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Abstract 

Aims: This study aimed to identify the long-term clinical outcomes and prognostic factors of patients with 

SLE-associated PAH confirmed by right heart catheterization. 

Methods and Results: A multicenter prospective cohort of SLE-associated PAH was established. Baseline 

and follow-up records were collected. The primary end point was death. The secondary exploratory end 

point was treatment goal achievement (TGA), defined as an integrated outcome. In total, 310 patients were 

enrolled from 14 PAH centers. The 1-, 3- and 5-year survival rates were 92.1%, 84.8% and 72.9%, 

respectively. The 1-, 3- and 5-year TGA rates were 31.5%, 53.6% and 62.7%, respectively. Baseline 

serositis, 6-minute walking distance > 380 m and cardiac index ≥ 2.5 L/min×m
2
 were identified as 

independent prognostic factors of TGA. Patients with baseline serositis were more likely to reach TGA 

after intensive immunosuppressive therapy. TGA was identified as a positive predictor of survival in 
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patients with SLE-associated PAH. 

Conclusion: TGA was associated with long-term survival, which supports the treat-to-target strategy in 

SLE-associated PAH. Baseline heart function predicted both survival and treatment goal achievement in 

patients with SLE-associated PAH. Patients with serositis at baseline tended to benefit from intensive 

immunosuppressive therapy and have a better clinical outcome. 

 

Keywords: Systemic lupus erythematosus; pulmonary arterial hypertension; multicenter study; prognosis; 

treatment goal. 

 

Introduction 

Connective tissue disease (CTD) is a major cause of pulmonary arterial hypertension (PAH) and causes 

25.3% of PAH and 50.7% of associated PAH [1]. However, the underlying CTD varies between different 

populations. Although systemic sclerosis (SSc) is widely recognized as the major underlying cause of 

CTD-associated PAH in the Western world [2, 3], systemic lupus erythematosus (SLE)-associated PAH is 

most commonly reported in Asian countries [4, 5], especially in China, due to its higher prevalence of SLE 

than that in other ethnicities [6]. Notably, according to a meta-analysis of studies from the US [2, 7], UK 

[8], Japan [9] and China [4], the 5-year pooled survival rate was 68% for patients with SLE-associated 

PAH [10]. Compared with the 5-year survival rate for patients with SLE (92–94%) [11, 12], the clinical 

outcome of SLE patients is dramatically worsened after developing PAH [13]. However, only three studies 

(including 124 patients) meeting the eligible criteria were utilized to calculate the 5-year pooled survival 

rate with a huge heterogeneity (I
2 

= 52.7%) [10]. Thus, a large, multicenter study is required to determine 

the long-term prognosis of patients with SLE-associated PAH.  

 



The Chinese SLE Treatment and Research Group (CSTAR) was established in 2009 to collect data from 

Chinese patients with SLE and was further extended with the formation of the Chinese Rheumatism Data 

Center (CRDC), which is directed by the National Health and Family Planning Commission of the People's 

Republic of China [14, 15]. Based on the CSTAR registry, we determined the prevalence of PAH among 

Chinese patients with SLE [16]. Herein, we identified the long-term clinical outcomes, including mortality 

and treatment goal achievement (TGA), and related prognostic factors of patients with SLE-associated 

PAH confirmed by right heart catheterization (RHC) and also demonstrated the association between 

mortality and TGA. 

 

Methods 

CSTAR-PAH cohort 

The CSTAR registry is a nationwide registry involving 104 rheumatology centers covering 30 provinces in 

China [15]. In total, 14 referral centers of CTD-associated PAH were qualified as patients enrollment 

centers (supplementary). Patients who visited the referral centers from November 2006 to May 2016 and 

met the following criteria were enrolled in the CSTAR-PAH cohort. The eligible criteria included the 

diagnosis of SLE confirmed by the 2012 Systemic Lupus International Collaborating Clinics (SLICC) 

classification criteria [17] and the diagnosis of PAH based on RHC defined as the mean pulmonary arterial 

pressure (mPAP) ≥ 25 mmHg at rest, pulmonary arterial wedge pressure (PAWP) ≤ 15 mmHg, and 

pulmonary vascular resistance (PVR) > 3 Wood units [18]. Patients with other types of pulmonary 

hypertension revealed by a pulmonary function test (PFT) showing total lung capacity (TLC) < 60% and 

ventilation perfusion scintigraphy (V/Q) or computed tomographic pulmonary angiography (CTPA) 

showing pulmonary thromboembolism were excluded. Patients with overlapping CTD, such as SSc, or 



other CTDs were also excluded. Application of PAH guidelines [18, 19] and a census-based 

SLE-associated PAH treatment regimen [20] were as well required as inclusion criteria. This study was 

approved by the institutional review board, and we obtained informed consent from each patient. 

 

Data collection 

The time of recruitment (baseline) was defined as the time of SLE-associated PAH diagnosis confirmed by 

RHC. At baseline, we collected demographic information and medical history and performed the physical 

examination, laboratory evaluations, and transthoracic echocardiography (TTE). Data collected at baseline 

included age; gender; onset of SLE and PAH; organ involvement; SLE Disease Activity Index (SLEDAI) 

[21]; WHO functional class (WHO FC); 6-minute walking distance (6MWD); levels of serum brain 

natriuretic peptide (BNP) and N terminal-pro brain natriuretic peptide (NT-proBNP); anti-U1RNP status; 

antiphospholipid antibody status; TTE and RHC parameters (which were reviewed by independent 

cardiologists), including mean pulmonary arterial pressure (mPAP), pulmonary arterial wedge pressure 

(PAWP), pulmonary vascular resistance (PVR), cardiac output (CO), cardiac index (CI), and right atrial 

pressure (RAP); and treatment regimen. The duration of SLE was defined as the time span from the 

diagnosis of SLE to the diagnosis of SLE-associated PAH by RHC (baseline). Serositis was defined as 

pleuritis/pleural effusion and/or pericarditis/pericardial effusion detected by TTE, chest X-ray or chest 

computerized tomography scan [17].  

