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Background: Chronic respiratory disease-associated pulmonary hypertension (PH) is an important
subtype of PH, which lacks clinical epidemiological data in China.

Methods: Six hundred and ninety three patients hospitalized from 2010 to 2013 were classified by
echocardiography according to pulmonary arterial systolic pressure (PASP): mild (36< PASP <50 mmHg);
moderate (50< PASP <70 mmHg) and severe (PASP >70 mmHg).

Results: Dyspnea (93.51%) was the most common symptom. Hemoptysis observed in the severe group
(6.42%) was significantly higher than the other two groups (P<0.05). COPD (78.35%), lung bullae (44.16%),
tuberculosis (including obsolete pulmonary tuberculosis) (38.82%), and bronchiectasis (30.45%) were
frequently present. Mild group occupied the highest proportion (84.7%) in COPD, while severe group
occupied the highest proportion (19.3%) in pulmonary embolism (P<0.01). Age, partial pressure of oxygen
(Pa0,), hematocrit (HCT), partial pressure of carbon dioxide (PaCQ,), increase of N-terminal pro brain
natriuretic peptide (NT-proBNP) and right ventricular (RV) diameter (>20 mm) were associated with
moderate-to-severe PH, while RV [odds ratio (OR) =3.53, 95% CI, 2.17-5.74], NT-proBNP (OR=2.44,
95% ClI, 1.51-3.95), HCT (OR=1.03, 95% CI, 1.00-1.07) and PaCO, (OR=1.01, 95% CI, 1.00-1.03) were
independent risk factors.

Conclusions: PH related to respiratory diseases is mostly mild to moderate, and the severity is associated
with the category of respiratory disease. Increased HCT can be an independent risk factor for PH related to

chronic respiratory diseases.
Keywords: Pulmonary hypertension; respiratory diseases; clinical features; risk factors
Submitted Jan 05, 2015. Accepted for publication Jan 07, 2016.

doi: 10.21037/jtd.2016.02.58
View this article at: http://dx.doi.org/10.21037/jtd.2016.02.58

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com F Thorac Dis 2016;8(3):350-358



Journal of Thoracic Disease, Vol 8, No 3 March 2016

Introduction

Pulmonary hypertension (PH) is a progressive disease
defined by excessive small pulmonary vascular remodeling
and increased pulmonary vascular resistance, which can
tinally lead to right heart failure and even death (1,2).
Significant progress has been made in understanding the
epidemiology, clinical characteristics and prognosis of PH
in recent years (3-7). So far, most of the studies regarding
PH focused on idiopathic PH, chronic thromboembolic
PH (CTEPH), PH associated with congenital heart
disease and with connective tissue disease; PH associated
with chronic respiratory disease was usually despised or
neglected, although it is also an essential subtype of PH (8).
At present, there are only few large epidemiological data
related to PH in China, as well as related systematic,
large and randomized clinical studies, especially for
PH associated with chronic respiratory diseases and/or
hypoxia (9,10). Except for chronic obstructive pulmonary
disease (COPD)-associated PH, hypoxic diseases, such as
bronchiectasis, interstitial lung disease, and obstructive
sleep apnea hypopnea syndrome (OSAHS), -induced PH
lack systematic studies designed to obtain a comprehensive
understanding of their clinical features. Thus, in this study,
we aim to search for the common respiratory diseases
which are highly-associated with PH, and to describe the
clinical characteristics and risk factors associated with the
progression to severe PH.

Materials and methods
Patients

This retrospective observational study was conducted at
Guangzhou Institute of Respiratory Disease. A total of 693
patients hospitalized from January 2010 to January 2013
were enrolled. All patients had signed written informed
consent. All procedures were approved by the Ethics
Committee of The First Affiliated Hospital of Guangzhou
Medical University. PH was diagnosed by echocardiography
examination (tricuspid regurgitation velocity >2.8 m/s and
PASP>36 mmHg) (11,12). All patients suffered from one or
more chronic respiratory diseases (chronic thromboembolic
disease included): congenital heart disease, left heart-
related diseases like valvular disease, rheumatologic disease
such as systemic lupus erythematosus and sicca syndrome,
hyperthyroidism. Chronic Thromboembolic Pulmonary
Hypertension (CTEPH) patients were also included,
because when we classified those patients with single
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respiratory disease related to PH, we identified that 5.1%
of them diagnose as pulmonary embolism (PE). In those
cases which probably could define as CTEPH for their
pulmonary artery pressure increased after at least three-
month effective anticoagulation and they had embolism
in pulmonary arteries. We did not specifically exclude
CTEPH form PE in this study for lack of information.
Other conditions that may increase the pulmonary arterial
pressure were excluded.

