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Risk Factors for Pulmonary Arterial Hypertension in Patients
With Systemic Lupus Erythematosus: A Systematic Review
and Expert Consensus
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Objective. This study aimed to identify risk factors associated with the development of pulmonary arterial hyper-
tension (PAH) in patients with systemic lupus erythematosus (SLE).

Methods. We conducted a systematic literature review of studies focusing on adult patients classified as having
SLE-related PAH by searching the electronic databases Embase, Medline, Medline in-progress, Wanfang, China
National Knowledge Infrastructure, Ichushi Web, Kmbase, and KoreaMed. Based on the findings, we conducted a Del-
phi survey to build expert consensus on issues related to screening for PAH in patients with SLE and on the importance
and feasibility of measuring the identified factors in clinical practice.

Results. We included 21 eligible studies for data synthesis. Sixteen factors were associated with an increased risk
of SLE-PAH: pericardial effusion, serositis, longer duration of SLE, arthritis, acute and subacute cutaneous lupus,
scleroderma pattern on nailfold capillaroscopy, diffusion capacity of carbon monoxide in the lungs (DLCO) <70% pre-
dicted, interstitial lung disease, thrombocytopenia, and seven serological factors. Six factors were associated with a
decreased risk of SLE-PAH: malar/acute rash, hematologic disorder, renal disorder, higher Systemic Lupus Erythema-
tosus Disease Activity Index score, and two serological factors. Among these, there were six risk factors on which the
panelists reached strong or general consensus (peak tricuspid regurgitation velocity on echocardiography >2.8 m/s,
pericardial effusion, DLCO <70% predicted, scleroderma pattern on nailfold capillaroscopy, brain natriuretic peptide
>50 ng/l, and N-terminal pro—brain natriuretic peptide >300 ng/l). The Delphi panel confirmed the need for a screening
tool to identify patients with SLE at high risk of developing PAH and provided consensus on the importance and/or
practicality of measuring the identified factors.

Conclusion. The risk factors we identified could be used in a screening algorithm to identify patients with SLE with
a high risk of developing PAH to facilitate early diagnosis, which could improve prognosis and management of these

patients.
INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare, progressive,
and severe cardiopulmonary disorder (1). In patients with PAH,
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the small pulmonary arteries are obstructed because of cellular
proliferation, fibrosis, and vascular remodeling, leading to prema-
ture death from right-sided heart failure (2-4). PAH differs from
other forms of pulmonary hypertension (PH) in that it is
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characterized by the presence of precapillary PH and it excludes
PH induced by lung diseases, left-sided heart failure, chronic
thromboembolism, and other diseases (5). Positive diagnosis of
PAH is based on hemodynamic measures obtained via right heart
catheterization (RHC) (6), specifically, mean pulmonary arterial
pressure higher than 20 mm Hg, pulmonary capillary wedge pres-
sure less than or equal to 15 mm Hg, and pulmonary vascular
resistance above 2 Wood units (5).

PAH tends to develop in association with connective tissue
diseases (CTDs), including systemic lupus erythematosus (SLE)
and systemic sclerosis (SSc) (5), which overall account for 15%
to 30% of PAH cases (4). Though SLE-PAH and SSc-PAH are
both common subtypes of CTD-PAH, their prevalence varies
geographically. SSc-PAH is more common than SLE-PAH (62%
vs. 17%) among patients with CTD-PAH in North America
according to data from the Registry to Evaluate Early and Long-
term Pulmonary Arterial Hypertension Disease Management (7).
In contrast, studies from China, Japan, and Taiwan suggest that
SLE-PAH is more common than SSc-PAH in Asia (8-12). SLE-
PAH and SSc-PAH are reported to account for 49% to 70% and
6% to 26% of CTD-PAH cases, respectively, in China (8,11,12);
57% and 30% in Taiwan (9); and 29% and 19% in Japan (10).

The risk factors for SSc-PAH have been well elucidated, and
the DETECT algorithm has been developed to facilitate screening
for PAH in patients with SSc, thereby allowing for earlier detection
and treatment in this patient group (13). This algorithm includes a
total of eight risk factors across a two-step process. Depending
on the risk score obtained in step one and the two additional
echocardiographic variables, patients may then be referred for
RHC if necessary.

