ADMA elimination. The primary route of 
elimination (80%) is the metabolism of ADMA through the 
enzyme DDAH.1 Most ADMA, but not SDMA, is degraded 
to citrulline and dimethylamine by DDAH, which is widely 
distributed throughout the body, particularly in the liver and 
kidney (Fig.  1).13,14 Reduction of NO production in renal 
patients due to elevated ADMA levels can be attributed to 
reduced DDAH activity along with endothelial dysfunction 
and oxidative stress.14

In clinical studies, a strong correlation between increased 
ADMA levels and impaired endothelial-dependent vasodila-
tation and cardiovascular morbidity and mortality has been 
documented in different populations, including in patients 
with renal disease.8 Renal diseases, which are closely linked 
to endothelial dysfunction and are associated with cardiovas-
cular morbidity and mortality, were the first among diseases 
in which elevated plasma levels of ADMA were reported.2 
Nowadays, in addition to renal diseases, elevated or impaired 
ADMA levels have been detected in a large number of diseases 
such as atherosclerosis, asthma, complications of diabetes, 
psoriasis, Parkinson’s disease, migraines, preeclampsia, carbon 
monoxide poisoning, Duchenne muscular dystrophy, rheuma-
toid arthritis, obstructive sleep apnea, renal transplantation, 
and systemic sclerosis (Table 1). Endothelial dysfunction and 
free-radical damage are the intersection events throughout the 
course of these diseases and role of ADMA. Table 1 summa-
rizes the role of ADMA in the aforementioned diseases.

Biochemical Measurement Methods of ADMA
The methods for ADMA measurement may often pro-
duce widely differing results, and few methods simultane-
ously offer satisfactory accuracy and precision with aspect of 

method validation (specificity, sensitivity, precision, accuracy, 
recovery, and linearity). Establishment of accurate and inclu-
sionary reference values in different biological materials is sub-
stantial for both clinicians and researchers. Since it is related 
to cardiovascular risk management, high analytical precision 
has extreme importance to discriminate between normal and 
even slightly elevated concentrations of ADMA in all types 
of biological samples. Currently available methods for deter-
mination of ADMA include gas chromatography coupled 
with mass spectrometry (GC–MS),28 high-performance 
liquid chromatography (HPLC) with fluorescence detection 
after derivatization,29 HPLC with mass spectrometric detec-
tion (LC-MS and LC-MS/MS) underivatized30,66,67 or after 
derivatization,31 and capillary electrophoresis (CE) coupled 
with ultraviolet32,33 or CE coupled with mass-spectrometric 
detection.34,35 Zinellu et  al.32,33 later proposed a modified 
electrophoresis method in which both sample cleanup and 
derivatization procedures have been eliminated, thus reduc-
ing pre-analytical time and sample loss and also removing the 
typical problems due to derivatives’ instability. Mass spectro-
metric detection, either in combination with GC or LC, has 
been increasingly used but these methods are not ideal for 
routine clinical purposes because the procedures are time-
consuming and the instrumentation is not always available in 
routine clinical laboratories.

All of these aforementioned methods are laborious and 
have a long turnaround period. To overcome these issues, 
Schulze et  al developed and validated an easy to perform 
enzyme-linked immunosorbent assay (ELISA) method for 
the determination of ADMA levels in serum, plasma, or other 
biological fluids. Their ADMA ELISA kit is based on the 
principles of a competitive immunoassay.36 Other than this, 
there are numerous ready-to-use ELISA kits that are commer-
cially available for detection of ADMA. However, it should be 
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Figure 1. Interaction of ADMA between the L-arginine NO pathway and its metabolism by DDAH. DDAH-1 is the predominant isoform in the proximal 
tubules of the kidney and in the liver, which are major sites of ADMA metabolism.68,71
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kept in mind that an important study confirmed that ELISA 
measurements can overestimate ADMA levels in patients 
who have glomerular filtration rate (GFR) ,30 mL/minute 
when compared to gold-standard liquid chromatography–
electrospray tandem mass spectrometry.37 All new and emerg-
ing methods should be compared with gold-standard liquid 
chromatography–tandem mass spectrometry.