Clinical data

The name, gender and age of all the patients were
documented. All patients underwent echocardiography with
Philips iE33 cardiac color Doppler ultrasonography and
were performed by the same technician. Echocardiography
(ECHO) is an important modality in the noninvasive
assessment of PH and has been used to screen for the
disease, determine right and left heart structure and
function, and assess response to therapy in patients with
PH. The ACCF/AHA 2009 Expert Consensus Document
on Pulmonary Hypertension recommended ECHO as the
most appropriate screening examination for PH diagnosis.
ECHO can assess for right atrial enlargement, right
ventricular enlargement, pericardial effusion, left ventricular
systolic or nonsystolic dysfunction, left atrial or ventricular
enlargement, and valvular disease as part of the initial
evaluation of patients suspected of having PH. Moreover, a
meta-analysis confirmed that echocardiography is a useful
noninvasive way to screen for PH which can determine
whether PASP is normal, mildly elevated or remarkably
elevated. At present, right heart catheterization (RHC) is
the gold standard for diagnosis of PH. However, due to its
invasive nature and high cost, the use of RHC is limited in
China, so we count on ECHO data in patients with severe
PH in our study.

According to international standards of PH classification,
patients were divided into 3 groups: the mild group (36< PASP
<50 mmHg); the moderate group (50< PASP <70 mmHg) and
the severe group (PASP >70 mmHg) (13). For this analysis,
we only included COPD patients who met the American
Thoracic Society (ATS) definition of spirometry proven
COPD (i.e., FEV1/FVC ratio <0.70 on tests meeting ATS
quality standards), and those who provided all information
needed for GOLD staging and appropriate self-assessment.

Clinical data within 5 days of hospitalization were
collected as follows: (I) clinical diagnosis; (II) the onset of
symptoms and time; (IIT) medical history; (IV) personal
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Table 1 Patient demographic and medical history characteristics findings

Variable Total Mild Moderate Severe * value *P value
N 693 (100.0) 366 (52.8) 218 (31.5) 109 (15.7)

Male 549 (79.2) 302 (82.5) 163 (74.8) 84 (77.1) 5.34 0.07
Female 144 (20.8) 64 (17.5) 55 (25.2) 25 (22.9) 5.34 0.07
Smoking history 492 (71.0) 280 (76.5) 146 (67.0) 66 (60.6) 12.88 0.00
Hypertension 196 (28.3) 111 (30.3) 65 (29.8) 20 (18.4) 6.31 0.04
Diabetes 68 (9.8) 45 (12.3) 6 (7.3) 7 (6.4) 5.47 0.07
CHD 67 (9.7) 27 (7.4) 29 (13.3) 1(10.1) 5.52 0.06
Arrhythmia 83 (12.0) 43 (11.8) 25 (11.5) 5(13.8) 0.40 0.82
Premature beats 35 (42.2) 6 (37.2) 5 (60.0) 4 (26.7)

Atrial fibrillation 33(39.8) 8 (41.9) 8 (32.0) 7 (46.7)

Tachycardia 9(10.8) 5(11.6) 14.0) 3 (20.0)

Atrial flutter 6(7.2) 5(11.6) 1(4.0) 0(0)

BBB 3(3.6) 2 (4.7) 1 (4.0) 0(0)

Age 71£12 73+10 71+13 64+16 H=34.89  **P=0.00
Duration 120.0% (72.0-240.0) 120.0% (72.0-240.0) 120.0° (60.0-168.0) 120.0° (84.0-240.0) H=6.71  ***P=0.035