The DETECT algorithm represents a sensitive noninvasive
tool that helps to minimize missed diagnoses, identify milder dis-
ease, and address resource usage (13). However, there is cur-
rently no such screening algorithm for SLE-PAH. Such a tool
could be of great benefit in Asia Pacific (APAC) given that SLE-
PAH is more prevalent than SSc-PAH in this region (8-12). As a
first step toward the development of such an algorithm, we con-
ducted a systematic literature review (SLR) to identify the risk fac-
tors associated with the development of SLE-PAH in the APAC
region. We then sought to build consensus on the risk factors with
the greatest clinical utility via a Delphi panel.

MATERIALS AND METHODS

SLR methodology. The following electronic databases
were searched (see Supplementary Material for the search strat-
egy, available on the ACR Open Rheumatology website at http://
onlinelibrary.wiley.com/doi/10.1002/acr2.11611) up to October
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14, 2021: Embase, Medline, Medline in-progress, Wanfang,
China National Knowledge Infrastructure (CNKI), Ichushi Web,
Kmbase, and KoreaMed. Supplementary searches of conference
proceedings, gray literature, and Google Scholar were also
conducted.

Observational studies including adult patients who met the
classification criteria of SLE according to internationally accepted
criteria (eg, European Alliance of Associations for Rheumatology
[formerly European League Against Rheumatism] or American
College of Rheumatology classification criteria for SLE) and had
undergone investigation for PAH with RHC or screening with
echocardiography were eligible. Studies only reporting outcomes
for patients with SLE as part of a mixed group of patients (eg, all
patients with CTD) or studies that did not report how SLE was
classified were excluded (14). Studies were excluded if PAH
was caused by comorbid diseases, including disease of the left
side of the heart, lung disease, and chronic thromboembolism
(Supplementary Table 8, available at http://onlineliorary.wiley.
com/doi/10.1002/acr2.11611). Eligibility was further restricted to
studies that reported the odds ratio (OR), relative risk, or hazard
ratio (HR) and 95% confidence interval (Cl) for the risk factors
associated with the development of SLE-PAH and that were pub-
lished in English, Chinese, Japanese, or Korean.

Articles were screened by two independent reviewers, with
conflicts resolved by discussion or a third reviewer. Study quality
was assessed using the Newcastle-Ottawa Scale (15), and
quality rating was converted to Agency for Health Research and
Quiality standards (good, fair, or poor) according to published
thresholds (Supplementary Material, available at http:/
onlinelibrary.wiley.com/doi/10.1002/acr2.11611) (16).

Results from the SLR were analyzed descriptively; no statisti-
cal analysis was performed. Data synthesis focused on risk fac-
tors significantly (P < 0.05) associated with the development of
PAH in patients with SLE in good-quality studies of patients diag-
nosed with PAH following RHC.

Delphi panel methodology. Based on the findings from
our SLR, we conducted a Delphi panel survey in adherence to
ethical requirements from the Ethical Delphi Manual (17) to build
expert consensus on issues related to screening patients with
SLE for PAH and on the feasibility of measuring the identified risk
factors in clinical practice. We added several key criteria for diag-
nosis of PAH from international clinical guidelines (5), namely peak
tricuspid regurgitation velocity (TRV) on echocardiography >2.8
m/second, brain natriuretic peptide (BNP) >50 ng/l, and
N-terminal pro—brain natriuretic (NT-proBNP) >300 ng/l. The Del-
phi panel consisted of eight panelists (rheumatologists and cardi-
ologists) from the APAC region experienced in the diagnosis and
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management of PAH in SLE, including two each from China,
Japan, and Australia; one from South Korea; and one from
Taiwan.

The Delphi questionnaire was administered in three rounds
(Supplementary Material, available at http://onlineliorary.wiley.
com/doi/10.1002/acr2.11611). Round one included a question-
naire regarding panelists’ experience in SLE-PAH and their
insights on the importance of early diagnosis of PAH in patients
with SLE and important factors related to screening and investi-
gation. Panelists were also presented with the risk factors identi-
fied in the SLR and were asked to select the ones important in
the development of SLE-PAH and the ones practical to measure
in the clinic. Finally, panelists were asked whether there were
any additional risk factors to be considered.

In round two, free-text responses provided in round one
were formulated into statements, and panelists were asked to
rate their agreement with the statement on a Likert scale of 1 to
5. This exercise was repeated for the factors rated as important
or practical to measure as well as the additional risk factors sug-
gested by the panelists.

In round three, panelists were presented with the median rat-
ings for every item in the questionnaire, alongside the range in
ratings to indicate the current level of consensus on each item.
Following the third round of the Delphi panel, the final results were
circulated to all panelists for review.