 

Follow-up 

A comprehensive follow-up evaluation of every patient was recorded and reported at least once a year. 

These measures included WHO FC, 6MWD, serum BNP, serum NT-proBNP, and TTE. Treatment 



regimens were also recorded. Death, causes of death, hospitalization due to disease deterioration, 

disease-related transplantation or atrial septostomy were also recorded and reported to the database.  

 

Outcomes 

The primary end point was death from any cause. Mortality was ascertained from PAH center records and 

the national population tracking system. The exploratory experimental end point was achieving the 

integrated treatment goal recommended by the European Society of Cardiology (ESC) and the European 

Respiratory Society (ERS) [19]. Treatment goal was defined as achieved when all of the following four 

aspects were reached, including: 1) clinical symptoms: no signs of right heart failure, syncope or 

progression; 2) WHO FC I or II, or 6MWD > 380–440 m; 3) serology: BNP < 50 ng/L or NT-proBNP < 

300 ng/L; and 4) cardiac imaging: normal right atrial area according to echocardiography. For 

socioeconomic reasons in our country, hemodynamic parameters were not available in every follow-up 

visit and therefore were not included in evaluating TGA in our study. TGA was ascertained according to 

the follow-up date reported by each PAH center prior to the course of data analysis.  

 

Statistical Analyses 

Quantitative data are described as the means and standard deviations. Non-quantitative data are described 

as counts and percentages. Cumulative probabilities of survival and not achieving the treatment goal were 

calculated with the Kaplan-Meier estimator. Further comparisons were performed with a log-rank test. The 

Kaplan-Meier survival curves comparing patients with TGA and without TGA were plotted by the method 

proposed by Simon and Makuch [22] for time-dependent covariates. All-cause mortality was used in 

survival statistics. Follow-up time was calculated from the date of initial diagnostic RHC. Baseline 



characteristics between patients with and without clinical outcomes (death and TGA) were compared. 

Baseline factors with clinical significance, including age at recruitment, gender, clinical features, RHC 

parameters, TTE parameters and treatment selection were analyzed by univariate Cox regressions. The 

cutting-offs of CI and 6MWD were based on the previous studies and guidelines [18, 19]. Considered that 

there is no widely recognized cutting-off of PVR, we did an outcome-oriented statistical analysis for 

cut-point determination by the method proposed by Contal and O’Quigley [23], and used 12 WU as the 

cutoff in our study. Other parameters, including NT-proBNP, BNP and RAP were firstly dichotomized 

according to tertiles, and then used in the Cox regression. As TGA was a time-dependent covariate, we 

used time-dependent Cox regression, in order to avoid immortal time bias. Variables with clinical 

relevance selected by univariate analysis, including age, gender, and others, were further subjected to 

multivariate analysis. The proportional hazard assumption based on the Schoenfeld residuals was tested. P 

values < 0.05 were considered significant. Data analyses were conducted with SPSS 19.0 (SPSS Inc., 

Chicago, IL, USA) and R software (www.r-project.org).  

 

Results 

Baseline characteristics of patients with SLE-associated PAH 

In total, 310 patients with RHC-confirmed SLE-associated PAH were enrolled in our study (Table 1). The 

mean duration of SLE was 4.4 ± 5.4 years. A total of 51.7% patients were WHO FC I or II, and the mean 

mPAP was 46.5 ± 12.1 mmHg. 99.4% and 92.6% patients were treated with glucocorticoid and 

immunosuppressant therapy, respectively. A total of 69.4% of patients were receiving PAH medication: 

56.7% received endothelin receptor antagonists (ERA), 58.1% received phosphodiesterase inhibitors 

(PDE5-I), and 7.0% received prostacyclin analogues (PG). Among the 310 recruited patients, 282 patients 
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with confirmed mortality statuses were included in the survival analysis, and 263 patients with full 

follow-up data were included in the TGA study (Figure 1). The maximum follow-up duration was 107.5 

months, and the median follow-up was 24.0 months. 

 

Survival and predictors of mortality for patients with SLE-associated PAH 

During the follow-up, 42 (14.9%) deaths occurred. No PAH-related transplantations or atrial septostomies 

occurred. The 1-, 3- and 5-year survival rates for patients with SLE-associated PAH were 92.1%, 84.8% 

and 72.9%, respectively (Figure 2A). The mean survival time was 7.0 years.  

 

Baseline characteristics between survivors and non-survivors were compared (Supplementary Table 1). 

According to the univariate COX analysis, the following baseline factors were associated with mortality 

(Table 2): 6MWD ≤ 380 m; WHO FC III-IV; NT-proBNP > 1695.0 pg/ml; high mPAP; CI < 2.5 L/min×m
2
 

(Figure 2B); PVR > 12 WU; and enlarged right ventricular (RV) diameter. According to the multivariate 

Cox regression analysis adjusting sex and age, CI < 2.5 L/min×m
2 
(HR = 2.62, 95% CI: 1.33 to 5.18, P = 

0.006) was identified as an independent predictor of mortality for patients with SLE-associated PAH.  

 

Relationship between TGA and death 

TGA was identified as a factor positively associated with survival in univariate time-dependent Cox 

regression (HR = 0.18, 95% CI: 0.05 to 0.59, P = 0.005). We then compared the cumulative survival rates 

between patients who achieved the treatment goal and patients who did not (Figure 3). The cumulative 

survival rate was significantly higher for patients who achieved TGA (P = 0.002).  