S, indicates the median duration (months); *P values were determined using Pearson Chi-Square test; **P values were determined

using the rank test; **P values were performed by Log-Rank test. Values are expressed as No. (%), mean + SD, or median
(25-75%). CHD, coronary heart disease; BBB, bundle branch block.

history and family history; (V) echocardiography [PASP,
right ventricular diameter (RV) and right atrium diameter
(RA)]; (VD) arterial blood gas analysis [partial pressure
of oxygen (Pa0,), and partial pressure of carbon dioxide
(PaCO,)]; (VII) blood examination [hemoglobin (HB),
hematocrit (HCT), mean corpuscular hemoglobin
concentration (MCHC)]; (VIII) N-terminal pro brain
natriuretic peptide (NT-proBNP); (IX) D-dimer. Risk
factors of moderate-to-severe PH (PASP >50 mmHg)
including age, HCT, HB, MCHC, RV, RA, PaO,, PaCO,,
NT-proBNP and D-dimer, were screened from a total of
396 patients.

Statistical analysis

All statistical analyses were performed by the SPSS 13.0
statistical software package (SPSS Inc; Chicago, Illinois,
USA). Data were expressed as the mean = SD, the number
and proportions, or as the median and inter quartile range.
Differences among proportions were compared with
Pearson Chi-Square test or Fisher’s exact test. Differences
among multiple groups were analyzed using the rank test
and multiple comparisons were performed by Kruskal-
Wallis H test. Survival analyses were performed using
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Kaplan-Meier method and Log-Rank test to compare
differences of the durations from the onset of symptoms to
the diagnosis of PH among groups. Risk factors screening
accessed the univariate regression analysis and multiple-
stepwise logistic regression analysis, and odds ratio (OR)
and its 95% confidence interval (CI) was calculated for each
variable. A P value <0.05 was considered to be statistically
significant.

Results

A total of 693 patients were hospitalized with diagnosis of
PH. The baseline demographic and clinical characteristics
are summarized in 7able 1. About 366 (52.8%) patients
were classified in the mild group, 218 (31.5%) patients in
the moderate group and 109 (15.7%) in the severe group.
The mean PASP was 42.0£4.3 mmHg for the mild group;
59.3+5.2 mmHg for the moderate group; and 84.5£12.1 mmHg
for the severe group. Baseline characteristics of these
patients were: mean age 7112 years, 79.2% men, smoking/
tobacco abuse 71.0%, hypertension 28.3 %, diabetes mellitus
9.8%, coronary heart disease 9.7%, and arrhythmia 12.0%
of patients. The ratio of patients with smoking history in
the mild group was significantly higher than that in the
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Table 2 Patient symptoms findings

Variable Total Mild Moderate Severe 2 value P value
Dyspnea 648 (93.5) 340 (92.9) 208 (95.4) 100 (91.7) 2.09 0.35
Cough 623 (89.9) 333 (91.0) 195 (89.5) 95 (87.2) 1.43 0.49
Sputum 552 (79.7) 300 (82.0) 164 (75.2) 88 (80.7) 3.92 0.14
Edema of lower limbs 57 (8.2) 26 (7.1) 19 (8.7) 2 (11.0) 1.80 0.41
Chest tightness 23 (3.3) 8 (2.2) 9(4.1) 6 (5.5) 3.78 0.15%
Hemoptysis 17 (2.5) 5(1.4) 5(2.3) 7 (6.4) 9.01 0.01%
Chest pain 13 (1.9 8(2.2) 4(1.8) 1(0.9) 0.49 0.81°
Palpitation 10 (1.4) 4(1.1) 4(1.8) 2(1.8) 1.02 0.62°

Values are expressed as No (%). *, P values were determined using Pearson Chi-Square test; ®

Fisher’s exact test.

