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Abs tr ac t
Objective To clarify the characteristics, survival, and predictors of mortality in Chinese patients with pulmonary arterial
hypertension (PAH) associated with connective tissue disease
(CTD).

Methods This single-cohort study involved 67 CTD-PAH patients who visited Shanghai Renji Hospital between January
2011 and January 2019. Baseline clinical features and hemo
dynamic parameters were recorded. Logistic regression was
used to determine the independent factors associated with
mPAP improvement.
Results SLE was the major underlying CTD, affecting 70 % of
PAH patients, whereas systemic sclerosis was less common
(6 %). Modern PAH drug use was associated with a favorable
outcome and mPAP improvement.
Conclusion The majority of the CTD-PAH population in China
suffers from SLE in contrast to the CTD-PAH patients in the USA
and Europe. Pulmonary vasodilation treatment has improved
the mPAP in these patients.
Zusammenfa ssun g
Zielsetzung Untersuchung der klinischen Merkmale, des
Überlebens und der Prädiktoren der Mortalität bei chinesischen
Patienten mit pulmonal-arterieller Hypertonie (PAH) in
Verbindung mit einer Bindegewebserkrankung (CTD).
Methoden In dieser Einzelkohortenstudie wurden 67 CTDPAH-Patienten untersucht, die im Zeitraum von Januar 2011
bis Januar 2019 im Shanghai Renji Hospital behandelt wurden.
Dabei wurden klinische Ausgangsmerkmale und hämodynamische Parameter erfasst. Mittels logistischer Regression
wurden die mit einer Verbesserung des mPAP einhergehenden
unabhängigen Faktoren ermittelt.
Ergebnis SLE war die Hauptursache für CTD und betraf 70 %
der PAH-Patienten, wohingegen die systemische Sklerose
seltener auftrat (6 %). Die Anwendung einer modernen PAHMedikation führte zu günstigen Ergebnissen und einer Verbesserung des mPAP.
Schlussfolgerung Im Gegensatz zu den CTD-PAH-Patienten
in den USA und Europa leidet die Mehrheit der CTD-PAH-Popu
lation in China an SLE. Die pulmonale Vasodilatation führte bei
diesen Patienten zu einer Verbesserung des mPAP.
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Pulmonary arterial hypertension (PAH) is an intractable condition
that, in patients with connective tissue disease (CTD), has progressive debilitating symptoms and a poor prognosis [1]. Compared
with those with idiopathic PAH (IPAH), patients with PAH associa
ted with CTD (CTD-PAH) [2, 3] have poorer outcomes and worse
survival. In cohort studies conducted in the USA and Europe, the
majority of patients with CTD-PAH had systemic sclerosis (SSc)
[2, 4, 5]. However, in our clinical experience, systemic lupus erythematosus (SLE) is the most common CTD in China.
Over the past decade, PAH-specific vasodilation agents, including prostanoids, endothelin receptor antagonists and phosphodiesterase 5 inhibitors, have become available for clinical use. Consequently, several studies that primarily enrolled SSc patients reported improvement in short-term survival [2, 4, 6]. However, few
data are available on the improvement in survival of Chinese patients with CTD-PAH in the modern treatment era.
In this study, we evaluated the clinical characteristics and prognosis of patients with CTD-PAH who were diagnosed and monitored at our hospital in China. We also investigated the impact of
PAH drugs on survival and the improvement of mean pulmonary
arterial pressure (mPAP).

nificant. All statistical analyses were performed using Rstudio
1.2.1335.

