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Original Article

Idiopathic pulmonary arterial hypertension (IPAH), a 
complex condition with unknown etiology, remains a 
progressive disease leading to premature death despite 
the availability of effective targeted therapies (Galiè 
et al., 2013; Humbert et al., 2006; Jing et al., 2007). Its 
prognosis is poor with a 5-year survival rate of 50% 
(Benza et al., 2012; Manes et al., 2014). One of the major 
pathophysiological characteristics is the hyperprolifera-
tive and apoptosis-resistant smooth muscle cells of the 
pulmonary artery contributing to pulmonary artery 
remodeling. A variety of pathological conditions such as 
mitochondria-endoplasmic reticulum stress (Sutendra 

et al., 2011), activation of the receptor of advanced glyca-
tion end-products (Meloche et al., 2014), DNA damage 
(Federici et al., 2015), and abnormal expression of 
microRNAs(miRNAs). (Courboulin et al., 2011), could 
aggravate pulmonary vascular calcification, leading to 
pulmonary arterial hypertension (PAH). Among these 
pathological conditions, abnormal expression of miR-
NAs is associated with increased levels of runt-related 
transcription factor 2 (RUNX2).

RUNX2 is a transcription factor belonging to the 
RUNX family which comprises three members: 
RUNX1, RUNX2, and RUNX3. Despite their structural 
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Abstract
Runt-related transcription factor 2 (RUNX2) plays a pivotal role in the pathogenesis of pulmonary arterial hypertension 
(PAH); yet, whether circulating levels of RUNX2 can predict survival of patients with idiopathic PAH (IPAH) is still 
unclear. The present study aimed to investigate the correlation between circulating levels of RUNX2 and survival of 
patients with IPAH. Blood samples were collected from 46 incident patients with IPAH and 30 healthy controls in 
Shanghai Pulmonary Hospital. Levels of RUNX2 were measured using ELISA. Linear regression and cox proportional 
hazards analysis were performed to assess the prognostic value of RUNX2 levels in predicting survival using the 
Kaplan–Meier method. Nonsurvivors had significantly shorter 6MWD, higher levels of NT-proBNP, increased mRAP, 
mPAP, mPAWP, PVR, and decreased CO as well as CI, compared with survivors (p < .05). Plasma levels of RUNX2 
were significantly higher in nonsurvival and survival patients with IPAH compared with controls (p ≤ .001), and higher 
in nonsurvivors than in survivors (p = .001). RUNX2 levels served as an independent predictor of survival in these 
patients (p < .001). RUNX2 levels ≥41.5 ng/ml had a sensitivity of 80.0% and a specificity of 74.2% by ROC analysis. 
Patients with a RUNX2 level <41.5 ng/ml and/or mRAP <3.5 mmHg had a significantly better prognosis than those 
with a higher RUNX2 level in all subjects as well as in male or female patients (p < .05). The level of circulating 
RUNX2 is an independent predictor for survival and it is correlated with the clinical severity of IPAH.
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similarities, RUNX proteins have divergent physiological 
roles. RUNX1 and RUNX3 are essential for definitive 
hematopoiesis and gastrointestinal and neuronal develop-
ment. RUNX2 is important for the differentiation of 
osteoblasts and chondrocytes (Komori, 2010; Ruffenach 
et al., 2016). It can drive mesenchymal stem cells to dif-
ferentiate into the osteoblastic lineage which is responsi-
ble for bone mineralization (Komori, 2010). In addition, 
RUNX2 activates a number of osteogenic components, 
such as type 1 collagen, osteopontin, and osteocalcin 
(Schroeder et al., 2005). The level of RUNX2 is very low 
in normal vascular cells, but significantly elevated in 
remodeled or calcified vascular tissue. This suggests that 
RUNX2 might be an important player in the vascular 
pathology of PAH. Indeed, one study supports the con-
cept that vascular calcification is an active cell-driven 
process characterized by the acquisition of osteogenic 
phenotype of vascular cells (Schroeder et al., 2005).

Ruffenach et al. (2016) have reported that RUNX2 is 
upregulated in lungs, distal pulmonary arteries, and pri-
mary pulmonary artery smooth muscle cells (PASMCs) 
isolated from PAH patients compared to PASMCs iso-
lated from patients without PAH. This suggests that 
RUNX2 plays a pivotal role in the pathogenesis of PAH 
by contributing to the proliferation and calcification of 
the pulmonary artery (Ruffenach et al., 2016). However, 
there is little research on the potential link between the 
level of plasma RUNX2 and the prognosis of patients 
with IPAH. The present study aimed to answer this ques-
tion by measuring levels of circulating RUNX2 and cor-
relating them with clinical outcomes of patients with 
IPAH.