 



TGA and prognostic factors of TGA for patients with SLE-associated PAH 

As the secondary exploratory end point of our study, we identified the TGA status of individual patient 

according to the follow-up data. Among them, 115 (43.7%) patients achieved the treatment goal, and their 

1-, 3- and 5-year TGA rates were 31.5%, 53.6% and 62.7%, respectively (Figure 4A). The median time 

from baseline to TGA was 2.5 years. Baseline characteristics were compared between patients who reached 

the treatment goals and patients who did not (Supplementary Table 2). To investigate the predictors of 

TGA, univariate cox regression was conducted. Characteristics at baseline, including serositis (Figure 4B), 

6MWD > 380 m (Figure 4C), low mPAP, BNP >339.3 ng/L, CI ≥ 2.5 L/min×m
2
, PVR ≤ 12 WU and a 

smaller RV diameter were associated with TGA (Table 3). After adjusting for the effects of multiple 

covariates, baseline serositis (HR = 1.99, 95% CI: 1.27 to 3.11, P = 0.003), 6MWD > 380 m (HR = 2.12, 

95% CI: 1.22 to 3.68, P = 0.008) and CI ≥ 2.5 L/min×m
2 
(HR = 2.14, 95% CI: 1.26 to 3.62, P = 0.005) 

were identified as independent prognostic factors of TGA (Table 3).  

 

Patients with serositis at baseline had better TGA after intensive immunosuppressive therapy 

We hypothesized that patients with serositis at baseline would respond better to intensive 

immunosuppressive therapy (IST), defined as the therapy with one or more immunosuppressants, 

including cyclophosphamide, mycophenolate mofetil, cyclosporine A and tacrolimus, than those without 

serositis at baseline. There were no significant differences in baseline characteristics between patients on 

IST and those on only hydroxychloroquine (HCQ) therapy when stratified by baseline serositis 

(Supplementary Table 3). Notably, when comparing TGA between the two therapeutic groups, patients 

with baseline serositis were more likely to reach TGA after IST compared to non-IST recipients (HR = 

2.47, 95% CI: 1.21 to 4.17, P = 0.013), which was not seen in those without baseline serositis (Figure 5). 



Discussion 

We identified the prognostic factors for patients with SLE-associated PAH based on a multicenter cohort 

with RHC-based diagnoses. All-cause mortality and TGA were set as the long-term and medium-term 

clinical end-points, respectively. The 1-, 3- and 5-year survival rates of patients with SLE-associated PAH 

were 92.1%, 84.8% and 72.9%, respectively. The 1, 3, and 5-year survival rates of 1494 SLE patients 

recruited during the same time period were 98.3%, 96.9% and 95.7% respectively in China (unpublished 

data). The survival rates of SLE-associated PAH are higher than those calculated in the previous 

meta-analysis (1-year 88%, 3-year 81%, 5-year 68%) [10]. In a recent French cohort, the 1-, 3- and 5-year 

survival rates were 94.1%, 89.4% and 83.9% [24]. There may be a population difference regarding 

prognosis; however, time-lead bias, disease severity, therapeutic strategy, and the study design should also 

be considered. According to univariate and multivariate analyses, baseline CI < 2.5 L/min×m
2
 was an 

independent predictor of mortality. Our study, consistent with the conclusions of studies on idiopathic PAH 

and SSc-associated PAH, confirmed that heart function, represented by CI, is critical to the clinical 

outcomes of patients with SLE-associated PAH [25-27]. Preservation or improvement of heart function 

may become the priority of clinicians in the management of SLE-associated PAH, which will need to be 

proven in future studies.  

 

Treat-to-target, defined as a therapeutic strategy aiming to treat patients to a goal and improve disease 

outcome, is increasingly accepted in disease management. A treat-to-target strategy of SLE has been 

recommended by an international task force, which asserted that complete remission is the main target of 

SLE [28]. With regard to the heterogeneity of SLE, the treatment goal may vary in situations with different 

organ involvement [29]. An integrated criterion with multiple parameters, including WHO functional class, 



symptom, serological, echocardiographic and RHC parameters, was recommended as treatment goals for 

patients with PAH by ESC/ERS [19]. Although the goal-orientated treatment approach has not been fully 

validated, several studies have shown recently that PAH patients in a “low-risk” group showed a decreased 

mortality risk [30-32]. Although RHC is a relatively direct and accurate way of evaluating PAH, RHC 

cannot be performed at every follow-up visit due to its invasive nature and to socioeconomic factors in our 

country. Thus, TGA without RHC parameters was defined as the exploratory secondary end point in our 

study, and it was favorably associated with survival among patients with SLE-associated PAH. Our study 

demonstrated that TGA was associated with the long-term survival and that TGA could be a target in the 

management of SLE-associated PAH. The long-term survival of patients meeting different numbers of 

treatment goal at specific time points need to be further compared. The 1-, 3- and 5-year TGA rates were 

31.5%, 53.6% and 62.7%, respectively. Baseline 6MWD ≥ 380 m and CI ≥ 2.5 L/min×m
2
 were identified 

as predictors of TGA among patients with SLE-associated PAH in our study, indicating that heart function 

is also crucial in the response to treatment and to even achieving the treatment goal.  

 

Notably, baseline serositis was newly identified to predict TGA in our study. It has been reported in our 

previous study that SLE disease activity scores were significantly higher in patients with serositis, and 

pulmonary arterial hypertension was significantly associated with serositis in patients with SLE [33]. Here, 

we found that indicators of heart failure, such as WHO FC, CI and RAP, had no significant differences in 

SLE-associated PAH patients with vs. without serositis (data not shown), indicating that inflammation may 

be the major mechanism leading to serositis in patients with SLE-associated PAH in our study. This result 

raised the question of whether patients with high SLE disease activity, indicated by baseline serositis, 

could benefit from immunosuppressive therapy and achieve better clinical outcomes. Therefore, a further 



stratification analysis was conducted. It showed that patients with baseline serositis were more likely to 

reach TGA after intensive immunosuppressive therapy (IST) than those without IST, while the same 

phenomenon was not shown in patients without baseline serositis. This result suggests that, in developing 

future treatment strategies, that baseline serositis may be treated as an indicator for clinicians to initiate 

intensive IST for patients with SLE-associated PAH. Although the literature is limited, this result concurs 

with a recent case report finding that a patient with SLE-associated PAH and high disease activity has 

totally recovered after methylprednisolone pulse therapy [34]. In another recent study, the use of 

immunosuppressants was an independent predictor of a short-term response in patients with 

CTD-associated PAH [35]. The potential clinical significance still needs further investigation and evidence 

from randomized clinical trials. 