Table 3 Patient respiratory diseases findings

, P values were determined using

Variable Total Mild Moderate Severe ? value *P value
COPD 543 (78.4) 310 (84.7) 160 (73.4) 73 (67.0) 20.18 0.00
Bulla 306 (44.2) 158 (43.2) 97 (44.5) 51 (46.8) 0.46 0.79
Pulmonary tuberculosis 269 (38.8) 146 (39.9) 81 (37.2) 42 (38.5) 0.44 0.81
Bronchiectasis 211 (30.5) 109 (29.8) 61 (28.0) 41 (37.6) 3.35 0.19
Pulmonary embolism 69 (10.0) 7(7.4) 21 (9.6) 21 (19.3) 13.28 0.00
Asthma 44 (6.4) 7(7.4) 11 (5.1) 6 (5.5) 1.40 0.50
Chronic bronchitis/emphysema 7 (3.9 4 (3.8) 11 (5.1) 2(1.8) 1.84 0.42%
ILD ( 3) 9 (2.5 10 (4.6) 4 (3.7) 2.13 0.37°

*, P values were determined using Pearson Chi-Square test; °

, P values were determined using Fisher’s exact test. Values are

expressed as No (%). COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease.

moderate group and the severe group (P<0.01), as was the
hypertension history (P<0.05).

The median duration of all patients from the onset of
symptoms to the diagnosis of PH was 120.0 (72.0-240.0) months.
There is a significant difference in the duration among the three

groups (P<0.05).

Symptoms

Patient symptoms are summarized in Table 2. The most
common symptom was dyspnea (93.5%). Other common
symptoms were cough (89.9%), sputum (79.7%), lower
extremity edema (8.2%), chest tightness (3.3 %), hemoptysis
(2.5%), chest pain (1.9%) and palpitations (1.4%). The ratio
of hemoptysis was significantly higher in the severe group
than that in the mild and moderate groups (P<0.05).

© Journal of Thoracic Disease. All rights reserved.

Respiratory diseases

PH-related respiratory diseases found in the patients are
shown in Table 3. There were 198 (28.6%) patients with a
single respiratory disease related to PH. COPD was the
most common PH-related respiratory disease (n=151,
76.3% of patients), and others include bronchiectasis (n=13,
6.6% of patients), pulmonary embolism (n=10, 5.1% of
patients), chronic bronchitis/emphysema (n=8, 4.0% of
patients), interstitial lung disease (including idiopathic
interstitial pneumonia, airway-centered interstitial
fibrosis, centrilobular fibrosis, and bronchiolitis interstitial
pneumonia) (n=6, 3.0% of patients), OSAHS patients with
an extremely high apnea-hypopnea index (AHI) score (n=3,
1.5% of patients), diffuse panbronchiolitis (n=2, 1.0% of
patients), asthma (n=2, 1.0% of patients) and others (n=3,
1.5% of patients). However, most patients were found to
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Table 4 Patient examination results findings [1]

Variable Total Mild Moderate Severe H value *P value
RV, mm 21.0 (18.0-26.0) 20.0 (18.0-22.0) 23.0 (20.0-22.0) 28.0 (21.5-34.5) 131.55 0.00
RA, mm 36.0 (32.0-43.0) 34.0 (30.8-37.0) 38.0 (33.0-45.0) 45.0 (40.0-50.5) 137.11  0.00
PaCO,, mmHg 47.5 (37.6-61.7) 44.6 (37.4-55.64) 53.0 (39.1-66.2) 52.1 (36.9-63.8) 15.51  0.00
PaO,, mmHg 78.3 (65.4-101.0) 81.2 (69.1-1083.0) 76.7 (63.8-98.7) 72.5 (60.6-92.2) 10.25 0.01
NT-proBNP, pg/mL 1,221.0 (281.9-3,456.5) 566.0 (167.2-2,423.0) 1,835.0 (361.3-3,920.0)2,288.0 (1,176.0-4,838.0) 37.0 0.00
D-dimer, ng/mL 963.0 (566.0-1,788.0) 850.5 (502.3-1,530.0) 1,008.0 (596.0-2,118.0) 1,212.5 (783.5-2,125.8)  9.45 0.01
Hb, g/L 128.0 (112.0-141.0) 124.0(108.5-138.0)  130.0 (115.0-145.0) 131.0 (119.5-148.0) 12.39 0.00
HCT, % 38.2 (34.0-43.0) 37.4 (33.0-41.0) 39.2 (34.8-44.0) 41.0 (36.2-44.8) 18.81 0.00
MCHC, pg 30.3 (28.2-31.7) 30.3 (28.2-31.7) 30.2 (28.5-31.8) 30.5 (27.9-31.6) 0.29 0.87

Values are expressed as median (25-75%). RV, right ventricular diameter; RA, right atrium diameter; PaCO,, partial pressure of

carbon dioxide; Pa0O,, partial pressure of oxygen; NT-proBNP, N-terminal pro brain natriuretic peptide; Hb, hemoglobin; HCT,
hematocrit; MCHC, mean corpuscular hemoglobin concentration. *P values were determined using the rank test.

