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ABSTRACT
Introduction: Chronic kidney disease (CKD) usually has
increase of asymmetric dimethylarginine (ADMA) levels.
ADMA is a cardiovascular disease (CVD) risk factor and its
elevation associated with other CVD risk factors at CKD
leads to increasing risk of death. In this article, we aimed to
identify levels and elevation proportion of plasma ADMA in
CKD as well as association between ADMA with CVD risk
factors. 

Methods: This cross-sectional study was performed at Hue
Central Hospital from 2012-2016 on 176 CKD and 64 control
subjects. ADMA levels were measured by using the enzyme
linked immunosorbent assay (ELISA) method. 

Results: Mean ADMA level was markedly higher (p<0.001) in
all patients combined (0.73±0.24µmol/L) than in control
subjects (0.47±0.13µmol/L). Mean ADMA levels in advanced
kidney disease were higher than control subjects. ADMA
levels correlated inversely and relatively strictly to estimated
glomerular filtration rate (eGFR) (r = -0.689; p<0.001),
haemoglobin (r = -0.525; p<0.001) and haematocrit (r = -
0.491; p<0.001); correlated favourably and relatively strictly
to serum creatinine (r = 0.569; p<0.001) and serum urea (r =
0.642; p<0.001). ADMA elevation was predicted
simultaneously by eGFR<60 mL/min/1.73m2 (p<0.001),
anaemia (p=0.002), body mass index (BMI) (p=0.011) and
high sensitivity C-reactive protein (hs-CRP) (p=0.041). Cut-
off of ≥0.68µmol/L, ADMA levels predict reduction of
eGFR<60 mL/min/1.73m2, sensitivity of 86.9 %, specificity of
82.6%, area under ROC 92.4% (95%CI: 88.6-96.1%).
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INTRODUCTION
Prevalence and incidence of chronic kidney disease (CKD) is
increasing worldwide.1,2 It often has an association between
CKD and cardiovascular disease (CVD). Most of CKD patients
died from CVD, and CKD patents usually have elevated
asymmetric dimethylarginine (ADMA) levels. This substance
has biological activities by inhibition and regulation of nitric
oxide activity. Nitric oxide plays an important role in
vascular endothelial cells. Reduction of nitric oxide activity

may cause endothelial damage and other consequences.3

There were many researches that found association between
ADMA levels and CVD. Elevated ADMA levels lead to
increasing risk of CVD as well as death in general population
and CKD patients.4-6 Therefore, elevated ADMA level is an
important non-traditional CVD risk factor of CKD. 

There were studies of ADMA levels on CKD, however, few of
them evaluated ADMA levels at all stages of CKD. Evaluation
of association between ADMA levels and CVD risk factors had
different results.4,7-10 So, we performed this study at 176 non-
diabetic CKD patients in different stages in order to find levels
and proportion of elevation of plasma ADMA in CKD as well
as associations between ADMA levels with some of CVD risk
factors.

MATERIALS AND METHODS 
Patients and control subjects 
The protocol was approved by the ethics committee of Hue
University of Medicine and Pharmacy and Hue Central
Hospital. All participants gave informed consent. 

One hundred seventy-six adults with chronic
glomerulonephritis and chronic stone interstitial nephritis
were confirmed by history, ultrasound, x-ray and biological
investigations. Chronic glomerulonephritis was diagnosed by
renal biopsy. Criteria of CKD was based on 2012 Clinical
Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease.11 All of the participants were
conservatively treated at the outpatient and inter-hospital
departments. 

In all patients, a detailed history and a thorough physical
examination, including electrocardiogram, were obtained to
exclude relevant disease. Patients with known diabetes
mellitus of any type, liver disease, malignancy, thyropathy,
infectious disease, immunosuppressive therapy and a history
of alcohol abuse were excluded from the study. Hypertension
was defined as blood pressure (BP) >140/90mmHg and/or on
anti-hypertensive medication.12 Anaemia were according to
World Health Organization criteria.13 Cardiovascular risk
factors were based on the Statement from the American Heart
Association Councils on Kidney in Cardiovascular Disease,
High Blood Pressure Research, Clinical Cardiology, and
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Epidemiology and Prevention.14 This statement indicated
kidney disease as a risk factor for development of
cardiovascular disease. Chronic kidney disease is also
associated with increased prevalence of traditional and non-
traditional cardiovascular disease risk factors.