 

This study has several limitations. First, 310 patients were initially enrolled in our study, and patients 

without information about death or TGA were excluded from the prognosis analyses. Fortunately, there 

was no significant difference in the baseline characteristics of patients included and excluded in the 

prognosis analyses (data not shown), indicating the lack of the outcome data was random. Second, we 

included both the incident and prevalent populations. Patients with incident PAH have poorer survival rates 

than patients with prevalent disease, according to both the French registry and the Registry to Evaluate 

Early and Long-term Pulmonary Arterial Hypertension Disease Management (REVEAL) studies [7, 36]. 

Thus, the incident cohort and prevalent cohort need to be studied separately in future studies. Also, we 

reported that 69.4% patients in our cohort received PAH target medications at baseline, explained by 

socioeconomic reasons. Thus, the effect of different treatment regimens needs to be further studied. Lastly, 

there were 31.6% missing value of RAP in our cohort explained by the reason that RAP was not a routinely 



reported value in some PAH centers. However, it showed some a tendency of predicting death even 

without significant significance. Future studies need to collect complete information on this value and 

prove its prognostic significance.  

 

This study is for now the largest prognostic cohort consisting of patients with SLE-associated PAH based 

on a RHC algorithm. It reported the 1-, 3- and 5-year survival rates of patients with SLE-associated PAH 

and further identified CI as a predictor of mortality. We reported for the first time the 1-, 3- and 5-year 

rates of achieving treatment goals. CI, 6MWD and serositis were prognostic factors of TGA. TGA was 

associated with long-term survival, the first evidence supporting the treat-to target strategy in 

SLE-associated PAH. Baseline heart function predicted both survival and TGA in patients with 

SLE-associated PAH. Patients with serositis at baseline tended to benefit from intensive 

immunosuppressive therapy and to have better clinical outcomes. Further investigation on the therapeutic 

strategy specific for SLE-associated PAH is urgently needed.   

 

Funding 

This work was supported by the Chinese National Key Research R&D Program (grant number 

2017YFC0907601, 2017YFC0907602, 2017YFC0907603, 2008BAI59B02) and the Chinese National 

High Technology Research and Development Program, Ministry of Science and Technology (grant number 

2012AA02A513). 

 

Acknowledgments 

We appreciate Yang Ding, PhD, Center for Bioinformatics, School of Life Sciences, Peking University, 



Beijing, China, for his kind technical support during data analysis. We also appreciate the comments and 

editing of our manuscript by Dr. Andrea Ballmer and her medical team from Actelion. 

References 

1. Badesch DB, Raskob GE, Elliott CG, Krichman AM, Farber HW, Frost AE, Barst RJ, Benza RL, 

Liou TG, Turner M, Giles S, Feldkircher K, Miller DP, McGoon MD. Pulmonary arterial 

hypertension: baseline characteristics from the REVEAL Registry. Chest 2010; 137: 376-387. 

2. Chung L, Liu J, Parsons L, Hassoun PM, McGoon M, Badesch DB, Miller DP, Nicolls MR, 

Zamanian RT. Characterization of connective tissue disease-associated pulmonary arterial 

hypertension from REVEAL: identifying systemic sclerosis as a unique phenotype. Chest 2010; 

138: 1383-1394. 

3. Condliffe R, Kiely DG, Peacock AJ, Corris PA, Gibbs JS, Vrapi F, Das C, Elliot CA, Johnson M, 

DeSoyza J, Torpy C, Goldsmith K, Hodgkins D, Hughes RJ, Pepke-Zaba J, Coghlan JG. Connective 

tissue disease-associated pulmonary arterial hypertension in the modern treatment era. Am J 

Respir Crit Care Med 2009; 179: 151-157. 

4. Hao YJ, Jiang X, Zhou W, Wang Y, Gao L, Wang Y, Li GT, Hong T, Huo Y, Jing ZC, Zhang ZL. 

Connective tissue disease-associated pulmonary arterial hypertension in Chinese patients. Eur 

Respir J 2014; 44: 963-972. 

5. Jeon CH, Chai JY, Seo YI, Jun JB, Koh EM, Lee SK, pulmonary hypertension study group of 

Korean College of Rheumatology. Pulmonary hypertension associated with rheumatic diseases: 

baseline characteristics from the Korean registry. Int J Rheum Dis 2012; 15: e80-e89. 

6. D'Cruz DP, Khamashta MA, Hughes GR. Systemic lupus erythematosus. Lancet 2007; 369: 

587-596. 



7. Chung L, Parsons L, Hassoun PM, McGoon M, Badesch D, Miller DP, Nicolls MR. Outcomes in a 

newly diagnosed population of connective tissue disease-associated pulmonary arterial 

hypertension patients from the REVEAL Registry. Arthritis Rheum-US 2010; 62: 1223. 

8. Schreiber BE, Valerio C, Handler C, Keir G, Lee R, Martin R, Ong V, Wells A, D'Cruz D, Denton C, 

Coghlan G. Diagnosis and prognosis of pulmonary arterial hypertension in SLE and SSC. 

Rheumatology 2011; 50: i40. 

9. Shirai Y, Yasuoka H, Okano Y, Takeuchi T, Satoh T, Kuwana M. Clinical characteristics and 

survival of Japanese patients with connective tissue disease and pulmonary arterial hypertension: a 

single-centre cohort. Rheumatology (Oxford) 2012; 51: 1846-1854. 

