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Abstract

Pulmonary arterial hypertension (PAH) is an increasingly recognized complication of systemic lupus erythematosus (SLE). This
study aims to estimate the point prevalence of PAH and identify risk factors for PAH in a large cohort of hospitalized SLE
patients. We have collected the medical records of patients hospitalized with SLE at the First Affiliated Hospital of Anhui
Medical University and Anhui Provincial Hospital. Resting transthoracic echocardiography (TTE) was used to estimate pulmo-
nary artery pressure (PAP) and PAH was defined as systolic PAP (PASP) >30 mmHg. Patients with other connective tissue
diseases, aPL syndrome, left heart disease, valvular heart disease, congenital heart disease, HIV, and portal hypertension were
excluded because of diseases affecting the PAP. We assessed potential risk factors for PAH such as thrombogenic factors, SLE
clinical manifestations, laboratory abnormalities and disease activity. Ninety-five were diagnosed with PAH of 1639 patients with
SLE. The presence of high fibrinogen, serositis, and thrombocytopenia were significantly higher in patients with PAH than in
those without PAH (all P < 0.05). Multivariate logistic regression found the associations between high fibrinogen (OR = 1.629),
serositis (OR = 2.866), and thrombocytopenia (OR = 1.825) with PAH. The point prevalence of PAH was 5.8% in our cohort of
patients with SLE. The significant association of high fibrinogen, serositis, and thrombocytopenia with PAH suggested that
hypercoagulable state, organ damage, and hematological abnormality may all contribute to the development of PAH in SLE. This
is important, as it is treatable.
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Introduction

Shu-zhen Xu and Yan Liang contributed equally to this work and should
be considered co-first authors.

Systemic lupus erythematosus (SLE) is a chronic multi-organ
autoimmune disease affecting predominantly women of child-
bearing age [1]. Cardiac and pulmonary involvements are se-
rious complications with high morbidity and mortality rate,
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especially pulmonary arterial hypertension (PAH), which is
the third leading cause of death in SLE patients [2]. The early
symptoms of PAH are often mild and are like many other
conditions, such as dyspnea, fatigue, and dizziness. Due to
the absence of apparent signs or symptoms of illness, it means
that PAH is often not diagnosed until the disorder is relatively
advanced [3—5]. The clinical classification of PAH is intended
to categorize multiple clinical conditions into five groups ac-
cording to their similar clinical presentation, pathological
findings, hemodynamic characteristics, and treatment strategy
[6]. PAH can be associated with a number of other conditions,
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which together account for most other cases, including sys-
temic sclerosis and SLE; also, it is a rare but relatively well-
documented complication of human immunodeficiency virus
(HIV) with estimated prevalence in HIV patients being 0.5%
[7]. Estimates of the prevalence of PAH in SLE patients vary
from 0.5 to 43% [8-16]. The data was from retrospective
studies of large groups of patients over a period of 5-10 years
or cross-sectional studies involving small numbers of patients.
The wide variability in the prevalence rates reflects the various
definitions of PAH used, the different PAH diagnostic ap-
proaches, the patients’ selection criteria, and the number of
patients involved.

Increase of pulmonary vascular resistance in PAH is asso-
ciated with various mechanisms, including vasoconstriction,
loss of distal arteries, proliferative and obstructive remodeling
of the pulmonary vessel wall, microthrombosis, and inflam-
mation [17-20]. In situ thrombosis is also an important hall-
mark of PAH and participator in the worsening process of the
disease. A recent study demonstrated that patients with PAH
have a pro-thrombotic and hypercoagulable phenotype [20].

The non-specific nature of symptoms such as palpitations,
fatigue, and syncope related with PAH could result in a delay
in the diagnosis of SLE-PAH. This reveals a need for appro-
priate screening methods to detect PAH as early as possible.
As we all knew, right heart catheterization (RHC) is the gold
standard method to diagnose PAH. However, this test is inva-
sive and expensive, which makes it unsuitable for use as a
screening tool [21]. In contrast, transthoracic echocardiogra-
phy (TTE) test has been demonstrated to be a sensitive and
safe tool to screen for PAH [22, 23]. TTE has been used to
investigate the prevalence of PAH in patients with connective
tissue diseases [23]. Therefore, we set out to investigate the
prevalence of PAH in our SLE cohort and to assess risk factors
with this technique, including thrombogenic factors, SLE clin-
ical manifestations, laboratory findings, and disease activity,
which may play vital roles in the development of PAH in SLE
patients.

Materials and methods
Patient recruitment

The protocol for our study was consistent with provisions of
the World Medical Association Declaration of Helsinki, and
informed consent was obtained per subject before enrollment.
Overall medical records of patients hospitalized with SLE at
the First Affiliated Hospital of Anhui Medical University and
Anhui Provincial Hospital were collected. All patients ful-
filled at least four of the SLE classification criteria of
American College of Rheumatology [24]. Patients were ex-
cluded if they presented with overlapping systemic sclerosis,
rheumatoid arthritis, polymyositis, or other connective tissue
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diseases. Moreover, patients with aPL syndrome, left heart
disease, valvular heart disease, congenital heart disease, HIV,
and portal hypertension were also excluded for their influence
on PAH diagnosis. A final sample of 1639 SLE patients con-
tributed to the analyses according to these criteria. This study
was launched in January 2011; the cut-off for this study was
December 2015.

Outcomes

Eligible patients had TTE examinations performed at rest by
experienced cardiologists or echocardiographers. Repeat TTE
was done to confirm the diagnosis of PAH by a single expe-
rienced cardiologist who was blinded to the treatment details.
PAH was defined as a pulmonary arterial systolic pressure
(PASP) of > 30 mmHg at rest as measured by TTE [25, 26].