Table 5 Patient examination results findings [2]

) P value
Variable
Mild vs. moderate Moderate vs. severe Mild vs. severe

RV, mm 0.00 0.00 0.00
RA, mm 0.00 0.00 0.00
PaCO,, mmHg 0.00 0.25 0.09
PaO,, mmHg 0.03 0.23 0.00
NT-proBNP, pg/mL 0.00 0.03 0.00
D-dimer, ng/mL 0.03 0.32 0.01
Hb, g/L 0.00 0.55 0.01
HCT, % 0.00 0.40 0.00

Values are expressed as median (25-75%). RV, right ventricular diameter; RA, right atrium diameter, PaCO,, partial pressure of

carbon dioxide; Pa0,, partial pressure of oxygen; NT-proBNP, N-terminal pro brain natriuretic peptide; Hb, hemoglobin; HCT,

hematocrit; MCHC, mean corpuscular hemoglobin concentration. $, P values were performed by Kruskal-Wallis H test.

have at least two or more underlying respiratory diseases
(n=495, 71.4% of patients). There were significantly
more patients with COPD in the mild group compared
to those in moderate and severe groups (P<0.01), whereas
the number of patients with pulmonary embolism was
significantly higher in the severe group compared to the
mild and moderate groups.

Clinical parameters

Patients’ examination results are shown in Tibles 4,5. There
were significant differences concerning those except for
the MCHC among the three groups of different severity of
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PH (P<0.05). MCHC from three tested groups showed no
statistic difference (P=0.87) (Table 4). In addition, HB, HCT,
PaCO,, NT-proBNP, D-dimer, RV and RA diameter in the
severe and the moderate groups were significantly higher
than those in the mild group, while PaO, was inversely lower
than that in the mild group (P<0.05) (Zable 5).

Risk factors

Clinical data within 5 days of hospitalization were collected
from a total of 396 patients. Briefly, 204 (51.50% of patients)
patients were in the mild PH group, while 192 (48.48% of
patients) were in the moderate-to-severe PH group.
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Table 6 Risk factors for patients of moderate-to-severe PH
Variable Univariate regression analysis Multiple logistic regression analysis

B Sx (B) P value OR 95% ClI B Sx (B) *Pvalue OR 95% ClI

Age, y -0.02 0.01 0.01 0.98 0.96-1.00
HCT, % 0.48 0.14 0.00 1.62 1.22-2.15 0.32 0.16 0.04 1.08 1.00-1.07
Hb, g/L 0.01 0.00 0.18 1.01 1.00-1.01
RV, (>20 mm) 1.49 0.23 0.00 4.42 2.81-6.96 1.26 0.25 0.00 3.53 2.17-5.74
RA, (>25 mm) 1.34 1.12 0.23 3.82  0.42-34.49
PaCO,, mmHg 0.02 0.01 0.00 1.02 1.01-1.03 0.01 0.07 0.04 1.01 1.00-1.03
PaO,, mmHg -0.01 0.00 0.02 0.99 0.98-1.00
NT-proBNP, (+) 1.31 0.23 0.00 3.70 2.37-5.78 0.89 0.25 0.00 2.44 1.51-3.95
D-dimer, (+) 0.33 0.25 0.19 1.39 0.85-2.28

RV, right ventricular diameter; RA, right atrium diameter; PaCO,, partial pressure of carbon dioxide; PaO,, partial pressure of
oxygen; NT-proBNP, N-terminal pro brain natriuretic peptide; Hb, hemoglobin; HCT, hematocrit; MCHC, mean corpuscular

hemoglobin concentration. *, P values were determined using the rank test.

