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emerged as a novel risk marker in a variety of conditions 
such as hypercholesterolemia, coronary artery disease,[1,2] 
peripheral arterial disease,[3‑5] chronic heart failure,[6] 
pulmonary hypertension  (PH),[7] stroke,[8] hypertrophic 
cardiomyopathy,[9] diabetes mellitus, and chronic renal 
failure.[10]

Another dimethylated L‑arginine analog is the symmetric 
dimethylarginine (SDMA), but its role in the endothelial 
NO pathway is still unclear. SDMA and ADMA are able 

INTRODUCTION

Nitric oxide  (NO) is a major endothelium‑derived 
vasoactive substance playing a crucial role in maintaining 
vascular homeostasis and mediating regulation of local 
vasomotor tone. It is a potent endogenous vasodilator. 
Decreased levels of NO are associated with endothelial 
dysfunction. It is synthesized from L‑arginine through 
the action of NO synthase  (NOS), which is blocked by 
endogenous L‑arginine analogs such as asymmetric 
dimethylarginine  (ADMA). ADMA is an endogenous 
competitive inhibitor of NOS which has now fully 
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to interfere with the substrate availability of NOS. Some 
recent studies suggest that SDMA is also associated with 
cardiovascular events.[11,12] Studies have shown that PH 
in patients with congenital heart disease or undergoing 
hemodialysis is associated with elevated plasma levels 
of ADMA.[7,13] ADMA has emerged as a risk marker for 
many conditions related to PH; however, little is known 
about ADMA and SDMA plasma concentrations in chronic 
obstructive pulmonary disease  (COPD). PH secondary 
to COPD is often thought to occur as a consequence of 
hypoxia. However, there is much debate on the etiology 
of COPD‑related PH and the relevance of a vascular 
pathology in COPD. Our interest centers on the role of 
ADMA in regulation of endothelial function in COPD and 
secondary PH.

The aim of the present study was to evaluate the serum 
ADMA, SDMA, and L‑arginine concentrations in COPD 
and its association with PH.

MATERIALS AND METHODS

Patients who applied to our Pulmonology Department 
from January 2013 to June 2013 with a diagnosis of 
COPD verified with clinical and spirometric data were 
prospectively enrolled in the study. All cases were in the 
stable stage. Patients with comorbid conditions likely to 
cause secondary PH such as chest wall disease, interstitial 
lung disease, previous pulmonary embolism, collagen 
vascular disease, congestive heart failure, valvular heart 
disease, chronic renal failure, and chronic liver disease 
and patients with acute exacerbation of COPD were not 
included in the study population.

The demographic data, clinical features including the 
presenting symptoms, past medical history, smoking 
habits, and medications were recorded. Physical 
examinations were performed. All patients were evaluated 
with echocardiography and blood tests.

In all patients, the presence of COPD had been confirmed 
by pulmonary function tests. Pulmonary function tests 
were performed by the same experienced technician. 
Each patient received exactly the same instructions. 
Forced vital capacity  (FVC), forced expiratory volume 
in 1 s  (FEV1), FEV1/%FVC, forced expiratory flow 
25%–75%, and peak expiratory flow were measured. 
All  patients had FEV1/FVC  <0.70. COPD was 
assessed for its severity according to FEV1 level 
as mild COPD if FEV1  ≥0.80 predicted, moderate 
COPD if 0.50≤  FEV1 ≤0.80 predicted, severe COPD if 
0.30≤  FEV1 ≤0.50 predicted, and very severe COPD if 
FEV1 <0.30 predicted.

Echocardiographic examinations were performed by the 
same operator by GE Logiq 7 ultrasound device with 
3 MHz probe. Pericardiac anatomy, valvular anatomy, 
left and right atria and ventricles, and cardiac function 
were evaluated by M‑mode, 2‑dimensional, pulsed‑wave 

examinations; color flow Doppler imaging was used for the 
assessment of tricuspid regurgitation. PH was defined as 
a systolic pulmonary arterial pressure (PAP) >36 mmHg.