Results
A total of 67 patients with CTD-PAH were included. Patient cha
racteristics at baseline are summarized in ▶Table 1. Our CTD-PAH
cohort mainly consisted of women (94 %) with 4 disease subtypes (SLE,
mixed connective tissue disease (MCTD), Sjogren’s syndrome (SS),
and SSc). The mean age of the patients at PAH diagnosis was 36.66 ±
10.39, while the mean age at CTD diagnosis was 30.00 ± 11.20. The
mean mPAP at PAH diagnosis was 47.3 ± 10.5. After PAH diagnosis,
5 patients were not prescribed any pulmonary vasodilation therapy,
27 patients were prescribed monotherapy and 11 patients were prescribed combination therapy.
Because only one person died during the follow-up, we decided to not use the KM curves. As a result, we recorded the mPAP
three years after the PAH diagnosis and calculated the differences
between the mPAP at diagnosis and the mPAP three years after diagnosis. Then, we performed an analysis of variance to determine
whether a combination vasodilation therapy should be used. Be▶Table 1 Patients characteristics at baseline.

Materials and Methods

Characteristics

Mean + SD or n( %)

We included all patients with CTD-PAH diagnosed at our hospital
from January 2011 to January 2019. All included patients had CTD
diagnosis, and PAH was diagnosed based on the following criteria:
(1) a mPAP over 25 mmHg at rest by right heart catheterization; (2)
exclusion of left-sided heart disease; (3) exclusion of chronic thromboembolism; and (4) exclusion of advanced interstitial lung disease
(ILD), determined by forced vital capacity predicted < 70 % [7]. Patient demographics, clinical variables, and cardiac and pulmonary
assessments were obtained.

Total number of patients

67

Female

63 (94 %)

Age at PAH diagnosis, years

36.66 ± 10.39

Age at CTD diagnosis, years

30.00 ± 11.20

Outcome

ANA( + )

67 (100 %)

The primary outcome of the study was the time from PAH diagnosis to death from all causes. Patients alive as of January 1, 2019,
were censored. The date of PAH diagnosis was defined as the date
of the right heart catheterization, and the date of CTD diagnosis
was defined as the date of a diagnosis of CTD made by a physician.
Dates of death were obtained from the electronic medical record.
Secondary outcomes included sex differences in age at PAH diagnosis, time from CTD diagnosis to PAH diagnosis, the subtype of
CTD and mPAP changes.

Anti-U1RNP( + )

36 (54 %)

Anti-SSA( + )

48 (72 %)

Anti-SSB( + )

5 (7 %)

Anti-dsDNA( + )

14 (21 %)

mPAP at PAH diagnosis

47.3 ± 10.5

PVR, Wood units

13.1 ± 6.3

BNP, pg/ml

235.8 ± 379.6

Patient cohort

Underlying CTD
SLE

47 (70 %)

MCTD

9 (14 %)

Sjogren's syndrome

7 (10 %)

SSc

4 (6 %)

Pulmonary vasodilator therapy
Unknown

24 (37 %)

Analysis

Untreated

5 (7 %)

Patient characteristics at baseline were reported as the mean ±
standard deviation (SD) for continuous variables and proportions
for categorical variables. Differences in baseline mPAP between different subtypes of CTD were compared using Student’s t-test. Differences between the 4 subtypes of CTD-PAH were compared using
analysis of variance. To identify variables that predict improvements
of mPAP in patients with CTD-PAH, a multivariate analysis was performed. A two-tailed P-value ≤ 0.05 was considered statistically sig-

Monotherapy

27 (40 %)

Combination therapy

11 (16 %)

476

CTD: connective tissue disease, PAH: pulmonary arterial hypertension. SLE: systemic lupus erythematosus, MCTD: mixed connective
tissue disease, SSc: systemic sclerosis, mPAP: mean pulmonary
arterial pressure, PVR: pulmonary vascular resistance, BNP: brain
natriuretic peptide
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Introduction