Univariate analysis demonstrates that relevant factors
include increased RV size (RV>20 mm), elevated N'T-
proBNP, HCT, PaCO,, age and PaO, (P<0.05). Elevated
NT-proBNP, HCT and PaCO, present OR values >1, while
age and PaO, present OR values <1 (7able 6). Variables
with significant results in the univariate analysis were
also determined by multiple-stepwise logistic regression
analysis. Results were displayed in 7able 6. Increased RV size
(RV >20 mm) (OR=3.53, 95% CI, 2.17-5.74), increased
NT-proBNP (OR=2.44, 95% CI, 1.51-3.95), HCT
(OR=1.03, 95% CI, 1.00-1.07), and PaCO, (OR=1.01,
95% CI, 1.00-1.03) were respectively considered as an
independent risk factor of patients with moderate-to-severe

PH (OR>1).

Discussion

This is a systematic retrospective observational study
which highlights the clinical features and risk factors of PH
related to common chronic pulmonary diseases [Group 3
and Group 4 of PH in World Health Organization
(WHO) classification] in Chinese population patients.
Previously, Barbera et 4/. demonstrated that the most
effective treatment for PH associated with chronic hypoxic
respiratory disease was long-term oxygen therapy (14).
Alternative effective therapy is currently unavailable.
Therefore, early recognition and intervention is important
for the prognosis of those patients. At present, right heart
catheterization is the gold standard for diagnosis of PH.
However, due to its invasive nature and high cost, the
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clinical application of RHC is limited in China. In 2009, the
ACCF/AHA 2009 Expert Consensus Document on Pulmonary
Hypertension recommended echocardiography as the most
appropriate screening examination for PH diagnosis (11).

The first research article on PH patients in China was
published in 2007 by Jing et al. (7). which reviewed 72
hospitalized patients with idiopathic pulmonary arterial
hypertension and familial pulmonary arterial hypertension
with a mean PASP of 98 mmHg. The Switzerland
registration reported by Fischler ez 4/. (9) included 17 patients
with hypoxic disease associated-PH with a mean mPAP of
47 mmHg. In our study, the mean age was 71x12 years,
the male/female ratio was 3.8:1 and the mean PASP was
54.2+16.5 mmHg. The results of our study suggest that
male patients symptomatic with chronic respiratory disease-
associated PH more than female patients.

A potential explanation for this phenomenon is that there
are more male than female smokers in China. Santos et 4/. (4)
showed that smoking could cause lung vascular injury and
remodeling. The vascular remodeling plays a key role
during the PH pathogenesis. In this study, the proportion of
patients with smoking history was up to 71.0%. There was
a significant difference among the proportions of patients
with smoking history and was highest in the mild group.
The major reason for this difference may be that the male/
female ratio was higher in the mild group (4.7:1) than that
in the moderate group (3.0:1) and the severe group (3.4:1).
Smoking has previously been proven as a risk factor for
hypertension. In our study, the majority of patients with
a smoking history were found in the mild group (76.5%).

jtd.amegroups.com 7 Thorac Dis 2016;8(3):350-358



356 Chen et al. Clinical features and risk factors of PH associated with CRDs

Therefore, it’s not surprising that the mild group contained
significantly more patients with hypertension history than
the other two groups (P<0.05) (7able I).

The median duration from the onset of symptoms to
diagnosis was 120.0 (72.0-240.0) months. This finding was
different than the registry studies on idiopathic and familial PAH
patients reported by Rich et 4l. (5) (24.4+58.8 months), Humbert
et al. (15) (27 months) and Jing et al. (7) (26.4+27.6 months).
The duration had significant differences among the
three groups (P<0.05), suggesting that the patients with
PH usually suffer from a long period (median 10 years)
of chronic respiratory diseases and the severity of PH
is relevant to the duration of the underlying disease.
Weitzenblum ez /. (16) found that mPAP increased by
an average of 1.47 mmHg each year in a small follow-up
study of COPD patients.

