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Abstract 
Background 
Pulmonary hypertension (PH) is a severe and debilitating disease where the pressure in 
the small lung arteries is elevated. There are five subgroups of PH: pulmonary arterial 
hypertension (PAH), PH due to left heart disease, PH due to lung disease, chronic 
thromboembolic pulmonary hypertension (CTEPH) and PH with unclear or 
multifactorial mechanisms. PAH displays thickening by cell proliferation and fibrosis of 
the arterial walls. To correctly diagnose PH an array of tests is required. It includes 
patient history, chest X-ray, echocardiography, right heart catheterization (RHC) and 
exercise test. Additionally, NT-proBNP is often used as a biomarker for myocardial 
dysfunction in PH.  
  A proposed mechanism of the disease is an imbalance in nitric oxide (NO) production. 
NO is produced from L-arginine by nitric oxide synthase (NOS). In PH L-arginine takes 
another route in the pathway and ADMA and SDMA is produced leaving less L-arginine 
to be turned into NO. ADMA also acts as an inhibitor of NOS, further decreasing the 
produced NO. 
  The WHO-classification describes the level of symptoms and places the patient in a 
functional group where patients in class 1 shows few symptoms and patients in group 4 
have severe symptoms. This classification does not however describe the life expectancy 
of the patient. The risk classification proposed by the European society of cardiology 
(ESC) is based on hemodynamics, exercise test, WHO-class and biomarkers and 
describes the risk of a fatal outcome within a year. 
 
Aims 
The aim of this study is to examine the levels of ADMA, SDMA, L–arginine and L–
arginine/ADMA ratio as biomarkers for risk classification, kidney function and gender 
in treatment naïve PH patients.   
 
Method 
This study is an observational, quantitative, cross - sectional study where 47 patients 
diagnosed at the regional centers for PAH in Uppsala and Lund between March 2006 
and January 2015 were studied regarding levels of ADMA, SDMA, L–arginine and L–
arginine/ADMA ratio. Blood samples were collected and ADMA, SDMA and L-
arginine, were analysed with liquid chromatography – tandem mass spectrometry (LC-
MS/MS). Correlations with hemodynamic, exercise tests and other biomarkers were 
made statistically through Mann–Whitney U–tests, linear regression analysis, 
spearman’s rho, least significant difference test and Bonferroni corrections. Statistic 
calculations were performed with excel and IBM SPSS Statistics package v.24. 
 
Result 
A significant decrease in levels of L–arginine between risk group 2 and risk group 3 was 
found, as well as a corresponding decrease of the L–arginine/ADMA ratio. SDMA was 
found to increase significantly from risk group 1 to risk group 2 and 3. Kidney function 
decreases significantly early in the disease from risk group 1 to risk group 2. 
 
Conclusions 
L-arginine decreases at a later stage in the disease which makes it good biomarker for 
follow-up of treatment. SDMA which increases earlier in the disease might be a 
promising diagnostic biomarker for PAH. 
 
Keywords: pulmonary arterial hypertension, ADMA, SDMA, L-arginine, s-creatinine, 
eGFR 
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CO Cardiac Output 
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RV Right Ventricle 
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Introduction 
Pulmonary hypertension  
Pulmonary hypertension (PH) is a pathological condition where the pressure in the 
lungs arteries is elevated (1). There are five subgroups of PH (2) (3). They comprise of 
PAH in group 1, PH due to left heart disease (LHD) in group 2, PH due to lung diseases 
and/or hypoxia in group 3, chronic thromboembolic pulmonary hypertension (CTEPH) 
in group 4 and finally PH with unclear and/or multifactorial mechanisms in group 5 
There are multiple possible causes for this condition with the most common ones being 
left heart failure (LHF) or lung diseases such as chronic obstructive pulmonary disease 
(COPD), see table 1. The more uncommon causes include human immunodeficiency 
virus (HIV) infections or drug abuse for patients in group 1. Common characteristics for 
all PH - groups are vasculopathy in the pulmonary vessels, mediahypertrophy and 
hyperplasia in muscular pulmonary arteries and hypertrophy of the right ventricle.  

Pulmonary arterial hypertension 
Pulmonary arterial hypertension (PAH), a subgroup of PH, displays obliterating intimal 
thickening with endothelial cell proliferation and fibrosis in precapillary and small 
arteries as well as in - situ thrombosis (1). It is a debilitating disease, affecting every 
aspect of every - day - life for the patient (4).  

Definition 
A mean pulmonary arterial pressure (mPAP) of ³25 mmHg at right heart 
catheterization defines PH (2). A normal range for mPAP is 14 - 20 mmHg. Patients 
with pre - capillary PH fall into the sub - group of pulmonary arterial hypertension. A 
pulmonary artery wedge pressure (PAWP) ≤15 mmHg and a pulmonary vascular 
resistance (PVR) >240 dynes defines pre - capillary PH if no other apparent cause for 
pre - capillary PH exists.   

Clinical Presentation and Diagnosis 
To assess the patients with suspected PH a history of the patient is of relevance because 
of all the different possible underlying causes of PH (5). The symptoms of PH in the 
early stages are usually brought on by exercise, and include shortness of breath, fatigue, 
weakness, angina and syncope (2). Some of the more unusual symptoms may include 
nausea and vomiting induced by exercise. Only in advanced stages will symptoms occur 
at rest. The diagnosis of PH involves several clinical tests and biomarkers that all needs 
to be weighed together to give a definitive diagnosis. The clinical tests include for 
example chest X - ray, echocardiography and right heart catheterization (2). The 
biomarker often elevated among PH - patients is N - terminal pro - brain natriuretic 
peptide (NT - proBNP). At least one exercise test should be examined in order to 
diagnose the disease. The 6 - minute walk distance (6MWD) is often used for this 
purpose. 

