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Clinical characteristics and survival of patients with
three major connective tissue diseases associated with
pulmonary hypertension: A study from China
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Abstract. The present cross-sectional study investigated the
clinical characteristics and survival of patients with three
types of connective tissue disease associated with pulmonary
hypertension (CTD-PH) diagnosed early by echocardiog-
raphy. A total of 218 patients with CTD-PH were included
in the present study. Patients with the three major types of
CTD, namely systemic lupus erythematosus (SLE), systemic
sclerosis (SSc) and primary Sjogren's syndrome (pSS), were
included. PH was diagnosed based on pulmonary arterial
systolic pressure >35 mmHg, as measured by Doppler echo-
cardiography. Demographic data, clinical features, laboratory
results and echocardiographic parameters were collected and
analyzed. The Kaplan-Meier method was used to calculate
survival rates. Multivariate analysis was used to identify inde-
pendent factors affecting mortality. Compared with patients
with CTD with pSS (6.5%) or SLE (3.8%), those with SSc had
a higher prevalance of PH (12.9%). Patients with SSc-PH had
the highest rate of lung involvement (81.2%) and 42.2% of
patients were classified as World Health Organization-function
class III/IV at the time of diagnosis with PH. The overall
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survival rate among patients with CTD-PH at 1, 3 and 5 years
was 81.4, 72.4 and 56.9%, respectively. Patients with SLE-PH
appeared to have the most favorable prognosis and patients
with SSc-PH had the poorest relative outcomes. Multivariate
analysis revealed that age =50 years was the only independent
risk factor for mortality. In conclusion, among the patients
with CTDs investigated, the prevalence of PH was highest
among those with SSc. Patients with SSc-PH had the highest
prevalence of pulmonary involvement, the lowest survival rate
and the worst prognosis.

Introduction

Pulmonary arterial hypertension (PAH) is characterized by
progressive increases in pulmonary vascular resistance and
pulmonary arterial pressure, which ultimately lead to right
heart failure and death (1,2). Registry data have indicated that
connective tissue disease (CTD) is the second leading cause
of PAH. Idiopathic PAH accounts for 46% of all cases and
CTD associated with PAH (CTD-PAH) accounts for ~25% (3).
The prevalence of CTD-PAH differs among different popula-
tions. For instance, several studies from the US and Europe
have investigated systemic sclerosis (SSc)-associated PAH
(SSc-PAH), which accounts for ~75% of all CTD-PAH cases,
followed by systemic lupus erythematosus (SLE)-PAH (8-19%),
mixed CTD (MCTD)-PAH (8-9%) and primary Sjogren's
syndrome (pSS)-PAH (1%) (3). However, cohort studies from
Japan (4), South Korea (5) and China (6,7) indicated that
SLE-PAH was the most common type of CTD, followed by
SSc, pSS and MCTD. These results suggested that the clinical
characteristics and prognosis of Asian patients with CTD-PAH
may differ from those of patients with CTD-PAH in Western
countries.

PAH is one of the leading causes of morbidity and mortality
among patients with CTD-PAH (7). The 1- and 3-year survival
rates among patients with CTD-PAH are ~80 and 50%, respec-
tively. Prognosis is less favorable for patients with SSc-PAH
compared with that for patients with SLE-PAH in Western and
Asian countries (6,7). A retrospective review of patients with
SLE from Peking Union Medical College Hospital (PUMCH;
Beijing, China) over the last 30 years revealed that pulmonary
hypertension (PH) was the third most common cause of
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death, after lupus encephalopathy and renal involvement (8).
PH may occur in isolation or in association with interstitial
lung disease (ILD), the latter of which is probably caused
by pulmonary interstitial lesions, which increase resistance
in the pulmonary circulation (1). Increased resistance in the
pulmonary circulation impairs oxygen exchange, causing
long-term hypoxia, which promotes the pathogenesis of
PH (1). Previous studies have indicated that mortality is higher
in patients with CTD-PH and lung involvement, compared
with that in patients with isolated PH (1,6,9). In the modern
treatment era, targeted therapies have improved the outcomes
for patients with PH, including exercise capacity, World Health
Organization-function class (WHO-FC) and hemodynamic
parameters (10,11). However, less satisfactory outcomes
were observed after treatment in Chinese patients (1-3,10,11).
Therefore, early screening for PH and expedient diagnosis are
important to improve the prognosis of patients with CTD-PAH.
Doppler echocardiography is a non-invasive technology
and has been used routinely as a tool to screen for and detect
early-stage PAH. Pulmonary arterial systolic pressure (PASP),
as measured by echocardiography, has been indicated to
correlate with hemodynamic parameters, as measured by
right heart catheterization (RHC) (1,5,12-14). The echocardio-
graphic method most commonly used to detect PH estimates
right ventricular systolic pressure based on maximal tricuspid
regurgitation velocity (TRV). Patients with TRV >3.4 m?
(corresponding to a PASP >50 mmHg) or with TRV between
2.9 and 3.4 m? (corresponding to a PASP between 35 and
49 mmHg) in the presence of other signs are considered to have
PH. Echocardiography based on the estimation of PASP has
an estimated sensitivity of 0.79-1.00 and specificity of 0.6-0.98
for the detection of PH, as confirmed by RHC (1,3,5,9-14). pSS
was recognized as a major CTD-associated PAH in China and
this trend remained consistent in South Korea and Japan (4,5).
Though the pathology of SLE, SSc and pSS is characterized as
vasculitis in certain patterns, the difference in survival among
SSc-, SLE- and pSS-associated PAH remains unexplained.
Previous studies indicated that right cardiac insufficiency
was a significant predictor of mortality for patients with
CTD-PAH (3-5), but there is currently no consensus regarding
prognostic risk factors such as age, Raynaud's phenomenon,
pericardial effusion and ILD. Therefore, in the present study,
the clinical characteristics of patients with three major CTDs
(SLE, SSc and pSS) associated with early diagnosed PH were
investigated and the associated controversial progressive factors
were explored. Patients in a southwestern region of China were
evaluated with Doppler echocardiography to provide a compre-
hensive understanding of CTD-PH and to facilitate the early
recognition, prevention and treatment of PH in CTD.