10. Qian J, Wang Y, Huang C, Yang X, Zhao J, Wang Q, Tian Z, Li M, Zeng X. Survival and prognostic 

factors of systemic lupus erythematosus-associated pulmonary arterial hypertension: a 

PRISMA-compliant systematic review and meta-analysis. Autoimmun Rev 2016; 15: 250-257. 

11. Wang Z, Wang Y, Zhu R, Tian X, Xu D, Wang Q, Wu C, Zhang S, Zhao J, Zhao Y, Li M, Zeng X. 

Long-term survival and death causes of systemic lupus erythematosus in china: a systemic review 

of observational studies. Medicine (Baltimore) 2015; 94: e794. 

12. Mak A, Cheung MW, Chiew HJ, Liu Y, Ho RC. Global trend of survival and damage of systemic 

lupus erythematosus: meta-analysis and meta-regression of observational studies from the 1950s 

to 2000s. Semin Arthritis Rheum 2012; 41: 830-839. 

13. Boumpas DT, Austin HR, Fessler BJ, Balow JE, Klippel JH, Lockshin MD. Systemic lupus 

erythematosus: emerging concepts. part 1: Renal, neuropsychiatric, cardiovascular, pulmonary, 

and hematologic disease. Ann. Intern Med 1995; 122: 940-950. 

14. Li M, Tian X, Zhang W, Leng X, Zeng X. CRDC: a Chinese rheumatology research platform. Clin 



Rheumatol 2015; 34: 1347-1352. 

15. Li M, Zhang W, Leng X, Li Z, Ye Z, Li C, Li X, Zhu P, Wang Z, Zheng Y, Li X, Zhang M, Zhang F, 

Zhao Y, Zeng X, CSTAR co-authors. Chinese SLE Treatment and Research group (CSTAR) 

registry: I. Major clinical characteristics of Chinese patients with systemic lupus erythematosus. 

Lupus 2013; 22: 1192-1199. 

16. Li M, Wang Q, Zhao J, Li Z, Ye Z, Li C, Li X, Zhu P, Wang Z, Zheng Y, Li X, Zhang M, Tian Z, Liu 

Y, He J, Zhang F, Zhao Y, Zeng X, CSTAR co-authors. Chinese SLE Treatment and Research group 

(CSTAR) registry: II. Prevalence and risk factors of pulmonary arterial hypertension in Chinese 

patients with systemic lupus erythematosus. Lupus 2014; 23: 1085-1091. 

17. Petri M, Orbai AM, Alarcón GS, Gordon C, Merrill JT, Fortin PR, Bruce IN, Isenberg D, Wallace 

DJ, Nived O, Sturfelt G, Ramsey-Goldman R, Bae SC, Hanly JG, Sánchez-Guerrero J, Clarke A, 

Aranow C, Manzi S, Urowitz M, Gladman D, Kalunian K, Costner M, Werth VP, Zoma A, 

Bernatsky S, Ruiz-Irastorza G, Khamashta MA, Jacobsen S, Buyon JP, Maddison P, Dooley MA, 

van Vollenhoven RF, Ginzler E, Stoll T, Peschken C, Jorizzo JL, Callen JP, Lim SS, Fessler BJ, 

Inanc M, Kamen DL, Rahman A, Steinsson K, Franks AJ, Sigler L, Hameed S, Fang H, Pham N, 

Brey R, Weisman MH, McGwin GJ, Magder LS. Derivation and validation of the Systemic Lupus 

International Collaborating Clinics classification criteria for systemic lupus erythematosus. 

Arthritis Rheum 2012; 64: 2677-2686. 

18. Idrees MM, Saleemi S, Azem MA, Aldammas S, Alhazmi M, Khan J, Gari A, Aldabbagh M, 

Sakkijha H, Aldalaan A, Alnajashi K, Alhabeeb W, Nizami I, Kouatli A, Chehab M, Tamimi O, 

Banjar H, Kashour T, Lopes A, Minai O, Hassoun P, Pasha Q, Mayer E, Butrous G, Bhagavathula S, 

Ghio S, Swiston J, Boueiz A, Tonelli A, Levy RD, Hoeper M, Levy RD. Saudi guidelines on the 



diagnosis and treatment of pulmonary hypertension: 2014 updates. Ann Thorac Med 2014; 9 

(Suppl 1): S1-S15. 

19. Galie N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, Simonneau G, Peacock A, Vonk NA, 

Beghetti M, Ghofrani A, Gomez SM, Hansmann G, Klepetko W, Lancellotti P, Matucci M, 

McDonagh T, Pierard LA, Trindade PT, Zompatori M, Hoeper M. ESC/ERS Guidelines for the 

diagnosis and treatment of pulmonary hypertension: the Joint Task Force for the Diagnosis and 

Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the 

European Respiratory Society (ERS): endorsed by: association for European paediatric and 

Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT). 

Eur Respir J 2015; 46: 903-975. 

20. CRDC C. [Consensus on diagnosis and treatment of systemic lupus erythematosus associated 

pulmonary arterial hypertension in Chinese Adults]. Chin J Intern Med 2015; 54: 129-135. 

21. Gladman DD, Ibañez D, Urowitz MB. Systemic lupus erythematosus disease activity index 2000. J 

Rheumatol 2002; 29: 288-291. 

22.    Schultz, L.R., E.L. Peterson and N. Breslau, Graphing survival curve estimates for time-dependent 

covariates. Int J Methods Psychiatr Res 2002; 11(2): 68-74. 

23.    C, Contal C, O'Quigley J. An application of changepoint methods in studying the effect of age on 

survival in breast cancer. Comput. Stat. Data Anal 1999; 30(3): 253-270. 

24. Hachulla E, Jais X, Cinquetti G, Clerson P, Rottat L, Launay D, Cottin V, Habib G, Prevot G, 

Chabanne C, Foïs E, Amoura Z, Mouthon L, Le Guern V, Montani D, Simonneau G, Humbert M, 

Sobanski V, Sitbon O, French Collaborators Recruiting Members. Pulmonary arterial hypertension 

associated with systemic lupus erythematosus: results from the French Pulmonary Hypertension 



Registry. Chest 2017. 

