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ABSTRACT We sought to investigate the characteristics, survival and risk factors for mortality in Chinese

patients with connective tissue disease (CTD)-associated pulmonary arterial hypertension (APAH) in

modern therapy era.

129 consecutive adult patients who visited one of three referral centres in China with a diagnosis of CTD-

APAH confirmed by right heart catheterisation during the previous 5 years were enrolled. The end-point

was all-cause death or data censoring.

Systemic lupus erythematosus was the most common underlying CTD (49%) and systemic sclerosis just

accounted for 6% in this cohort. The overall survival at 1 and 3 years was 92% and 80%, respectively.

Pericardial effusion, a shorter 6-min walk distance, lower mixed venous oxygen saturation, higher

pulmonary vascular resistance (PVR) and alkaline phosphatase (ALP), and lower total cholesterol levels

were all associated with a higher risk of death among the study population. Higher PVR and ALP were

independent predictors of mortality.

In conclusion, unlike in western patients, systemic lupus erythematosus is the most common underlying

disease in Chinese patients with CTD-APAH. The survival of Chinese patients with CTD-APAH in the

modern treatment era is similar to that in western countries. Elevated PVR and ALP are independent risk

factors for poor outcomes.
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Introduction
Pulmonary arterial hypertension (PAH) is a severe complication of connective tissue disease (CTD), with a

poor prognosis. Fortunately, the emergence of targeted therapies has improved the outcome for PAH patients

in the modern treatment era. Several studies from USA and Europe [1, 2] have investigated the clinical features

and outcomes of PAH patients secondary to CTD. They found that systemic sclerosis (SSc)-associated PAH

(APAH) was the most common type of CTD-APAH in Caucasians, and the estimated 1- and 3-year survival

rates of these patients were about 80% and 50%, respectively, in the modern treatment era.

During the past decades, ethnic disparities in the prevalence of some CTDs have been reported. For

instance, Chinese persons have a higher prevalence of systemic lupus erythematosus (SLE) than Caucasians

[3–5], but SSc is less prevalent in East Asia than in Europe, Australia and North America [6–9]. Because of

these disparities, it is not known whether the characteristics of Chinese patients with CTD-APAH are

different from those of Caucasians. Additionally, with the increasing use of targeted therapies for PAH in

China, it is not known whether these medications have improved the clinical outcomes of Chinese patients.

To address these questions, we initiated a research project with the aim of investigating baseline

characteristics, survival and risk factors for mortality in Chinese patients with CTD-APAH, and comparing

the clinical features and survival of patients with different types of CTD-APAH.

Methods
Patients
The study was conducted in three national referral centres for PAH in China. All consecutive adult

(o18 years of age) CTD patients who visited any of the three centres with an established diagnosis of PAH

confirmed by right heart catheterisation (RHC) for the first time between July 2006 and May 2011 were

enrolled into our database. Patients’ clinical data at the time of establishing the PAH diagnosis before

administration of any targeted therapies were recorded.

Inclusion and exclusion criteria
The inclusion haemodynamic criteria for PAH at RHC were mean pulmonary artery pressure (mPAP)

o25 mmHg at rest, pulmonary capillary wedge pressure f15 mmHg, and pulmonary vascular resistance

(PVR) o3 Wood units [10]. The classification criteria for the various CTDs applied were the 1997

American Rheumatism Association (ACR) criteria for SLE [11, 12], 2002 international classification criteria

for primary Sjögren syndrome (pSS) [13], 1990 ACR classification criteria for Takayasu arteritis (TA) [14],

1987 Sharp criteria for mixed connective tissue disease (MCTD) [15] and 1980 ACR classification criteria

for SSc [16]. The diagnoses of CTDs were verified by experienced rheumatologists.