Right heart catheterization 
Right heart catheterization (RHC), a method where a catheter is inserted via the right 
internal jugular vein into the right ventricle and right atrium of the heart to measure 
the pressure, is required to confirm a diagnosis of PAH or CTEPH and to exclude other 
PH causes (2). RHC is also a way to establish the severity of the illness and to 
determine the prognosis (5). A RHC should include recording of several hemodynamic 
values, such as the mixed venous oxygen saturation (SvO2), mean pulmonary artery 
pressure (mPAP), pulmonary artery wedge pressure (PAWP), right arterial pressure 
(RAP) and right ventricle (RV) pressure (2). The cardiac output (CO) is measured and 
from that the cardiac index (CI) is calculated. 
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Table 1. Clinical classification of pulmonary hypertension (2) 

1. Pulmonary Arterial Hypertension 
   1.1 Idiopathic 
   1.2 Heritable 
      1.2.1 BMPR2 mutation 
      1.2.2 Other mutations 
   1.3 Drug and toxins induced 
   1.4 Associated with: 
      1.4.1 Connective tissue disease 
      1.4.2 HIV infection 
      1.4.3 Portal hypertension 
      1.4.4 Congenital heart disease (CHD) 
      1.4.5 Schistosomiasis 
1´. Pulmonary veno - occlusive disease and/or pulmonary capillary 
haemangiomatosis 
   1´.1 Idiopathic 
   1´.2 Heritable 
      1´.2.1 EIF2AK4 mutation 
      1´.2.2 Other mutations 
   1´.3 Drugs, toxins and radiation induced 
   1´.4 Associated with: 
      1´.4.1 Connective tissue disease 
      1´.4.2 HIV infection 
1´´. Persistent pulmonary hypertension of the newborn 
2. Pulmonary hypertension due to left heart disease 
   2.1 Left ventricular systolic dysfunction 
   2.2 Left ventricular diastolic dysfunction 
   2.3 Valvular disease 
   2.4 Congenital/acquired left heart inflow/outflow tract obstruction and congenital  
          cardiomyopathies 
   2.5 Congenital/acquired pulmonary veins stenosis 
3. Pulmonary hypertension due to lung diseases and/or hypoxia 
   3.1 Chronic obstructive pulmonary disease 
   3.2 Interstitial lung disease 
   3.3 Other pulmonary diseases with mixed obstructive pattern 
   3.4 Sleep - disordered breathing 
   3.5 Alveolar hypoventilation disorders 
   3.6 Chronic exposure to high altitude 
   3.7 Developmental lung diseases 
4. Chronic thromboembolic pulmonary hypertension and other 
pulmonary artery obstructions 
   4.1 Chronic thromboembolic pulmonary hypertension 
   4.2 Other pulmonary artery obstructions 
      4.2.1 Angiosarcoma 
      4.2.2 Other intravascular tumors 
      4.2.3 Arteritis 
      4.2.4 Congenital pulmonary arteries stenosis 
      4.2.5 Parasites (hydatidosis) 
5. Pulmonary hypertension with unclear and/or multifactorial 
mechanisms 
   5.1 Haematological disorders: chronic haemolytic anaemia, myeloproliferative disorders,  
          splenectomy 
   5.2 Systemic disorders: sarcoidosis, pulmonary histocytosis, lymphangioleiomytosis,  
         neurofibromytosis 
   5.3 Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders 
   5.4 Others: pulmonary tumoral thrombothic microangiopathy, fibrosing, mediastinitis,  
         chronic renal failure (with/without dialysis), segmental pulmonary hypertension 
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Imaging 
Echocardiography is an important tool to assess the patients (2). It will give 
information of the right atrial (RA) and RV sizes in the heart. RA and RV enlargement 
may be seen in more advanced cases. These measurements can also be recorded by 
cardio magnetic resonance (CMR). 

Exercise testing 
As a measure of exercise capacity, the 6MWD is appropriate to use in diagnosing the 
disease, and measuring the response to medical treatment of PH (6). It is a simple and 
non - expensive test performed under the normal day - to - day life circumstances of a 
patient. As such it doesn’t necessarily measure the limitations in exercise capacity. The 
6MWD is a measure of how far the patient can walk on a flat surface, at least 100 feet 
long, during six minutes. The patient is free to use oxygen if needed and rest when 
necessary. Another test that is used is cardiopulmonary exercise testing (CPET) (2). It 
is usually performed as a maximal exercise test and provides data on gas exchange, 
ventilator efficacy and cardiac function in addition to exercise capacity. The test 
measures peak oxygen uptake (peak VO2) and ventilator equivalents for carbon dioxide 
(VE/VCO2)  

N - Terminal pro - Brain Natriuretic Peptide 
NT - proBNP is often elevated in any heart disease and is widely used in routine 
practice for PH. Its levels have been associated with the prognosis where NT - 
proBNP<1500 indicates enhanced survival and NT - proBNP>1500 indicates worse 
survival (5).  

Pulmonary hypertension and nitric oxide 
Different mechanisms of PH have been proposed and one is that there is an imbalance 
in the mediators involved in the vasoactive process (7). Reduced levels of nitric oxide 
(NO) would account for such an imbalance. NO is a lipophilic, diffusible gas with a wide 
array of functions in the body. It is involved in smooth muscle relaxation and platelet 
inhibition, which gives it antihypertensive and antithrombotic properties. NO is 
produced endogenously by a group of enzymes called nitric oxide synthases (NOS).  

NOS, ADMA, SDMA and L-arginine 
NOS converts L-arginine to L - citrulline and NO. This requires oxygen, 
tetrahydrobiopterin (BH4) and various other cofactors (8)(Figure 1). For NOS to work 
it requires sufficient amounts of L-arginine in order to produce NO. If the metabolism 
of L-arginine is impaired, the production of NO by NOS is inhibited. One way the 
metabolism is disturbed is by the methylation of L-arginine by protein arginine methyl 
transferase (PRMT) 1 and 2. Both types of PRMT catalyze the formation of 
monomethylarginine (MMA) from L-arginine and in the next step, type 1 produces 
asymmetric dimethylarginine (ADMA) and type 2 produces symmetric 
dimethylarginine (SDMA). Other routs with which the L-arginine metabolism may be 
disturbed is by increased arginase activity (9). Arginase converts L-arginine to 
ornithine and urea.  ADMA is an inhibitor of NOS and as such it decreases the 
production of NO (10).  
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Figure 1. NO synthesis from L-arginine and the PRMT catalyzed methylation of arginine to MMA and 
further catalyzation toSDMA and ADMA and consequential inhibition of NOS. Figure partly derived 
from (7). 

Functional classification 

World Health Organization Class 
To classify patient functionality, the New York Heart Association (NYHA) - 
classification is used, modified by the World Health Organization (WHO) to fit 
pulmonary arterial hypertension disease (11) (table 2). The purpose of this classification 
is to link the various symptoms of PH to the level of physical activity the patient can 
perform. The functional class is determined by what level of physical activity the 
patient can perform without showing symptoms. 
 