All patients examined were assigned to one of five stages with
respect to their eGFR based serum creatinine estimated by
EPI-CKD 2009 count (Chronic Kidney Disease Epidemiology
Collaboration – 2009), staged by the National Kidney
Foundation criteria 2012,11 as following: stage 1, above
90mL/min/1.73 m2 (normal or high); stage 2, between 60.0-
89.9 mL/min/1.73m2 (slight reduction); stage 3, between
30.0-59.9mL/min/1.73m2; stage 4, between 15.0-29.9
mL/min/1.73m2 and stage 5, under 15.0mL/min/1.73m2. 

Sixty-four healthy adults were included as controls, consisted
of age-, sex-, and BMI-matched volunteers without a history
of kidney disease, CVD or diabetes, and with normal
urinalysis and urine sediment. All participants were in stable
condition for at least three months before the initiation of the
study, and their comorbidities related to endothelial
dysfunction (hypertension, ischemic heart disease, peripheral
arterial disease) were effectively treated.

Blood samples for measurement of routine chemistry,
haemoglobin (Hb), serum creatinine, hs-CRP, serum
lipoprotein cholesterol and ADMA levels were taken after an
overnight fast of at least 12h. The samples were centrifuged
immediately at 1500 x g and 4°C for 10 min. The sample of
ADMA was stored in at -20°C until further use. 

Measurements and Calculations
Plasma concentrations of ADMA were measured by the
method of competitive enzyme linked immunoassays (ELISA)
with kits of Immundiagnostik AG (ADMA ELISA Kit),
Germany. After taking 2mL venous fasting blood, the sample
was centrifuged, and the plasma was storage at -20°C until
quantification. The treated samples and the polyclonal
ADMA-antiserum are incubated in wells of a microtiter plate
coated with ADMA-derivative (tracer). During the incubation
period, the target ADMA in the sample competes with the
tracer immobilised on the wall of the microtiter wells for the
binding of the polyclonal antibodies. The ADMA in the
sample displaces the antibodies out of the binding to the
tracer. Therefore, the concentration of the tracer-bound
antibody was inverse proportional to the ADMA
concentration in the sample. Determination of absorption
was done immediately with a photometer reader at 450nm.
A dose response curve of absorbance unit vs. concentration
was generated using the values obtained from the standard.
Cut-off of elevated plasma ADMA level was considered as
plasma mean value + 2 x standard deviation (X + 2SD).

All other measurements, including serum creatinine, hs-CRP,
lipoprotein cholesterol and Hb were performed using routine
laboratory tests and certified methods. eGFR using EPI-CKD
2009 count was assessed in all patients.

Statistical Analysis
Statistical analysis was performed with SPSS for Windows
18.0. Continuous variables were compared between groups

with unpaired t-test or the nonparametric Wilcoxon rank
sum test as appropriate. Dichotomized variables were
compared using Pearson chi-square test. The null hypothesis
was rejected at p<0.05. Data are presented as mean ± SD if
variables were standard distribution. In case of distribution
was not standard, a presentation of median (25%; 75%
interval) was used. Univariate correlation was performed by
Spearman correlation analysis. Regression correlation model
was organised and a ROC curve was draw to predict a
phenomenon.

RESULTS 
Table I shows clinical data of patients with CKD and control
subjects. Mean plasma ADMA concentration was markedly
higher in patients than in the control subjects. There was
almost no overlap of ADMA values between both groups, so
that the difference between the combined results of all
patients (0.73±0.24µmol/L) and control subjects
(0.47±0.13µmol/L) was highly significant (p<0.001).
Proportion of plasma ADMA level elevation of CKD group
was significantly higher than of control group (OR = 52.2,
95%CI: 7.12-387.02, p<0.001).

Plasma ADMA levels were similar in control group and stage
1 CKD patients. However, these levels in other stages were
higher significantly in comparison to the control subjects.
ADMA concentration was also significantly higher in the
group with advanced kidney failure in comparison to former
group (Figure 1). 

Our study found no association between ADMA level and
gender.