Patients with a definite history of idiopathic PAH, chronic obstructive pulmonary disease, obstructive sleep

apnoea, other pulmonary diseases with mixed restrictive or obstructive patterns, chronic thromboembo-

lism, left heart disease, portal hypertension, HIV infection, drug and toxin exposure, or any other diseases

known to be associated with pulmonary hypertension (PH) were excluded.

CTD patients who fulfilled the haemodynamic inclusion criteria but had moderate interstitial lung disease

(ILD) on high-resolution computed tomography (HRCT) (one- to two-thirds of the lung field involved)

combined with a total lung capacity ,60% predicted on pulmonary function testing, or severe ILD on

HRCT (more than two-thirds of the lung field involved) were defined as having ILD-associated PH (ILD-

PH) [1, 2]. Although ILD-PH patients were excluded from our CTD-APAH cohort, the survival of these

patients was compared with that of CTD-APAH patients.

Treatments and follow-up
After treatment commenced, patients were followed-up regularly every 3–6 months and RHC was repeated

every 6–12 months depending on the clinical need. In cases of positive acute vasodilator testing [10], a

calcium channel blocker (CCB), most commonly diltiazem, was initiated. If no improvement was observed

after 3–6 months of CCB (defined as o20% fall in 6-min walk distance (6MWD), an increase in World

Health Organization functional class (WHO FC), or o20% increase in mPAP and PVR), PAH-targeted

monotherapy was instituted, including endothelin receptor antagonists, prostanoids or phosphodiesterase

inhibitors. In cases of negative acute vasodilator testing, PAH-targeted monotherapies were selected directly.

Combination PAH-targeted therapies were initiated if disease did not improve after 3–6 months of

monotherapy. If necessary, basic treatments for PAH including diuretics, digoxin, oxygen or warfarin were

given. Glucocorticoids and immunosuppressants were administered when required for the underlying CTD

rather than PAH itself.

The follow-up period for analysis of survival data ended in June 2011. The date of death, which was

determined by telephone if the death happened outside of the hospital, was recorded. The duration of
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follow-up was defined as the time from the first diagnosis by RHC until death or known status at the last

follow-up.

Statistical analysis
Continuous variables are presented as mean¡SD (for parametric data) or median (interquartile range) (for

nonparametric data), whereas categorical variables are presented as n (%). Comparisons of baseline data were

performed between patients with SLE-APAH and non-SLE-APAH, and between patients with TA-APAH and

non-TA-APAH. Continuous variables were compared by use of t-tests (for parametric data) or Mann–

Whitney U-tests (for nonparametric data). Categorical variables were compared using Chi-squared tests.

Survival analysis was performed using the Kaplan–Meier method with comparisons performed by log-rank

test. The primary end-point was all-cause death or data censoring. Univariate and multivariate Cox

proportional hazards models were performed to determine the variables associated with an increased risk of

death. The potential predictive factors investigated in the Cox model were age, sex, CTD type, WHO FC,

6MWD, right ventricular diastolic diameter, pericardial effusion, forced vital capacity (FVC) % predicted,

diffusing capacity of the lung for carbon monoxide (DLCO) % predicted, FVC % predicted/DLCO % predicted

ratio, mean right atrial pressure, mPAP, cardiac index, PVR, mixed venous oxygen saturation (SvO2),

various biochemical parameters, autoantibodies, and use of PAH-targeted therapies, glucocorticoids and

immunosuppressants. A two-tailed p-value ,0.05 was used to indicate statistically significant differences. All

computations were performed using the SPSS 13.0 statistical software (IBM, Armonk, NY, USA).

Results
Baseline characteristics
A total of 144 CTD patients were diagnosed with PAH at the three referral centres between July 2006 and

May 2011. After excluding 15 patients with ILD, 129 patients were eventually included in our study. Their

mean¡SD age was 39.3¡12.3 years (range 18–71 years) and there was a marked female predominance

(92.2%). The median duration from the presence of PAH-associated symptoms to catheterisation for

diagnostic purposes was 15.1 months (range 0.4–239.9 months). SLE was the leading underlying CTD (49%

of the patients), while other underlying CTDs, in a descending order, were pSS (16%), TA (12%), MCTD

(9%) and SSc (6%). Other less common CTDs included rheumatoid arthritis, polymyositis/dermatomyo-

sitis, adult-onset Still’s disease, undifferentiated CTD and primary antiphospholipid syndrome (fig. 1).