Table 2. World Health Organization functional classification (WHO FC) definitions (11) 

Class Definition 
WHO FC I Patients with PH but without resulting limitation of physical activity. 

Ordinary physical activity does not cause dyspnea or fatigue, chest pain or 
near syncope. 

WHO FC II Patients with PH resulting in slight limitation of physical activity. 
They are comfortable at rest. 
Ordinary physical activity causes undue dyspnea or fatigue, chest pain or 
near syncope. 

WHO FC III Patients with PH resulting in marked limitation of physical activity. 
They are not comfortable at rest. 
Less than ordinary activity causes undue dyspnea or fatigue, chest pain or 
near syncope. 

WHO FC IV Patients with PH with inability to carry out any physical activity without 
symptoms. 
These patients manifest signs of right - heart failure (RHF). 
Dyspnea and/or fatigue may even be present at rest. 
Discomfort is increased by any physical activity. 
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Risk Assessment 
It is recommended that patients be assessed regularly to see if they are deteriorating 
clinically and if so, is the deterioration because of illness progression or because of 
other diseases ailing the patient (2). RV status needs to be monitored and in 
combination with as many variables as possible a prognosis for the patient can be 
made. A proposed way to assess survival prognosis is given in table 3. It is not 
necessary to use all of the variables but in order to make a reliable risk assessment it is 
recommended to include the WHO functional class, a measurement of RV function. 
Either by evaluating RA - area by echocardiography or NT - proBNP levels and at least 
one exercise capacity measurement. Most of the variables are assessed purely by expert 
opinion, and must therefore be applied to the patients carefully. The mortality rates are 
estimates and mostly based on patients with idiopathic pulmonary arterial 
hypertension (IPAH). 
 
Table 3. Risk assessment in pulmonary arterial hypertension (2) 

Determination of 
prognosis 
(Estimated 1 - year 
mortality) 

Low risk <5% Intermediate risk  
5 - 10% 

High risk >10% 

Clinical signs of right heart 
failure 

Absent Absent Present 

Progression of symptoms No Slow Rapid 

Syncope No Occasional syncope Repeated syncope 

WHO functional class I,II III IV 

6MWD >440 m 165 - 440 m <165m 

Cardiopulmonary exercise 
testing 

Peak VO2>15 
ml/min/kg 

(>65% pred) 
VE/VCO2 slope<36 

Peak VO2 11 - 15 
ml/min/kg 

(35 - 65% pred) 
VE/VCO2 slope 36 - 44,9 

Peak VO2<11  
ml/min/kg 

(<35% pred) 
VE/VCO2 slope<36 

NT - proBNP plasma levels BNP <50 ng/l 
NT - proBNP <300 

ng/l 

BNP 50 - 300 ng/l 
NT - proBNP 300 - 1400 

ng/l 

BNP >300 ng/l 
NT - proBNP >1400 ng/l 

Imaging  
(echocardiography, CMR 
imaging) 

RA area <18 cm2 
No pericardial effusion 

RA area 18 - 26 cm2 
No or minimal 

pericardial effusion 

RA area >26 cm2 
Pericardial effusion 

Haemodynamics RAP <8 mmHg 
CI ≥2,5 l/min/m2 

SvO2 >65% 

RAP 8 - 14 mmHg 
CI 2,0 - 2,4 l/min/m2 

SvO2 60 - 65% 

RAP >14 mmHg 
CI <2,0 l/min/m2 

SvO2 <60% 

WHO, World health organization; 6MWD, 6 minutes walking distance; NT-proBNP, N-terminal pro brain 
natriuretic peptide; CMR, Cardiac magnetic resonance; VO2, oxygen uptake; VE/VCO2, Ventilator 
equivalents for carbon dioxide; RA, Right atrium; RAP, Right atrial pressure; CI, Cardiac index; SvO2, 
Mixed venous oxygen saturation 
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Aim 
The aim of this study is to examine novel biomarkers ADMA, SDMA and L-arginine 
that could be used for diagnosis in patients with PH.  
The specific hypotheses to be tested are: 

• For the PAH - patients there is no difference in the levels of ADMA and SDMA 
or L-arginine, and consequently the ratio L-arginine/ADMA, in the severely ill 
compared to the less severely ill based on risk assessment.   

• There is no correlation between levels of ADMA, SDMA, L-arginine and the L-
arginine/ADMA - ratio compared to kidney function 

• There is no difference in levels of ADMA, SDMA or L-arginine between men and 
women. 
 

Method 
Study design and study population 
This study was conducted as an observational, quantitative, cross - sectional study in 
which 47 patients from the regional centers for PAH in Uppsala and Lund between 
March 2006 and January 2015 were studied regarding levels of ADMA, SDMA and L-
arginine at first time diagnostic visit. Correlations were made between the biomarker 
levels and subgroups of PH, risk assessment groups, gender, 6MWD, NT - proBNP 
levels and kidney function respectively. An intra comparison between the subgroups 
was also be performed. The distribution of clinical classification/diagnosis of the 
population is presented in table 4. 
 

Haemodynamic measurements 
The patients were examined with RHC at rest after an overnight fast. Haemodynamics 
were recorded, specifically heart rate, central venous pressure (CVP), mPAP, mPAWP, 
RAP and cardiac output. Mixed venous and arterial oxygen saturation was also 
measured. CI was derived from CO divided by the body surface area. Pulmonary 
vascular resistance (PVR), systemic vascular resistance (SVR) and PVR/SVR were 
calculated.  

Bioanalytical analysis 
Blood samples were drawn from the pulmonary artery during diagnostic RHC. The 
blood samples were collected in EDTA - tubes (BD Diagnostics, Burlington, NC) and 
plasma separated by centrifugation and stored at -70 °C in Uppsala and at -80 °C in 
Lund waiting for biochemical analysis. The levels of ADMA, SDMA and L-arginine 
were analyzed by liquid chromatography – tandem mass spectrometry (LC - MS/MS) at 
the Swedish National Veterinary Institute in Uppsala. Preparation of the samples, and 
protocols for analysis followed the one described by Henrohn et.al. (12)    

Measurement of exercise capacity 
A 6MWD - test was performed on each patient. The test was carried out in accordance 
with the American Thoracic Society’s guidelines (6). 