RESULTS

SLR study characteristics. A total of 1254 records identi-
fied via databases after deduplication were screened based on
titles and abstracts, of which 66, as well as 13 additional records
identified via other methods, were retrieved for full-text review.
Following screening, 21 studies met the inclusion criteria
(Figure 1) (see the Supplementary Material, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr2.11611, for characteris-
tics of included studies).

All included studies were published between 2009 and
2021, from which 14 were in English and seven were in Chinese.
The majority were single-center studies (n = 15) (18-32), three
were multicenter studies (33-35), and three were registry studies
(36-38). All registry studies were based on the Chinese SLE
Treatment and Research group (CSTAR) registry. Most included
studies were from China (n = 16), followed by South Korea
(n = 3) (24,25,34), one study from Egypt (23) and one from
Brazil (21).

In total, 6 of 21 studies included patients with SLE diagnosed
with PAH following RHC (21,22,27,33,37,38), whereas 15 of
21 included patients with SLE screened for PAH with echocardi-
ography (18-20,23-26,28-32,34-36). Patient groups screened
with echocardiography might have included patients with an erro-
neous PAH diagnosis because pulmonary arterial systolic pres-
sure can be substantially underestimated or overestimated when

using echocardiography (39). Therefore, RHC-based studies are
the focus of this review, and their data were synthesized
separately from echocardiography-based studies, which are pre-
sented in the Supplementary Material (http://onlinelibrary.wiley.
com/doi/10.1002/acr2.11611). Additionally, patients with other
autoimmune diseases was a common exclusion criterion across
the six RHC-based studies (Supplementary Table 8, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr2.11611).

In terms of study quality, five of six RHC-based studies were
rated as being good quality and were included in the main data
synthesis (21,22,33,37,38). The study by Lian et al (27) was the
only one rated as poor quality, and its results are included in
the tables. The 22 statistically significant risk factors reported in
the five good-quality studies fell into two main categories, namely
clinical risk factors (13 of 22) and serological risk factors (9 of 22).

Clinical risk factors. A total of 13 clinical factors were sig-
nificantly associated with the development of SLE-PAH. Of these,
nine were susceptibility factors and four were protective factors
(Table 1).

Susceptibility clinical factors. Three studies found an associ-
ation between pericardial effusion and SLE-PAH, one in univariate
analysis (UVA) (OR 21.3, 95% Cl 7.2-12.8) (38) and two in multi-
variate analysis (MVA) (HR 33.6 [95% Cl 4.9-141.7] and OR 9.6
[95% CI 4.1-110.6], respectively) (22,33). Serositis was also
associated with SLE-PAH in two studies, one in UVA (HR 6.4,
95% Cl 12.5-16.8) and one in MVA (OR 5.5, 95% Cl
3.6-8.5) (33,38).

Several aspects of immunological conditions were found to
increase the risk of SLE-PAH in MVA. One study found an associ-
ation between longer duration of SLE and development of PAH
(OR 1.12, 95% CI 1.03-1.21) (22), whereas two studies found
that arthritis and acute or subacute cutaneous lupus (HR 1.9
[95% Cl 1.2-3.2] and HR 2.1 [95% CI 1.3-3.2], respectively)
(87), as well as scleroderma pattern on nailfold capillaroscopy
(OR 6.4, 95% Cl 1.5-26.7), were associated with SLE-PAH (21).

Some lung disorders, including pulmonary insufficiency and
interstitial lung disease, were found to be associated with an
increased risk for developing SLE-PAH in MVA. Diffusion capacity
of carbon monoxide in the lungs (DLCO) <70% predicted was
associated with an increased risk for SLE-PAH in one study
(OR 10.0, 95% Cl 6.6-15.2) (38), whereas two studies reported
an association with interstitial lung disease (OR 1.1 [95% CI
1.0-1.2] and HR 4.75 [95% Cl 1.5-15.3], respectively) (22,37).

Finally, although thrombocytopenia was found to increase
the risk for SLE-PAH in MVA in one study (HR 1.97, 95% CI
1.21-3.19), the authors noted that this finding should be further
investigated because the association could be influenced by
other factors (37).

Protective clinical factors. Malar rash was found to be associ-
ated with lower risk of SLE-PAH in UVA (OR 0.5, 95% CI 0.4-0.7)
in one study (38). Similarly, another study found that patients with
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Figure 1. The study selection process based on the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses. 2020 statement.

China National Knowledge Infrastructure (CNKI).