With cut-off ≥0.73µmol/L as elevation of ADMA level, our
study showed that there was a high ADMA elevation rate in
CKD group vs. control group (OR: 52.5, 95%CI: 7.12-387.02,
p<0.001) and so in anaemia CKD vs. non-anaemia CKD (OR:
11.16, 95%CI: 5.12- 24.34, p<0.001) (Table II). 

Consequently, the correlation between plasma ADMA
concentrations and eGFR in CKD group was high (r = -0.689,
p<0.001) (Figure 1); the correlation between plasma ADMA
concentrations and Hb in CKD group was high too (r = -
0.525, p<0.001), and so were the correlations between ADMA
levels and age (r = 0.225, p<0,01), mean arterial BP (r = 0.16,
p<0.05), BMI (r = - 0.35, p<0.001), serum TG (r = 0.149,
p<0.05). There were not the correlations between ADMA
levels and serum hs-CRP, and serum cholesterol, and serum
HDLC, and serum LDLC (p>0.05) but serum TG (p<0.05)
(Table III). With cut-off of plasma ADMA levels ≥0.7µmol/L,
it existed anaemia with sensitivity of 72.0%, specificity of
81.2%, area under ROC curve of 82.2% (95%CI: 76.1%-
88.3%). With cut-off of ≥0.68µmol/L, ADMA levels predict
reduction of eGFR<60 mL/min/1.73m2, sensitivity of 86.9 %,
specificity of 82.6%, area under ROC curve 92.4% (95%CI:
88.6%-96.1%). There was multivariable regression model
between ADMA with BMI (p<0.05), creatinine (p<0.01) and
eGFR (p<0.001) and an inverse regression correlation between
eGFR and ADMA (t = -57.278; p<0.001), age (t = -627;
p<0.001), mean BP (t = - 0.320; p<0.05), serum TG (t = - 2.482;
p<0.05) and serum creatinine (t = -0.032; p<0.001);
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Table I: Clinical data of control subjects and patients with CKD
Parameter Control Patients with CKD

subjects Stages of CKD
No. patients 64 32 37 30 33 44
Gender (M/F) 30/34 18/14 18/19 20/10 19/14 18/26
Age (yr) 51±19 40±16 54±14 60±18 64±19 55±17
S-Creat. (µmol/L) 73.66±12.05 72.94±11.52 86.15±17.20 135.5±34.21 232.9±51.78 886.29±551.60
eGFR (mL/min/1.73 m2) 96.05±18.45 105.5±14.12 74.76±8.93 46.04±10.23 22.53±4.23 6.11±3.25
BMI (kg/m2) 21.02±2.90 21.20±2.75 20.73±2.25 21.22±3.00 19.53±2.98 18.74±2.20
Systolic BP (mmHg) 118.52±11.40 132.19±23.10 134.46±25.49 141.00±28.57 141.21±21.14 151.45±32.42
Diastolic BP (mmHg) 73.91±6.58 81.72 ±11.54 81.08 ±13.08 82.67±13.63 81.03 ±10.43 85.77±13.68
Mean BP (mmHg) 88.78±7.58 98.54±14.39 98.87±16.49 102.11±17.39 101.09±12.54 107.83±19.05
ADMA (µmol/L) 0.47± 0.13 0.52± 0.13 0.59± 0.10 0.68± 0.11 0.83±0.13 0.97±0.26
hs-CRP (mg/l) 1.00
(0.44 - 3.28) 2.14
(0.53 - 22.69) 8.86
(1.6 - 28.65) 5.22
(1.61 - 76.48) 8.20
(1.49 - 26.80) 6.35
(1.21 - 28.03)
Hb (g/l) 127.89±19.06 133.78±15.41 124.89±16.38 125.60±21.57 105.24±21.23 83.70±21.49
Hct (%) 38.88±5.27 39.26±8.39 37.46±5.19 37.26±3.96 31.69±6.18 25.34±6.64
Chol. (mmol/l) 4.91±1.26 5.77±2.33 5.30±1.45 5.45±2.86 5.88±2.97 5.05±1.29
TG (mmol/d) 1.67±1.07 1.97±1.35 1.97±2.03 2.63±2.74 2.40±1.77 2.08±0.97
HDLC (mmol/l) 1.44±0.63 1.41±0.38 1.42±0.44 1.21±0.39 1.35±0.48 1.29±0.92
LDLC (mmol/l) 2.77±1.11 3.54±2.08 3.13±0.87 3.30±2.57 3.65±2.57 3.04±1.03