Method

Study Participants

Forty-six (18 males) incident patients with IPAH and 30 
age- and gender-matched healthy controls (12 males) 
aged 18 or older were recruited from the Department  
of Cardio-Pulmonary Circulation, Shanghai Pulmonary 

Hospital, between May 2012 and July 2018. Diagnosis of 
IPAH was based on the European Society of Cardiology/
European Respiratory Society criteria (Galiè et al., 2016). 
Patients with PAH due to a definite cause such as connec-
tive tissue diseases, congenital heart diseases, portal 
hypertension, chronic pulmonary obstruction, chronic 
pulmonary thromboembolism, or pulmonary hyperten-
sion due to left heart diseases were excluded. Patients 
with acute or chronic illnesses that might influence hor-
monal metabolism (i.e., acute or chronic infections, 
chronic autoimmune diseases, previously established pri-
mary endocrine disorders) and patients who were treated 
with hormones (thyroid hormones, anabolic steroids, 
corticosteroids) or drugs that markedly inhibit hormone 
production, either at the time of the study or in the past, 
were also excluded. The study procedure was approved 
by the ethics committee of Shanghai Pulmonary Hospital 
(Study#K08-015C). Written informed consent was 
obtained from all participants.

Clinical Assessment

Demographic information including age, gender, body 
mass index (BMI), concomitant conditions, 6-minute 
walk distance (6MWD) test, World Health Organization 
functional classification (WHO FC), NT-proBNP, and 
hemodynamics were determined at admission. Right 
heart catheterization (RHC) was performed as described 
previously (Jing et al., 2009). The 6MWD test was per-
formed according to the American Thoracic Society 
(ATS) guideline, and the Borg dyspnea score was deter-
mined immediately after completing the 6MWD test 
(American Thoracic Society, 2002).

Fasting ethylenediamine tetraacetic acid (EDTA) 
anticoagulated blood samples were collected for initial 
assessment. Plasma was immediately isolated and fro-
zen at −20 °C. It was stored at −80 °C until all samples 
were ready for measurement. Concentrations of plasma 
RUNX2 were tested using the enzyme-linked immuno-
sorbent assay in the biochemistry laboratory of Shanghai 
Pulmonary Hospital.
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Statistical Analysis

All data were expressed as mean ± SD or medians (and 
interquartile range) for continuous variables and as the 
absolute number for categorical variables. Comparisons 
were completed using either t-test or the Mann–Whitney 
U test for continuous variables and the χ2 test for categor-
ical variables. Correlations were assessed using the uni-
variate and multivariate linear regression analysis. 
Univariate and multivariate linear regressions and the cox 
proportional hazards analysis were performed using 
baseline levels of RUNX2 in combination with hemody-
namic variables to assess the prognostic value of each of 
them for predicting survival. Using a forward stepwise 
multivariate model, the prognostic power of RUNX2 was 
compared with that of other significant parameters found 
in univariate analysis. The multivariate analysis model 
was adjusted for age, sex, and BMI. Receiver-operating 
characteristic (ROC) curves for independent parameters 
were drawn, and the areas under the curves were calcu-
lated. The cut-off value, sensitivity, and specificity of 
independent parameters changed in nonsurvivor and 

survivor were measured by an ROC analysis. Survival 
was estimated using the Kaplan–Meier method and ana-
lyzed with the log-rank test after grouping patients using 
the cut-off value of each independent predictor. A p value 
<.05 was considered significant. Statistical analysis was 
performed using SPSS (Statistic Package for Social 
Science, Chicago, IL) version 26.0.

Results

Characteristics of Study Participants

A total of 46 patients with IPAH met the inclusion criteria 
and 30 healthy controls were recruited to the present study. 
Among patients with IPAH, 28 (61%) were female and 18 
(39%) were male. The mean duration of follow-up was 
34.7 ± 15.8 months. Six (13%) male and nine (20%) 
female patients died during this period. None of the patients 
were lost for follow-up, resulting in a 100% follow-up rate. 
The average ages were 38.5 ± 15.5 for nonsurvival and 
47.5 ± 15.0 years for survival patients. Demographic and 
hemodynamic data are presented in Table 1.