25. Lefèvre G, Dauchet L, Hachulla E, Montani D, Sobanski V, Lambert M, Hatron PY, Humbert M, 

Launay D. Survival and prognostic factors in systemic sclerosis-associated pulmonary 

hypertension: a systematic review and meta-analysis. Arthritis Rheum 2013; 65: 2412-2423. 

26. D'Alonzo GE, Barst RJ, Ayres SM, Bergofsky EH, Brundage BH, Detre KM, Fishman AP, Goldring 

RM, Groves BM, Kernis JT, A. Survival in patients with primary pulmonary hypertension. Results 

from a national prospective registry. Ann Intern Med 1991; 115: 343-349. 

27. Swiston JR, Johnson SR, Granton JT. Factors that prognosticate mortality in idiopathic pulmonary 

arterial hypertension: a systematic review of the literature. Respir Med 2010; 104: 1588-1607. 

28. van Vollenhoven RF, Mosca M, Bertsias G, Isenberg D, Kuhn A, Lerstrøm K, Aringer M, Bootsma 

H, Boumpas D, Bruce IN, Cervera R, Clarke A, Costedoat-Chalumeau N, Czirják L, Derksen R, 

Dörner T, Gordon C, Graninger W, Houssiau F, Inanc M, Jacobsen S, Jayne D, Jedryka-Goral A, 

Levitsky A, Levy R, Mariette X, Morand E, Navarra S, Neumann I, Rahman A, Rovensky J, Smolen 

J, Vasconcelos C, Voskuyl A, Voss A, Zakharova H, Zoma A, Schneider M. Treat-to-target in 

systemic lupus erythematosus: recommendations from an international task force. Ann Rheum Dis 

2014; 73: 958-967. 

29. Doria A, Gatto M, Zen M, Iaccarino L, Punzi L. Optimizing outcome in SLE: treating-to-target and 

definition of treatment goals. Autoimmun Rev 2014; 13: 770-777. 

30. Kylhammar D, Kjellström B, Hjalmarsson C, Jansson K, Nisell M, Söderberg S, Wikström G, 

Rådegran G, SveFPH and SPAHR. A comprehensive risk stratification at early follow-up 

determines prognosis in pulmonary arterial hypertension. Eur Heart J 2017. 

31.    Boucly A, Weatherald J, Savale L, Jais X, Cottin V, Prevot G, Picard F, de Groote P, Jevnikar M, 



Bergot E, Chaouat A, Chabanne C, Bourdin A, Parent F, Montani D, Simonneau G, Humbert M, 

Sitbon O. Risk assessment, prognosis and guideline implementation in pulmonary arterial 

hypertension. Eur Respir J 2017; 50(2). 

32.    Hoeper MM, Kramer T, Pan Z, Eichstaedt CA, Spiesshoefer J, Benjamin N, Olsson KM, Meyer K, 

Vizza CD, Vonk-Noordegraaf A, Distler O, Opitz C, Gibbs J, Delcroix M, Ghofrani HA, Huscher 

D, Pittrow D, Rosenkranz S, Grunig E. Mortality in pulmonary arterial hypertension: prediction 

by the 2015 European pulmonary hypertension guidelines risk stratification model. Eur Respir J 

2017; 50(2). 

33.    Zhao J, Bai W, Zhu P, Zhang X, Liu S, Wu L, Ma L, Bi L, Zuo X, Sun L, Huang C, Tian X, Li M, 

Zhao Y, Zeng X. Chinese SLE Treatment and Research group (CSTAR) registry VII: prevalence 

and clinical significance of serositis in Chinese patients with systemic lupus erythematosus. Lupus 

2016; 25(6): 652-657. 

34. Huang C, Zhang S, Tian Z, Li M, Zeng X. Could pulmonary arterial hypertension be an active 

index of systemic lupus erythematosus? A successful case of SLE-PAH cured by 

methylprednisolone pulse therapy. Lupus 2014; 23: 1533-1536. 

35. Yasuoka H, Shirai Y, Tamura Y, Takeuchi T, Kuwana M. Predictors of favorable responses to 

immunosuppressive treatment in pulmonary arterial hypertension associated with connective 

tissue disease. Circ J 2017; [Epub ahead of print]. 

36. Humbert M, Sitbon O, Yaïci A, Montani D, O'Callaghan DS, Jaïs X, Parent F, Savale L, Natali D, 

Günther S, Chaouat A, Chabot F, Cordier JF, Habib G, Gressin V, Jing ZC, Souza R, Simonneau G, 

French Pulmonary Arterial Hypertension Network. Survival in incident and prevalent cohorts of 

patients with pulmonary arterial hypertension. Eur Respir J 2010; 36: 549-555. 



Tables 

Table 1 Baseline characteristics of patients with SLE-associated PAH 

Characteristics SLE-associated PAH (n = 310) 

Age at recruitment, yr 35.0 ± 10.1 

Female sex, % 99.4 

Duration of SLE from diagnosis, yr 4.4 ± 5.4 

Clinical features  

WHO FC  

     I, % 5.6 

     II, %  46.1 

     III, % 44.6 

     IV, % 3.7 

6MWD, m 408.6 ± 98.0 

BNP, ng/L 600.4 ± 1328.2 

NT-proBNP, pg/ml 1660.5 ± 2275.1 

Acute rash, % 32.9 

Serositis, % 35.2 

Lupus nephritis, % 33.5 

Neuropsychiatric lupus, % 3.9 

Thrombocytopenia, % 45.2 

Hypocomplementemia, % 63.2 

Anti-dsDNA, % 51.5 



Anti-Sm,%  

Anti-U1 RNP 

34.2 

59.0 

APL, % 12.9 

SLEDAI 6.1 ± 5.5 

RHC   

 mPAP, mmHg 46.5 ± 12.1 

 PAWP, mmHg 7.9 ± 4.0 

 PVR, WU 11.0 ± 5.5 

 CI, L/min × m
2
 2.8 ± 0.9 

 RAP, mmHg 5.6 ± 5.5 

UCG  

 PASP, mmHg 77.3 ± 21.5 

 RV diameter, mm 36.9 ± 12.5 

Treatment  

Glucocorticoid, % 99.4 

Immunosuppressant, % 92.6 

  CYC, % 61.7 

≥ 2, % 44.3 

PAH medication, % 69.4 

  ERA, % 56.7 

  PDE5-I, % 58.1 

  PG, % 7.0 



≥ 2, % 19.5 

WHO FC = WHO functional class, 6MWD = 6-minute walking distance, BNP = brain natriuretic peptide, 