Blood was taken from all patients in the stable period of 
COPD, on the same day with the echocardiography in 
the morning after an overnight fast. Routine laboratory 
investigations included complete blood cell count, 
biochemical analyses, and C‑reactive protein (CRP) and 
ADMA, SDMA and L‑arginine.

Concentrations of ADMA, SDMA, and L‑arginine were 
measured in serum samples using an enzyme‑linked 
immunosorbent  assay  ( Immundiagnost ik  AG, 
Bensheim, Germany) kit. Normal range for ADMA 
was 0.45  ±  0.19 µmol/L, normal range for SDMA was 
0.47 ± 0.02 µmol/L, and normal range for L‑arginine was 
33.7–131.4 µmol/L. L‑arginine/ADMA ratio is an index of 
NOS impairment, it was calculated for all cases. Normal 
values for CRP were values <3.45 mg/L.

Statistical analyses were performed with SPSS for 
Windows version 17.0. Continuous data are presented 
as a mean  ±  standard deviation. Correlations between 
parametric data sets were examined using Pearson’s 
correlation test. Differences between groups were analyzed 
using Mann–Whitney U‑test. P  < 0.05 was considered 
significant for all statistical tests. All reported P values 
are two sided.

RESULTS

Forty‑two cases were recruited in the study. The study 
population consisted of 32 (76.2%) male and 10 (23.8%) 
female cases. The mean age was 65.98  (45–86). All the 
patients had been using bronchodilators for COPD, and none 
were under steroids. The patients were grouped according to 
COPD stages; 6 had mild disease, 19 had moderate disease, 
12 had severe disease, and 5 had very severe disease. Mild 
and moderate cases were grouped as early stage, and severe 
and very severe cases were grouped as late stage COPD. PH 
was determined in 16 cases (38.1%). The study population 
had a mean smoking history of 25 pack‑years (10–80).

PAP measurements and CRP values of each stage of COPD 
patients are presented in Table 1. PAP measurements were 

Table 1: Pulmonary arterial pressure measurements 
and C‑reactive protein values in early and late stages of 
chronic obstructive pulmonary disease

Early stage Late stage P
ADMA (µmol/L) 0.16 0.20 0.16
SDMA (µmol/L) 0.8 1.08 0.08
L‑arginine/ADMA 361.14 311.53 0.46
L‑arginine (µmol/L) 49.9 55.0 0.53
PAP (mmHg) 17.5 35.1 <0.0001
CRP 4.8 12.3 0.03

CRP: C‑reactive protein, PAP: Pulmonary arter y pressure, 
ADMA: Asymmetric dimethylarginine, SDMA: Symmetric dimethylarginine
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significantly higher in late stage COPD (17.5 mmHg vs. 
35.1 mmHg with P < 0.0001). When CRP concentrations 
were compared among these stages, patients with late‑stage 
disease tended to have significantly higher CRP levels than 
early stage (12.3 and 4.8, respectively, P = 0.03).

Serum concentrations of ADMA, SDMA, and L‑arginine 
in different stages of COPD are shown in Figures 1‑3. 

Figure  1: Asymmetric dimethylarginine levels in different chronic 
obstructive pulmonary disease stages

Figure  2: Symmetric dimethylarginine levels in different chronic 
obstructive pulmonary disease stages

Figure 3: L‑arginine levels in different chronic obstructive pulmonary 
disease stages