Materials and methods

Patient selection

Inclusion criteria. A total of 4,153 hospitalized patients with
one of the three major CTDs (3,133 SLE, 497 SSc and 523 pSS)
were included in calculations of the prevalence rate. A total
of 218 patients with CTD-PH (120 patients with SLE-PH,
64 patients with SSc-PH and 34 patients with pSS-PH)
encountered at the First Affiliated Hospital of Guangxi
Medical University (Nanning, China) between October 2012

and January 2018 were retrospectively included in the present
study. SLE was diagnosed according to the American College
of Rheumatology (ACR) criteria, which were revised in 1997
and 2012 (15). SSc was diagnosed according to the American
Rheumatism Association criteria established in 1980 and
confirmed by the ACR/European League Against Rheumatism
(EULAR) classification criteria developed in 2013 (16). The
SSc subtype was defined as limited cutaneous disease (IcSSc)
if skin thickening was confined to distal extremities (below the
elbows and knees) and above the clavicles. SSc was defined
as diffuse cutaneous disease (dcSSc) if skin thickening
involved the proximal extremities and the torso (16). pSS
was diagnosed according to the revised criteria proposed by
the American-European Consensus Group in 2002 (17). All
patients were >14 years of age.

The patients with the three major types of CTD were
assessed by Doppler echocardiography at the time of first visit
to our hospital with the presence or absence of symptoms in
order to screen for and detect early-stage CTD-PH at the initial
evaluation. PASP >35 mmHg was defined as early diagnosed
CTD-PH and such patients were enrolled in the present study.
According to the PASP, the severity of each patient's PH was
classified as mild (36-50 mmHg), moderate (51-70 mmHg) or
severe (=71 mmHg) (3.9,12). Echocardiography was performed to
evaluate the right-heart morphology in all patients. The measure-
ments obtained included right atrial and ventricular enlargement,
as well as main pulmonary artery widening (diameter >26 mm).
Lung involvement may affect pre-capillary arterioles in PAH or
post-capillary venules in pulmonary veno-occlusive disease (3).
As no right cardiac catheterization and pulmonary function tests
were performed, it was not possible to confirm cases of isolated
PAH. Patients with SSc, pSS with ILD or SLE who had lung
involvement (such as diffuse alveolar hemorrhage and acute
lupus pneumonia) were included in the study.

Exclusion criteria. Other CTDs associated with PH, including
rheumatoid arthritis, MCTDs, Takayasu arteritis, adult-onset
Still's disease and undifferentiated CTD, were excluded from
the present study, as they were rarely encountered at our center.
Patients with overlapping syndrome were also excluded from
the study.

PH caused by other conditions described in the 2015
European Society of Cardiology and the European Respiratory
Society guidelines (1) for the Diagnosis and Treatment of PH
were excluded from the study: Definite history of idiopathic
PAH, obstructive sleep apnea, chronic obstructive pulmonary
disease, primary valvulopathy, pulmonary disease with a
mixed restrictive or obstructive pattern, portal hypertension,
left heart disease, drug/toxin exposure, HIV infection or any
other diseases known to be associated with PH (1).

Data collection. Demographic data, baseline clinical features,
laboratory results and echocardiographic parameters were
collected for analysis. The data collected at the time of PH
diagnosis included age, sex, duration of CTDs, duration from
the onset of PH-associated symptoms (exertional dyspnea,
chest pain, chest tightness and cough) to the initial diagnosis
of PH, WHO-FC, serological autoantibody profiles, N-terminal
pro-brain natriuretic peptide (NT-proBNP) levels and other
biochemical parameters. Specific clinical manifestations were
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recorded, including dyspnea, cough, expectoration, edema,
chest tightness, chest pain, Raynaud's phenomenon, ischemic
ulcer/pit and pericardial effusion. High-resolution computed
tomography (HRCT) scans were performed routinely to
evaluate ILD and the severity of pulmonary fibrosis was scored
individually. In brief, each lung was divided into three zones:
Upper (lung apex to aortic arch), middle (aortic arch to inferior
pulmonary veins) and lower (inferior pulmonary veins to lung
base). The extent of pulmonary abnormality in each of these six
zones was scored using a scale from O to 4 (0, absent; 1, 1-25;
2, 26-50; 3, 51-75; and 4, 76-100%). Pulmonary fibrosis was
characterized as pure ground-glass opacity, pulmonary fibrosis
or honeycomb cysts (18). The HRCT images were scored
according to the research of Goldin ez al (18) by two radiologists
(>20 years working experience) independently, when discrepan-
cies occurred, a consensus was reached after discussion. For
each patient with CTD, the disease activity was scored: The
SLE activity index score (SLEDALI) for patients with SLE (12);
the modified Rodan skin score (mRSS) for SSc (19); and the
EULAR Sjogren syndrome disease activity index (ESSDAI) for
PSS (20). Any history of clinical treatment for CTD-PH, such as
the use of glucocorticoids, immunosuppressants or pulmonary
vasodilators, was also recorded. The initial dose of glucocor-
ticoid [<0.5 and 1-2 mg/kg/day (d), as well as 0.5-1 kg/d] was
determined based on the patient's condition and level of CTD
disease activity. The immunosuppressants used alone or in
combination among patients with CTD included cyclophos-
phamide pulse [one pulse of 500 mg/m? per month (mo) for
6-8 mo], azathioprine (100 mg/d), cyclosporine (3-5 mg/kg/d,
bid), methotrexate (10-15 mg, weekly), leflunomide (20 mg/day),
thalidomide (50-75 mg/day), mycophenolate mofetil (75 mg,
bid) and tripterygium glycosides (50 mg, tid). The PAH-specific
therapies administered included endothelial receptor antagonists
(bosentan and ambrisentan), phosphodiesterase type 5 inhibi-
tors (sildenafil, tadalafil), and beraprost. The specific method
used for drug delivery and the dosage of immunosuppressants
administered throughout disease treatment were individualized
according to the patient's condition. The survival status was
determined by telephone interview or through evaluation of
the medical record. All patients were followed up at 1 year or
until they met the end-point of death up to January 2019. These
patients were included in for survival analysis. To calculate the
survival rate, an end-point of either the date of death or the last
date of follow-up at the outpatient clinic was recorded.