NT-proBNP = N-terminal-pro BNP, APL = antiphospholipid, SLEDAI = SLE disease activity index, RHC 

= right heart catheterization, mPAP = mean pulmonary arterial pressure, PAWP = pulmonary arterial wedge 

pressure, PVR = pulmonary vascular resistance, CI = cardiac index, RAP = right atrial pressure, UCG = 

echocardiography, PASP = pulmonary arterial systolic pressure, RV = right ventricular, CYC = 

cyclophosphamide, ERA = endothelin receptor antagonist, PDE5-I = phosphodiesterase inhibitor, PG = 

prostacyclin analogue. 

 

Table 2 Predictors of mortality for patients with SLE-associated PAH 

Baseline variables 

Univariate analysis Multivariate analysis 

HR (95% CI) P value HR (95% CI) P value 

6MWD ≤ 380 m 4.56 (2.05, 10.18) < 0.001**   

WHO FC III-IV 2.51 (1.24, 5.09) 0.010**   

NT-proBNP 
†
      

    < 536.3 pg/ml Reference    

    536.3- 1695.0 pg/ml 1.26 (0.38, 4.15) 0.704   

    >1695.0 pg/ml 4.78 (1.73, 13.25) 0.003**   

mPAP, mmHg 1.04 (1.02, 1.06)  0.001**   

CI < 2.5 L/min × m
2
 2.82 (1.43, 5.55)  0.003** 2.62 (1.33, 5.18) 0.006* 

PVR > 12 WU 3.12 (1.51, 6.43) 0.002**   

RAP
†
     

<3mmHg Reference    

3-7mmHg 0.78 (0.29, 2.04) 0.61   

>7mmHg 1.29 (0.52, 3.18) 0.58   

Missing
‡
 1.36 (0.62, 3.00) 0.45   



RV diameter, mm 1.04 (1.01, 1.07)  0.019*   

Anti-U1 RNP positivity 1.46 (0.76, 2.81) 0.260   

APL antibody positivity 0.69 (0.27, 1.79) 0.449   

SLEDAI 0.97 (0.91, 1.03) 0.251   

6MWD = 6-minute walking distance, WHO FC = WHO functional class, NT-proBNP = N-terminal-pro 

brain natriuretic peptide, mPAP = mean pulmonary arterial pressure, CI = cardiac index, PVR = pulmonary 

vascular resistance, RAP = right atrial pressure, RV = right ventricular, APL = antiphospholipid, SLEDAI 

= SLE disease activity index. * P ≤ 0.05. ** P ≤ 0.01. 

†
 Variables grouped where appropriate into tertiles 

‡
 30% patients with missing data 

 

Table 3 Predictors of TGA for patients with SLE-associated PAH 

Baseline variables 

Univariate analysis Multivariate regression 

HR (95% CI) P value HR (95% CI) P value 

Serositis 1.55 (1.07, 2.23) 0.021* 1.99 (1.27, 3.11)  0.003** 

6MWD > 380 m 1.49 (1.16, 1.92) 0.002** 2.12(1.22, 3.68) 0.008** 

BNP
†
      

    < 105.3 ng/L Reference     

    105.3- 339.3 ng/L 0.83 (0.48, 1.43) 0.50   

    >339.3 ng/L 0.29 (0.15, 0.57) <0.001**   

mPAP, mmHg 0.97 (0.96, 0.99) < 0.001**   

CI ≥ 2.5 L/min × m
2
 1.97 (1.29, 3.01) 0.002** 2.14 (1.26, 3.62)  0.005** 

PVR ≤ 12 WU 1.98 (1.27, 3.10) 0.003**   



RAP
†
     

<3mmHg Reference    

3-7mmHg 0.76 (0.48, 1.22) 0.25   

>7mmHg 0.45 (0.26, 0.78) 0.004**   

Missing
‡
 0.29 (0.17, 0.50) <0.001**   

6MWD = 6-minute walking distance, BNP = brain natriuretic peptide, mPAP = mean pulmonary arterial 

pressure, CI = cardiac index, PVR = pulmonary vascular resistance, RAP = right atrial pressure, RV = right 

ventricular. * P ≤ 0.05. ** P ≤ 0.01. 

†
 Variables grouped where appropriate into tertiles. 

‡
 30% patients with missing data 

  



Figure legends 

Figure 1 Study flow diagram. 

 

Figure 2 Cumulative survival rates for patients with SLE-associated PAH. 

(A) All patients with SLE-associated PAH. (B) Comparison between patients with CI ≥ 2.5 L/min × m
2 

and 

CI < 2.5 L/min × m
2
.  

 

Figure 3 Comparison of the cumulative survival rates in patients with and without TGA. 

 

Figure 4 Cumulative rates of not achieving treatment goals for patients with SLE-associated PAH. 

(A) The cumulative non-TGA rates for all patients with SLE-associated PAH. (B) Comparison between 

patients with and without baseline serositis. (C) Comparison between patients with 6MWD ≥ 380 m and 

6MWD < 380 m. 

 

Figure 5 Cumulative rates of not achieving treatment goals for patients with SLE-associated PAH. 