At the time of establishing the diagnosis of PAH, the mean 6MWD was 380.6¡100.9 m and 56.6% of the

patients were in WHO FC III/IV. Pericardial effusion was detected in 24.8% and right ventricular

enlargement in 57%. mPAP was 51.1¡14.3 mmHg, median PVR was 10.6 Wood units and mean cardiac

index was 2.7¡0.9 L?min-1?m-2. Only five (3.5%) patients (two with TA, one SLE, one MCTD and one

undifferentiated CTD) showed a positive acute vasodilator response. There were no differences in positive

response rates among the different CTD subgroups.

PAH-targeted medications were administered to 110 (85.3%) patients, including sildenafil in 33.3%,

vardenafil in 23.6%, beraprost in 23.6%, bosentan in 16.7% and inhaled iloprost in 13.2%; 36 (32.7%) of

the 110 patients received combination therapies with two of these drugs. Almost 90% of patients received

glucocorticoids, and 45% received immunosuppressants, including cyclophosphamide, cyclosporine,

azathioprine, mycophenolate mofetil or methotrexate. Cyclophosphamide was most often used (67.2% of

these patients).

The baseline demographics, clinical characteristics, and cardiac and pulmonary investigations of all patients

and the three main CTD subgroups are summarised in tables 1 and 2.

Comparisons between SLE-APAH and non-SLE-APAH subgroups
In our cohort, 62 patients had SLE-APAH and 67 had non-SLE-APAH. Compared with the non-SLE-APAH

group, the SLE-APAH patients were older and more often female. The percentage of anti-U1

ribonucleoprotein positivity was higher in the SLE-APAH group than the non-SLE-APAH group (54.0%

versus 29.7%, p,0.01) and the percentage of patients receiving glucocorticoids was also higher in the SLE-

APAH group than the non-SLE-APAH group (98.4% versus 80.6%, p,0.01). However, there were no

significant differences in functional status, echocardiography findings, or haemodynamic and biochemical

parameters between the two subgroups.

Comparisons between TA-APAH and non-TA-APAH subgroups
Comparisons between the TA-APAH and non-TA-APAH subgroups revealed no significant differences in

age or sex, but the disease duration from the onset of PAH-associated symptoms to the diagnosis of PAH

was significantly longer in the TA-APAH group than the non-TA-APAH group (median (interquartile
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range) 54.0 (16.0–110.8) versus 12.6 (6.0–36.0) months, p,0.001). It was notable that systolic pulmonary

arterial pressure (sPAP) was markedly higher in TA-APAH patients than non-TA-APAH patients

(95.3¡22.6 versus 85.5¡23.7 mmHg, p,0.05); however, diastolic pulmonary arterial pressure (dPAP) was

lower in TA-APAH patients (19.4¡9.4 versus 32.8¡11.6 mmHg, p,0.001).

MCTD
9%

SSc
6%

RA
3%

UCTD
2%

AOSD
2%

pAPS
1%

TA
12%

pSS
16%

SLE
49%

FIGURE 1 Proportions of different underlying connective tissue diseases (CTDs) in 129 patients with CTD-associated
pulmonary arterial hypertension (APAH). Systemic lupus erythematosus (SLE) was the most common underlying type of
CTD (n562, 49%), while only 6% of patients had systemic sclerosis (SSc)-APAH. pSS: primary Sjögren syndrome; TA:
Takayasu arteritis; MCTD: mixed connective tissue disease; RA: rheumatoid arthritis; AOSD: adult-onset Still’s disease;
UCTD: undifferentiated connective tissue disease; pAPS: primary antiphospholipid syndrome.