S-creat., serum creatinine concentration; eGFR, estimated glomerular filtration rate; BMI, body mass index; BP, blood pressure; ADMA, plasma asymmetric
dimethylarginine concentration; hs-CRP, high-sensitive C reactive protein; Hb, hemoglobin; Hct, hematocrit; Chol., total serum cholesterol concentration; TG,
serum triglyceride concentration; HDLC, high-density lipoprotein cholesterol concentration; LDLC, low-density lipoprotein cholesterol concentration

Table II: ADMA level elevation in CKD and control, anaemia CKD and non-anaemia CKD
ADMA elevation* No yes OR (95%CI) p
CKD group n 80 96 52.5

(7.12-387.02) <0.001
% 45.5 54.5

Control group n 63 1
% 98.4 1.6

Anaemia CKD n 37 70 11.16
(5.12-24.34) <0.001

% 43.6 65.4
Non-anaemia CKD n 59 10

% 85.5 14.5

* Cut-off value of ADMA level elevation: 0.73µmol/L

Table III: Correlation between ADMA levels and CVD risk factors
Correlation r p

ADMA (µmol/L) Age (y) 0.225 <0.01
Mean BP (mmHg) 0.160 <0.05
BMI (kg/cm2) - 0.350 <0.001
Hb (g/L) - 0.525 <0.001
Chol (mmol/L) - 0.052 >0.05
HDLC (mmol/L) -0.143 >0.05
TG (mmol/L) 0.149 <0.05
LDLC (mmol/L) -0.065 >0.05
hs-CRP (mg/L) -0.015 >0.05

Table IV: Logistic regression between ADMA elevation and BMI, hypertension, eGFR reduction, hs-CRP, anaemia
Index Constant OR 95% CI p
BMI (kg/m2) -0.212 0.809 0.686-0.953 <0.05
Hypertension -0.913 0.401 0.13 -1.198 >0.05
eGFR<60 mL/min/1.73m2 3.709 40.811 11.401-146.091 <0.001
hs-CRP (mg/L) -0.009 0.991 0.982-1.000 <0.05
Anaemia 1.575 4.829 1.753-13.301 <0.01
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favourable regression correlation between eGFR and Hb (t =
0.220; p<0.05). There was a logistic regression between
ADMA elevation and BMI, eGFR reduction, hs-CRP, anaemia
(Table IV).

DISCUSSION
Plasma ADMA levels of control subjects and CKD group
Many researches of ADMA in CKD had a high ADMA levels
as well and our results concur with other existing studies. 

Mean of CKD ADMA levels with eGFR<90 mL/min/1.73m2 in
our research was similar to ones in many researches,15 Tetty
Hendrawati’s research18 (18) and Paola Pecchini’s research19

(19). All utilised ELISA method to quantify ADMA levels.

Danilo Fliser’s research presented lower ADMA levels than
our results and above authors. This research utilised HPLC-
MS.7 Jan T. Kielstein reported a mean of plasma ADMA levels
higher than our research’s and other researches.9 Lise
Tarnow with research in diabetic CKD presented mean of
ADMA levels lower than above researches.20 Both utilised
HPLC method.

With eGFR<60 mL/min/1.73m2, Jaromír Eiselt showed the
same of ADMA levels to our results (p>0.05).10 With eGFR
≥30µmol/L, our ADMA levels was higher than ADMA levels
in Prabath W.B. Nanayakkara’s research (p<0.01).21

Generally, our mean of ADMA levels concurred to levels from
researches that utilized ELISA. This method used monoclonal
antibody and it was simpler than HPLC in getting
reproducible results. Tetty Hendrawati’s research and ours
had same proportion of ADMA elevation (p = 0.362). 