SLE without acute rash had an increased risk of SLE-PAH in MVA
(OR 3.26, 95% CI 1.2-8.7), indicating that the presence of rash
may be protective (22).

Hematologic disorder and renal disorder were reported to
decrease the risk for SLE-PAH, but the studies did not specify
the criteria for defining these two types of disorders; thus, it is
not clear which conditions could be protective. Hematologic dis-
order was associated with lower risk for SLE-PAH in one study
(UVA; OR 0.7, 95% CI 0.6-0.9) (38), and two studies reported

decreased risk for SLE-PAH in patients with renal disorders, one
in UVA (OR 0.6, 95% CI 0.4-0.7) (88) and one in MVA (HR 0.6,
95% CI 0-0.9) (37).

The Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) score was significantly lower among patients with SLE
with PAH compared to those without PAH according to two stud-
ies using MVA, suggesting that a lower SLEDAI score should be
regarded as a marker of SLE-PAH. One study showed that a
lower risk of SLE-PAH was associated with a higher SLEDAI
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score (OR 0.89, 95% CI 0.86-0.91) (38), and the other found that
an SLEDAI score <9 was associated with an increased risk for
SLE-PAH (OR 26.426, 95% Cl 6.619-105.497), indicating that a
higher SLEDAI score is protective (22).

Serological factors. A total of nine serological factors were
reported to be significantly associated with SLE-PAH, of which
seven were susceptibility factors and two were protective factors
(Table 1).

Susceptibility serological factors. Increased risk of SLE-PAH
was associated with the presence of three types of antibodies,
namely anti-RNP antibodies, anti-Sjégren’s syndrome—related
antigen A (anti-Ro/SSA) antibodies, and anti-Sjégren’s syndrome
type B (anti-La/SSB) antibodies. Four studies reported an associ-
ation between anti-RNP antibodies and SLE-PAH in MVA: two
reported HRs (HR 8.3 [95% CI 1.8-39.0] and HR 4.6 [95% CI
2.9-7.4)) (33,37), whereas the other two reported ORs (OR 13.3
[95% ClI 9.5-18.7] and OR 12.4 [95% Cl 3.6-42.9]) (22,38).
Anti-Ro/SSA antibodies were associated with SLE-PAH in two
studies. Whereas one study reported a significant association in
MVA (OR 4.8, 95% CI 1.7-14.0) (22), the other found that this
association was only significant in UVA (HR 2.5, 95% Cl 1.6-3.9)
but not in MVA (37). Anti-La/SSB antibodies were associated with
SLE-PAH in UVA (HR 2.0, 95% CI 1.3-3.3) in one study, but this
was not significant in MVA (37).

The remaining four serological factors were reported in two
studies (22,33). An erythrocyte sedimentation rate of <20 mm/
hour was associated with a greater risk for SLE-PAH in MVA
(OR12.1,95% CI 3.6-40.2) (22). An association between greater
red blood cell distribution width coefficient of variation and SLE-
PAH was found in MVA (HR 1.3, 95% CI 1.0-1.8) (33). A
cysteine-rich protein 61 level >140.7 pg/ml was associated with
SLE-PAH in MVA (OR 20.8, 95% CI 3.3-132.9) (33). Finally, the
serum uric acid level was associated with SLE-PAH in both stud-
ies. In one study, a serum uric acid level >357 umol/l was found to
increase the risk for SLE-PAH in MVA (OR 9.7, 95% Cl 3.2-29.2)
(83), whereas the other study found that a serum uric acid level
>360 umol/l was significantly associated with SLE-PAH in UVA
(HR 3.8, 95% Cl 1.4-10.3) (22).

Protective serological factors. According to one study, the
incidence of antiphospholipid (APL) antibody positivity was signif-
icantly lower (12.0% vs. 19.6%; P = 0.002) in the SLE-PAH group
than that in the SLE without PAH group. This study found that
increased positivity of anti-double-stranded DNA (anti-dsDNA)
and APL antibodies was significantly associated with decreased
risk of SLE-PAH in UVA (OR 0.4 [95% CI 0.3-0.6, P < 0.001]
and OR 0.6 [95% CI 0.4-0.8, P = 0.002], respectively) (38).

