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SUMMARY
OBJECTIVE: Oxidative stress plays a pivotal role in the pathogenesis of pulmonary arterial hypertension. 8-Hydroxy-2'-deoxyguanosine is 

a sensitive biomarker that reflects the degree of oxidative damage to DNA. We investigated whether serum 8-Hydroxy-2'-deoxyguanosine 

is a clinically useful biomarker for the severity of pulmonary arterial hypertension.

METHODS: We measured serum 8-Hydroxy-2'-deoxyguanosine levels in 25 patients (age 37±13 years, 68% women) diagnosed with idiopathic 

pulmonary arterial hypertension, familial pulmonary arterial hypertension, or pulmonary arterial hypertension associated with congenital heart 

disease. The severity of pulmonary arterial hypertension was evaluated by six-min walking distance, World Health Organization functional 

class, and serum brain natriuretic peptide levels. Age and gender-matched 22 healthy subjects served as the control group.

RESULTS: The comparison of 8-Hydroxy-2'-deoxyguanosine levels between patients and controls was not statistically different [(19.86±9.79) 

versus (18.80±3.94) ng/mL, p=0.622)]. However, there was a significant negative correlation between 8-Hydroxy-2'-deoxyguanosine levels 

and six-min walking distance (r= -0.614, p=0.001). Additionally, serum 8-Hydroxy-2'-deoxyguanosine levels in patients with functional 

class III–IV were significantly higher than those with functional class I–II (functional class III–IV 32.31±10.63 ng/mL versus functional class 

I–II 16.74±6.81 ng/mL, respectively, p=0.003).

CONCLUSION: The 8-Hydroxy-2'-deoxyguanosine levels were significantly correlated with exercise capacity (six-min walking distance) 

and symptomatic status (functional class), both of which show the severity of pulmonary arterial hypertension in patients.
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INTRODUCTION
Pulmonary arterial hypertension (PAH) is a severe clinical condition 
characterized by progressive obstructive remodeling of the distal 
pulmonary arteries resulting in a rise of pulmonary artery pres-
sure and pulmonary vascular resistance (PVR) and subsequently 
leading to right heart failure and premature death unless treated1. 

The pathophysiology of PAH is a very complex process that is 
still not well understood. Genetic and environmental factors can 
initiate the pathologic process in pulmonary vascular remodeling. 
These changes involve pulmonary endothelial dysfunction, mal-
adapted immunity, inflammation, proliferation, and phenotypic 

alterations of pulmonary vascular cells. Particularly, current evi-
dence indicates that inflammation and increased oxidative status 
play a major role in mediating vascular remodeling and PAH pro-
gression2. Increased oxidative stress promotes oxidative damage 
to cellular components such as proteins, lipids, and DNA. It has 
been shown that DNA damage is increased in human remodeled 
pulmonary arteries such as pulmonary artery smooth muscle cells 
(PA-SMCs) and pulmonary artery endothelial cells (PA-ECs) in 
explanted lungs of patients with PAH3. Furthermore, increased 
DNA damage and/or impaired DNA repair are considered to be 
the potential stimulators of the proliferative and apoptosis-resistant 
phenotype, which is described in vascular remodeling of PAH. 
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8-Hydroxy-2'-deoxyguanosine (8-OHdG) is the most 
commonly found oxidative DNA damage product in humans. 
This oxidative, modified DNA product has extensively been inves-
tigated as a marker of the degree of oxidative damage to DNA 
due to its stability. The increased levels of 8-OHdG are associ-
ated with carcinogenesis, cardiovascular disease, and diabetes4.

To the best of our knowledge, there are no data regarding 
the DNA damage marker and its relation with the severity 
of patients with PAH. Thus, we aimed to evaluate the serum 
8-OHdG levels and their association with the severity of dis-
ease in patients with PAH.

METHODS

Study population
Patients aged 18 or older and previously diagnosed with idio-
pathic PAH (IPAH), familial PAH (FPAH), and PAH associ-
ated with congenital heart disease (CHD) by right heart cath-
eterization in our center were included in the study. PAH was 
defined as mean pulmonary artery pressure over 25 mmHg, 
pulmonary artery wedge pressure (PAWP) £15 mmHg, and 
PVR ³3 wood units. Considering the possible increase of oxi-
dative DNA damage in chronic diseases, PAH subgroups asso-
ciated with chronic diseases (i.e., connective tissue disease, HIV 
infection, and portal hypertension) and drug-toxin-associated 
PAH were not included in the study5-7. Other exclusion crite-
ria were pulmonary veno-occlusive disease/pulmonary capillary 
hemangiomatosis, pulmonary hypertension (PH) due to left 
heart disease, PH due to lung diseases and/or hypoxia, chronic 
thromboembolic and/or other pulmonary artery obstructions 
with PH and PH with unclear or multifactorial mechanisms, 
history of chronic disease, abnormal renal function (creatinine 
>1.5 mg/dL), abnormal liver functions, acute infections, and 
neoplasia. Consequently, 25 patients who met the inclusion 
criteria were enrolled in the study. Age and gender-matched 
22 healthy individuals served as the control group who had no 
medical history of any chronic disease and no abnormal findings 
in blood tests and transthoracic echocardiography. Patients were 
classified into three groups according to the WHO functional 
classification (FC) criteria as follows: FC I–II, FC III, and FC 
IV. A six-min walk distance (6MWD) was performed accord-
ing to the standard protocol8. Ethical approval was obtained 
from the local Ethics Committee (N° 2018/333). Informed 
written consent was provided from all subjects.