Statistical analysis. Statistical analysis was performed with
SPSS version 24.0 (IBM Corp.). Continuous variables are
expressed as the mean + standard deviation. Normally distrib-
uted data were compared using Student's t-test or one-way
ANOVA followed by the least-significant difference post-hoc
test. Non-normally distributed data are suitably expressed as
the median (range or 25/75th percentile) and compared using
Mann-Whitney U tests. Categorical variables are expressed
as n (%) and compared using the ¥ test. Survival rates were
calculated with the Kaplan-Meier method (log rank test). The
primary end-point was all-cause death. Rates of survival at 1, 3
and 5 years were also determined. Univariate and multivariate
logistic regression analysis with the Cox proportional hazards
model was used to identify independent factors influencing
mortality. The results are presented as hazard ratios (HRs)

with 95% confidence intervals (CIs). P<0.05 was considered to
indicate statistical significance. The figure was prepared with
GraphPad Prism 8 (GraphPad Software, Inc.).

Results

Comparison of demographic and baseline clinical char-
acteristics among groups. The demographic and baseline
clinical characteristics were compared among patients with
SLE-PH, SSc-PH and pSS-PH. Patients with SSc were most
likely to have PH [64/497 (12.9%)], followed by those with pSS
[34/523 (6.5%)] and then by those with SLE [120/3,133 (3.8%)].
Among the 218 patients with CTD-PH included in the present
study, SLE-PH was most common (54.8%), followed by SSc
(29.2%) and pSS (16.0%). Demographic data, baseline clinical
characteristics and treatments are presented in Table I. The
mean age at the time of PH diagnosis was 47.47+38.70 years.
Patients with SLE-PH were younger (40.54+49.82 years)
than those with SSc-PH (58.02+10.93 years; P<0.05) and
patients with SSc-PH were younger than those with pSS-PH
(52.09+16.08 years; P>0.05). The overall study group included
more females than males (83.9 vs. 16.1%), with a significantly
different sex ratio. There were more females in the SLE-PH
than SSc-PH the group (92.5 vs. 68.8%; P<0.05). The overall
median duration of CTDs was 12 mo (range, 1-336 mo) and
the median duration was by far the highest in patients with
SSc-PH. The median duration of symptoms prior to the
diagnosis of PH was 3 mo (range, 1-168 mo) and the median
duration was highest in patients with pSS-PH. The rate of
smoking was highest in patients with SSc-PH among all
study groups. A total of 189 patients with CTD (86.7%) had
PH-related symptoms. The most common clinical symptom
of CTD-PH was dyspnea (65.6%), followed by cough (51.4%),
expectoration (39.9%), edema (34.4%), chest tightness (25.7%)
and chest pain (14.2%). Raynaud's phenomenon appeared in
38.5% of patients with CTD-PH and was the most common
symptom in patients with SSc-PH. Among all patients with
CTD-PH, 42.2% were classified as WHO-FC III/IV (53.2% of
patients with SSc-PH, 44.2% of those with SLE-PH and 35.3%
of those with pSS-PH). In addition, patients with SSc-PH had
the highest prevalence of lung involvement (81.2%), followed
by patients with pSS (58.8%) and then by patients with SLE
(30.0%). When biochemical parameters were compared
among the CTD-PH groups (data without significance were
not shown), alkaline phosphatase (ALP) levels exhibited a
significant difference. Although ALP levels were higher in
the pSS-PH group than those in the SLE-PH and SSc-PH
groups (P<0.05), the mean values remained within normal
limits. Levels of NT-proBNP were elevated to various degrees
in all three groups, with the greatest increase observed in the
SLE-PH group. The level of IgG was higher in the pSS-PH
group than that in the other two groups (P<0.05), likely due to
the hyperglobulinemia associated with pSS. The antinuclear
antibody (Ab) and anti-extractable nuclear antigen Ab staining
patterns were consistent with the characteristics of CTD.
Pulmonary arterial pressure was mildly to moderately elevated
in 80.3% of patients with CTD-PH. PASP was higher in the
pSS group than in the SLE or SSc groups (P<0.05). Pericardial
effusion was more common in patients with SLE-PH due to
the nature of the disease. However, no differences among the
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Table I. Comparison of demographic and baseline clinical characteristics among patients with different types of CTD-PH.