Comparison between studies using RHC and
echocardiography. There was little similarity in the statistically
significant risk factors identified in RHC- and echocardiography-
based studies. The four clinical factors that increased the risk of

SLE-PAH in both types of studies were serositis, pericardial effu-
sion, interstitial lung disease, and duration of SLE. SLEDAI score
was significantly associated with the development of SLE-PAH
in both types of studies, but whereas two RHC-based studies
found that higher SLEDAI scores were associated with a
decreased risk in MVA, two echocardiography-based studies
found that higher SLEDAI scores were associated with a greater
risk of developing the disease (Supplementary Material, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr2.11611).
Regarding serological factors, the serum uric acid level was the
only one that significantly altered the risk for SLE-PAH in both
RHC (Table 1) and echocardiography studies (Supplementary
Material, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr2.11611), increasing the risk for developing the disease in all
studies in which it was assessed.

Delphi panel. Of the eight panelists, six were rheumatolo-
gists and two were cardiologists. Although all panelists noted that
they treated PAH in patients with SLE themselves, two noted
that they sometimes referred patients to other physicians for
treatment. All panelists participated in rounds one and three, and
seven panelists participated in round two. Results regarding the
importance and consensus status of all factors are provided in
Table 2.

First round of Delphi panel. All panelists agreed that early
diagnosis of PAH in patients with SLE is important. Specifically,
six of the eight panelists suggested that patients with SLE should
be screened for PAH upon presentation of signs and symptoms,
three of eight suggested that the screening should be conducted
after confirmation of SLE, three of eight suggested that the
screening should be done regularly, and one of eight mentioned
that patients with SLE planning for pregnancy should be screened
for PAH. Regarding the symptoms that prompt investigation of
PAH, seven of eight mentioned that dyspnea (shortness of breath)
is a typical characteristic of probable PAH. Other signs were also
raised by one or two panelists, such as edema, Raynaud’s phe-
nomenon, and presence of anti-RNP antibodies. Panelists also
provided opinions on the development of a screening tool for
SLE-PAH. One panelist suggested that those at higher risk of
developing PAH should be prioritized; another believed that the
practicality, accuracy, cost, and availability of such a tool is
the priority.

Regarding the clinical factors, all eight rated peak TRV on
echocardiography >2.8 m/second, pericardial effusion, and
DLCO <70% predicted as important factors, and seven of eight
rated them as feasible to measure in clinics. Besides, seven of
eight rated scleroderma pattern on nailfold capillaroscopy and
six of eight rated interstitial lung disease and serositis as important
factors, with five of eight rating these three factors to be feasible to
measure in clinics.

For the serological factors, all eight panelists rated a NT-
proBNP level >300 ng/l as being important and easy to measure.
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Table 2. |Importance of all 33 factors (22 from our SLR, three from the ERC/ERS guidelines, and eight proposed by

experts) indicated by median rating from the panelists

Factors

Consensus after three
rounds of Delphi panel

Median rating
of importance?

NT-proBNP >300 ng/I®

Positive anti-RNP antibodies”

Peak TRV on echocardiography >2.8 m/s®
DLCO predicted <70%"

BNP >50 ng/I°

Pericardial effusion®

Serositis®

Interstitial lung disease®

Scleroderma pattern on nailfold capillaroscopy®
Anti-topoisomerase | antibodies®
Anticentromere antibodies®

Pulmonary artery enlargement on chest radiograph®
History of pulmonary vasculitis®

Positive anti-La/SSB antibodies®

Positive anti-Ro/SSA antibodies®

Serum uric acid level >357 umol/I°

Positive APL antibodies®

SLE duration (long disease duration)

P wave on electrocardiogram®

Cysteine-rich protein 61 level >140.7 pg/ml°
Positive anti-dsDNA antibodies®
Acute/subacute cutaneous lupus®
Thrombocytopenia“

Hematologic disorder®

Renal disorder/involvement®

SLEDAI score >9°

Total IgG®

Systemic hypertension®

Elevation of C-reactive protein level®
Increased red blood cell distribution width®
Arthritis®

Rash®

Erythrocyte sedimentation rate < 20 mm/h”°

1 Consensus
No

Strong consensus
Strong consensus
Consensus
Consensus
No

No
Consensus
No

Strong consensus
No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

&LULUUJLUUJUJNNNNNMNNNA—\A

A~ b b
v i G S BB S BB

Abbreviations: APL, antiphospholipid; BNP, brain natriuretic peptide; DLCO, diffusion capacity of carbon monoxide
in the lungs; dsDNA, double-stranded DNA; ERC/ERS, XXX; 1gG, immunoglobulin G; NT-proBNP, N-terminal pro-
brain natriuretic peptide; SLE, systemic lupus erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease
Activity Index; SLR, systematic literature review; TRV, tricuspid regurgitation velocity.