Table 1. Baseline Characteristics of Survivors and Nonsurvivors.

Nonsurvivors (n = 15) Survivors (n = 31) p value

Baseline characteristics
Age, y 38.5 ± 15.5 47.5 ± 15.0 .568
Male/female, N 6/9 12/19 .935
HR, bpm 86.6 ± 10.5 78.0 ± 16.5 .025
SBP, mm Hg 115.2 ± 20.6 115.7 ± 20.0 .938
DBP, mm Hg 70.7 ± 13.1 71.0 ± 14.5 .961
BMI, kg/m2 23.2 ± 3.6 21.7 ± 2.6 .129
6MWD, m 323.0 ± 89.8 382.1 ± 88.9 .041
NT-proBNP 400.0 (310.0, 450.0) 305.0 (275.5, 377.5) .035
WHO-FC, n (%) .332
 I–II 6 (40.0) 15 (48.4)  
 III–IV 9 (60.0) 16 (51.6)  
Hemodynamics
mRAP, mm Hg 6.9 ± 5.1 3.6 ± 3.5 .013
mPAP, mm Hg 59.3 ± 11.3 50.0 ± 8.7 .003
mPAWP, mm Hg 8.7 ± 4.2 6.5 ± 2.7 .035
PVR, Wood units 13.6 ± 4.8 10.2 ± 3.5 .009
CO, L/min 3.9 ± 1.1 4.7 ± 1.2 .040
CI, L/min/m2 2.5 ± 0.7 2.9 ± 0.6 .037
Specific medications .096
PDE-5 inhibitors, % 9 (50.0) 11 (16.7)  
ERAs, % 4 (25.0) 6 (16.7)  
Prostacyclin analogs, % 0 (25.0) 1 (8.3)  
Combination, % 2 (0.0) 8 (16.7)  
Nonspecific medication, % 0 (0.0) 5 (8.3)  

Note. 6MWD = 6-minute walk distance, BMI = body mass index, CI = cardiac index, CO = cardiac output, ERA = endothelial receptor 
antagonist, HR = heart rate, mPAP = mean pulmonary arterial pressure, mPAWP = mean pulmonary capillary wedge pressure, mRAP = mean 
right atrial pressure, PDE-5 = phosphodiesterase type 5, PVR = pulmonary vascular resistance; RUNX2 = runt-related transcription factor 2, 
WHO-FC = World Health Organization functional classification.
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There were no differences in age, BMI, blood pressure 
(BP), and WHO FC between nonsurvivors and survivors. 
Nonsurvivors had significantly lower levels of 6MWD 
and higher levels of NT-proBNP than survivors (p = .041 
and p = .035; Table 1). Nonsurvivors had significantly 
higher values of hemodynamic parameters including 
mean right atrial pressure (mRAP), mean pulmonary 
arterial pressure (mPAP), mean pulmonary capillary 
wedge pressure (mPAWP), and pulmonary vascular resis-
tance (PVR) at diagnosis than survivors, in contrast to 
their cardiac output (CO) and cardiac index (CI) values  
(p = .013, p = .003, p = .035, p = .009, p = .040, and  
p = .037; Table 1).

Targeted PAH medications included inhaled iloprost, 
intravenous iloprost, oral beraprost, oral bosentan, oral 
ambrisentan, oral sildenafil, oral vadenafil, and oral 
tadalafil. There were no significant differences in the 
intake of these medications between nonsurvivors and 
survivors (Table 1).

Expression of RUNX2 in Survivors and 
Nonsurvivors With IPAH

All patients with IPAH had significantly higher RUNX2 
levels than controls (patients: 31.5 [8.0, 82.5] vs. con-
trols: 6.6 [3.9, 9.9], p < .001; Figure 1A]. For the analy-
ses of the subgroups, RUNX2 levels were significantly 
increased in survivors as well as in in nonsurvivors with 
IPAH compared to controls (p = .001 and p < .001; 
Figure 1A). Survivors had significantly lower RUNX2 
levels than nonsurvivors (p = .001; Figure 1A). There 
was a significant sex difference in RUNX2 levels between 
male and female patients (Figure 1B). Female patients 
had significantly higher RUNX2 levels than male patients 
(p = .046; Figure 1B). This also applies to female and 
male survivors (p = .014; Figure 1B). Female survivors 
had significantly lower RUNX2 levels than female non-
survivors (p < .001; Figure 1B). A similar trend was 
observed in male patients, but no significant difference 
was found between male survivors and male nonsurvi-
vors (Figure 1B).