Discussion: ADMA as a Biomarker in Renal 
Diseases
The usage of biomarkers in research and in clinical routine 
practice as diagnostic tools has become commonplace. Their 
presence as primary end points in clinical trials is still a topic 
of interest.38 Biomarkers are functional variants or objective 

quantitative indices of a biological process, which predict or 
reflect the evolution or predisposition to a disease or response 
to therapy.39 Simply, a biomarker should provide an objec-
tive measurable value, and this value should give information 
about the consequences of the disease or health status of 
the subject.

Kidneys have dual function in ADMA metabolism; 
they excrete ADMA and possess high levels of DDAH.40 As 
ADMA is considered as a “uremic toxin,” there is a grow-
ing datum demand from clinicians and researchers regard-
ing levels of ADMA for nephrologic diseases.41 It was shown 
that circulating ADMA concentrations decrease slowly 
and moderately during dialysis. After dialysis, circulating 
ADMA concentrations increase again, a phenomenon called 

Table 1. Latest information about wide range of diseases and their association with ADMA (in alphabetical order).

Disease State Correlation of ADMA with Disease 
Status or Relevance of ADMA with the 
Disease

Type of Sample Analysis Method References

Asthma Potentiation of lung inflammation in a mouse 
model of allergic asthma by ADMA15 

Lung lavage 
fluid and cell 
examination

 DDAH expression by 
quantitative PCR and 
immunohistochemistry

Elizabet Klein 
et al. 2010

Cardiovascular 
diseases

Positive correlation of serum ADMA and negative 
correlation serum NO with the presence and 
severity of coronary artery disease, as ADMA 
being a strong prognostic value16

Serum Reverse phase HPLC Shivkar RR 
and Abhang 
SA 2014

Carbon monoxide 
poisoning

Risk marker of cardio toxicity and also correlation 
with oxidative stress markers and cardiac 
damage biomarker heart-type fatty acid binding 
protein 3 in carbon monoxide poisoning17

Blood sample Competitive ELISA Abass MA 
et al. 2016

Complications in 
diabetes mellitus

New and meaningful biomarker of cardiovascular 
complications in DM patients, markedly elevated 
ADMA with cardiovascular complications18

Plasma Subject and method 
section has not been given 
separately

Konya H 
et al. 2015

Duchenne muscular 
dystrophy

Positive correlations between ADMA and stage 
of the disease19 Lower concentrations of plasma 
ADMA on steroid medication patients compared 
to non-treated patients19

Plasma and urine GC–MS or GC-MS/MS Hörster I 
et al. 2015

Migraine Higher ADMA concentrations in migraine 
patients with silent white matter lesion when 
compared to lesion-free patients and controls20

Serum HPLC Erdélyi-Bótor S 
et al. 2016

Obstructive 
sleep apnea

Increased ADMA levels in obstructive sleep 
apnea patients reflecting the deterioration of 
vascular endothelial function.21

Serum Commercially available 
ELISA kit

Sunnetcioglu A 
et al. 2016

Parkinson’s  
disease

High ADMA levels in patients with Parkinson’s 
disease22

Serum ELISA Kirbas S 
et al. 2016

Preeclampsia Significantly higher levels of ADMA in patients 
with impaired placental perfusion when 
compared to women with normal doppler 
waveforms23 Significantly higher ADMA 
concentrations in both placenta and maternal 
serum in severe preeclampsia patients24

Plasma23 serum 
and placental 
homogenate24

HPLC23ELISA24 Savvidou MD 
et al. 2003
Zheng JJ 
et al. 2016

Psoriasis ADMA as an indicator of the disease severity25 Serum Ultra high-performance liquid 
chromatography/electro 
spray ionization-tandem 
mass spectrometry

Bilgiç Ö 
et al. 2015

Rheumatoid 
arthritis

Significant association between 
homocysteine and ADMA in rheumatoid arthritis 
patients26

Serum Commercially available 
ELISA kit

Dimitroulas T 
et al. 2016

Systemic sclerosis Elevated ADMA is a particular feature of diffuse 
systemic sclerosis when compared to limited 
systemic sclerosis27