@Ratings were given on a scale of 1 to 5, with 1 being very important, 2 being somewhat important, 3 being neither
important nor unimportant, 4 being somewhat unimportant, and 5 being completely unimportant.

bSerological factors.
“Clinical factors.

9The eight additional factors suggested by panelists during the Delphi process.

Presence of anti-RNP antibodies was also rated by all panelists to
be easy to measure, but not all of them (seven of eight) rated it as
important. A BNP level >50 ng/l was rated as an important factor
by six of eight panelists, with five of eight indicating that it is easy
to measure in clinics.

Second round of Delphi panel. All seven panelists participat-
ing in this round agreed that patients with SLE should be
screened for PAH upon presentation of signs and symptoms.
More than half (four of seven) of the panelists somewhat agreed
that patients with SLE should be screened for PAH every 2 years,
but the rest (three of seven) somewhat disagreed. This discrep-
ancy might be related to the fact that these three panelists agreed
on only screening patients with SLE at high risk of PAH. Besides,
five of seven panelists agreed that patients with SLE planning a
pregnancy should be screened for PAH.

All panelists agreed that dyspnea and presence of anti-
RNP antibodies should prompt investigation of PAH, with mod-
erate consensus reached on Raynaud’s phenomenon and
heart failure. For the better development of a screening tool
for PAH in patients with SLE, almost all panelists (six of seven)
agreed that there is a need to ensure good coordination
between rheumatologists and cardiologists, easy availability of
echocardiography and support from cardiologists for catheteri-
zation, careful screening during childbearing age, precise defi-
nition and identification of risk factors for the development of
PAH in SLE, and the practicality, accuracy, cost, and availability
of tests. Only one panelist suggested that only symptomatic
patients with SLE should be screened, especially those who
become breathless and have new-onset reduced exercise
capacity.
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Regarding the importance and measurability of the factors,
all panelists reinforced pericardial effusion as a risk factor, which
was rated by all panelists in round one as important and feasible
to measure in clinics. In round one, in addition to the factors pro-
vided in the Delphi panel, the panelists nominated eight additional
factors: total immunoglobulin G level, systemic hypertension, ele-
vation of C-reactive protein level, antitopoisomerase antibodies,
anticentromere antibodies, P wave on electrocardiogram, pulmo-
nary artery enlargement on chest radiograph, and history of pul-
monary vasculitis. Panelists in round two were presented these
factors and asked to rate their importance and practicality. How-
ever, only the anticentromere antibodies received moderate con-
sensus (five of seven agreed, two of seven neither agreed nor
disagreed) on its importance and ease of measurability in clinics.

Third round of Delphi panel. After three rounds of the Delphi
panel, consensus was reached on several statements. Specifi-
cally, all panelists strongly agreed that early diagnosis and treat-
ment of PAH in patients with SLE is important because it
improves prognosis. Early treatment with immunosuppressants
and PAH-specific therapy (eg, endothelin receptor anatagonist
(ERA) and phosphodiesterase-5 inhibitor (PDE5I)) is also impor-
tant for improving outcomes in patients with SLE-PAH; as a fea-
ture of active SLE, the early stage of PAH would respond well to
immunosuppressive treatment prescribed for SLE, thus improv-
ing the prognosis of SLE-PAH. Development of a screening tool
for identifying patients with SLE at high risk of PAH should be
prioritized to optimize screening for SLE-PAH. More importantly,
high-risk patients should be identified for annual or urgent
screening and provided with access to further investigation in a
center of excellence. The panelists further noted that screening
for PAH upon SLE confirmation is not necessary; patients
should be investigated for PAH upon presentation of relevant
symptoms (eg, dyspnea and Raynaud’s phenomenon). Despite
these agreements, there remains a lack of consensus on
whether only patients with SLE at high risk of PAH should be
screened, whether patients with SLE should be screened for
PAH every 2 years, and whether a screening algorithm used for

screening patients with SSc for PAH should be used to screen
patients with SLE for PAH.

In addition, there was consensus on four clinical risk factors
that were important, but only two were practical to measure (peri-
cardial effusion and DLCO) (Table 3). Additionally, the panelists
agreed on the practicality of measuring two additional clinical fac-
tors (interstitial lung disease and duration of SLE), though there
was no consensus regarding their importance (Table 3). The pan-
elists agreed that BNP and NT-proBNP were serological factors
important and practical to measure in the clinic (Table 4). Two
additional serological factors were also practical to measure
(anti-RNP and APL antibodies), but there was no consensus
regarding their importance (Table 4). Finally, anticentromere anti-
bodies was the only additional factor proposed by one panelist
that had received strong consensus on its importance in the diag-
nosis of PAH in patients with SLE, but not all panelists (six of eight)
rated it as practical to measure (Table 4).