Discussion
PAH is an incurable comorbidity in patients with CTD. CTD-PAH
presents similar pulmonary and cardiac manifestations to other
forms of PAH but has a worse prognosis compared with idiopathic
PAH [9]. This study, conducted in our hospital, is a cohort study of
Chinese patients with CTD-PAH. We found that the characteristics
of our patients with CTD-PAH included high frequencies of SLE as
the underlying CTD, which is in sharp contrast to cohort studies
conducted in the USA and Europe where SSc patients were found
to comprise > 70 % of the patients with CTD-PAH [2, 4–5].
The mean age at PAH diagnosis in China was 36.7, which was
much younger than the 49–56 year range reported for the US and
European cohorts [2, 4, 5]. This difference might be explained by a
higher frequency of SLE among our patients with CTD-PAH. Only a
minor group of our patients with CTD-PAH had SSc, whose mean
age was 54.8, which is consistent with features reported in the USA
and European patients with SSc-PAH. The distribution of underlying CTDs in our study was almost concordant with the studies performed in Japan and China [10, 11]. Additionally, PAH was reported as the third leading cause of death in Korean patients with SLE
[12]. The reasons for these ethnic differences in the distribution of
underlying CTDs in patients with CTD-PAH remain unclear. However, genetic and environmental factors may play a role.
PAH is one of the major causes of mortality in patients with CTD.
In China, most patients will not be diagnosed with PAH until right
ventricular dysfunction has developed. In our study, the mean
mPAP at PAH diagnosis was 47.3 mmHg, which is a considerably
high level. It has been proposed that early detection and therapeutic intervention are critical for improving the survival rates of patients with PAH [13]. Any deterioration in pulmonary hemodyna
mics recognized early could help to initiate pulmonary vasodilation
therapy. Because the smallest mean time between the onset of CTD
and PAH diagnosis was 3.3 years, as shown in this study, routine
echocardiography screening for PAH three years after a CTD diagnosis is recommended for all patients regardless of whether symptoms are detectable. If the result of echocardiography screening

▶Table 2 Demographic and clinical characteristics in patients with CTD-PAH
Demographic and clinical features

SLE (n = 47)

MCTD (n = 9)

SS (n = 7)

SSc (n = 4)

Overall P

Female ( %)

94

100

86

100

0.65

Age at PAH diagnosis (years)

34.7 ± 9.1

37.2 ± 7.8

38.8 ± 11.4

54.8 ± 13.4

< 0.01

Time between CTD onset and PAH
diagnosis (years)

7.4 ± 7.0

3.3 ± 3.4

4.5 ± 5.3

5.0 ± 5.2

0.27

Renal disorder ( %)

26

0

0

0

0.02

ANA( + )( %)

100

100

100

100

Anti-U1RNP( + )( %)

55

100

14

0

0.01

Aiti-SSA( + )( %)

79

67

28

75

0.05

Anti-SSB( + )( %)

8

11

0

0

0.77

Anti-dsDNA( + )( %)

23

22

0

25

0.56

mPAP

46.5 ± 10.2

45.4 ± 8.3

52.4 ± 9.5

52.1 ± 22.1

0.70

CTD: connective tissue disease, PAH: pulmonary arterial hypertension. SLE: systemic lupus erythematosus, MCTD: mixed connective tissue disease,
SS: Sjogren’s syndrome, SSc: systemic sclerosis, mPAP: mean pulmonary arterial pressure,
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cause of missing data, 43 patients were included in this analysis.
As monotherapy, sildenafil (15) was the most commonly prescribed
drug, followed by bosentan (10). Other prescribed monotherapies
included tadalafil (1) and vardenafil (1). The most common combination was bosentan and sildenafil (6). All patients were prescribed CTD therapies. Compared with the untreated group, both
the monotherapy group (P = 0.001) and the combination therapy
group (P = 0.055) had a better prognosis. However, the results did
not show any improvement between the combination therapy
group and the monotherapy group (P = 0.312).
Baseline demographic, clinical and hemodynamic parameters
were compared according to the underlying CTD; the results are
shown in ▶ Table 2. Among the 4 CTD groups, patients with SLE
were the youngest at PAH diagnosis, followed by patients with
MCTD and SS, while the patients in the SSc group were the oldest.
Renal disorder was exclusively found in patients with SLE at the diagnosis of PAH. There were no statistically significant differences
in the mPAP among the 4 groups.
To identify variables that predict improvements of mPAP in patients with CTD-PAH, we performed a multivariate analysis to find
prognostic factors from the baseline characteristics and treatment
regimens. We first recognized all of the missing data, as shown in
▶Fig. 1. Then, we used a multiple imputation (MI) method to complete the data (m = 30). MI provides an approach to missing values
that’s based on repeated simulations. In MI, a set of of complete
datasets (typically 3 to 10 while we used 30 datasets, indicated by
m = 30) is generated from an existing dataset containing missing
values. Monte Carlo methods are used to fill in the missing data in
each of the simulated datasets. Standard statistical methods are
applied to each of the simulated datasets, and the outcomes are
combined to provide estimated results and confidence intervals
that take into account the uncertainty introduced by the missing
values [8]. After that, we performed the logistic regression analysis, and the results are shown in ▶ Table 3. As shown in the table,
only the use of any PAH drug was a factor for favorable improvement of the mPAP.