Serum Commercially competitive 
ELISA kit

Dooley A 
et al. 2006
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rebound, and ADMA can reach higher levels compared to the 
baseline.10 Increased ADMA levels in both early renal disease 
and ESRD are reported in many studies.4 In a prospective 
observational follow-up study involving patients with type 1 
diabetic nephropathy, increased ADMA was associated with 
a decline in GFR.42 Patients with chronic kidney disease 
(CKD) are especially at increased risk of cardiovascular mor-
bidity and mortality. Plasma ADMA levels may predict the 
progression of renal injury and guide the clinician during the 
follow-up of patients with early-stage CKD. This phenom-
enon could explain the high cardiovascular risk that typically 
accompanies renal diseases. Increased ADMA has been asso-
ciated with more rapid renal disease progression and mortal-
ity.40,43 Possible mechanisms by which ADMA is involved in 
the pathogenesis of renal diseases4 are:

a.	 Reduction in glomerular blood flow and ultrafiltration 
due to decrease in renal NO by ADMA,14,44,45

b.	 Vasoconstriction and increase in blood pressure, by 
impairing the endothelial-dependent relaxation and 
increasing the adhesion ability of endothelial cell,11

c.	 Disturbance in intraglomerular hemodynamic state and 
impairment in both tubular glomerular retrograde regu-
lation and the renal adaptation to sympathetic activity 
(sympathetic over activity),46,70

d.	 Increased renal oxidative stress and elevated renal levels 
of superoxide anion together with increased ADMA 
levels in serum,47,69

e.	 Induction of glomerular fibrosis and vascular fibro-
sis, apparently by increased collagen type I and II and 
fibronectin deposition,47

f.	 Impaired amino acid metabolism due to abnormalities in 
synthesis or excretion,14

g.	 Increased systolic blood pressure due to reduced plasma 
nitrite/nitrate levels, NO stable end-products, and a lower 
vasorelaxant reaction of the aortic tissues to accumulative 
acetylcholine concentrations, and18

h.	 Renal parenchymal damage, resulting in reduced renal 
DDAH expression and activity.4

ADMA and its role in renal incidences can be examined 
in detail in Table 2.

Reference interval of serum ADMA levels was deter-
mined as 0.22–0.88  µmol/L (2.5th and 97.5th percentile 
values) in a recent study involving 120 healthy subjects aged 
between 34 and 61 years (mean age: 47.4 years).60 Analogous 
to this information, Schulze et  al.36 found a mean ADMA 
level of 0.65 µmol/L in healthy subjects’ plasma by the help of 
ELISA. Ekim et al used HPLC to determine normal serum 
ADMA levels in a control group comprising 34 healthy 
volunteers (20 females and 14  males) with an average age 
of 46 years. They reported mean serum ADMA concentra-
tion as 0.37 µmol/L in their study.61 Tsikas et al measured 
plasma ADMA (0.39  ±  0.06  µmol/L) and urine ADMA 
(3.4  ±  1.1  µmol/mmol creatinine). Their study included 
a healthy volunteer group consisting of five males, aged 
27–64 years (mean: 33 years), and seven females, aged 24–43 
years (mean: 31 years). They used a gas chromatography–
tandem mass spectrometry method for the accurate quantifi-
cation of ADMA in human plasma using de novo synthesized 
[2H3]-methyl ester ADMA as the internal standard.28 Zhang 
et al performed a study regarding ADMA and its role in renal 

Table 2. ADMA and its role in renal incidences (in alphabetical order).

Nephrologic Diseases or 
major traditional risks 
for nephrologic diseases

Brief explanation for the role of ADMA References

CKD – �H igher ADMA levels in all stages of CKD48

– �E levated levels of ADMA in children and adolescents with high blood 
pressure and with chronic renal failure49,50

– � Prediction the progression of CKD51,52

Reddy YS et al. 2015
Goonasekera CD et al. 1997
Brooks ER et al. 2009 
Wang, S et al. 2007
Kielstein JT and Fliser D 2007

Hypertension – �O bservation of increased ADMA concentration in humans with 
essential hypertension compared to normotensive healthy subjects53

Perticone F et al. 2010

Proteinuria – �A DMA levels related with proteinuria due to impaired NO production 
and endothelial dysfunction in non-diabetic renal patients with normal 
GFR54