DISCUSSION

We conducted a Delphi panel to build expert consensus on
risk factors for SLE-PAH with greatest clinical utility, informed by
a comprehensive SLR that focused on patients diagnosed with
PAH via RHC.

In therapeutic areas where evidence on disease manage-
ment is lacking or is very limited, such as for PAH, the Delphi
methodology is a valuable qualitative research tool that fulfills evi-
dence gaps (40-42). Because high expert consensus must be
achieved, outcomes from this kind of structured approach are
robust and are often readily transferable to clinical practice.

Our Delphi panel comprised a group of eight experts and val-
idated the findings of the SLR. The response rate from experts
was very high, with all panelists actively participating in the Delphi
panel in all rounds, except for one panelist who did not participate
in round two. In addition to responding to the Delphi question-
naire, some panelists also provided advice based on experience
in clinical practice. For example, a panelist from Japan noted that

Table 3. Clinical risk factors that panelists agreed were important and/or practical to measure

Importance Measurability
Median Consensus Median Consensus
Factor rating level rating level
Pericardial effusion 2 Consensus 1 Consensus
DLCO predicted <70% 1 Strong consensus 1 Consensus
Peak TRV on echo >2.8 m/s 1 Strong consensus 1 No consensus
Scleroderma pattern on nailfold capillaroscopy 2 Consensus 25 No consensus
Interstitial lung disease 2 No consensus 2 Consensus
Duration of SLE 3 No consensus 2 Consensus

Note: Ratings were given on a scale of 1 to 5, with 1 being very important/practical to measure, 2 being somewhat important/
practical to measure, 3 being neither important nor unimportant and/or neither practical nor impractical to measure, 4 being
somewhat unimportant/impractical to measure, and 5 being completely unimportant/impractical to measure.

Abbreviations: DLCO, diffusion capacity of carbon monoxide in the lungs; SLE, systemic lupus erythematosus; TRV, tricuspid

regurgitation velocity.
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Table 4. Serological risk factors that panelists agreed were important and/or practical to measure

Importance Measurability
Factor Median rating ~ Consensus level ~ Median rating  Consensus level
BNP >50 ng/l 2 Consensus 2 Consensus
NT-proBNP >300 ng/l 1 Consensus 1 Consensus
Positive anti-RNP antibodies 1 No consensus 1 Consensus
Positive APL antibodies 3 No consensus 2 Consensus
Positive anticentromere antibodies 2 Strong consensus 2 No consensus

Note: Ratings were given on a scale of 1 to 5, with 1 being very important/practical to measure, 2 being somewhat
important/practical to measure, 3 being neither important nor unimportant and/or neither practical nor impracti-
cal to measure, 4 being somewhat unimportant/impractical to measure, and 5 being completely unimportant/

impractical to measure.

Abbreviations: APL, antiphospholipid; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-brain natriuretic

peptide.

delay of PAH treatment even up to 3 months can affect long-term
outcomes, supporting the importance of early diagnosis and
treatment with a reliable screening tool. Another panelist from
Australia suggested that not all centers can do good echocardiol-
ogy tests, especially those assessing the right side of the heart.
Therefore, although peak TRV is a good screening marker for
PAH, its estimation is not always reliable, and peak TRV cannot
be estimated if tricuspid regurtitation jet is absent. This is where
NT-proBNP, especially if combined with a pulmonary function
test, has value. It is also noteworthy that anticentromere was
nominated by a panelist and received strong consensus among
panelists, but it was not reported in the included studies as a risk
factor for SLE-PAH. This could be because although anticentro-
mere antibody is strongly associated with risk of developing
PAH, it is more specific for the autoimmune disease SSc and is
seldom detectable in SLE, unless there is serologic or clinical
overlap with SSc.