The most striking finding of this study is the demonstration
that, in CKD patients without diabetes, plasma
concentrations of the endogenous NO synthase inhibitor
ADMA, a putative biochemical marker of endothelial
dysfunction, atherosclerosis and kidney disease3, are
markedly increased at an early stage when there is a mild
reduction of eGFR. Simultaneously, there was an increase of
ADMA elevation proportion associated with eGFR reduction.
Many researches also presented plasma ADMA levels in
different stages. In which, our ADMA levels with CKD stage 3
were similar to levels in Tri P. Asmarawati's research. Our
ADMA levels were also similar to levels in Tetty Hendrawati’s
research at stage 3-4 and in Mac Allister’s research at stage 5.
Our results were significantly higher than Danilo Fliser’s
results at all stages, Tri P. Asmarawati’s results at stage 5 and
significantly lower than Tetty Hendrawati’s ones at stage
2.7,18,22,23

In Tetty Hendrawati’s study, ADMA levels of CKD stage 5
were lower than ADMA levels of CKD stage 4. This was
explained by the author that there was an increase of
homocysteine and S-adenosylhomocysteine (SAH)
intracellular level. Since SAH is a potent inhibitor for

Fig. 1: Box plots of plasma ADMA concentrations in CKD patients with stage 1 (n = 32; GFR 105.5±14.12 mL/min/1.73 m2; ADMA
0.52±0.13 µmol/L), stage 2 (n = 37; GFR 74.76±8.93 mL/min/1.73 m2; ADMA 0.59±0.10 µmol/L), stage 3 (n = 30; GFR 46.04±10.23
mL/min/1.73 m2; ADMA 0.68±0.11 µmol/L), stage 4 (n = 33; GFR 22.53±4.23 mL/min/1.73 m2; ADMA 0.83±0.13 µmol/L), stage 5 (n
= 44; GFR 6.11±3.25 mL/min/1.73 m2; ADMA 0.97±0.26 µmol/L). Mean ADMA concentration were higher, particularly in patients
with advanced kidney dysfuncrion. *p<0.01; **p<0.001.
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transmethylation reactions, its accumulation can result in
macromolecules hypomethylation. This leaded to decrease
free ADMA levels.18

Our study showed an increase of plasma ADMA level in CKD
and the results mainly contributed by the advanced CKD
patients. With levels of ADMA ≥0.73µmol/L, there were
45.5% of CKD had elevation of ADMA in comparison to 1.6%
of control subjects (p<0.001). Generally, proportion of ADMA
elevation in CKD was higher than 50 folds to control subjects
(OR = 52.5; p<0.001) (Table II). This showed that there was a
big difference of ADMA levels in CKD patients and healthy
persons.

A meta-analysis based on participants with pre-existing
renal diseases found that circulating ADMA showed a
predictive value for mortality.6 Previous studies presented
that a high circulating ADMA concentration was inversely
related to glomerular filtration rate and positively correlated
with progression to dialysis.15,16 Increased ADMA levels
predicted higher risk for cardiovascular occurrence (20% per
0.1µmol/L increase in plasma level).15 Although there was
recent study on its structural isomer symmetric
dimethylarginine (SDMA) presenting that SDMA predicts
CKD progression and future atherosclerotic cardiovascular
events more consistently than other methylarginines, it needs
more studies to evaluate role of this isomer.17

Relationship between plasma ADMA levels and some of CVD risk
factors
Correlation between ADMA and age found our research was
reported by Danilo Fliser (r = 0.596; p<0.01)7 and so by Lise
Tarnow.20 However, this correlation was not found by Jan T.
Kielstein (2002) in CKD stage 1-49 by Prabath W.B.
Nanayakkara21 and by other researchers.24-26 

The correlation between ADMA and age was different in each
research. This was probably that ADMA concentrations were
affected by many factors in which change of GFR was a
reason. In study of Jan T. Kielstein, there were only 44 CKD
for stages. So, it was difficult to evaluate the correlation. 

Obesity caused risk of GFR reduction. Many researches
presented a higher BMI of CKD to control subjects.9,10,27

However, our research showed an inverse result. It was
explained by malnutrition in ESKD. It also had an increase of
ADMA associated with GFR reduction. These factors leaded to
negative correlation in this research.