Risk assessment 
While the WHO-classification may better describe the functionality of the patients, the 
risk classification is a tool to assess the risk of a fatal outcome within a year. In these 
cases, the risk of a fatal outcome within a year after first diagnostic visit. Referring to 
table 3, the patients were assigned a risk group based on a point system where the 
available measurements are given 1 point if they fall into the low risk group, 2 points if 
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they fall into the intermediate group and 3 points if they fall into the high risk group. A 
mean was calculated for the combined values and the patient was assigned to the risk 
group of closest value. This method was confirmed to be appropriate and classifications 
double-checked by Doctor Gerhard Wikström of the Department of medical sciences, 
Cardiology, in Uppsala. 

Statistical analysis 
Linear regression analysis was used to examine associations between the biomarkers 
and functional parameters. Multiple comparisons between variables were made with 
LSD or Bonferroni tests. Correlations between kidney function specific variables and 
biomarkers were made using Spearman’s rho-test. Differences between groups of 
patients in different risk groups was tested for statistical significance by the Mann - 
Whitney U - test or Wilcoxson’s signed rank test, depending on the group sizes. The 
tests were performed at 0,05 significance levels and were considered significant if the 
P-value was below 0,05. Statistical analyses were performed with IBM SPSS Statistics 
package v.24. 

Ethics 
The study was approved by the Independent Ethics Committee in Uppsala (Dnr 
2010/343) and Lund (Dnr 2010/114, 2011/368, 2011/777), and conducted in 
accordance with Good Clinical Practice and the Helsinki Declaration. All patients gave 
their informed consent. This study is based on data collected from previous trials and 
no contact with the patients has been taken. All data is anonymized in this report.  
 
Results 
Demographics, Hemodynamic and biochemical characteristics 
The characteristics and exercise performance, as well as the different classifications of 
the study population, is listed in table 4. The levels of the biomarkers under 
examination as well as NT - ProBNP and kidney function was measured. Values for the 
different diagnosis are listed in table 5. Hemodynamic measures for the study 
population at first time diagnostic visit is presented in table 6. 
 
 
Table 4. Characteristics of the study population at first diagnostic visit. 

Parameter IPAH (n=28) 
Median  

(min - max) 

APAH (n=4) 
Median  

(min - max) 

CTEPH (n=1) 
Median 

 (min - max) 

PH LD (n=6) 
Median  

(min - max) 

PH LHD (n=8) 
Median  

(min - max) 

Sex 
(male/female) 

10/18 2/2 0/1 5/1 3/5 

Age (years) 67 (18 - 85) 78 (71 - 85) 85 61 (32 - 77) 61 (18 - 37) 

Weight (kg) 78 (48 - 140) 70 (64 - 84) 78 81 (57 - 116) 72 (38 - 102) 

BSA (m2) 1,83 (1,29 - 2,43) 1,81 (1,65 - 2,04) 1,8 2,0 (1,6 - 2,2) 1,82 (1,29 - 2,2) 

WHO class 
(I/II/III/IV) 

0/9/18/1 0/1/3/0 0/1/0/0 1/2/3/0 0/2/6/0 

Risk class 
(I/II/III) 

3/22/3 0/4/0 0/1/0 1/4/1 1/5/2 

6MWD (m) 27 (1 - 600) 335 (1 - 450) 251 243 (50 - 620) 363 (100 - 520)° 

Data is presented as ratios and as median (minimum – maximum). IPAH, Idiopathic pulmonary arterial 
hypertension; APAH, Associated pulmonary arterial hypertension; CTEPH, Chronic thromboembolic 
pulmonary hypertension; LD, Lung disease; LHD, Left heart disease; BSA, Body surface area; WHO, 
World Health Organization; 6MWD, six minutes walk distance. °n=6 
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Table 5. Levels of biomarkers of the study population at first diagnostic visit. 

Parameter IPAH (n=28) 
Median  

(min - max) 

APAH (n=4) 
Median  

(min - max) 

CTEPH (n=1) 
Median (min 

- max) 

PH LD (n=6) 
Median  

(min - max) 

PH LHD (n=8) 
Median  

(min - max) 

ADMA (µM) 0,49 (0,34 - 0,91) 0,49 (0,39 - 0,71) 0,55 0,48 (0,36 - 
1,70) 

0,44 (0,31 - 0,86) 

SDMA (µM) 0,77 (0,31 - 2,43) 0,93 (0,7 - 1,45) 0,57 0,64 (0,41 - 
1,17) 

0,55 (0,39 - 1,09) 

L-arginine (µM) 56,4 (30 - 119,6) 71,4 (47,8 - 74,2) 39,6 59,4 (33,4 - 
76,5) 

38,9 (25,8 - 79,6) 

L-
arginine/ADMA 

127,0 (59,3 - 244,2) 133,5 (88,5 - 186,9) 72 134,9 (48 - 
182,1) 

88,2 (32,5 - 256,6) 

NT - proBNP 
(mg/L) 

1689 (4 - 11191)° 3446 (1515 - 5000) 2053 1300 (134 - 
10064) 

1271 (60 - 2249) 

S - creatinine 
(µM) 

94 (46 - 283)° 89,5 (72 - 103) 88 98,5 (85 - 
142)°° 

78 (43 - 118) 

eGFR (ml/min) 74,9 (10 - 123,1)° 55,9 (51,1 - 65,0) 50,7 71,4 (22 - 
120)°° 

77,5 (47 - 120) 

Data is presented as median (minimum – maximum). IPAH, Idiopathic pulmonary arterial hypertension; 
APAH, Associated pulmonary arterial hypertension; CTEPH, Chronic thromboembolic pulmonary 
hypertension; LD, Lung disease; LHD, Left heart disease; ADMA, asymmetric dimethylarginine; SDMA, 
symmetric dimethylarginine; L-Arg, L-Arginine; NT - proBNP, N - terminal pro brain natriuretic peptide; S, 
Serum; eGFR, Estimated glomerular filtration rate.  ° n=27, °°  n=4 
 
Table 6. Hemodynamic measures for the study population at first time diagnostic visit 

Parameter IPAH (n=28) 
Median  

(min - max) 

APAH (n=3) 
Median (min - 

max) 

CTEPH (n=1) 
Median  

(min - max) 

PH LD (n=6) 
Median (min - 

max) 

PH LHD (n=8) 
Median  

(min - max) 

Aorta pressure 
(mmHg) 

128 (90 - 167)* 130 (116 - 148) 150 149 (118 - 182) 142 (128 - 210)** 

Mean Aorta 
pressure 
(mmHg) 

94 (59 - 119)* 87,5 (69 - 106)*** 111 101,5 (81 - 123) 96 (89 - 126)** 

Systolic PAP 
(mmHg) 