– �I mpaired NO production is a characteristic feature of endothelial 
dysfunction and ADMA appears related to proteinuria55

Caglar K et al. 2006
Sharma M et al. 2009

Renal transplantation – � Increased ADMA as a significant risk factor for increased plasma 
creatinine concentration and graft failure in renal transplantation56

– �R enal transplantation not only improved renal functions but also made 
a great improvement in ADMA levels, NO activity, and oxidative stress 
and inflammation indicators57

– � Plasma ADMA association with increased risk of all causes of 
mortality in renal transplant recipients58

Zhang W et al. 2009
Abedini S et al. 2010
Frenay AR et al. 2015

Polycystic kidney disease – �S erum ADMA increase early in the course of CKD in patients 
with autosomal-dominant polycystic kidney disease even before a 
reduction in GFR59

Kielstein JT et al. 2002
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transplantation. They recruited a control group consisting 
of 36 people (20 males and 16 females, mean age: 46 ±  13 
years) and measured mean ADMA as 0.49 ± 0.1 µmol/L by 
LC-fluorescence method.56 In a study completed by Weav-
ing et al in 2008, methylated arginines in human plasma and 
urine were measured by tandem mass spectrometry without 
need for chromatography or sample derivatization. Nine 
healthy volunteers were included in the study (mean age: 
20.9  ±  2.5 years). Concentration of mean plasma ADMA 
was 0.39  ±  0.13  µmol/L and 24-hour urine ADMA was 
47.8  ±  8.7  µmol/24  hours.62 The most important source of 
difference in these numbers can be attributed to the method 
of choice applied by researchers. Age group and gender 
discrepancy of the studies can also add extra difference.

If concentrations of ADMA in plasma and urine of 
children and adolescents are to be considered, there is lack 
of large-scale studies. Cerbone et  al investigated serum 
ADMA levels in 39 subclinical hypothyroidism patients and 
their counterpart healthy controls. ADMA concentration 
was reported as 0.60 ± 0.16 µmol/L for controls.63 Another 
recent and valuable study involving 30 otherwise healthy chil-
dren of both sexes, aged 6–18 years, who underwent minor 
surgery (hernia, phimosis, bone fractures, tympanostomy tube 
insertion, etc.) was performed to analyze plasma and urine 
ADMA levels. The plasma level was found as 0.61 µmol/L 
(0.42–1.10 µmol/L), and urine level was found as 89.8 µmol/L 
(51.8–162.3 µmol/L).64 Brooks et al examined the relationship 
between these ADMA levels and estimated GFR in children 
and adolescents (n = 28) with stage 2–3 CKD and in matched 
intra-familial controls (n = 10, mean age: 11.3 ± 4.7 years). The 
plasma level of ADMA was measured as 0.8 ± 0.2 µmol/L in 
controls.50 Other than plasma levels of ADMA, another bio-
chemical aspect of the NO pathway can be the analysis of ratios. 
Arg/ADMA, Arg/SDMA, and ADMA/SDMA ratios are 
drawing increasing attention lately. El-Sadek et al conducted 
a research recently in which the results showed significantly 
higher Arg/ADMA and Arg/SDMA and significantly lower 
ADMA/SDMA ratios in chronic kidney pediatric patients 
compared to controls.65

Challenges and Future Directions
Recent research and current information on ADMA have 
increased considerably both in basic and clinical settings dur-
ing the previous three decades. ADMA is a good candidate to 
be accepted as a mediator, as a regulator, and also as a novel 
biomarker in many aspects. Confusion regarding the role 
of ADMA being a predictive biomarker and/or a prognos-
tic biomarker can only be solved with larger and preferably 
randomized controlled studies including pediatric population. 
These studies should also focus on the mechanism of action 
extensively. Our increasing knowledge of the routes of syn-
thesis and metabolism of ADMA will provide new horizons 
for novel mechanisms of acute or chronic renal diseases and 
will allow us to identify potential therapeutic opportunities 

through this pathway. Further studies are also needed to 
establish robust reference intervals of serum and urine ADMA 
for different ages. ADMA may exert additional largely unre-
vealed physiological or pathologic functions that are waiting 
to be enlightened.
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