Mean ADMA levels were 0.11 µmol/L in mild disease, 
0.18 µmol/L in moderate disease, 0.19 µmol/L in severe 
disease, and 0.23 µmol/L in very severe disease. Mean 
SDMA levels were 0.59 µmol/L in mild disease, 0.88 
µmol/L in moderate disease, 1.12 µmol/L in severe 
disease, and 0.99 µmol/L in very severe disease. 
L‑arginine levels were 45.3 µmol/L in mild disease, 
51.3 µmol/L in moderate disease, 53 µmol/L in severe 
disease, and 59.8 µmol/L in very severe disease. It can 
be seen that the concentrations of all three parameters 
tend to increase as the stage of the disease progresses. 
ADMA, SDMA, L‑arginine, and L‑arginine/ADMA values 
were compared between early and late stages of COPD, 
ADMA, SDMA, and L‑arginine concentrations were 
higher in the latter group; however, no statistically 
significant difference could be found [Table 1]. Thirty 
cases had normal PAP and 12 cases had increased PAP; 
two of these were > 50 mmHg. Mean concentrations of 
ADMA, SDMA, L‑arginine, and L‑arginine/ADMA were 
compared between cases with and without PH. Patients 
with PH had higher concentrations of ADMA, SDMA, and 
L‑arginine compared to cases with normal PAP; however, 
the difference between two groups was not statistically 
significant  [Table  2]. ADMA levels were 0.21 µmol/L 
versus 0.16 µmol/L  (P  =  0.11), SDMA levels were 
1.08 µmol/L versus 0.8 µmol/L (P = 0.08), and L‑arginine 
levels were 55 µmol/L versus 49.9 µmol/L (P = 0.53).

Correlation analyses were made to demonstrate the 
relationship between CRP levels and ADMA, SDMA, 
and L‑arginine concentrations. Correlation coefficient 
values were −0.09, 0.2, and 0.25 for ADMA, SDMA, and 
L‑arginine, respectively. In this context, no significant 
correlation could be found among the mentioned 
parameters.

DISCUSSION

Our analysis demonstrates a positive correlation between 
serum levels of endogenous L‑arginine analogs and severity 
of COPD. FEV1 tends to decrease as ADMA, SDMA, and 
L‑arginine concentrations increase. However, the current 
study fails to show a statistically significant correlation 
among the mentioned parameters. We also report that 
increased ADMA, SDMA, and L‑arginine concentrations 
are associated with increased PAP measurements, still the 
relationship is not statistically significant.

Table 2: Asymmetric dimethylarginine, symmetric 
dimethylarginine, L‑arginine, and L‑arginine/asymmetric 
dimethylarginine in cases with and without pulmonary 
hypertension

PH -ive (n=30) PH +ve (n=12) P
ADMA (µmol/L) 0.16 0.21 0.11
SDMA (µmol/L) 0.83 1.06 0.16
L‑arginine/ADMA 350.97 324.96 0.70
L‑arginine (µmol/L) 48.8 57.0 0.32

ADMA: Asymmetric dimethylarginine, SDMA: Symmetric dimethylarginine
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It has been reported that ADMA levels are increased in 
hypercholesterolemia, atherosclerosis, hypertension, 
chronic heart failure, diabetes mellitus, and chronic 
renal failure. ADMA is considered as an important 
cardiovascular risk marker and independent predictor 
of future cardiovascular events. Nevertheless, there are 
only a few studies on the relationship between ADMA 
concentrations and pulmonary diseases.[10]

The lung generates a significant amount of ADMA, 
potentially contributing to plasma ADMA levels that 
have been related to endothelial dysfunction. It has been 
hypothesized that ADMA levels are associated with 
inflammation, collagen deposition, nitrosative stress, and 
altered lung function. In accordance with this relationship, 
several studies have been conducted to assess ADMA levels 
in obstructive lung diseases.[14,15] Scott et  al. evaluated 
L‑arginine, ADMA, and SDMA levels in a murine model 
of allergic airways and in humans in adult lung specimens 
and sputum samples from pediatric asthmatic patients and 
found out that levels of ADMA were increased in plasma 
as well as lung specimens, sputum, and exhaled breath 
condensate.[15] In exhaled breath condensate of asthmatic 
patients, increased ADMA and SDMA concentrations 
were seen.[16]

