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Summary of candidate predictors
[bookmark: OLE_LINK471]A review of the risk assessment tools and prognostic scores in managing patients with pulmonary arterial hypertension (PAH) was performed in 2019 to identify risk factors with sufficient evidence for inclusion as predictor variables in the risk model (1). The review was based on expert consensus regarding PAH. A meta-analysis confirmed that some of these predictors are survival and prognostic factors for systemic lupus erythematosus-associated pulmonary arterial hypertension (SLE-PAH) (2). As SLE-PAH is a unique and distinct disease subtype, the predictor from the prognostic study of SLE-PAH was included (3). We also added predictors not included in prior literature but related to SLE disease severity, activity, or SLE-PAH that we were able to measure reliably in our data, forming the prediction model’s candidate variables of interest, which are intended to be used to predict all-cause death in patients with SLE-PAH.

[bookmark: _Toc65617247]e-Appendix 2
Continuous variable transformation
[bookmark: OLE_LINK133]Data distribution was assessed using histograms. The possible nonlinear relationship between each continuous variable and death was evaluated using restricted cubic spline regression. The distributions of pro-brain natriuretic peptide (BNP), N-terminal pro-brain natriuretic peptide (NT-proBNP), total bilirubin (Tbil), direct bilirubin (Dbil), cardiac output (CO), mean pulmonary artery pressure (mPAP), age, and systemic lupus erythematosus disease activity index (SLEDAI) were skewed and had a nonlinear relationship with mortality. Therefore, these parameters were log-transformed to normalize their distribution. After logarithmic transformation, BNP, NT-proBNP, Tbil, Dbil, CO, and mPAP showed a linear relationship with mortality, while age and SLEDAI did not. To ensure that the model meets the assumptions of linear regression, age and SLEDAI were converted into categorical predictors according to curvilinear relationships.

[bookmark: _Toc65617248]e-Appendix 3
Validation of the REVEAL model
[bookmark: OLE_LINK137][bookmark: OLE_LINK138]The Registry to Evaluate Early and Long-Term PAH Disease Management (REVEAL) prognostic equation and simplified risk calculator were designed to predict 1-year survival in patients with PAH. However, our study focused on the long-term survival of patients with SLE-PAH. Therefore, the predictive value of REVEAL tools using 5-year outcomes was validated in this study. Since S0(1) indicates the baseline survival at 1 year, the individual’s predicted probability of 5-year survival cannot be calculated. The calibration of the prognostic equation  (4) and risk stratification of the prognostic equation cannot be validated.
The REVEAL prognostic equation and simplified risk calculator were assessed in the Chinese SLE Treatment and Research Group (CSTAR)-PAH cohort in accordance with previously described methods (5, 6). The follow-up of patients was censored 5 years after baseline. The discriminative and predictive abilities of the prognostic equation and simplified risk calculator were assessed based on Harrell’s concordance index (C-index) (7). We also validated the risk calculator’s ability for risk stratification. Kaplan-Meier survival curves were constructed to analyze survival differences among the five risk groups.

[bookmark: _Toc65617249]e-Appendix 4
Sensitivity analyses
[bookmark: OLE_LINK703][bookmark: OLE_LINK704][bookmark: OLE_LINK564][bookmark: OLE_LINK565][bookmark: OLE_LINK30][bookmark: OLE_LINK31]We conducted sensitivity analyses using the complete data and the imputed data to examine the robustness of the regression models. Because no major differences in the magnitude or direction of the effect estimates were observed between the analyses using imputed data and complete cases only (n=196) (e-Table 3), we simply presented the results based on the imputed datasets.
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[bookmark: OLE_LINK38][bookmark: OLE_LINK39]e-Figure 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]e-Figure 1 The Cox proportional hazards assumption for each covariate. 
WHO, modified WHO functional class; 6MWT, 6-minute walking distance test; PVR, pulmonary vascular resistance; EGFR, estimated glomerular filtration rate; ILD, interstitial lung disease; NT-proBNP/BNP, N-terminal pro-brain natriuretic peptide / brain natriuretic peptide level; logDbil, log-transformed direct bilirubin level.
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[bookmark: OLE_LINK42][bookmark: OLE_LINK43]e-Figure 2 Comparison of observed and predicted risk by 5 risk groups of the SLE-PAH prognostic model. 
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e-Table 1. Predictors for multiple imputation model and LASSO regression model
	Category
	Prespecified predictors for multiple imputation
	Candidate predictors for
LASSO regression model

	Demographics
	Age, sex
	Age (categorical), sex

	Symptoms
	Raynaud phenomenon, shortness of breath, fatigue, dry cough,  episodes of chest pain, syncope, palpitation
	Raynaud phenomenon, shortness of breath, fatigue, dry cough, episodes of chest pain ,syncope, palpitation 

	Assessment of Functional Capacity
	Modified WHO functional class, 6MWD, 
	Modified WHO functional class, 6MWD,

	Transthoracic Tchocardiography
	pericardial effusion, PASP
	pericardial effusion

	Hemodynamic Variables (RHC)
	Mean right atrial pressure, pulmonary vascular resistance, cardiac index, cardiac output, mean pulmonary artery pressure
	Mean right atrial pressure, mean pulmonary artery pressure, cardiac index, mean pulmonary artery pressure(log)