72 (33 - 102) 65 (59 - 69) 55 75 (35 - 115) 64 (41 - 134)** 

Mean PAP 
(mmHg) 

40 (24 - 59) 33 (33 - 37) 38 45 (22 - 78) 44 (29 - 96)** 

Mean PAWP 
(mmHg) 

7 (2 - 16)**** 11 (11 - 14) 16 9 (4 - 22) 20 (9 - 32) 

Mean RAP 
(mmHg) 

6,5 (2 - 14) 9 (3 - 14) 9 10,5 (4 - 15) 14 (5 - 28)** 

CO (l/min) 3,95 (2,5 - 8,07)° 4,44 (3,61 - 6,06) 3,8 3,87 (2,7 - 8)°° 4,43 (2,1 - 6,5)** 

CI (l/min) 
2,23 (0,04 - 3,52) 2,3 (2,2 - 3) 2,1 2,3 (1,33 - 3,6) 

°°° 
2,33 (0,08 - 3,55) 

PVR 
(dynes*s/cm5) 

636 (232 - 1496) 400 (304 - 600) 464 360 (240 - 
968)°°° 

476 (62 - 1734) 

SVR 
(dynes*s/cm5) 

1688 (1021 - 
3072)° 

1560 (1464 - 
1656)*** 

2144 1872 (1055 - 
3348)°°° 

1627 (848 - 2968)** 

PVR/SVR 
0,37 (0,23 - 0,67)° 0,33 (0,24 - 

0,41)*** 
0,22 0,27 (0,16 - 

0,52)°° 
0,29 (0,05 - 1,05)** 

PA sat (%) 
58,5 (48,3 - 69,5) 60,3 (58,9 - 66,6) 65,4 54,3 (46,5 - 

72,8) 
63,9 (45,9 - 87,6)** 

Art sat (%) 
89,4 (81,1 - 96)**** 92,3 (91,8 - 92,7) 93,5 87,8 (77,1 - 

94,8) 
92,5 (86,8 - 95)** 

Data is presented as median (minimum – maximum). IPAH, Idiopathic pulmonary arterial hypertension; 
APAH, Associated pulmonary arterial hypertension; CTEPH, Chronic thromboembolic pulmonary 
hypertension; LD, Lung disease; LHD, Left heart disease; PAP, pulmonary artery pressure; PAWP, pulmonary 
artery wedge pressure; RAP, right atrial pressure; CO, cardiac output; CI, cardiac index; PVR, pulmonary 
vascular resistance; SVR, systemic vascular resistance; PA, pulmonary artery; sat, saturation; Art, arterial. *  
n=25, ** n=7, ***  n=2, **** n=27, ° n=26, °° n=4, °°° n=5. 
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Levels of biomarkers divided into men and women 
The levels of the biomarkers did not differ between men and women when compared 
with the Mann-Whitney U-test at 0,05 significance level. The values are listed in table 
7. 
 
Table 7. Levels of the different biomarkers for men and women in the study population 

Parameter Men (n=20) Women (n=27) 
ADMA (µM) 0,51 (0,36-0,91) 0,47 (0,31-0,86) 
SDMA (µM) 0,75 (0,31-1,63) 0,69 (0,39-2,43) 
L-arginine (µM) 57,42 (25,80-93,24) 55,10 (28,01-119,64) 
L-arg/ADMA 100,27 (44,83-233,10) 133,08 (32,53-256,61) 

Data is presented as median (minimum -  maximum). ADMA, Asymmetric dimethylarginine; SDMA, 
Symmetric dimethylarginine; L – Arg, L – Arginine.  
 

Levels of biomarkers and kidney function for different risk groups 
The levels of ADMA, SDMA, L-arginine and the ratio L-arginine/ADMA for the 
different risk groups, as well as levels of kidney specific markers are presented in table 
8.  
 
Table 8. Levels of the different novel biomarkers ADMA, SDMA, L-Arginine and the ratio  
L-Arginine/ADMA together with kidney function for the three different risk groups. 

Parameter Risk group 1 (n=5) Risk group 2 (n=36) Risk group 3 (n=6) 
ADMA (µM) 0,46 (0,36 - 0,58) 0,49 (0,31 -  0,91) 0,50 (0,34 -  0,86) 
SDMA (µM) 0,45 (0,41 - 0,59) 0,76 (0,31 - 2,43) 0,75 (0,55 - 0,95) 
L – arginine (µM) 67,22 (26,0 - 75,91) 58,14 (37,09 - 119,64) 31,70 (25,80 - 53,23) 
L - Arg/ADMA 154,53 (44,83 - 182,06) 115,94 (59,27 - 256,61) 70,26 (32,53 - 133,08) 
S – Creatinine (µM) 74 (66 - 88)° 94 (43 - 283)°° 84 (78 - 109) 
eGFR (ml/min) 120 (75 - 120)° 66,9 (10 - 121,3)°° 69,4 (49,8 - 123,1) 

Data is presented as median (minimum -  maximum). ADMA, Asymmetric dimethylarginine; SDMA, 
Symmetric dimethylarginine; L – Arg, L – Arginine; S, Serum; eGFR, Estimated glomerular filtration 
rate. ° n=4, °° n=34. 
 
By comparing all three risk groups by the least significant difference statistical analysis 
a significant difference between risk group 1 (low risk) and risk group 3 (high risk) for 
levels of L-arginine is seen (P=0,03) where L-arginine decreases with increased risk, 
i.e. increased severity of the disease. Further on, a significant (P=0,004) difference 
between risk group 2 (medium risk) and risk group 3 (high risk) is shown. Following 
the decrease of L-arginine with increased disease severity, is the ratio between L-
arginine and ADMA that consequentially also decreases with higher risk. The decrease 
is significant (P=0,049) when comparing the decrease between risk group 1 (low risk) 
and 3 (high risk), as well as between groups 2 (medium risk) and group 3 (high risk) 
with a P-value of 0,004. Results are presented in table 9 and box plots of the 
distribution are illustrated in figure 2 and figure 3. 
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Table 9. Levels of L-arginine and L-arginine/ADMA for the different risk groups with P-values for the 
tests performed by Mann-Whitney U-tests at 0,05 significance level.  