Echocardiographic assessment
Two-dimensional, M-mode, tissue Doppler imaging (TDI), 
spectral, and color flow Doppler echocardiographic assessments 

were performed using Vivid E9, 2–4 MHz phased-array 
transducer (General Electric, USA) in all patients and con-
trol subjects. Chambers’ quantification and function were 
evaluated according to the recommendation of the American 
Society of Echocardiography and the European Association 
of Cardiovascular Imaging Guidelines. Right ventricular (RV) 
function was evaluated using tricuspid annular plane systolic 
excursion (TAPSE), TDI-derived tricuspid lateral annular sys-
tolic velocity wave (RV-S’), and RV fractional area changing 
(FAC) from RV-focused apical four-chamber view. The esti-
mated RV systolic pressure was calculated using the maximum 
tricuspid regurgitation jet and the estimation of RA pressure 
based on inferior vena cava size and collapsibility. Left ven-
tricular ejection fraction (LVEF) was calculated using biplane 
modified Simpson’s rule9.

Blood sampling for 8-Hydroxy-2'-
deoxyguanosine measurement

Blood samples were obtained from a peripheral vein after an 
overnight fasting and 10-min rest period for the measurements 
of 8-OHdG, brain natriuretic peptide (BNP), and other basic 
biochemical variables. Samples were kept frozen at -80°C if 
not analyzed immediately. Serum 8-OHdG measurement 
was made using the Elx 800 instrument (BioTek Instruments, 
Winooski, VT, USA) with a commercial competitive enzyme-
linked immunosorbent assay (ELISA) kit (Northwest, NWLSS 
8-OHdG ELISA High Sensitivity Kit, Vancouver, Canada), 
which expressed as ng/ml. The plasma levels of 8-OHdG, 
echocardiographic variables, and basic characteristics were 
compared between the groups. The correlation between the 
plasma levels of 8-OHdG and 6MWD, BNP, and echocar-
diographic measurements were investigated among patients. 
Also, 8-OHdG levels were compared across patients’ groups 
classified according to FC.

Statistical evaluation
SPSS version 20.0 software was used for the statistical analysis. 
The Student’s t-test was used for the comparison of parametric 
qualitative variables between the PAH and control groups. Pearson’s 
correlation analysis was used to assess correlations between con-
tinuous variables with normal distribution, and Spearman’s rank 
test was used for the variables with skewed distribution. A p<0.05 
(two-sided) was considered statistically significant.

RESULTS
Baseline characteristics and echocardiographic measurements of 
the patient group (n=25) are presented in Table 1. The mean age 
of the patients was 37±13 years, and 68% of them were females. 
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Almost 80% were PAH associated with CHD. Meanwhile, 
most of them were in FC I or II, and only 24% had symptoms 
of right heart failure.

Table 2 shows the comparison of the groups. The com-
parison of 8-OHdG levels between patients and controls was 
not statistically different [(19.86±9.79) versus (18.80±3.94) 
ng/mL, respectively, p=0.622)]. Moreover, the comparison of 
8-OHdG levels between patients’ subgroups (IPAH/FPAH 
and PAH associated with CHD) was also not statistically dif-
ferent [(14.72±4.81) versus (21.48±10.48) ng/mL, respectively, 
p=0.144)]. However, the levels of 8-OHdG levels were nega-
tively correlated with 6MWD (r=-0.614, p=0.001) (Table 3). 
Furthermore, the serum 8-OHdG levels in patients with FC 
III–IV were significantly higher than those with FC I–II (FC 
III–IV 32.31±10.63 ng/mL versus FC I–II 16.74±6.81 ng/mL, 
respectively, p=0.003) (Figure 1).