Hypertension is a major risk factor for cardiovascular and
kidney disease. Conversely, CKD with ADMA increase,
reduced generation of vasodilators such as nitric oxide is the
most common form of secondary hypertension and
mounting evidence suggests it is an independent risk factor
for cardiovascular morbidity and mortality.28 In our study,
there was positive correlation between ADMA levels and
mean arterial pressure. However, this correlation was not
strong (Table III). This could be explained by that there are
many factors affecting on hypertensive mechanism in CKD.
So, in some cases, role of ADMA on hypertension is not strong
enough and it can lead to a mild or no correlation between
ADMA and BP such as in this study.

Anaemia is common in CKD. It is also a non-traditional CVD
risk factor. Our research presented a significantly higher
ADMA of anaemia CKD to non-anaemia CKD
(0.82±0.24µmol/L; 0.59±0.13µmol/L, respectively, p<0.001).
Proportion of elevated ADMA in anaemia CKD was higher
than 11 folds to non-anaemia CKD (OR = 11.16; 95%CI: 5.12-
24.34; p<0.001) (Table II). Bing Chang Vincent Lau reported
that OR of anaemia (Hb<10g/L) was similar in stage 1 and 2.
However, OR increased to 16,76 folds higher in stage 5.29

Correlation between ADMA and Hb concentrations in our
research was negatively strong (r = -0,525, p<0,001). This
association reported by Danilo Fliser (2005)7 was moderate
level (r = -0.336; p<0.001). So, report of Kaan Gökçen was
similar (r = -0.292; p=0.018)(24). Anaemia and CKD were
independently associated with a 100% increase of death.30 So,
this correlation could cause a higher CVD risk to our CKD
patients. However, study of Miyuki Yokoro31 presented that it
was erythrocyte ADMA levels significantly correlated with
haemoglobin levels (r = -0.41, p=0.002), whereas plasma
ADMA levels showed no association with haemoglobin
levels. It also showed that plasma and erythrocyte ADMA
levels were not correlated with each other in patients with
CKD. Erythrocyte ADMA accumulation played a role in
impaired response to Epo in a mouse model of advanced
CKD. However, in this study, 50.0% of patients were diabetes
mellitus comparing to our study of 100% non-diabetic CKD.

According to Shankar Anoop (2011), elevation of CRP levels
may be a marker/intermediary effect of antecedent
inflammatory processes (e.g., TNF, a mediated
inflammation). As a result, CRP elevations may be evident
only in relatively later stages of kidney disease development,
and therefore not useful for early prediction of CKD.
Alternatively, it is also possible that any CRP–CKD
association may entirely be explained by confounders that
were adjusted in our multivariable model, such as age,
gender, BMI, diabetes, and hypertension.32 So, it was not
surprise that there was not association between ADMA and
hs-CRP concentrations in our research. 

CKD results in dysregulation of lipid metabolism, especially
HDLC and TG, which contributes to arteriosclerotic CVD and
possibly accelerated progression of kidney disease. However,
this association is not always strictly. Hence, our research
found no correlation between ADMA and total cholesterol,
HDLC and LDLC, exception of TG. 

Multivariable regression model between ADMA with GFR and
BMI was explained as a result from mechanism of ADMA
elevation and malnutrition in advanced CKD. 

In relationship between ADMA level elevation and
anthropometry, clinic and paraclinic factors in CKD, the
result showed that eGFR<60 mL/min/1.73 m2 (p<0.001) and
anaemia (p<0.01) predict better than BMI and hs-CRP
(p<0.05).

In relationship between eGFR and ADMA, age, mean BP,
BMI, creatinine, Hb, TG in CKD, factors of ADMA, age and
serum creatinine predicted better than mean BP, Hb, and TG.
In evaluation of ADMA elevation, eGFR<60 mL/min/1.73 m2

(p<0.001) and anaemia (p<0.01) predicted this status better
than BMI and hs-CRP (p<0.05).
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CONCLUSION
Plasma ADMA levels in CKD were increasing with
deterioration of kidney function. Proportion of plasma
ADMA level elevation was highest at stage 5. Its levels related
to some of traditional and non-traditional CVD risk factors. It
is necessary to have more researches to find underlying
possible reason factors in relationship between ADMA levels
and CVD risk factors in CKD.
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