Dyspnea is the most common presenting symptom of PH
patients. As the disease progresses, the pulmonary arterial
pressure increases and overwhelms the compensatory
mechanism. Chaouat ez 4/. (17) reported that COPD
was usually associated with mild PH and it was clinically
difficult to distinguish PH from other airway diseases.
Before the obvious symptoms of pulmonary heart disease
occur, including lower extremity edema and abdominal
distension, it is difficult to identify PH in patients with
no specific symptoms. Dyspnea was the most common
symptom in our study (93.51%), similar to the American
registry reported by Rich et al. (5) and D’alonzo et 4l. (6)
Other similar symptoms included lower extremity edema,
chest pain and palpitations. In our study, chronic respiratory
disease-associated PH also presented with cough, sputum
and hemoptysis, which were different presentations than
other studies. Once hemoptysis occurred, PH was thought
to be more serious (P<0.05). Therefore, patients presenting
dyspnea and hemoptysis with a long history of chronic
respiratory disease, usually 10 years or more, should be
evaluated for PH.

In this study, the severity of respiratory disease-related
PH was greatly dependent on the type of the underlying
disease. COPD was the most common underlying disease
with comorbid, generally mild-to-moderate, PH (78.35%).
Chaouat et al. (17) reported that the prevalence of COPD-
related severe PH was only 1.1%. But PH often occurs as
a complication in patients with advanced COPD and leads
to limitation of lung function, and the severity of PH is not
proportional to that of the patient’s condition. CTEPH
is classified as WHO Group 4 PH (12), which presents
with severe PH in our study, although the prevalence
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was relatively low (9.6%). Interestingly, we found that
pulmonary bullae (44.16%) and pulmonary tuberculosis
(38.82%) were the second and third common underlying
PH-related pulmonary diseases. We speculate that the
destruction of the pulmonary vascular bed, as well as lung
and airway irreversible injury, may play an important role in
the development of this kind of PH.

Interestingly, in this study, elevated HCT presented
as a risk factor in these patients. This finding is probably
attributed to the secondary polycythemia caused by long-
term hypoxia. Brown ez al. (18) pointed out that HCT was
an independent and complex risk factor for cardiovascular
disease. The risk of major coronary events was significantly
increased at an HCT level exceeding 46.0% compared to
those with HCT less than 46.0%, even after adjustments for
other risk factors (19). Some research implicated increased
HCT as a risk factor for coronary events (19-21), while
some other investigations did not (22-24). We indicate
that in this study there might also be a threshold effect in
the relationship between HCT and PH. However, studies
concerning this point are so far limited and need more
evidence to explain and support the relationship between
HCT and PH.

NT-proBNP is a biochemical marker of myocardial
cell damage and ventricular dysfunction released from
the ventricle. NT-proBNP is an N-fragment of splinted
BNP (brain natriuretic peptide). Both of BNP and N'T-
proBNP have similar physiological function that may
cause vasodilatation and natriuresis. In patients with PH,
the abnormal structure and function of the right heart can
lead to increased NT-proBNP and BNP. Therefore the
severity, effectiveness, survival and prognosis of the disease
are reflected through these two biochemical markers,
which are closely related to the change of hemodynamics
that are important indexes for the monitor of right heart
failure. Bozkanat er 4/. (25) found that BNP and pulmonary
arterial pressure fit in a linear correlation with correlation
coefficient 0.68. In patients with CTEPH, the correlation
coefficient between BNP and PVR was 0.63 (26). In this
study, N'T-proBNP had significant differences among the
three groups (P<0.01). We inferred that NT-proBNP could
predict the severity of PH, decreased or persistently low
levels of BNP and NT-proBNP might indicate effective
control of PH hemodynamic changes in this population of
PH patients.

As this was a retrospective study, the possibility of
selection bias could not be avoided. However, lack of RHC
data is also a limitation of our research. In addition, this
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was a single center clinical study. If multicenter clinical
studies would be conducted nationwide on this basis, the
research results from the Chinese population could be more
accurate, practical and significant. We assert that these
discoveries will contribute to a better understanding of the
relationship between PH and chronic respiratory diseases,
which in turn will benefit optimization of new treatment
strategies, providing new clinical research directions and
more mechanisms for future studies. These benefits would
be valuable and meaningful to the prognosis of patients with
PH related to chronic respiratory disease.
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