Correlations Between Levels of Plasma 
RUNX2 and Hemodynamic Parameters

A positive correlation was observed between plasma 
RUNX2 levels and mPAP as well as PVR (p = .028 and 
p = .001; Table 2), whereas a negative correlation was 
found between plasma RUNX2 levels and CO (p = .045; 
Table 2). No significant correlation was found between 
plasma RUNX2 levels and mRAP, mPAWP, or CI. After 
adjusting age, sex, and BMI, plasma RUNX2 levels were 
included in the stepwise multiple regression analyses to 

determine its strength in predicting the elevation of mPAP 
or PVR, as well as reduction of CO. It was found that 
plasma RUNX2 levels were not only an independent pre-
dictor of mPAP elevation, but also an independent index 
of PVR increase in patients with IPAH (p = .029 and p = 
.001; Table 2).

Factors Influencing Survival

In the univariate cox proportional hazards analysis, 
RUNX2, 6MWD, mRAP, mPAP, mPAWP, PVR, CO, and 
CI were significantly related to the survival of all patients 
with IPAH (p < .001, p = .019, p = .012, p = .026, p = 
.038, p = .013, p = .037, and p = .031; Figure 2). In the 
multivariate forward stepwise cox proportional hazards 
analysis, RUNX2 and mRAP were found to be indepen-
dent predictors of survival in all patients after adjusting 
age, gender, and BMI (p < .001 and p = .019; Figure 2). 
Therefore, RUNX2 was a significant player in predicting 
survival in this cohort.
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Figure 1. Levels of RUNX2 in survivors and nonsurvivors 
with IPAH and controls.
A. Expression of RUNX2 in patients with IPAH and controls. B. Sex 
differences of RUNX2 in survivors and nonsurvivors with IPAH. Note. 
IPAH = idiopathic pulmonary arterial hypertension, RUNX2 = runt-
related transcription factor 2.
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Receiver-Operating Characteristic and 
Kaplan–Meier Survival Analysis

ROC analysis for 34.7 ± 15.8 months showed that 
RUNX2 levels ≥41.5 ng/ml had a sensitivity of 80.0% and  

a specificity of 74.2%, and mRAP ≥3.5 mmHg had a sen-
sitivity of 80.0% and a specificity of 67.7% in predicting 
survival in all subjects (p = .001 and p = .024; Table 3). 
Using this as the cut-off value for the Kaplan–Meier analy-
sis, patients with levels of circulating RUNX2 <41.5 ng/ml 

Table 2. RUNX2 as a Determinant of Hemodynamic Parameters in Patients With IPAH.

Dependent 
parameter

Univariate linear regression Multivariate linear regression*

R
Unstandardized 

B 95% CI p value R
Unstandardized 

B 95% CI p value

mRAP 0.005 −0.001 [−0.031,−0.030] .972  
mPAP 0.324 0.076 [0.009, 0.144] .028 0.329 0.079 0.008 ～ 0.149 .029
mPAWP 0.109 0.008 [−0.015,0.031] .471  
PVR 0.491 0.047 [0.022,0.072] .001 0.492 0.047 0.021 ～ 0.073 .001
CO −0.297 −0.008 [−0.016, 0.000] .045  
CI −0.296 −0.005 [−0.009, 0.000] .051  

Note. *Adjusted for age, sex, and BMI.
6MWD = 6-minute walk distance, BMI = body mass index, CI = cardiac index, CO = cardiac output, IPAH = idiopathic pulmonary arterial 
hypertension, mPAP = mean pulmonary arterial pressure, mPAWP = mean pulmonary capillary wedge pressure, mRAP = mean right atrial 
pressure, PVR = pulmonary vascular resistance, RUNX2 = runt-related transcription factor 2.

Figure 2. Univariate and multivariate cox proportional hazards analysis relating survival to selected RUNX2 levels.
Note. Multivariate analysis adjusted by age, sex, and BMI. 6MWD = 6-minute walk distance, BMI = body mass index, CI = cardiac index, CO = 
cardiac output, mPAP = mean pulmonary arterial pressure, mPAWP = mean pulmonary capillary wedge pressure, mRAP = mean right atrial 
pressure, PVR = pulmonary vascular resistance, RUNX2 = runt-related transcription factor 2.

Table 3. Receiver-Operating Characteristics.