Parameter Risk group n Value P-value 
L-arginine (µM) Low 5 67,22 (26,0 - 75,91) 0,033 

High 6 31,70 (25,80 - 53,23) 
Medium 36 58,14 (37,09 - 119,64) 0,004 
High 6 31,70 (25,80 - 53,23) 

L-arginine/ADMA Low 5 154,53 (44,83 - 182,06) 0,049 
High 6 70,26 (32,53 - 133,08 
Medium 36 115,94 (59,27 - 256,61) 0,025 
High 6 70,26 (32,53 - 133,08 

 
 
 

 
 
Figure 2. Illustration of the distribution of L-arginine levels for the different risk groups. Data is 
presented with maximum, minimum, median and with values in between the first and third quartile 
within the box. Outliers are included in the result. Significances for the differences in distribution are 
presented in the figure. 

Low – High: P=0,03 
Medium – High: P=0,004 
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Figure 3. Illustration of the distribution of L-arginine/ADMA levels for the different risk groups. Data is 
presented with maximum, minimum, median and with values in between the first and third quartile 
within the box. Outliers are included in the result. Significances for the differences in distribution are 
presented in the figure. 

Comparisons between risk groups and biomarkers and kidney function 
specific markers 
A series of comparative tests on the risk groups were made using Mann-Whitney U-
tests. Five of the comparisons showed significant differences in the biomarkers or 
kidney function between the groups. SDMA showed a significant increase between risk 
groups 1 and 2 as well as between risk groups 1 and 3. L-arginine decreases significantly 
between risk group 2 and risk group 3. L-arginine/ADMA follows the same pattern with 
decreasing levels between risk groups 2 and 3. Kidney function described by eGFR, 
decreases from risk group 1 to risk group 2. P-values for all significant differences is 
<0,05. Levels for the different groups and significances for each test is presented in 
table 10. 
 

Low – High: P=0,0,049 
Medium – High: P=0,025 



 12 

Table 10. Levels of biomarkers and kidney function specific markers for the different risk groups with P-
values for the different tests performed by Mann-Whitney U-tests at 0,05 significance level. 

Parameter Group Population 
size 

Median (min - max) p - value 

ADMA (µM) Risk group 1 n=5 0,46 (0,36 - 0,58) 0,57 
Risk group 2 n=36 0,49 (0,31 -  0,91) 

ADMA (µM) Risk group 2 n=36 0,49 (0,31 -  0,91) 0,88 
Risk group 3 n=6 0,50 (0,34 -  0,86) 

ADMA (µM) Risk group 1 n=5 0,46 (0,36 - 0,58) 0,76 
Risk group 3 n=6 0,50 (0,34 -  0,86) 

SDMA (µM) Risk group 1 n=5 0,45 (0,41 - 0,59) <0,05 
Risk group 2 n=36 0,76 (0,31 - 2,43) 

SDMA (µM) Risk group 2 n=36 0,76 (0,31 - 2,43) 0,96 
Risk group 3 n=6 0,75 (0,55 - 0,95) 

SDMA (µM) Risk group 1 n=5 0,45 (0,41 - 0,59) <0,05 
Risk group 3 n=6 0,75 (0,55 - 0,95) 

L-arginine 
(µM) 

Risk group 1 n=5 67,22 (26,0 - 75,91) 0,60 
Risk group 2 n=36 58,14 (37,09 - 119,64) 

L-arginine 
(µM) 

Risk group 2 n=36 58,14 (37,1 - 119,6) <0,05 
Risk group 3 n=6 31,7 (25,8 - 53,23) 

L-arginine 
(µM) 

Risk group 1 n=5 67,22 (26,0 - 75,91) 0,13 
Risk group 3 n=6 31,7 (25,8 - 53,23) 

L-arg/ADMA Risk group 1 n=5 154,53 (44,83 - 182,06) 0,34 
Risk group 2 n=36 115,94 (59,27 - 256,61) 

L-arg/ADMA Risk group 2 n=36 115,94 (59,27 - 256,61) <0,05 
Risk group 3 n=6 70,26 (32,53 - 133,08) 

L-arg/ADMA Risk group 1 n=5 154,53 (44,83 - 182,06) 0,08 
Risk group 3 n=6 70,26 (32,53 - 133,08) 

S-Creatinine 
(µM) 

Risk group 1 n=4 74 (66 - 88) 0,11 
Risk group 2 n=34 94 (43 - 283) 

S-Creatinine 
(µM) 

Risk group 2 n=4 94 (43 - 283) 0,47 
Risk group 3 n=6 84 (78 - 109) 

S-Creatinine 
(µM) 

Risk group 1 n=4 74 (66 - 88) na 
Risk group 3 n=6 84 (78 - 109) 

eGFR 
(ml/min) 

Risk group 1 n=4 120 (75 - 120) <0,05 
Risk group 2 n=34 67 (10 - 121) 

eGFR 
(ml/min) 

Risk group 2 n=36 67 (10 - 121) 0,52 
Risk group 3 n=6 69,4 (49,8 - 123,1) 

eGFR 
(ml/min) 

Risk group 1 n=4 120 (75 - 120) na 
Risk group 3 n=6 69,4 (49,8 - 123,1) 

Data is presented as median (minimum -  maximum). ADMA, Asymmetric dimethylarginine; SDMA, 
Symmetric dimethylarginine; L – Arg, L – Arginine; S, Serum; eGFR, Estimated glomerular filtration 
rate; na, not available. 
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Comparative tests for ADMA, SDMA, L – arginine and L – Arg/ADMA 
No significant difference could be seen among the risk groups regarding the levels of 
ADMA. The levels of SDMA showed a significant increase from risk group 1 (low risk) 
to risk group 2 (medium risk) as well as to risk group 3 (high risk). No difference could 
be seen in the levels between risk group 2 and 3 for SDMA. L-Arginine showed no 
difference between risk group 1 and risk group 2 but a significant decrease in the levels 
between group 2 and group 3. Consequentially the ratio between L-Arginine and ADMA 
decreases with disease progression. As with L-Arginine alone, the ratio shows a 
significant difference between group 2 and group 3. 

Comparisons on kidney function specific markers 
There was no significant difference in the levels of S – Creatinine between the different 
risk groups when compared by Mann – Whitney U – tests. Differences in eGFR could 
however be seen between group 1 and group 2. 

Non – parametric tests on the SDMA and GFR 
Further examination of non-parametric correlations showed significant correlations for 
SDMA and GFR using the spearman’s rho test. Scatter plots for the entire population 
and separate plots for men and women are presented in figures 4 – 9. 
 