TABLE 1 Baseline demographic and clinical characteristics of all patients and three connective tissue disease subgroups

All patients SLE-APAH TA-APAH SSc-APAH

Patients n 129 62 16 8
Age years 39.3¡12.3 37.2¡12.2 39.1¡9.4 39.1¡13.7
Females 119 (92.2) 61 (98.4) 13 (81.3)"" 7 (87.5)"""

Duration from symptoms
onset to diagnosis# months

15.1 (6.4–39.7) 14.7 (5.9–36.3) 54.0 (16.0–110.8)++ 12.3 (9.8–33.0)

WHO FC III/IV 73 (56.6) 29 (43.3) 7 (43.8) 5 (62.5)
6MWD m 380.6¡100.9 394.7¡98.3 375.1¡139.8 436.4¡41.2
SCr" mmol?L-1 63.7¡20.6 59.2¡23.2 58.9¡9.3 67.9¡25.4
UA+ mmol?L-1 354.8¡130.7 368.0¡135.8 318.0¡125.0 361.3¡133.0
ALP1 IU?L-1 70.0 (50.0–100.0) 68.0 (49.0–91.3) 80.0 (52.0–98.0) 100.0 (49.0–112.0)
TBile mmol?L-1 13.0 (9.0–18.0) 11.0 (8.6–18.5) 16.09 (12.3–22.9) 11.5 (8.0–13.7)
TC## mmol?L-1 4.1¡1.3 4.1¡1.4 4.0¡1.5 4.2¡1.6
Anti-U1 RNP 46 (35.7) 33 (53.2) 0 (0)11 4 (50.0)
PAH-targeted therapy 110 (85.3) 50 (80.6) 16 (100) 7 (87.5)
Glucocorticoids 115 (89.1) 61 (98.4) 10 (62.5)ee 6 (75)+++

Immunosuppressants 58 (45.0) 33 (53.2) 2 (12.5)### 2 (25.0)111

Data are presented as mean¡SD, n (%) or median (interquartile range), unless otherwise stated. SLE: systemic lupus erythematosus; APAH;
associated pulmonary arterial hypertension; TA: Takayasu arteritis; SSc: systemic sclerosis; WHO FC: World Health Organization functional class;
SCr: serum creatinine; UA: uric acid; ALP: alkaline phosphatase; TBil: total bilirubin; TC: total cholesterol; RNP: ribonucleoprotein. #: duration
from first pulmonary arterial hypertension (PAH)-related symptoms (physical activity-caused dyspnoea, fatigue, chest pain or near syncope) to PAH
diagnosis by right heart catheterisation; ": normal range 44–133 mmol?L-1; +: normal range 150–420 mmol?L-1; 1: normal range 40–160 IU?L-1;
e: normal range 1.7–20 mmol?L-1; ##: normal range 3.2–5.1 mmol?L-1; "": p50.028 (TA-APAH versus SLE-APAH); ++: p50.002 (TA-APAH versus
SLE-APAH); 11: p50.001 (TA-APAH versus SLE-APAH); ee: p,0.0001 (TA-APAH versus SLE-APAH); ###: p50.014 (TA-APAH versus SLE-APAH);
""": p50.043 (SSc-APAH versus SLE-APAH); +++: p50.009 (SSc-APAH versus SLE-APAH); 111: p50.004 (SSc-APAH versus SLE-APAH).
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Survival analysis
15 patients were lost to follow-up. The remaining114 patients were followed up for a median of

17.3 months (range 1.4–55.1 months), during which 17 (14.9%) patients died. Most of them died of

chronic right heart failure except for three who suffered a sudden death and one who committed suicide.