(A) Comparison between patients with IST and patients with HCQ only among those without baseline 

serositis. (B) Comparison between patients with IST and patients with HCQ only among those with 

baseline serositis. 

 

  



 

 

 

 

  



 

 

 

 

 

  



 

 

 

 

 

  



 

 

 

 

  



 

 

 

 

 



Supplementary  

Supplementary table 1  

Comparison of baseline characteristics between survivors and non-survivors  

Characteristics 
Non-survivors 

(n = 42) 

Survivors 

(n = 240) 
P value 

Age at recruitment, yr 36.2 ± 12.0 34.9 ± 10.0 0.439 

Female sex, % 100.0 99.2 1.000 

Lupus duration, yr 3.3 ± 4.3 4.5 ± 5.5 0.176 

Clinical features    

WHO FC I-II, % 29.7 53.8   0.007** 

6MWD, m 347.1 ± 81.3 414.4 ± 98.2   0.001** 

Raynaud's phenomenon, % 59.5 50.4 0.276 

Acute rash, % 35.7 32.9 0.723 

Serositis, % 40.5 36.3 0.600 

Lupus nephritis, % 38.1 34.6 0.660 

Neuropsychiatric lupus, % 2.4 4.2 0.905 

Thrombocytopenia, % 40.5 46.3 0.488 

Hypocomplementemia, % 59.5 64.2 0.564 

Anti-dsDNA, % 35.7 35.3 0.961 

Anti-Sm,%  31.0 36.7 0.476 

Anti-U1 RNP, % 69.0 59.4 0.238 

APL, % 12.8 13.1 0.961 

SLEDAI 5.2 ± 3.8 6.5 ± 5.9 0.067 

RHC     

 mPAP, mmHg 52.6 ± 11.8 45.4 ± 11.9   0.001** 

 PVR, WU 13.9 ± 5.8 10.4 ± 5.2   0.001** 

 CI < 2.5 L/min×m
2
, % 64.9 38.0   0.003** 

 RAP mmHg, % 5.9 ± 4.5 5.6 ± 5.8 0.849 

Treatment    

 Glucocorticoids 100.0 99.2 1.000 



 Immunosuppressants 95.2 92.5 0.524 

 PAH-targeted medications 76.2 69.2 0.358 

WHO FC = WHO functional class, 6MWD = 6-minute walking distance, APL = antiphospholipid, 

SLEDAI = systemic lupus erythematosus disease activity index, RHC = right heart catheterization, 

mPAP = mean pulmonary arterial pressure, PVR = pulmonary vascular resistance, CI = cardiac 

index, RAP = right atrial pressure 

 

Supplementary table 2  

Comparison of baseline characteristics between patients who achieved or did not achieve their 

treatment goals  

Characteristics 

Achieved 

treatment goal 

(n = 115) 

Did not achieve 

treatment goal 

(n = 148) 

P value 

Age at recruitment, yr 34.7 ± 9.6 35.2 ± 10.8 0.676 

Female sex, % 99.1 99.3 1.000 

Lupus duration, yr 4.9 ± 5.8 3.7 ± 4.6 0.082 

Clinical features    

WHO FC I-II, % 53.6 45.5 0.217 

6MWD, m 428.2 ± 93.0 376.0 ± 99.4  < 0.001** 

Raynaud's phenomenon, % 56.5 47.3 0.138 

Acute rash, % 33.0 33.1 0.991 

Serositis, % 46.1 31.1  0.013* 

Lupus nephritis, % 40.9 33.1 0.195 

Neuropsychiatric lupus, % 6.1 2.7 0.174 

Thrombocytopenia, % 53.0 43.9 0.142 

Hypocomplementemia, % 70.4 60.1 0.083 

Anti-dsDNA, % 37.2 31.7 0.360 

Anti-Sm,%  36.5 35.1 0.816 

Anti-U1 RNP, % 67.0 56.9 0.105 



APL, % 13.1 13.0 0.973 

SLEDAI 6.5 ± 6.7 6.0 ± 4.8 0.484 

RHC     

 mPAP, mmHg 43.7 ± 11.3 49.5 ± 12.6 < 0.001** 

 PVR, WU 9.7 ± 4.3 12.5 ± 6.0 < 0.001** 

 CI < 2.5 L/min×m
2
, % 27.8 55.5  0.001** 

 RAP, mmHg 5.0 ± 6.3 6.2 ± 5.0  0.182 

Treatment    

 Glucocorticoids 99.1 99.3 1.000 

 Immunosuppressants 92.2 92.6 0.905 

 PAH-targeted medications 60.0 77.0   0.003** 

WHO FC = WHO functional class, 6MWD = 6-minute walking distance, APL = antiphospholipid, 

SLEDAI = systemic lupus erythematosus disease activity index, RHC = right heart catheterization, 

mPAP = mean pulmonary arterial pressure, PVR = pulmonary vascular resistance, CI = cardiac 

index, RAP = right atrial pressure 

 

  



Supplementary table 3  

Baseline characteristics between intensive immunosuppressant (IST) group and the HCQ only 

group stratified by baseline serositis 

 Baseline serositis  Without baseline serositis 

 IST 

n = 64 

HCQ 

only 

n = 20 

P 

value 

 IST 

n = 113 

HCQ only 

n = 31 

P 

value 

Age at recruitment, yr 33.4 ± 

8.2 

35.7 ± 

9.6 

0.292  35.8 ± 

10.4 

36.1 ± 

12.8 

0.874 

Female sex, % 100 100 -  98.2 100 0.456 

WHO FC I-II, % 43.5 42.1 0.912  53.8 65.4 0.295 

6 MWD > 380 m, % 59.6 42.9 0.400  76.1 59.1 0.121 

CI ≥  2.5 

L/min×m
2
, % 

35.9 60.0 0.057  35.5 48.4 0.191 

WHO FC = WHO functional class, 6MWD = 6-minute walking distance, CI = cardiac index 
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