NO is a key player and is closely linked to the vascular 
pathology in emphysema. It plays a crucial role in 
the maintenance of ventilation/perfusion matching as 
a response of hypoxia in lungs.[17] In an established 
experimental mouse model exposed to tobacco smoke, the 
inhibition of NOS protected against the development of PH 
and emphysema, and NOS downregulation was associated 
with a reduced number of pro‑inflammatory cells such as 
granulocytes, macrophages, activated macrophages, and T 
cells and has potential to reverse emphysema.[18]

A report on the relationship between ADMA and 
COPD has recently been published. The authors have 
quantified the L‑arginine metabolites, namely, L‑arginine, 
L‑ornithine, and L‑citrulline. They also quantified ADMA 
levels in sputum samples of COPD patients as a measure 
of NOS activity and dysfunction and examined their 
relationship with spirometric values. The authors found 
that the sputum concentrations of L‑arginine, L‑citrulline, 
L‑ornithine, ADMA, and SDMA were lower than reported 
in previous studies of CF and asthma sputum samples but 
higher than in healthy controls.[19]

ADMA levels were previously found to be increased 
in patients with PH of different etiologies. The exact 
pathophysiological role of ADMA in PH has not been 
clearly defined.

It was documented that ADMA concentrations were 
increased in PH in congenital heart disease. It was 
proposed that inhibition of NOS by increased levels 
of ADMA might contribute to PH in patients with 
congenital heart disease. To our knowledge, the role of 

ADMA in prediction of PH in COPD patients has not 
been elucidated.

It was previously reported that the levels of ADMA and 
SDMA were significantly correlated with each other.[12] 
However, in a large population‑based cohort study, SDMA, 
but not ADMA, was found to be an independent predictor 
of all‑cause and cardiovascular mortality.[11] In this study, 
the levels of the two markers were found be correlated 
with each other.

ADMA is a naturally occurring inhibitor of NOS. 
The degrading enzyme of ADMA is dimethylarginine 
dimethylaminohydrolase (DDAH). Almost 80% of ADMA 
is enzymatically hydrolyzed by DDAH. Being increased in 
patients with PH, ADMA is associated with unfavorable 
pulmonary hemodynamics and worse prognosis. These 
patients have a decreased expression and activity of DDAH. 
Degradation of ADMA by DDAH is considered the principal 
determinant for ADMA concentrations in patients with 
normal renal function.[17]

Recently, a prospective study in patients with peripheral 
artery disease has identified ADMA as an independent 
predictor of major adverse cardiovascular events. The 
authors reported that ADMA was not related to CRP levels.[4] 
Our present findings are compatible with these data and 
demonstrate no relationship between CRP and ADMA levels.

To our knowledge, this is the first study assessing the 
alterations of serum ADMA, SDMA, and L‑arginine levels 
in COPD as well as their relationship with pulmonary 
arterial pressure.

An important limitation of our study is that PAP was 
noninvasively measured by transthoracic echocardiography 
without obtaining direct invasive measurements, while 
right heart catheterization is considered the gold standard 
for the diagnosis of pulmonary arterial hypertension. 
Nonetheless, transthoracic echocardiography is also an 
easily applicable, noninvasive, and accurate diagnostic 
tool for measuring PAP.

CONCLUSION

Our study demonstrates that endogenous competitive 
NOS inhibitors tend to increase as PAP increases in COPD. 
However, these results give no evidence to suggest that 
increased ADMA levels are significantly correlated with 
COPD severity and PH development. As the significant 
correlation between ADMA concentrations and COPD 
stages, as well as PH could not be demonstrated, firm 
conclusions on the relationship between ADMA levels 
and PH in COPD would be too ambitious. The role of NO 
pathway in the development of pulmonary vascular disease 
in COPD is doubt, and in this context, therapeutic regimens 
targeting this pathway are far from being successful. 
Further evaluations with larger study groups are necessary.
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