The overall survival rates at 1 and 3 years were 92% and 80%, respectively. Among the CTD subgroups, the

survival rates at 1 and 3 years were 91% and 88% for SLE, 100% and 86% for pSS, 84% and 72% for TA,

82% and 64% for MCTD, and 100% and 60% for SSc patients, respectively.

Kaplan–Meier analysis revealed no significant differences in survival among PAH patients secondary to the

different CTDs. A comparison of survival between SLE-APAH and non-SLE-APAH patients also indicated

no significant difference (fig. 2).

In patients with ILD-PH, survival rates at 1 and 3 years were 74% and 52%, respectively. Kaplan–Meier

analysis showed that the survival of patients with ILD-PH was significantly worse than that of isolated CTD-

APAH patients (p,0.05) (fig. 3).

Predictors of mortality
Univariate Cox analysis showed that patients with pericardial effusion and higher PVR and alkaline

phosphatase (ALP) values had a higher risk of death (all p,0.05), as did patients with lower total

cholesterol (TC) (p,0.05). However, patients with higher 6MWD and SvO2 values had a lower risk of death

(both p,0.05). WHO FC III/IV and a lower cardiac index also tended to be associated with a higher risk of

death, but the differences were not statistically significant. Multivariable analysis showed that higher PVR

and ALP values were both independent predictors of survival. Each additional 3 Wood units of PVR and

50 IU?L-1 of ALP would, respectively, lead to 1.3 and 1.7 times greater risks to death. The effects of age, sex,

duration from onset of symptoms to diagnosis of PAH, autoantibodies and medications on survival were

also tested, but all appeared to be insignificant by either univariate or multivariate analysis (table 3).

Discussion
This study represents the largest series of Chinese patients with CTD-APAH confirmed by RHC to be

reported thus far. As expected, the most important finding of this study was that SLE was the most common

underlying CTD, while the second and third most common CTDs were pSS and TA. In contrast to

Caucasian cohorts, only 8% of our patients had SSc-APAH. The epidemiology of CTDs in Chinese and

Caucasian patients may explain the difference. SLE is much more common in Chinese persons than

Caucasians. Most of epidemiological studies of rheumatic diseases in Chinese population showed the

TABLE 2 Baseline cardiac and pulmonary investigation parameters of all patients and three connective tissue disease
subgroups

All patients SLE-APAH TA-APAH SSc-APAH

Patients n 129 62 16 8
TTE results

sPAP mmHg 89.3¡23.4 87.8¡221.4 79.8¡30.4 85.5¡29.0
RVDD mm 35.7¡11.8 36.8¡11.7 39.6¡11.3 31.0¡9.2
PCE 32 (24.8) 16 (29.6) 4 (26.7) 2 (25.0)

PFT results
FVC % pred 82.9¡13.0 84.4¡12.6 80.8¡14.8 80.4¡12.5
DLCO % pred 67.6¡21.3 69.8¡18.3 74.0¡18.4 65.8¡32.7
FVC/DLCO 1.36¡0.57 1.31¡0.52 1.14¡0.29 1.62¡1.22

RHC results
mRAP mmHg 7.2¡4.5 7.2¡4.8 8.3¡5.7 6.1¡4.5
mPAP mmHg 51.1¡14.3 49.6¡11.9 47.6¡12.8 50.7¡13.5
Cardiac index L?min-1?m-2 2.7¡0.9 2.8¡0.9 2.6¡1.0 2.7¡0.7
PVR Wood units 10.6 (7.1–16.0) 9.8 (7.2–15.2) 9.4 (5.4–17.4) 11.1 (4.4–14.6)