Item Total (n=218) SLE-PH (n=120) SSc-PH (n=64) pSS-PH (n=34) P-value
Prevalence of PH* 218/4,153 (5.2) 120/3,133 (3.8) 64/497 (12.9) 34/523 (6.5)
Age (years) 47.47+38.70 40.54+49 .82 58.02+10.93° 52.09+16.08 0.001
Female 183 (83.9) 111 (92.5) 44 (68.8) 28 (82.4) <0.001
Duration of CTDs (mo) 12 (1-336) 9.5 (1-336) 21.5 (1-240)° 12 (1-108) 0.007
Duration from symptom 3 (1-168) 2 (1-84) 7 (1-108) 12 (1-168) <0.001
onset to PH diagnosis (mo)
Smoking 20 (9.2) 3.7 15 (23.4)° 2(59) <0.001
BMI (kg/m?) 20.63+£2.97 20.65+3.04 20.50+£2.93 20.79+2 .84 0.977
Hypertension 45 (20.6) 21 (17.5) 18 (28.1) 6 (17.6) 0.213
Dyspnea 143 (65.6) 71 (49.7) 46 (71.9) 26 (65.6) 0.078
Cough 112 (51.4) 63 (52.5) 34 (53.1) 15 (44.1) 0.652
Expectoration 87 (39.9) 44 (36.7) 31 (48.4) 12 (36.7) 0.250
Raynaud's phenomenon 84 (38.5) 25 (20.8) 52 (81.2)° 7 (20.6)° <0.001
Edema 75 (34.4) 56 (46.7) 16 (25.0)° 3(8.8)° <0.001
Chest tightness 56 (25.7) 35(29.2) 13 (20.3) 8 (23.5) 0.404
Chest pain 31(14.2) 20 (16.7) 5(7.8) 6 (17.6) 0.215
Syncope 6(2.8) 5(42.0) 0(0.0) 12.9) 0.259
WHO-FC 0.297
I 79 (36.2) 48 (40.0) 23 (35.9) 8 (23.5)
I 47 (21.6) 19 (15.8) 14 (21.9) 14 (41.2)
1 53 (24.3) 26 (21.7) 16 (25.0) 11 (32.4)
v 39 (17.9) 27 (22.5) 1(28.2) 12.9)
Lung involvement 108 (49.5) 36 (30.0) 52 (81.2)° 20 (58.8)"¢ <0.001
ALP (U/T) 73.82+58.21 66.94+39.93 75.62+37.38 95.81£116.13%¢ 0.046
NT-proBNP (pg/ml) 2,761.5 44115 1,333.0 811.0 0.004
(966.3, 10,816.0) (2,303.5,14,0650)  (181.2,10,342.0)°  (472.8,2,682.0)
IgG (g/) 15.18 15.02 14.75 18.13 0.065
(11.64,21.06) (11.33,21.61) (11.55,17.61) (13.83,28.69)"¢
Auto-Abs
ANA 211 (96.8) 117 (97.5) 61 (91.3) 33 (97.1) 0.722
Anti-centromere Ab 13 (6.0) 1(0.8) 9 (14.1)° 3 (8.8)°¢ 0.001
Anti-nRNP/Sm Ab 81(37.2) 65 (54.2) 5(7.8)° 11 (32.4)°¢ <0.001
Anti-phospholipid Ab 5(2.3) 4 (3.3) 0 (0) 1(3.3) 0.335
Glucocorticoids 211 (96.8) 118 (98.3) 61 (95.3) 32 (94.1) 0.343
Immunosuppressants 201 (92.2) 112 (93.3) 59 (92.2) 30 (88.2) 0.646
Vasodilator therapy
Use of medications 94 (43.1) 48 (40.0) 32 (50) 14 (41.2) 0414
Combination therapy 19 (204) 11 (234) 3(94) 5(35.7) 0.097

2Among patients with that type of CTD; *P<0.05 vs. SLE-PH; °P<0.05 vs. SSc-PH. Values are expressed as the mean + standard deviation, n (%)
or the median (range/the 25 and 75th percentiles). Ab, antibody; ALP, alkaline phosphatase (normal range, 35-100 U/l); ANA, antinuclear Ab;
BMI, body mass index; CTD, connective tissue disease; [gG, immunoglobulin G (normal range, 8-18 g/1); mo, months; NT-proBNP, N-terminal
pro-brain natriuretic peptide (normal range, 0-125 pg/ml); PH, pulmonary hypertension; pSS, primary Sjogren's syndrome; SLE, systemic lupus
erythematosus; SSc, systemic sclerosis; WHO-FC, World Health Organization-function class; nRNP/Sm, nuclear ribonucleoprotein/Smith.

groups were observed in the degree of PH divided by the PASP
or parameters of right-heart morphology (right atrial and
ventricular enlargement, main pulmonary artery widening).
The rate of left ventricular compliance decrease was signifi-
cantly different among the groups (especially in the SSc-PH
group; P<0.05) (Table II).

Comparison of demographic and baseline clinical characteris-
tics between survivors and non-survivors. Symptoms of dyspnea,
expectoration and chest tightness were more common among
non-survivors than survivors. The duration of symptoms prior to
diagnosis of PH was longer in non-survivors (median, 8 mo; range,
1-168 mo) than in survivors (median, 2 mo; range, 1-144 mo). The
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Table II. Comparison of baseline echocardiographic characteristics among groups of patients with connective tissue disease-PH.

Item Total (n=218)  SLE-PH (n=120)  SSc-PH (n=64) pSS-PH (n=34)  P-value
PASP (mmHg) 56.28+21.54 56.54+21.29 50.16+14.39* 66.91+28 .82 0.001
Degree of PH 0.146

Mild 114 (52.3) 62 (51.7) 39 (60.9) 13 (38.2)

Moderate 61 (28.0) 31 (25.8) 18 (28.1) 12 (35.3)

Severe 43 (19.7) 27 (22.5) 7(10.9) 9 (26.5)
Pericardial effusion 134 (61.5) 93 (77.5) 29 (45.3)* 12 (35.3)* <0.001
Right atrium enlargement 58 (27.1) 36 (30.0) 12 (18.8) 11 (32.4) 0.197
Right ventricle enlargement 52 (23.9) 30 (25.0) 11 (17.2) 11 (32.4) 0.223
Main pulmonary artery widening 73 (33.5) 47 (39.2) 22 (34.4) 13 (38.2) 0.813
Decreased left ventricular compliance 103 (47.2) 46 (55.5) 44 (68.8)" 14 (38.2)° <0.001
EF (%) 67.7£10.47 66.65+9.81 69.56+11.74 66.40+5.31 0.251

1P<0.05 vs. SLE-PH; "P<0.05 vs. SSc-PH. Values are expressed as the mean + standard deviation or n (%). EF, ejection fraction; PASP,
pulmonary arterial systolic pressure; PH, pulmonary hypertension; pSS, primary Sjogren's syndrome; SLE, systemic lupus erythematosus;