The BNP levels were significantly higher in patients com-
pared to control (175.75±76.45 versus 15.16±1.79 ng/mL; 
p=0.002) and showed significantly negative correlation with 
6MWD (r= -0.506, p=0.010) (Table 3). Also, serum BNP lev-
els in patients with FC III–IV were significantly higher than 
those with FC I–II (FC III–IV: 628.00±720.41 ng/mL versus 
FC I–II 62.69±89.64 ng/mL, respectively, p=0.042). There was 
no association between 8-OHdG and BNP levels.

DISCUSSION
Our results showed that serum 8-OHdG levels, a marker of 
DNA damage, were increased significantly in parallel to the 
severity of FC and negatively correlated with 6MWD among 
patients with PAH. Both FC and 6MWD are used as noninva-
sive risk tools for disease severity and risk prediction of mortality 
of patients with PAH in current risk-scoring systems. They are 
powerful predictors of survival and correlated with the sever-
ity of disease at diagnosis and also during follow-up in PAH10. 

DNA damage has been previously shown to be increased in 
the lungs of patients with PAH, remodeled arteries, PA-SMCs, 
and PA-ECs11. Furthermore, the oxidative stress that is believed 
to play a crucial role in the development and progression of vas-
cular remodeling in PAH could also promote DNA damage12. 
Although DNA damage and intrinsic mutagen sensitivity have 
been shown to increase in PAH3, to the best of our knowledge, 
there is no study to evaluate the serum DNA damage markers 
and disease severity in these patient populations so far.

The assessment of the severity of PAH poses special impor-
tance because it is used for guiding medical therapy and deter-
mining the timing of lung transplantation. Therefore, numer-
ous biomarkers as noninvasive parameters have been extensively 
investigated13. These markers might be classified as markers of 

Table 1. Characteristics of patients (n=25).

Demographics

Age (year) 37±13

Sex (female/male) 17/8

BMI (kg/m2) 24.3±4.7

Diagnosis [n (%)]

IPAH 5 (20)

FPAH 1 (4)

PAH associated with CHD 19 (76)

Clinical Findings

6MWD (m) 371.0±146.6

WHO Functional Class [n (%)]

FC I–II 20 (80)

FC III–IV 5 (20)

Clinical signs of right heart failure [n 
(%)]

6 (24)

Syncope [n (%)] 1 (4)

Heart rhythm [n (%)]

SR 20 (80)

AF 5 (20)

Laboratory Findings

Hemoglobin (g/dL) 14.1±2.9

Leukocyte (103/mL) 7.431±2.026

Platelet (103/mL) 230±61

Creatinine (mg/dL) 0.72±0.22

AST (U/L) 24±7

ALT (U/L) 15±8

Uric acid (mg/dL) 5.7±2.2

Medications [n (%)]

ERA
Bosentan/Macitentan/Ambrisentan

25 (100)
5 (20)/19 
(76)/1 (4)

PDEI
Sildenafil/Tadalafil

18 (72)
7 (28)/11 (44)

Prostacyclin analogs 2 (8)

Diuretic 9 (36)

Calcium channel blocker 4 (16)

Beta-blocker 6 (24)

Digoxin 3 (12)

Warfarin or DOAC 4 (16)

BMI: body mass index; PAH: pulmonary arterial hypertension; IPAH: idiopathic 
PAH; FPAH: Familial PAH; CHD: congenital heart disease; 6MWD: six-min walking 
distance; FC: functional class; SR: sinus rhythm; AF: atrial fibrillation; AST: 
aspartate transaminase; ALT: alanine transaminase; ERA: endothelin receptor 
antagonist; PDEI: phosphodiesterase inhibitor; DOAC: direct oral anticoagulant.
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vascular dysfunction, inflammation, myocardial stress, and low 
cardiac output and/or tissue hypoxia. 8-OHdG is a stable bio-
marker of oxidative damage to DNA that has been shown to be 
correlated with the severity of several cardiovascular diseases14,15. 

Regarding PAH, only one study from Bowers et al. has shown 
that plexiform lesions and luminal endothelial cells of concen-
tric intimal fibrosis lesions of explanted lungs of patients with 
IPAH were intensely stained by 8-OHdG, which is indicating 
the presence of DNA oxidation16. BNP and NT-proBNP, which 
correlate with myocardial dysfunction, are the most commonly 

Table 2. Comparison of basal characteristics, serum brain natriuretic peptide and 8-OHdG levels, and echocardiographic 
parameters between patients and controls.