 
 

 
Figure 4. Levels of SDMA plotted against levels of S-creatinine for the whole population across all risk 
groups. **Correlation coefficient for Spearman’s Rho-test significant at the 0,01 level (2-tailed) 
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Figure 5. Levels of SDMA plotted against eGFR for the whole population across all risk groups. 
**Correlation coefficient for Spearman’s Rho-test significant at the 0,01 level (2-tailed) 

 
 

 
Figure 6. Levels of SDMA plotted against levels of S-creatinine for women of all risk groups in the study 
population. **Correlation coefficient for Spearman’s Rho-test significant at the 0,01 level (2-tailed) 
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Figure 7. Levels of SDMA plotted against eGFR for women of all risk groups in the study population. 
**Correlation coefficient for Spearman’s Rho-test significant at the 0,01 level (2-tailed) 

 
 

 
Figure 8. Levels of SDMA plotted against levels of S-creatinine for men of all risk groups in the study 
population. **Correlation coefficient for Spearman’s Rho-test significant at the 0,01 level (2-tailed) 
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Figure 9. Levels of SDMA plotted against eGFR for men of all risk groups in the study population. 
*Correlation coefficient for Spearman’s Rho-test significant at the 0,05 level (2-tailed) 

 

Correlations between ADMA, SDMA, L – arginine and other variables 
Non – parametric tests with Spearman’s rho was performed on the entire population as 
well as men and women divided. Some significant correlations were found and are 
presented in tables 11 – 13. Only variables with significant results are shown, 
insignificant results have been omitted from the tables. 
 
Table 11. Correlations between ADMA, SDMA, L-arginine and L-arginine/ADMA with clinical variables 
for the entire study population.  

Parameter n ADMA n SDMA n L – arginine n L – 
arg/ADMA 

WHO – 
class 

47 0,326 (0,025)* 47 0,446 
(0,002)** 

 -  - 

6MWD  - 44 -0,474 
(0,001)** 

 -  - 

CI  -  - 45 0,318 (0,033)*  - 
Mean PAP 45 0,299 (0,046)*  -  -  - 
NT-
proBNP 

  46 0,556 
(0,000)** 

    

Results are presented as Correlation Coefficient (P – value) for the test at *0,05 significance level (2 – 
tailed) and **0,01 significance level (2 – tailed). Only the significant results are displayed. ADMA, 
Asymmetric dimethylarginine; SDMA, Symmetric dimethylarginine; L – Arg, L – Arginine; WHO, world 
health organization; 6MWD, 6 minutes walking distance; CI, cardiac index; PAP, pulmonary arterial 
pressure. 
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Table 12. Correlations between ADMA, SDMA, L-arginine and L-arginine/ADMA with clinical variables 
for men in the study population. 

Parameter n ADMA n SDMA n L – arginine n L – 
arg/ADMA 

WHO – class 20 0,533 (0,015)* 20 0,559 
(0,010)* 

 - 20 -0,481 (0,032)* 

NT – proBNP  - 20 0,575 
(0,008)** 

 -  - 

6MWD 19 -0,577 
(0,010)** 

19 -0,759 
(0,000)** 

 -  - 

CO  -  - 17 0,530 (0,029)*  - 
PVR  -  - 19 -0,523 (0,022)* 19 -0,528 (0,020)* 
PVR/SVR 17 0,585 (0,014)*  -  - 17 -0,623 

(0,008)** 
Results are presented as Correlation Coefficient (P – value) for the test at *0,05 significance level (2 – 
tailed) and **0,01 significance level (2 – tailed). Only the significant results are displayed. ADMA, 
Asymmetric dimethylarginine; SDMA, Symmetric dimethylarginine; L – Arg, L – Arginine; WHO, world 
health organization; NT-proBNP, N-terminal pro brain natriuretic peptide; CO, cardiac output; PVR, 
pulmonary vascular resistance; SVR, systemic vascular resistance. 
 
 
 
Table 13. Correlations between ADMA, SDMA, L-arginine and L-arginine/ADMA with clinical variables 
for women in the study population. 

Parameter n ADMA n SDMA n L – arginine n L – 
arg/ADMA 

NT – 
proBNP 

 - 26 0,529 (0,005)**  -  - 

CO  - 25 -0,586 (0,002)**  -  - 
CI  - 26 -0,453 (0,020)*  -  - 

Results are presented as Correlation Coefficient (P – value) for the test at *0,05 significance level (2 – 
tailed) and **0,01 significance level (2 – tailed). Only the significant results are displayed. ADMA, 
Asymmetric dimethylarginine; SDMA, Symmetric dimethylarginine; L – Arg, L – Arginine; NT-proBNP, 
N-terminal pro brain natriuretic peptide; CO, cardiac output; CI, cardiac index. 
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Discussion 
This study was aimed at finding possible biomarkers to use as an early diagnostic tool 
for diagnosing PAH. The present study showed that L-arginine and L-arginine/ADMA 
can be used as biomarkers in risk classification in treatment naïve PAH patients. L-
arginine and the ratio L-arginine/ADMA decreases and SDMA increases throughout 
risk group 1 to risk group 3. Furthermore, L-arginine correlated with CI and ADMA 
correlated with WHO-functional class and mPAP, indicating a connection to 
endothelian function. Moreover, SDMA correlated to kidney function. These results 
indicate that L-arginine and L-arginine/ADMA have an important role in PAH. To find 
the difference of the biomarkers (ADMA, SDMA, L-arginine and L-arginine/ADMA 
ratio) and correlate them to disease progression, a classification based on severity of 
the disease, risk classification proposed by the 2015 ESC PAH guideline was used (2). 
The aim of PAH-specific treatment is obviously to increase life expectancy and 
therefore it is of interest to find diagnostic tools that can be useful early in the disease, 
when symptoms are sparse and life expectancy is at its highest.  