SvO2 % 61.8¡10.9 62.3¡12.2 59.6¡10.9 63.7¡6.1

Data are presented as mean¡SD, n (%) or median (interquartile range), unless otherwise stated. SLE: systemic lupus erythematosus; APAH:
associated pulmonary arterial hypertension; TA: Takayasu arteritis; SSc: systemic sclerosis; TTE: transthoracic echocardiography; sPAP: systolic
pulmonary artery pressure; RVDD: right ventricular diastolic diameter; PCE: pericardial effusion; PFT: pulmonary function test; FVC: forced vital
capacity; DLCO: diffusing capacity of the lung for carbon monoxide; RHC: right heart catheterisation; mRAP: mean right atrial pressure; mPAP:
mean pulmonary arterial pressure; PVR: pulmonary vascular disease.; SvO2: mixed venous oxygen saturation.
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estimated prevalence of SLE was 50–100 cases per 100 000 persons [17–19], but most of the data from

Europe and North America showed the prevalence of SLE in Caucasians was 10–35 per 100 000 [4, 20].

Conversely, the prevalence of SSc was higher in Caucasian (8.8–30.5 per 100 000) [7, 8, 21, 22] than in

Chinese (6.5–10 per 100 000) populations [9, 23]. A retrospective study conducted at one of the largest

rheumatology centres in China found that 60.6% of 2189 CTD in-patients seen over a 7-year period were

SLE patients, but only 3.2% had SSc [24]. At one of the centres involved in the present study

(Rheumatology Dept, Peking University First Hospital, Beijing), the SLE patients account for 18.8% of 2127

outpatients who have been regularly followed up during the last 5 years, but SSc patients account for only

1.9% of all patients (unpublished observations). It is noteworthy that this rheumatology centre is not a

lupus-specialised centre. Since patients with all types of rheumatic diseases are seen at this centre, these data

should reflect the distribution of patients with CTD-APAH throughout China.
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FIGURE 2 Kaplan–Meier analysis of survival in systemic lupus erythematosus (SLE)-associated pulmonary arterial
hypertension (APAH) and other connective tissue disease-APAH (non-SLE-APAH) patients. There was no significant
difference in survival between the two groups. The 1- and 3-year survival rates for the SLE-APAH group were 91% and 88%,
and for non-SLE-APAH group they were 92% and 75%, respectively.
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FIGURE 3 Kaplan–Meier analysis of survival in connective tissue disease (CTD) patients with interstitial lung disease-
associated pulmonary hypertension (ILD- PH) and isolated CTD-associated pulmonary arterial hypertension (APAH) patients.
The survival of ILD-PH patients was significantly worse than that of isolated CTD-APAH patients. The 1- and 3-year survival
rates for the ILD-PH group were 74% and 52%, and for the isolated CTD-APAH group they were 92% and 80%, respectively.
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As with SLE, pSS is also common in China [18], and TA is considered more common in China and other

East Asian countries than in western countries [25]. A Japanese study reported that the prevalence of TA

was four per 100 000 [26] and a small-scale survey in China indicated the prevalence of TA was 13 per

100 000 [27]. In contrast, some epidemiology studies have shown that the prevalence of TA in European

countries was only 0.47–0.95 per 100 000 [28]. Interestingly, there were three patients with adult-onset Still’s

disease complicating PAH in our cohort, which has rarely been reported before [29].

TA, although not strictly considered as an aetiology of CTD-PAH, was included in our registry because it is

highly prevalent in China and can be complicated by PAH. Unlike other CTD-APAH, in which the lesions

are mainly located in medium to small pulmonary arterioles, TA-APAH most frequently affects the main,

lobar and/or segmental pulmonary arteries [30–34]. However, some research indeed demonstrated that

distal small pulmonary arterioles could be involved in TA [34] and the plexiform lesion that was regarded as

typical of PAH was also observed in the surgical specimens from TA patients [35]. In our study, we observed

that TA-APAH patients had a higher sPAP and lower dPAP than other CTD-APAH patients. This variation

may be correlated with the difference in pathogenesis. As a special phenotype, TA-APAH definitely requires

further study.