Patients (n=25) Control (n=22) p-value

Age (year) 37.4±13.6 35.8±8.3 0.614

Gender (female/male) 17/8 14/8 0.763

BMI (kg/m2) 24.3±4.7 25.3±3.7 0.469

8-OHdG (ng/mL) 19.86±9.79 18.80±3.94 0.622

BNP 175.75±76.45 15.16±1.79 0.002

TRV (m/s) 3.82±1.20 1.00±1.07 <0.001

SPAP (mmHg) 72.50±7.80 9.54±2.37 <0.001

RV-FAC (%) 34.52±9.92 49.68±7.53 <0.001

RV annular peak velocity (cm/s) 12.08±3.49 14.18±2.19 0.017

TAPSE (mm) 18.24±3.58 23.77±4.29 <0.001

LV-Eccentricity index 1.46±0.28 0.98±0.08 <0.001

RV/LV basal diameter ratio 1.29±0.28 0.75±0.08 <0.001

RA area (cm2) 26.98±3.57 12.00±2.38 <0.001

PA (mm) 31.84±6.69 21.19±2.31 <0.001

LVEF (%) 65.04±5.45 65.18±6.44 0.936

BMI: body mass index; BNP: brain natriuretic peptide; TRV: tricuspid regurgitation max velocity; SPAP: systolic pulmonary artery pressure; RV-FAC: right 
ventricular-fractional area change; TAPSE: tricuspid annular plane systolic excursion; LV: left ventricle; RA: right atrium; PA: pulmonary artery; LVEF: left 
ventricular ejection fraction.

Table 3. Correlation between 8-Hydroxy-2'-deoxyguanosine 
levels and 6-min walking distance, brain natriuretic peptide, 
and echocardiographic parameters.

8-Hydroxy-2'-deoxyguanosine

r p-value

6MWD -0.614 0.001

BNP 0.341 0.095

TRV 0.228 0.284

SPAP 0.292 0.166

RV-FAC -0.051 0.810

RV annular peak 
systolic velocity

-0.047 0.824

TAPSE -0.117 0.579

RA area 0.308 0.144

PA 0.423 0.035

6MWD: 6-min walking distance; BNP: brain natriuretic peptide; TRV: tricuspid 
regurgitation max velocity; SPAP: systolic pulmonary artery pressure; RV-
FAC: right ventricular-fractional area change; TAPSE: tricuspid annular plane 
systolic excursion; LV: left ventricle; RA: right atrium; PA: pulmonary artery

Figure 1. Relationship between serum 8-Hydroxy-2'-
deoxyguanosine levels and World Health Organization 
functional classification among patients with pulmonary 
arterial hypertension.
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used validated biomarkers in PAH. In line with our results, 
these markers also provide information regarding disease sever-
ity and prognosis during the diagnosis and follow-up of these 
patients17. Contrary to expectation, there was no correlation 
between 8-OHdG levels and BNP levels even though they both 
correlated with the clinical severity of patients in our study. 
It could be related to different characteristics of these two bio-
markers. BNP is mainly secreted from the cardiomyocytes in 
response to cardiac stretch, and its levels can range widely in 
short time periods, according to volume status and treatments 
in patients with heart failure18. In contrast, 8-OHdG is a stable 
marker of oxidative DNA damage, and it seems to reflect an 
established pathophysiological status19; therefore, its levels may 
not show changes parallel to BNP under acute circumstances.

Some issues and limitations should be pointed out while 
interpreting our findings. Although on the ground of the knowl-
edge that 8-OHdG is a marker reflecting the degree of oxidative 
damage to DNA, we could not show any statistical difference 
regarding the 8-OHdG levels between patients and controls. 
It could possibly be explained with several reasons. First, a rel-
atively small sample size of the study due to being conducted 
in a single center may have affected the statistical analysis. 
Second, 80% of the patients in our study were clinically sta-
ble, and their functional class was FC I–II. Studies have shown 
that there is a negative correlation between patient functional 
capacity and oxidative status of patients with PAH13,20. Third, 
PAH is associated with CHD, which is comprised of 76% of 
our study population, even if it shows similar histological fea-
tures with IPAH, the role of inflammation in its pathogenesis 

remains controversial21. Another worth mentioning point is 
that the anti-inflammatory effects of PAH-specific treatments 
are known; however, the evaluation of their effects on oxidative 
DNA damage and subsequently on 8-OHdG levels could not be 
possible as there was no treatment naïve patient in our study22. 
Considering these factors mentioned above, the possible low 
oxidative status of most of our patient population could partly 
explain the nonsignificant difference of serum 8-OHdG levels 
between the patients with PAH and the controls. However, it 
can hardly go beyond speculation.

CONCLUSION
The serum 8-OHdG level that is an oxidative DNA damage 
marker significantly correlated with exercise capacity (6MWD) 
and symptomatic status (FC) of the patients with PAH. However, 
the abovementioned multiple factors, which may have affected 
the results of the study, could not be excluded. 8-OHdG might 
be a potential candidate as a noninvasive parameter for the 
classification of severity of the patients with PAH; however, it 
requires further research. 
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