Levels of biomarkers in relation to risk classification 
When comparing all three risk groups by the Least significant difference method, 
significant results were seen for L – arginine and the L – arginine/ADMA ratio. There 
was a significant reduction in levels of L – arginine between risk group 2 and risk group 
3, indicating that L – arginine stores are depleted in later stages of the disease. This 
difference was also significant for the ratio between L-arginine and ADMA, which 
decrease with disease progression as well. Considering the pathway L-arginine takes (7) 
one would have expected to see an increase of ADMA and/or SDMA at the same stages 
of the disease. While no significant increase in levels of ADMA was seen at any of the 
risk groups, SDMA showed a significant increase between risk groups 1 and 2, and 
between risk groups 1 and 3, consistent with the decrease in L-arginine. This is also 
consistent with earlier studies where increased levels of SDMA has been connected to 
severe pulmonary hypertension (13). SDMA has been found to interfere with NO-
production through uncoupling of endothelial NOS (eNOS) and this increase may 
contribute to the worsening of the disease (14). SDMA starts to increase earlier than L-
arginine starts to decrease, it could make it a possible biomarker for diagnosing PAH at 
an early stage in the disease’s progression. The decreasing levels of L-arginine and the 
ratio L-arginine/ADMA still makes a valuable marker for confirming a PAH diagnosis. 
An earlier study has proposed that ADMA could be a useful biomarker for determining 
the stage of the disease as well as be used as a marker for follow-up during treatment 
(15).  

Correlations between ADMA, SDMA, L – arginine and other variables 
ADMA and SDMA showed a positive significant correlation with the WHO – functional 
class of the patients in the entire study population, where levels of the biomarkers 
increased with WHO – class. This is consistent with the results for SDMA, which 
showed increased levels with higher risk class as well. One can assume that patients in 
WHO – class 3 and 4 are more severely ill as are the patients in risk class 2 and 3. A 
negative correlation was found between the 6MWD and SDMA, meaning that levels of 
SDMA are higher for those patients who performs poorly at the 6MWD – test. This 
would indicate that SDMA is higher for those who are more severely ill as hypothesized.  
The entire study population showed a positive correlation between NT-proBNP and 
SDMA. NT-proBNP is already used as a biomarker for PH (2) and SDMA seems to 
follow the pattern. The more severely ill patients have higher levels of NT-proBNP, and 
this shows that SDMA also is higher among the severely ill. CI and L-arginine shows a 
positive correlation where the higher (and thus better) CI the higher the levels of L-
arginine. Sufficient levels of L-arginine are required to form NO (8) so this is consistent 
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with the hypothesis that L-arginine decreases with worsened symptoms.  The mPAP 
correlates positively with ADMA for the entire study population.  

Levels of kidney function specific markers for different risk groups 
Results show that eGFR decreases early in the disease progression (see, tables 8 and 
10) with a significant decrease between risk group 1 and risk group 2. However, it needs 
to be noted that the group size of risk group 1 is very small and that the results are 
uncertain. Further studies with larger populations in the lower risk group is needed.  

Levels of biomarkers divided into men and women  
The hypothesis stated that there would be a difference in the levels of the biomarkers 
between men and women. No such difference could be seen in this population. This 
could be because the distribution of the different PAH-classes among the population or 
that there simply is no difference. Further studies are needed to address this issue.     
ADMA and SDMA showed a positive correlation with WHO-class for men. Women 
showed no significant correlation between WHO – class and the biomarkers. Men on 
the other hand showed a negative correlation between WHO-class and the ratio L-
arginine/ADMA, which was hypothesized for the entire population. Men showed a 
negative correlation between SDMA and the 6MWD, but there was also a negative 
correlation for ADMA and the 6MWD test. Women as a group showed no significant 
correlation between the biomarkers and the 6MWD – test. NT-proBNP and SDMA 
show the same correlations for both men and women as individual groups. Women 
showed a negative correlation between CI and SDMA, that is when CI is low SDMA 
levels are higher. CO has different correlations for men and women. For men, the levels 
of L-arginine display a positive correlation with CO, meaning L-arginine decreases as 
CO decreases. The lower the CO the more ill the patient is. The hypothesis that L-
arginine decreases with disease progression finds some support in this correlation 
among men. Women however, did not display this correlation for L-arginine, instead a 
negative correlation between CO and SDMA is shown. SDMA levels rise with decreased 
CO, which is consistent with the findings for CI and SDMA for women in the study 
population. Men had far more correlating variables than women did in their separate 
groups. In addition to the ones discussed above, men showed negative correlations with 
PVR and L-arginine as well as L-arginine/ADMA, that is L-arginine decreases with 
increased PVR. The PVR increases with disease progression. The ratio PVR/SVR 
correlated with levels of ADMA (positive) and in addition showed a negative correlation 
with the ratio L-arginine/ADMA. The ratio is expected to decrease with disease 
progression so this finding confirms the hypothesis.  
The mPAP does not show any correlation with men or women in their separate groups. 

SDMA and correlation to kidney function 
Figures 4 – 9 show that there is a correlation between levels of SDMA and kidney 
function specific markers according to Spearman’s rho – tests. The correlation presents 
it self for both men and women as well as the group as a whole. Outliers have been 
included in the tests after assuring that they measurements were accurate. It can 
however be discussed if these patients have other underlying causes for the extreme 
values presented, and if then removed from the tests, the correlation would be even 
stronger.  

Strengths and limitations 
The strength of this study compared to earlier work done on patients with PAH, is the 
population size. This study has 47 patients included. 47 patients may not be many, but 
for a disease as rare and unexplored as PAH it is a substantial population size. There is 
certainly a need for studies on populations much larger than this and hopefully that will 
be done in the future as the treatment gets more efficient and life expectancy rises. A 
limitation in the study is the small group sizes in risk groups 1 and 3. With a group size, 
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as small as 4 patients, it should be considered that comparisons are going to be very 
uncertain. In a study like this, where one of the aims is to look for biomarkers to use as 
a diagnostic tool it is desirable to have a substantially larger group of patients not yet to 
affected by the disease. The sooner in the disease progression a diagnosis is set and the 
more efficient the treatment gets, more patients from risk groups 1 and 3 may be 
included in the studies to come. As with the risk groups, the WHO-classes of 1 and 4 
have a small number of patients included here. The reason for this is most likely the 
same as for the risk groups. When divided into sub-diagnosis, the small group sizes of 
CTEPH, APAH, PH LD and PH LHD presents a limitation as well. With sizes being 
significantly smaller than the major PH-group of IPAH, comparisons may be skewed. 
The distribution of sub-diagnosis in this study does not reflect the true distribution of 
sub-diagnosis in patients living with the disease (1). An explanation for this might be 
that a lot of patients aren’t diagnosed or treated at these centers for PAH from where 
this population is taken. Due to the small sample size, further studies are needed. 
 
Conclusion 
L-arginine and L-arginine/ADMA ratio decreases at a later stage in the disease which 
makes it good biomarker for follow-up of treatment and risk determination. SDMA 
increases earlier in the disease and might be a promising diagnostic biomarker for 
PAH.  
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