	SLE related Clinical features
	EGFR, acute/subacute cutaneous lupus, chronic cutaneous lupus, oral or nasal ulcers, nonscarring alopecia, arthritis, serositis, renal disorder, neurologic disorder, hemolytic anemia, thrombocytopenia,  mild ILD, low complement, C3, C4
	EGFR, acute/subacute cutaneous lupus, chronic cutaneous lupus, oral or nasal ulcers, nonscarring alopecia, arthritis, serositis, renal disorder, neurologic disorder, hemolytic anemia, thrombocytopenia, mild ILD, low complement

	Auto-antibodies
	Direct Coombs test, anti-Sm antibodies, anti-RNP antibodies
	Direct Coombs test , anti-Sm antibodies, anti-RNP antibodies

	Lab Values
	NT-proBNP level, BNP level, NT-proBNP level or BNP level, Dbil, Tbil, LDH, UA
	[bookmark: OLE_LINK359][bookmark: OLE_LINK360]NT-proBNP level or BNP level, UA, Dbil(log)

	Disease activity
	[bookmark: OLE_LINK357][bookmark: OLE_LINK358]SLEDAI
	SLEDAI(categorical)


Abbreviations: WHO, World Health Organization; 6MW, 6-minute walking distance; PASP, pulmonary artery systolic pressure; RHC, right heart catheterization; EGFR, estimated glomerular filtration rate; mild  ILD, interstitial lung disease; C3, complement component 3; C4, complement component 4; NT-proBNP, N-terminal pro-brain natriuretic peptide; BNP, brain natriuretic peptide; Dbil, direct bilirubin level; Tbil, total bilirubin level; LDH, lactate dehydrogenase; UA, serum uric acid

[bookmark: _Toc65617256]e-Table 2. Least absolute shrinkage and selection operator (LASSO) coefficient of the five imputed datasets
	
	coefficient

	
	The first imputed dataset
	The second imputed dataset
	The third imputed dataset
	The forth imputed dataset
	The fifth imputed dataset

	Modified WHO functional class*
	0.246214
	0.361475
	0.261611
	0.268678
	0.311003

	6MWD*
	-0.001659
	-0.000051
	-0.001974
	-0.001541
	-0.000614

	Mean right atrial pressure
	0.011947
	0
	0
	0
	0

	Pulmonary vascular resistance*
	0.044171
	0.064446
	0.031177
	0.051574
	0.051023

	Cardiac index
	0
	0
	-0.048666
	0
	-0.011962

	EGFR*
	-0.007158
	-0.009404
	-0.007279
	-0.007325
	-0.008142

	Nonscarring alopecia
	-0.006336
	0
	-0.016790
	0
	0

	Thrombocytopenia*
	0.053460
	0.046150
	0.134754
	0.071917
	0.045636

	Mild ILD*
	0.302271
	0.276682
	0.262986
	0.264199
	0.231374

	NT-proBNP level or BNP level*
	0.275474
	0.043129
	0.342967
	0.257490
	0.245334

	Mean pulmonary artery pressure (log)
	0.243828
	0
	0.799282
	0.274059
	0.291699

	Dbil (log)*
	1.264023
	1.258835
	1.221815
	1.183828
	1.263196


Abbreviations: WHO, World Health Organization; 6MWD, 6-minute walking distance; EGFR, estimated glomerular filtration rate; ILD, interstitial lung disease;  NT-proBNP, N-terminal pro-brain natriuretic peptide; BNP, brain natriuretic peptide; Dbil, direct bilirubin level
*The overlapped predictors with coefficients in all five imputed datasets were considered as the predictors for the final model.
[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Toc65617257]e-Table 3. Sensitivity analysis of SLE-PAH prediction model using complete cases only
	Predictor variables
	Risk prediction model

	
	β coefficient
	Hazard Ratio
	95%CI
	P value

	Modified WHO functional class
	0.304964
	1.3566
	0.7035 - 2.616
	0.3627  

	6MWD
	-0.002173
	0.9978
	0.9947 - 1.001
	0.1721  

	Pulmonary vascular resistance
	0.075083
	1.0780
	1.0148 - 1.145
	0.0149 *

	EGFR
	-0.007022
	0.9930
	0.9785 - 1.008
	0.3506  

	Thrombocytopenia
	0.491999
	1.6356
	0.8088 - 3.307
	0.1709  

	Mild ILD
	0.402742
	1.4959
	0.8146 - 2.747
	0.1940

	NT-proBNP level/BNP
	1.289863
	3.6323
	0.8241 - 16.009
	0.0883

	Dbil (log transformed)
	0.687265
	1.9883
	0.6806 - 5.809
	0.2089  

	Optimism-corrected total C-index
	0.75

	Optimism-corrected C-index at 5 years
	0.75

	Optimism-corrected Brier score
	0.14


Abbreviations: WHO, World Health Organization; 6MWD, 6-minute walking distance; EGFR, estimated glomerular filtration rate; ILD, interstitial lung disease; NT-proBNP, N-terminal pro-brain natriuretic peptide; BNP, brain natriuretic peptide; Dbil, direct bilirubin level
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