SSc, systemic sclerosis.

proportion of patients with WHO-FC III/IV in the non-survivor
group (58.9%) was significantly higher than the proportion in
the survivor group (35.1%; P=0.003). Compared with survivors,
non-survivors had higher levels of NT-proBNP (Though with was
not significant) and ALP, likely due to right ventricular dysfunc-
tion being more common among non-survivors than among
survivors (6,7). Lung involvement was also more common among
non-survivors compared with survivors (44.4 vs. 58.9%, P=0.075;
Table III). In the subgroup analysis of SSc-PH and pSS-PH, ILD
HRCT scores were higher among non-survivors than among
survivors (SSc, 20.33+£3.92 vs. 12.72+8.95; pSS, 31.43+14.95 vs.
13.5+10.24; P<0.05; data not shown). Compared with CTD-PH
survivors, non-survivors had higher PASP (P=0.001) and a
higher proportion of cases with moderately to severely elevated
pulmonary arterial pressure (P=0.001). Non-survivors also had a
higher prevalence of right atrial enlargement and right ventricular
enlargement (P<0.05; Table IV).

Analysis of the impact of CTD disease activity on prognosis
for patients with PH indicated that the SLEDAI scores were
suggestive of high activity in both survivors and non-survivors,
with no significant difference between groups (15.32+6.66 vs.
16.40+1.48; P=0.528; data not shown). Among the 64 patients
with SSc-PH included in the study, 22 (34.3%) had 1cSSc and
42 (65.6%) had dcSSc. Among the 47 patients with SSc-PH
who were followed up, there was no significant difference in
mortality between the IcSSc and dcSSc cases [43.8% (7/16)
vs. 45.2% (14/31), respectively; P=0.927], nor was there any
significant difference between survivors and non-survivors
in terms of mRSS scores for the degree of skin fibrosis
(26.88+10.45 vs. 24.65+11.18, respectively; P=0.493) (above
data not shown). Compared with non-survivors of pSS-PH,
survivors of pSS-PH had higher levels of immunoglobulin G
(IgG) [24.93 (15.16,32.43) vs. 13.33 (11.69,15.11) g/1]; P=0.020]
and ESSDAT [(22.88+10.90 vs. 13.38+2.92; P=0.025] (data not
shown).

Determination of prognosis and predictors of mortality in
patients with CTD-PH. Among the 218 patients included in

the present study, 96.5% received glucocorticoids and 92.5%
received immunosuppressive agents at the time of their
diagnosis with CTD. A total of 72 patients (41.6%) in 173
follow-up patients received specific pulmonary vasodilator
therapy for PH and 14 patients (8.1%) received combination
therapy. No significant difference in the frequency with which
these treatments were administered was observed between
non-survivors and survivors (Table III). Short-term usage of
targeted treatments was common and patients with CTD-PH
were typically unable to continue targeted treatment for >6 mo.

The mean duration of follow-up after PH diagnosis was
26.17+20.66 months. A total of 173 patients were followed up,
including 98 patients with SLE-PH, 47 with SSc-PH and 28 with
pSS-PH. The rates of mortality during the follow-up period were
26.3, 48.8 and 41.7%, respectively. The overall survival rates at
1, 3 and 5 year were 81.4, 72.4 and 56.9%, respectively. The
rate of survival tended to be lowest among patients with SSc
(75.3, 63.0, 50.1%), followed by patients with pSS (73.7,59.7 and
59.7%) and then by patients with SLE (84.7, 77.9 and 58.9%);
however, there was no significant difference among these three
subgroups of patients with CTD-PH (P=0.177; Fig. 1).

Univariate Cox regression analysis of risk factors for
mortality among patients with CTD-PH identified age
=50 years, PH severity, enlargement of the right ventricle,
WHO-FCIII/IV,dyspneaand expectoration as influencing vari-
ables. However, in the multivariate analysis, only age =50 years
was an independent risk factor for mortality (Table V).

Discussion

In the present study, the clinical manifestations and survival
rates associated with three major CTDs accompanied by
PH were investigated. The study included patients from
southwestern China who had been diagnosed with the condi-
tion based on the results of echocardiography, with the aim
to screen and detect early-stage PH. The prevalence of PH
was highest among patients with SSc, while the SLE group
accounted for the largest population among patients with



Table III. Comparison of demographic and baseline clinical characteristics in CTD-PH survivors and non-survivors.
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Item Total (n=173) Survivors (n=117) Non-survivors (n=56) P-value
Age (years) 47.47+38.70 48.04+50.07 50.46+18.61 0.727
Female sex 146 (84.4) 100 (85.5) 46 (82.1) 0.573
Duration of CTDs (mo) 12 (1-336) 12 (1-336) 14 (1-132) 0.215
Duration from symptom onset 3 (1-168) 2 (1-144) 8 (1-168) 0.024
to PH diagnosis (mo)
Smoking 16 (9.2) 7 (6.0) 9(16.1) 0.032
BMI (kg/m?) 20.63+2.97 20.75+2.80 20.45+3.10 0.523
Hypertension 39 (22.5) 21 (17.9) 18 (32.1) 0.037
Dyspnea 112 (64.7) 68 (58.1) 44 (78.6) 0.008
Cough 87 (50.3) 54 (46.2) 33 (58.9) 0.116
Expectoration 67 (38.7) 38 (32.5) 29 (51.8) 0.015
Raynaud's phenomenon 62 (35.8) 38 (32.5) 24 (42.9) 0.183
Edema 54 (31.2) 34 (29.1) 20 (35.7) 0.377
Chest tightness 44 (25.4) 24 (20.5) 20 (35.7) 0.032
Chest pain 25 (14.5) 18 (15.4) 7(12.5) 0.614
Syncope 529 2(1.7) 3(54) 0.330
WHO-FC 0.013