Compared to other studies from the USA and Europe in the modern management era, such as the Registry

to Evaluate Early and Long-Term PAH Disease Management (REVEAL) from the USA, the national registry

study from UK and the national prospective study from France [1, 2, 36], the survival rates of overall CTD-

APAH, SLE-APAH, MCTD-APAH and SSc-APAH patients in our study were not inferior (table 4). The 1-

and 3-year survival rates of our patients with SLE-APAH were even superior to those of the UK study,

which ended before 2007 [2]. The improvement may correlate with further increased attention to CTD-

APAH and more appropriate use of medications targeting PAH in recent years.

The UK study first showed the survival of SLE-APAH was better than SSc-APAH [2]. This trend was also

found in our cohort, although the difference was not statistically significant, probably due to the small

number of SSc-APAH patients. Some previous studies have suggested that some patients with SLE-APAH

TABLE 3 Predictors for mortality by Cox regression analysis

Variables Univariate analysis Multivariable analysis

Univariate HR (95% CI) p-value Multivariable HR (95% CI) p-value

Age per 10 years 0.81 (0.54–1.22) 0.315
Male sex 1.55 (0.35–6.83) 0.256
SLE 0.87 (0.33–2.3) 0.777
WHO FC III/IV 2.73 (0.91–8.20) 0.074
6MWD per 100 m 0.61 (0.38–0.99) 0.045
RVDD on TTE per10 mm 1.10 (0.71–1.70) 0.661
PCE on TTE 3.31 (1.18–9.26) 0.023
FVC per 10% predicted 0.93 (0.59–1.48) 0.771
DLCO per 10% predicted 0.80 (0.18–3.65) 0.776
FVC/DLCO per 0.1 1.09 (0.48–2.53) 0.833
mRAP per 5 mmHg 1.19 (0.74–1.91) 0.484
mPAP per 10 mmHg 1.16 (0.90–1.49) 0.264
Cardiac index per 1 L?min-1?m-2 0.58 (0.32–1.05) 0.073
PVR per 3 Wood units 1.27 (1.08–1.49) 0.003 1.34 (1.04–1.73) 0.023
SvO2 per 10% 0.63 (0.43–0.91) 0.014
UA per 100 mmol?L-1 1.29 (0.91–1.85) 0.156
TBil per 10 mmol?L-1 1.32 (0.96–1.84) 0.088
TC per 1 mmol?L-1 0.61 (0.40–0.93) 0.021
ALP per 50 IU?L-1 1.72 (1.15–2.58) 0.009 1.72 (1.01–2.93) 0.045
Anti-U1 RNP 1.64 (0.57–4.7) 0.361
PAH-targeted therapy 0.353 (0.05–2.68) 0.313
Immunosuppressive therapy 0.89 (0.21–3.86) 0.874

HR: hazard ratio; SLE: systemic lupus erythematosus; WHO FC: World Health Organization functional class; 6MWD: 6-min walk distance; RVDD:
right ventricular diastolic diameter; TTE: transthoracic echocardiography; PCE: pericardial effusion; FVC: forced vital capacity; DLCO: diffusing
capacity of the lung for carbon monoxide; mRAP: mean right atrial pressure; mPAP: mean pulmonary artery pressure; PVR: pulmonary vascular
disease; SvO2: mixed venous oxygen saturation; UA: uric acid; TBil: total bilirubin; TC: total cholesterol; ALP: alkaline phosphatase; RNP:
ribonucleoprotein; PAH: pulmonary arterial hypertension.
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respond to immunosuppressive therapy; however, SSc-APAH patients did not [37, 38]. The differences in

therapeutic response and prognosis reflect the variations of pathological mechanisms between the two types

of CTD-APAH. To improve the poor prognosis of SSc-APAH, some useful tools for early screening of PAH

in SSc patients, for instance, tricuspid regurgitation velocity, N-terminal pro-brain natriuretic peptide and

pulmonary function tests, have been developed [39–42], and early screening and management have been

recommended and adopted in clinical practice in Europe, North America and Australia [39, 43].