Consecutive number of patients

67

52

37

22

Gender

PAHage

CTDcat

CTDage

mPAP

BMI

Last mPAP

Treatment

7

Missing (12 %)
Observed (88 %)

▶Fig. 1 Missing values vs. observed.

▶Table 3 Independent predictors of mPAP improvement, obtained
by multivariate analysis.
Estimate

Statistic

p.value

(Intercept)

70.48

1.80

0.08

Gender1

10.25

0.43

0.66

PAHage

0.08

0.10

0.91

CTDage

− 0.77

− 1.01

0.31

BMI

− 0.49

− 0.28

0.77

MCTD group *

1.10

0.07

0.93

SS group *

1.03

0.07

0.94

SSc group *

− 0.35

− 0.01

0.98

Monotherapy#

− 49.83

− 3.35

< 0.01

Combination therapy#

− 37.66

− 2.34

0.03

Gender0: female, Gender1: male gender, * : the basic group is SLE
group, #: the basic group is untreated group; CTD: connective tissue
disease, PAH: pulmonary arterial hypertension. SLE: systemic lupus
erythematosus, MCTD: mixed connective tissue disease, SS:
Sjogren's syndrome, SSc: systemic sclerosis, BMI: body mass index

shows the rise of PAP, then the patients should do a RHC examination to confirm the diagnosis.
Immunosuppressive treatment is effective for improving symptoms and hemodynamic parameters in some patients with CTDPAH, especially in those with active-phase SLE or MCTD [14–16].
Despite these short-term effects, immunosuppressive treatment
did not improve long-term survival. Therefore, the effects of immuno
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suppressive treatment are likely limited, and pulmonary vasodilation therapy should be used in combination with immunosuppressive treatment for CTD-PAH. As shown in the results, both univariate
and multivariate analyses revealed that pulmonary vasodilation therapy could significantly improve mPAP.
There is evolving evidence to suggest that, compared with monotherapy, the treatment of PAH with combination therapy is associated with improved survival in patients with PAH. In some small
randomized trials and observational studies, combination therapy
by means of ‘add-on’ PAH therapy has consistently shown a survival
benefit in patients with PAH [17–19]. Recently, the treatment of PAH
with combination therapy compared with monotherapy showed not
only a survival benefit but also reduced hospitalization for worsening
PAH and disease progression [20]. However, in our study, we did not
notice that the combination therapy showed better improvement
of mPAP compared with monotherapy. We believe that limited data
might account for this. In addition, patients who received combination therapy had a higher mPAP at PAH diagnosis than those who
received monotherapy.
Some limitations should also be considered in this study. First,
it is ideal to collect clinical data at the time of disease diagnosis to
better correlate disease pathology with risk factors. However, it is
challenging to obtain these concurrent data in practice, especially
in China. In our study, a subset of clinical data was obtained at disease diagnosis, but most of the data were obtained at the relapse
or remission stage. In addition, as mentioned before, most patients
will not go to the hospital until right ventricular dysfunction has
developed. In conclusion, the underlying CTDs in our patients with
CTD-PAH were completely different from those in the USA and Europe. Modern pulmonary vasodilation treatment improves survival rates. Early detection of PAH in Chinese patients with CTD is important for further improving survival rates.
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