I 65 (37.6) 49 (41.9) 16 (28.6)

1T 34 (19.7) 27 (23.1) 7(12.5)

1T 44 (25.4) 27 (23.1) 17 (30.4)

v 30 (17.3) 14 (12.0) 16 (28.6)
Lung involvement 85 (49.1) 52 (44 .4) 33 (58.9) 0.075
ALP (U/1) 73.82+58.21 63.98+38.45 86.32+91.73 0.026
NT-proBNP (pg/ml) 2,761.5 (966.3,10,800.0) 2,586.0 (811.0,5,731.0)  3,277.0 (1,062.0, 15,000) 0.305
IgG (g/l) 15.18 (11.64,21.06) 3.37(1.62,3.37) 15.01 (10.67,20.05) 0419
Auto-Ab

ANA 166 (96.0) 111 (94.9) 55 (98.2) 0.297

Anti-centromere Ab 9(5.2) 6(5.1) 3(54) 0.950

Anti-nRNP/Sm Ab 67 (38.4) 48 (41.0) 19 (33.9) 0.370

Anti-phospholipid Ab 52.9) 434 1(1.8) 1.000

Glucocorticoids 167 (96.5) 115 (98.3) 52 (92.9) 0.087

Immunosuppressants 160 (92.5) 111 (94.9) 49 (87.5) 0.121
Vasodilator therapy

Use of medications 72 (41.6) 49 (41.9) 23 (41.1) 0.920

Combination therapy 14 (8.1) 9(7.8) 5(8.9) 0.793

Values are expressed as the mean =+ standard deviation, n (%) or the median (range/the 25 and 75th percentiles). Ab, antibody; ALP, alka-
line phosphatase; ANA, antinuclear Ab; BMI, body mass index; CTD, connective tissue disease; Ig, immunoglobulin; mo, months;
NT-proBNP, N-terminal pro-brain natriuretic peptide; PH, pulmonary hypertension; WHO-FC, World Health Organization-function class;

nRNP/Sm, nuclear ribonucleoprotein/Smith.

CTD-PH. Patients with CTD-PH who were screened early
with Doppler echocardiography, particularly those with lung
involvement, had less favorable prognoses. Therefore, early
recognition by echocardiography and early treatment (particu-
larly with vasodilators) should be attempted to counteract the
poor prognosis exhibited by patients with CTD-PH.

The distribution of types of CTD associated with PAH
varies across different regions. For instance, SSc-PAH predom-
inates in Western cohorts (3). In Asian cohorts, SLE-PAH
is the most common type of CTD associated with PAH and
SSc-PAH is least common. One study of 129 Chinese patients

with CTD-PAH reported that the type of CTD most commonly
associated with PAH was SLE (49%), followed by pSS (16%),
MCTD (9%) and SSc (6%) (6). A study performed at PUMCH
suggested that patients with PAH were more likely to have SLE
(58.4%) than to have SSc (26.3%) or pSS (15.3%) (7). Similar
results were reported in cohort studies based on data obtained
from national registries in Japan (4) and South Korea (5).
Consistent with the aforementioned results of Asian studies,
the present study determined that the most common type of
CTD-PH was SLE-PH (120/218, 54.8%), while PH was most
common among patients with SSc (64/497, 12.9%).
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Table IV. Comparison of baseline echocardiographic characteristics between connective tissue disease-PH survivors and

Nnon-survivors.

Item Total (n=173) Survivors (n=117) Non-survivors (n=56) P-value
PASP (mmHg) 56.28+21.54 51.85+18.61 63.46+£23.02 0.001
Degree of PH 0.009

Mild 95 (55.2) 74 (63.2) 21 (37.5)

Moderate 46 (26.7) 26 (22.2) 20 (35.7)

Severe 31 (18.0) 17 (14.6) 15 (26.8)
Pericardial effusion 103 (59.5) 72 (61.5) 31(554) 0.438
Right atrium enlargement 49 (28.3) 27 (23.1) 22 (39.3) 0.027
Right ventricle enlargement 44 (25.4) 21 (17.9) 23 (41.1) 0.001
Main pulmonary artery widening 66 (38.2) 42 (35.9) 24 (42.9) 0.378
Decreased left ventricular compliance 81 (46.8) 49 (41.9) 32 (57.1) 0.060
EF (%) 67.70+£10.48 66.49+10.33 67.93+12.55 0.511

Values are expressed as the mean + standard deviation or n (%). EF, ejection fraction; PASP, pulmonary arterial systolic pressure; PH, pulmo-

nary hypertension.
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Figure 1. Kaplan-Meier survival analysis of patients with three major types
of connective tissue disease-PH. PH, pulmonary hypertension; pSS, primary
Sjogren's syndrome; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.

In terms of survival, the present results indicated that dispar-
ities in disease distribution did not affect the risk of death. The
1-, 3- and 5-year survival rates among patients with CTD-PH
were 81.4,72.4 and 56.9%, respectively, in accordance with the
results previously reported by Hao et al and Zhao et al (6,7).
However, the survival rates reported in the present study are
higher than those reported in the REVEAL study (21) and in
the study by Condliffe et al (9). These differences in survival
rates may reflect variations in the prevalence of CTDs.