The survival of CTD patients with ILD-PH was significantly worse than that of isolated CTD-APAH

patients in our study. Three previous reports from the UK, USA and France obtained the same results as

ours when comparing the survival of ILD-PH or respiratory-associated PH with isolated PAH in SSc

patients [2, 44, 45]. One possible explanation for the poorer prognosis of ILD-PH patients is remarkably

reduced oxygen diffusion function due to interstitial lesion itself, which can lead to worsened hypoxaemia.

In our study, the DLCO % predicted in ILD-PH group was significantly lower than the isolated CTD-APAH

group (55.7¡21.5% versus 67.6¡21.3%, p,0.05), while the oxygen use rate at baseline was much higher

(34.5% in the ILD-PH group versus 19.1% in the CTD-APAH group, p,0.05). The studies from both the

USA and France also found similar results. Meanwhile, they showed a decreased DLCO was correlated with

reduced survival in patients with ILD-PH [44, 45].

Pericardial effusion, PVR, 6MWD and SvO2 were associated with prognosis in our CTD-APAH patients,

which is consistent with several previous studies [2, 46, 47]. Among these parameters, PVR was identified as

an independent risk factor for mortality in our study, but mPAP was not. Our finding supports PVR being a

better and more important prognostic marker than PAP in patients with CTD-APAH. In addition to

functional and haemodynamic markers, serological ALP and TC were shown to be associated with

prognosis, and ALP was an independent risk factor for mortality, which has rarely been reported. Liver

dysfunction due to heart failure was reported to be characterised by a cholestatic profile. Elevation of ALP,

c-glutamyl transpeptidase and bilirubin are common abnormalities in congestive cardiac hepatopathy, and

have been found to be associated with the severity of tricuspid regurgitation and sPAP estimated by

echocardiography, but not elevation of alanine aminotransferase and aspartate transaminase [48]. As

cholesterol is synthesised in liver, hypolipidaemia can be present in liver dysfunction. Therefore, ALP and

TC, which probably reflect the severity of congestive cardiac hepatopathy, are reasonable as being

prognostic biomarkers. In our study, we did not find the influence of immunosuppressive therapy on

survival, which may be due to the study’s retrospective nature, the diverse doses of glucocorticoids and the

diverse types of immunosuppressants.

There are some limitations of this study. Firstly, as a retrospective, observational study, the ability to avoid

data bias was limited. Secondly, comparisons between different CTDs were hampered by the small numbers

of patients with some CTD types. Thirdly, the survival time was calculated from the time of diagnostic RHC

(due to difficulties in determining the precise disease onset time), which may influence the survival analysis.

In summary, our findings indicate that SLE is the most common underlying disease of CTD-APAH in

Chinese patients. This is in contrast to reports from western countries in which SSc-APAH was the most

common type. Our data suggest that the overall short-term survival of Chinese patients with CTD-APAH

has been improved in the modern treatment era and is currently similar to that of western countries. Higher

PVR and ALP values are associated with a higher risk of death, as is a lower TC value. Notably, elevated PVR

and ALP are independent risk factors for mortality. However, higher 6MWD and SvO2 are associated with a

lower risk of death.

TABLE 4 Comparisons of survival rates among different group of patients from different studies

Overall SLE-APAH MCTD-APAH SSc-APAH

1 year 1 year 3 years 1 year 3 years 1 year 3 years

Present study 92 91 88 82 64 100 60
REVEAL [1] 86 94 NA 88 NA 82 NA
CONDLIFFE et al. [2] NA 78 74 89 63 78 47
LAUNAY et al. [30] NA NA NA NA NA 90 56

Data are presented as %. SLE: systemic lupus erythematosus; APAH: associated pulmonary arterial hypertension; MCTD: mixed connective tissue
disease; SSc: systemic sclerosis; REVEAL: Registry to Evaluate Early and Long-Term Pulmonary Arterial Hypertension Disease Management; NA:
not available.
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