Variables Cut-off value Sensitivity Specificity AUC 95% CI p value

RUNX2 41.5 ng/ml 0.800 0.742 0.819 [0.672, 0.966] .001
mRAP 3.5 mmHg 0.800 0.677 0.708 [0.535,0.880] .024

Note. AUC = area under curve, CI = confidence interval, mRAP = mean right atrial pressure, RUNX2 = runt-related transcription factor 2.
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had a significantly better prognosis than those with circu-
lating RUNX2 ≥41.5 ng/ml (2-year survival: 92.3% vs. 
55.0%; 5-year survival: 88.5% vs. 40.0%, respectively;  
p < .001; Figure 3A).

Patients with mRAP <3.5 mmHg also had a better 
survival rate than those with higher mRAP (2-year sur-
vival: 95.8% vs. 54.5%; 5-year survival: 87.5% vs. 
45.4%, respectively; p = .002; Figure 3B).

Regarding influence of gender on survival, male 
patients with lower RUNX2 levels had a significantly 
better survival than those with higher RUNX2 levels 
(2-year survival: 92.3% vs. 60.0%; 5-year survival: 
84.6% vs. 20.0%, respectively, p = .004; Figure 3C). 
Similar results were found in female patients (2-year sur-
vival: 92.3% vs. 66.7%; 5-year survival: 92.3% vs. 
46.7%, respectively, p = .015; Figure 3E). No significant 
difference was observed in survival between male patients 
with higher and lower mRAP in this cohort (Figure 3D). 
In contrast, female patients with lower mRAP had a sig-
nificantly better prognosis than those with higher mRAP 
(2-year survival: 93.7% vs. 50.0%; 5-year survival: 
87.5% vs. 41.7%, respectively, p = .009, Figure 3F).

The combination of RUNX2 and mRAP identified 
subgroups with significantly different survival rates. The 
group with lower RUNX2 and mRAP had the best sur-
vival, whereas the group with higher RUNX2 and mRAP 
had the worst survival in all patients (p < .001; Figure 
3D). Similar results were observed in both male and 
female patients (p = .001 and p < .001; Figure 3H and I).

Discussion

The present study found that levels of circulating RUNX2 
in nonsurviving patients with IPAH were higher than in 
surviving patients with IPAH. There was a positive cor-
relation between levels of plasma RUNX2 and mPAP, 
mPAWP, as well as PVR, and a negative correlation 
between RUNX2 and CO. In addition, circulating 
RUNX2 in combination with mRAP may influence grad-
ing of clinical severity and prognosis of patients with 
IPAH. It was found that patients with a RUNX2 level 
≥41.5 ng/ml and/or mRAP ≥3.5 mmHg had a signifi-
cantly poorer prognosis when all patients were taken into 
consideration as well as when male or female patients 
were analyzed individually. This suggests that RUNX2 is 
a powerful predictor of increased cardio-pulmonary vas-
cular risk.

Nonsurviving patients in the present study had subjec-
tive and objective features of more severe IPAH, includ-
ing reduced levels of 6MWD, higher levels of NT-proBNP, 
and more prominent hemodynamic parameters. Similar 
findings were reported in cardiovascular calcification 
(Niederhoffer et al., 1997; Vlachopoulos et al., 2010), 
suggesting that nonsurvivors might have more pulmo-
nary arterial remodeling and vascular calcification which 

contribute to pulmonary arterial complications and mor-
tality independent of traditional cardio-pulmonary vascu-
lar risk factors for IPAH. Previous studies have indicated 
that RUNX2 has an essential role in oxidative stress-
induced vascular smooth muscle cell calcification (Byon 
et al., 2008; Schroeder et al., 2005). Ruffenach et al. 
(2016) demonstrated that RUNX2 over-expression con-
tributed to pulmonary artery remodeling and stiffness 
though its expression was very low in normal vascular 
cells, suggesting that RUNX2 may be an important player 
in vascular lesion development, including calcification in 
PAH. Therefore, increased levels of RUNX2 are a marker 
of pulmonary artery remodeling and calcification.

Hemodynamic parameters are recognized as the most 
important direct indicators of pulmonary vascular func-
tion. It was found that increased plasma RUNX2 levels 
had significant correlations with mPAP, PVR, and CO in 
the cohort. However, increased RUNX2 levels can only 
independently predict the elevation of mPAP and PVR, 
but not the decline of CO. This means that an increased 
plasma RUNX2 level has a greater impact on pulmonary 
artery injury than on the decline of heart function. This 
result should be interpreted with caution because pulmo-
nary artery injury is manifested earlier than right ventric-
ular dysfunction and right heart failure. Therefore, 
increased levels of RUNX2 seem to be more responsible 
for early pulmonary artery lesions in the current cohort.