Prognosis appeared to be most favorable among patients
with SLE-PH and poorer among patients with SSc-PH as
compared with patients with PH with other types of CTDs.
Several reasons may account for this difference. In the present
study, mean patient age and CTD disease duration were lower
among patients with SLE-PH as compared with those in patients
with SSc-PH. These patterns may reflect differences in the
pathogenesis of inflammation and immune system dysfunction
or differences in the response to immunosuppression thera-
pies (7,22). The pathological features of SLE are inflammatory

lesions in small vessels throughout the circulatory system.
Pulmonary hypertension in patients with SLE may be caused
by acute inflammatory cell infiltration, vasospasm or micro-
thrombus formation. Therefore, pulmonary arterial pressure
may decrease or return to normal after active immunosuppres-
sion and anticoagulation in patients with SLE-PH. Patients
with SSc-PH exhibit vascular lesion reactions, including
chronic inflammatory cell infiltration, vascular endothelial
damage, vascular remodeling and angiostenosis, all of which
result in irreversible pathologic changes in pulmonary vessels.
These patients may also respond poorly to immunosuppres-
sive treatment (22). Finally, lung involvement has varying
effects on prognosis in patients with CTD-PH (6,7). Lung
involvement that occurs in SLE is more likely to appear as
acute interstitial pneumonia, diffuse alveolar hemorrhage with
lupus pneumonia or acute pulmonary embolism caused by
antiphospholipid syndrome. These conditions may be relieved
or reversed by immunosuppressive treatment (22). However,
chronic pulmonary fibrosis is the chronic lung lesion type that
most commonly leads to pSS-PH and SSc-PH. This condition
is also less responsive to immunosuppressive therapy (6,7,22).

The present study indicated that pulmonary arterial pres-
sure was typically mildly to moderately elevated in patients
with CTD-PH. In addition, PASP was higher in the pSS group
than in the SLE and SSc groups. Higher levels of IgG and
ESSDALI were observed in pSS-PH survivors; CTD disease
activity (SLEDAI in SLE, mRSS in SSc and ESSDALI in pSS)
decreased after the administration of immunosuppressive
therapy. It is noteworthy that PASP was higher in the pSS group
than in the SLE and SSc groups, which was similar to the result
in the study by Zhao et al (7), in which patients with pSS-PAH
had worse hemodynamic profiles on diagnostic RHC than
the SLE-PAH and SSc-PAH groups, with significantly higher
mean right atrial pressure, mean pulmonary artery pressure
and pulmonary vascular disease values and a lower cardiac
index. The underlying mechanism is likely related to immune
pathogenesis. An immunofluorescence study by Zhao et al (7)
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Table V. Univariate and multivariate analysis of predictors of mortality in patients with CTD-PH.

Univariate analysis

Multivariate analysis

Factor HR (95% CI) P-value HR (95% CI) P-value
Female sex 0.79 (0.40-1.56) 0.496
Age =50 years 1.721 (1.018-2.911) 0.043 1.766 (1.107-3.065) 0.043
Duration of CTDs =5 years 0.630 (0.308-1.286) 0.204
Duration of symptom onset to PH diagnosis 1.003 (0.994-1.013) 0.501
Type of CTDs

SLE, SSc and pSS 1.251 (0.899-1.74) 0.184

SLE vs. non-SLE 1.594 (0.914-2.700) 0.083

SSc vs. non-SSc 1.568 (0.913-2.695) 0.103
Degree of PH (high, moderate and mild) 1.588 (1.160-2.172) 0.004 1.333 (0.086-2.065) 0.199
Raynaud's phenomenon 0.764 (0.450-1.298) 0.320
Dyspnea 2.037 (1.075-3.860) 0.029 1.131 (0.506-2.577) 0.764
Expectoration 1.704 (1.008-2.881) 0.047 1.372 (0.797-2.363) 0.254
Pericardial effusion 0.799 (0.471-1.354) 0.799
Right atrium enlargement 1.683 (0.984-2.88) 0.057
Right ventricle enlargement 2.164 (1.269-3.689) 0.005 1.433 (0.684-2.999) 0.340
Main pulmonary artery widening 1.2 (0.692-2.081) 0515
Lung involvement 1.456 (0.854-2.484) 0.168
SSc and pSS-ILD 1.167 (0.502-2.711) 0.720
WHO-FC II/1V vs. /11 2213 (1.298-3.773) 0.004 1.414 (0.715-2.798) 0.320
Use of vasodilator therapy 0.943 (0.553-1.608) 0.829
Combination vasodilator therapy 1.153 (0.460-2.891) 0.762

CTD, connective tissue disease; HR, hazard ratio; Ig, immunoglobulin; ILD, interstitial lung disease; NT-proBNP, N-terminal pro-brain natri-
uretic peptide; PH, pulmonary hypertension; pSS, primary Sjogren's syndrome; SLE, systemic lupus erythematosus; SSc, systemic sclerosis;

WHO-FC, World Health Organization-function class.

demonstrated the deposition of immune system components
in the muscular-type arteries of patients with pSS-PAH, indi-
cating the presence of an immune complex-mediated injury.
This former study postulated the hypothesis that endothelial
damage, immune complex accumulation, necrotic vasculitis
and imbalances in the levels of endothelium-derived vasoac-
tive molecules contribute to the pathogenesis of pSS-PAH.
The pathogenesis of pSS-PAH is similar to that of the acute
inflammatory lesions present in patients with SLE-PAH,
which may respond well to treatment (7). As with the results
of previous studies (6,7), patients with SLE were younger than
those with pSS and SSc in the current study, and age was an
important contributor to mortality, as older patients had a
higher mortality rate. Delays in diagnosis may also account
for differences in survival rates between patients with SLE-PH
and pSS-PH. Additional studies will be necessary to better
understand existing barriers to the early diagnosis of PH in
patients with pSS (7).

Regarding predictors of mortality, previous studies
suggested that poor heart function indices, poor hemody-
namics, lower exercise capacity, lower mixed venous oxygen
saturation, WHO-FC III/IV and elevated NT-proBNP were all
significant risk factors among patients with CTD-PAH (3-5).
The present results indicated that age =50 years, severity of PH,
enlargement of the right ventricle, WHO-FC III/IV, dyspnea

and expectoration were associated with poor survival. Age
=50 years was the only independent risk factor for mortality.
There is currently no consensus regarding prognostic risk
factors such as age, Raynaud's phenomenon, pericardial
effusion and ILD.