To our knowledge, our SLR is the first to assess both clinical
and serological risk factors for the development of PAH diag-
nosed via RHC in patients with SLE. Wang et al (43) conducted
a meta-analysis on serological risk factors for SLE-PAH based
on 12 studies, in which patients were categorized as having PH
or PAH following RHC or echocardiography. In addition, serolog-
ical risk factors for SLE-PAH in patients diagnosed with PAH fol-
lowing RHC were reported based on subgroup analyses. In
agreement with our SLR, Wang et al (43) reported that anti-RNP
and anti-SSA antibodies significantly increased the risk for SLE-
PAH. In contrast, anti-dsDNA and anti-Sm antibodies significantly
increased the risk for SLE-PAH, and anti-SSB antibody was not a
significant risk factor, whereas our SLR found that anti-dsDNA
antibody was a significant protective factor, anti-Sm antibody
was not significantly associated with the disease, and anti-SSB
was significantly associated with an increased risk for SLE-PAH.
Another SLR and meta-analysis by Xu and Wei (44) included
15 studies in which patients with SLE were diagnosed with PAH
via RHC or echocardiography. However, results for RHC and
echocardiography were not reported separately, a relevant

aspect we considered in our study given that echocardiography-
based studies may include misdiagnosed patients despite being
a useful screening tool (39). Therefore, we based our conclusion
on the RHC-based studies.

There were three CSTAR registry—based studies. Concerns
could be raised regarding sample overlap. Nonetheless, this is
relaxed by the fact that no meta-analysis was conducted to gen-
erate a statistical result of the risk factors; the potential sample
overlap among the three registry studies will not have a significant
impact on our qualitative analysis. Besides, no discrepancies
were found among these three studies, and the two RHC-based
studies (37,38) were aligned with each other in the trend and sig-
nificance of the risk factors they both investigated (ie, renal disor-
der or involvement, positive anti-RNP antibodies).

Our study has several limitations. Firstly, the studies included
in the SLR used the less sensitive thresholds for diagnosing PAH
reported in the 2015 European Society of Cardiology and
European Respiratory Society guidelines (45), which were revised
in 2022 (5) after our work was conducted. Secondly, the sample
size varied considerably (from 65 to 3624) across studies
included in the SLR. The SLE-PAH group was smaller than the
SLE without PAH group (21-292 cases vs. 44-3532 controls).
Consequently, we could have missed some meaningful factors
that were not statistically significant but were showing a trend
approaching the cutoff (ie, P < 0.05) for significance because of
sample size insufficiency. To minimize this limitation, a Delphi
panel was introduced to incorporate the clinical experience of
experts and provide additional factors that could have been
neglected (eg, anticentromere). Thirdly, it was counterintuitive that
malar rash, hematologic disorder, renal disorder, and higher
SLEDAI score were found to be protective clinical factors for
SLE-PAH. A possible reason could be that patients with SLE pre-
senting these clinical manifestations could usually receive
early treatment, thus reducing the risk for development of PAH
afterward. Further studies are required to validate this finding.
Similarly, the statement that early treatment with immunosuppres-
sants and PAH-specific therapy (eg, ERA and PDES5i) could
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improve outcomes in patients with SLE-PAH was based on
expert consensus and would require further clinical investigation.
In addition, although we aimed to focus on the APAC region,
the generalizability of the findings within the region may be lim-
ited because 16 of 21 studies were conducted in China. In the
Delphi panel, though consensus was reached on the need for
screening patients with SLE for PAH and on the importance
and/or practicality of measuring several factors (10 of 22),
there were different opinions on other relevant factors (12 of
22). Further studies are needed to raise awareness among
physicians about risk factors shown to be strongly associated
with increased risk for SLE-PAH. Lastly, the Delphi panel also
indicated that there is a need to distinguish between risk fac-
tors and biomarkers of PAH. Risk factors for SLE-PAH refer
to factors that increase the lifetime risk of developing PAH in
patients with SLE, whereas some indicators fall better into the
category of biomarkers that indicate presence of PAH rather
than clinical risk factors and therefore may be useful when
screening for PAH. Factors such as increased TRV and
reduced DLCO are markers of the presence of PAH and could
be used to screen for PAH. Similarly, pericardial effusion is a
feature of severe and established PAH that is picked up on
echocardiography examinations, meaning that these examina-
tions should be repeated yearly in every patient with SLE
should it be considered a clinical risk factor. Further studies
are needed to establish consensus on which indicators should
be considered clinical and serological risk factors and which
should be considered markers of PAH so that the role of each
type of factor can be determined appropriately. Moreover, the
identified clinical and serological risk factors and biomarkers
for SLE-PAH should ideally be tested in additional cohorts to
confirm their utility.

Overall, our work reinforces the importance of identifying and
measuring factors that facilitate early diagnosis of PAH in patients
with SLE, which consequently improves prognosis and manage-
ment of these patients.
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