Prognosis assessment for patients with IPAH is crucial 
because it determines the type of medical therapies these 
patients receive and the appropriate timing of referral for 
lung transplantation. Among noninvasive variables mea-
sured in the present study, plasma RUNX2 levels were 
independently related to survival of patients with IPAH in 
the cox proportional hazards analysis. This suggests that 
RUNX2 might provide additional prognostic information 
than conventional noninvasive assessment. The Kaplan–
Meier survival curves using the cut-off value of RUNX2 
demonstrated that patients with lower RUNX2 levels had 
a significantly better survival rate than those with high 
RUNX2 levels. Thus, plasma RUNX2 might represent a 
new biomarker for patients with IPAH different from tra-
ditionally used markers such as natriuretic peptides and 
uric acid (Al-Naamani et al., 2016; Nagaya et al., 1999; 
Torbicki et al., 2003). Future studies with larger sample 
sizes and biomarker panels are required to clarify their 
roles in assessing the severity and prognosis of PAH. If 
confirmed, RUNX2 can be used as a predictor of mortal-
ity and a biomarker for treatment response during the 
long-term follow-up of patients with PAH, since it can be 
measured routinely and inexpensively.

A marked sex difference in RUNX2 levels was 
observed in patients with IPAH. Females, including sur-
vivors and non-survivors, had higher RUNX2 levels than 
males. This suggests that females with IPAH might have 
aggravated vascular calcification. This raises a concern 
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Figure 3. Kaplan–Meier analysis in patients with IPAH based on RUNX2 and mRAP.
A. Survival of patients with IPAH according to the cut-off value of RUNX2 levels. B. Survival of patients with IPAH according to the cut-off 
value of mRAP. C. Survival of male patients with IPAH according to the cut-off value of RUNX2 levels. D. Survival of male patients with IPAH 
according to the cut-off value of mRAP. E. Survival of female patients with IPAH according to the cut-off value of RUNX2 levels. F. Survival of 
female patients with IPAH according to the cut-off value of mRAP. G. Survival of patients with IPAH according to the cut-off value of RUNX2 
levels combined with mRAP. H. Survival of male patients with IPAH according to the cut-off value of RUNX2 levels combined with mRAP. I. 
Survival of female patients with IPAH according to the cut-off value of RUNX2 levels combined with mRAP.
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that different sex hormones might potentiate or amelio-
rate vascular calcification. Our previous studies demon-
strated that sex hormones, such as estradiol, testosterone, 
and progesterone, were associated with an increased risk 
of PAH (Wu et al., 2018; Zhang et al., 2020). Furthermore, 
higher levels of estradiol exacerbate the initiation and 
progression of PAH. Estradiol plays its biological role by 
binding to the estrogen receptor (ER). A previous study 
indicated that ERα gene has a RUNX2 binding site within 
its promoter, and ERα interacts directly with RUNX2 and 
regulates its activity (Wysokinski et al., 2015). Therefore, 
females have higher levels of estrogen and ER, which 
may lead to higher RUNX2 levels in female patients with 
IPAH. Further studies are needed to elucidate the origin 
and mechanisms of how sex hormones lead to increased 
RUNX2 levels in patients with IPAH.

There are a number of limitations in the present 
study. Firstly, the number of patients included for analy-
sis is relatively small and excluding patients with PAH 
other than IPAH results in a possible selection bias. 
Nevertheless, previous studies have described signifi-
cantly higher RUNX2 levels in patients with PAH. 
Therefore, similar results are expected if patients with 
other types of PAH have been included. Secondly, the 
present study investigated the power of RUNX2 in pre-
dicting survival in male and female patients for the first 
time, but did not analyze the correlation between sex hor-
mones and RUNX2 levels. Thirdly, other factors, includ-
ing ethnicity and genetic predisposition which could 
influence metabolic and exercise capacity were not con-
sidered in the present study.

Conclusion

Levels of plasma RUNX2 are positively correlated with 
the severity of IPAH and high levels of plasma RUNX2 
are independently associated with an increased risk for 
mortality. Future studies with larger sample sizes are 
needed to confirm our findings.
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