Age is well recognized as a significant predictor of
survival in patients with CTD-PH. The UK's national registry
of all incident cases of CTD-PAH indicated that patients
<60 years of age had better survival rates than patients aged
=70 years (9). A study based on data from the French SSc-PAH
registry that was published in 2012 suggested that the risk of
death of patients increased by 1.05-fold for each additional
year of age at the time of PAH diagnosis (23). Analysis of the
patient data in South Korea's nationwide registry of patients
with CTD-PH (as detected by echocardiography) suggested
that age >60 years was a risk factor for mortality (5). In
the present study, multivariate analysis revealed that age
=50 years was the only independent risk factor for mortality.
These discrepancies among studies may reflect differences in
sample size, CTD distribution and diversity in populations.
Hence, further large-cohort studies that distinguish between
CTD-PAH patient subgroups are required to verify the effect
of age on survival of patients with CTD-PAH.

Raynaud's phenomenon, fingertip ulcer/pit and gangrene
are examples of direct evidence of vascular disease. Raynaud's
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phenomenon is considered to be associated with CTD-PAH
and is an independent risk factor for the onset of PAH.
Mechanistically, Raynaud's phenomenon is associated with
systolic and diastolic dysfunction of the acral arteriole.
When it affects the pulmonary artery, the condition is called
‘pulmonary Raynaud's phenomenon’ (24). The persistent
vasospasm of pulmonary arterioles may result in pulmonary
vascular remodeling and increased pulmonary vascular
resistance (24). In the present study, Raynaud's phenomenon
appeared to be more common in the group of CTD-PH
non-survivors compared with survivors. However, this differ-
ence was not statistically significant, which was in accordance
with the report by Zhao et al (7). Therefore, whether Raynaud's
phenomenon is a prognostic risk factor for CTD-PH remains
controversial.

Pleural effusion is considered to be a risk factor for
PAH among patients with CTD. However, whether pleural
effusion predicts survival remains controversial. A study by
Hao ef al (6) and one study based on data from the South
Korean nationwide registry (5) suggested that patients with
pleural effusion had poorer survival outcomes than patients
without pleural effusion, highlighting that the condi-
tion may be a predictor of mortality among patients with
CTD-PAH. However, one study of patients with SSc-PAH
from France (23) and the study by Zhao er al (7) indicated
no significant association between the prevalence of pleural
effusion and survival of patients with CTD-PAH. The present
study also failed to identify a significant association between
pleural effusion and survival among patients with CTD-PAH.
Additional studies will be required to further clarify these
discrepant findings.

Lung involvement is common in patients with CTD. SLE
tends to be complicated by ILD (usually non-specific intersti-
tial pneumonia), diffuse hemorrhagic alveoli and acute lupus
pneumonia, all of which respond well to immunosuppressive
therapy. ILD (typically in the form of interstitial pneumonia)
is more frequently encountered in patients with SSc or pSS,
among whom immunosuppressive therapy is less effective.
Mild PH is common among patients with severe interstitial
lung disease. Hao et al (6) defined ILD-PH as moderate ILD
based on the results of HRCT (1/3-2/3 of the lung field involved)
in combination with a total lung capacity of 60% predicted
via pulmonary function testing, or severe ILD based on the
results of HRCT (>2/3 of the lung field involved). The results
of Hao et al (6) indicated that the prognosis of patients with
CTD with ILD-PH was significantly less favorable than that of
patients with isolated CTD-PAH in Chinese cohorts. Studies
from the UK (9), US (21) and France (23) obtained similar
results after comparing the survival of patients with ILD-PH
or respiratory-associated PH with the survival of patients with
isolated SSc-PAH. In the present study, lung involvement with
CTD-PH appeared to be more common among non-survivors
than among survivors, but the difference was not statistically
significant. Further subgroup analysis of the combination
of SSc-PAH and pSS-PAH suggested that the HRCT scores
observed in non-survivors were higher than those in survivors.
Hence, it may be concluded that severe ILD is associated with
a poor prognosis.

Of note, the present study had certain limitations. First, PH
was defined on the basis of PASP >35 mmHg, as measured by

Doppler echocardiography but not by RHC. However, pulmo-
nary arterial pressure (as measured by echocardiography) was
indicated to be consistently associated with the hemodynamic
index measured by RHC (3,5,9,12-14). Echocardiography
is a non-invasive diagnostic tool that provides a reasonably
reliable and comprehensive assessment of the right heart
and pulmonary circulation and may be used routinely for
screening and diagnosing early PH. Furthermore, due to
the lack of pulmonary function tests, it was not possible to
compare ILD-PH and isolated PH. In addition, although
43.1% of patients included in the present study used pulmo-
nary vasodilators and 20.4% received combination therapy,
drug withdrawal was common. Beraprost was adopted as a
specific pulmonary treatment in the present study; however,
beraprost is less effective than other pulmonary vasodila-
tors or combination therapy. No significant difference in the
frequency with which these treatments were administered
was observed between non-survivors and survivors. This
result may reflect selection bias, as patients at higher risk
of mortality were selected because they had higher rates
of PASP and right ventricle dysfunction. It is also possible
that short-term specific PAH treatment improved symptoms
in patients with CTD only transiently without altering the
overall prognosis. The poorer prognosis may reflect the fact
that the patients in the present study who received pulmonary
vasodilators were typically older patients with CTD-PH who
had systemic disease, particularly myocardial involvement
and comorbidities. However, even if a patient's condition
worsened, there was no increase in the dose or administration
of combined treatment due to the cost that would accrue to the
patient and their family. Further investigation will be neces-
sary to determine whether more aggressive management is
able to improve the overall prognosis in such cases (23).

In conclusion, among these three major types of CTD-PH,
SSc-PH had the highest prevalence. The overall prognosis for
patients with CTD-PH remains poor. Patients with SLE-PH
have the most favorable prognosis. Among the 3 types of
CTD-PH, patients with SSc-PH have the worst outcomes. Age
=50 years is the only independent risk factor for mortality.
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