Thrombogenic risk factor assessment

The levels of plasma coagulation fibrinogen and D-dimer
were measured by the routine analyses (high fibrinogen
defined as >4 ug/ml, high D-dimer defined as >0.5 ug/
ml). Diabetes mellitus was considered to be present if
fasting plasma glucose > 7.0 mmol/l or current diabetic
therapy. Also, if a physician recorded the diagnosis in the
medical record the patient had ever been prescribed lipid-
lowering medication, or the fasting plasma cholesterol lev-
el measured was >200 mg/dl, we may deem the patient
with hypercholesterolemia.

Clinical manifestations and laboratory abnormalities

Clinical manifestations of SLE patients such as lupus nephri-
tis; mucocutaneous manifestations; vasculitis, myositis, arthri-
tis, and neuropsychiatric manifestations; and serositis were
recorded. Laboratory abnormalities, including thrombocyto-
penia (< 100 x 10°/L) and leukopenia (< 4.0 x 10°/L) as well
as levels of C3 and C4 and erythrocyte sedimentation rate
(ESR) were also retrieved from the medical records (low C3
defined as <0.85 mg/ml, low C4 defined as <0.12 mg/ml,
high ESR defined as >20 mm/h). Autoantibody levels were
measured and included anti-double-stranded DNA (anti-
dsDNA), anti-Smith (anti-Sm), anti-SSA/Ro, anti-SSB/
La, anti-ribonucleoprotein (anti-RNP), and anti-ribosomal
RNP (anti-rRNP) antibodies. SLE disease activity was
evaluated by SLE Disease Activity Index (SLEDAI) score
[27]. Active lupus disease was defined as SLEDAI score >
8. Data on demographic information and corticosteroids or
immunosuppressive drugs (use in the past month or not)
was also nailed down.
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Table 1 Comparison of

demographic data between SLE Characteristic Non-PAH (n = 1544) PAH (n=95) P value

patients with PAH and without

PAH Age, median (range), years 36(13-78) 34(16-75) 0.957
Sex, female/male 1411/133 88/7 0.673
Smoking, n (%) * 40(2.6) 5(5.3) 0.221
Weight, (" x+s)* 56.2+9.0 528+6.6 0.111
Disease duration, median (range), years 1.5 (0-30) 1 (0-20) 0.657

*Partial data were missing
Statistical analysis

Frequencies and proportions were reported for categorical var-
iables and mean + SD or medians with range were reported for
continuous variables, depending on their distribution. Chi-
squared tests or Fisher’s exact tests were employed to compare
categorical data, and Mann-Whitney U test was used to com-
pare quantitative data between different groups.

Multiple logistic regression models were applied to assess
independent variables of PAH in SLE patients; results were
presented as odds ratio (OR) along with their 95% confidence
intervals. Variables associated with the dependent variable at
univariate analyses (probability threshold, P < 0.05) were in-
cluded in the multivariate regression models. All information
was analyzed by SPSS 13.0 (Chicago, Illinois, USA).

Results
General information

One thousand six hundred thirty-nine patients with SLE were
studied and 1499 patients (91.5%) were female. The median
(range) age was 36 (13—78) years old and disease duration was
1.5 (0-30) years. A total of 95 SLE patients with PAH were
included into our research and the prevalence of PAH was
5.8%. As shown in Table 1, no difference was observed in
age, gender, smoking history, weight, or disease duration be-
tween SLE patients with PAH and without PAH.

Thrombogenic factors
Thrombogenic factors were compared between patients with

PAH and without PAH in Table 2. The incidences of high
fibrinogen (x? =5.331, P =0.021) showed significant

statistical differences in patients with PAH and without PAH.
The presence of other thrombogenic factors was not signifi-
cantly different between the groups.

Clinical manifestations

Clinical characteristics and SLE disease activity were com-
pared between patients with PAH and without PAH in
Table 3. The presence of serositis was significantly associated
with PAH (X2 =26.130, P <0.001). No significant differences
were found in the way of other clinical manifestations be-
tween two groups (all P >0.05).

Laboratory findings

As shown in Table 4, the incidence of thrombocytopenia was
significantly higher in the patients with PAH (* = 6.428, P =
0.011). Interestingly, we also found that positive anti-Sm au-
toantibodies seemed to be a protective factor for PAH in SLE
patients (x* =4.274, P = 0.039). We tended to believe change
of appearance of anti-Sm autoantibodies would raise much
more attention for diagnosis and treatment. Therefore, this
variable was not included in the multivariate regression
model. Rates of leukocytopenia, hypocomplementemia,
anti-cardiolipin (ACL) antibody isotypes, and other auto-
antibodies were not significantly different between the
groups (all P > 0.05).

Lupus activity and corticosteroids
or immunosuppressive drugs

The presence of lupus activity and corticosteroids or im-
munosuppressive drugs were higher in patients with PAH
compared with those without PAH, but they did not
achieve statistical significance (P =0.623 for lupus

Table 2 Comparison of

thrombogenic factors between Variables Non-PAH (n=1544) PAH (n=95) Xz P value

SLE patients with PAH and

without PAH [ (%)] High fibrinogen 535 (34.7) 44 (46.3) 5.331 0.021
High D-dimer 1163 (75.3) 80 (84.2) 3.857 0.050
Diabetes mellitus 270 (17.5) 15 (15.8) 0.180 0.672
Hypercholesterolemia 43 (2.8) 6(6.3) 2.726 0.099
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Table 3 Comparison of clinical

manifestations between SLE Variables Non-PAH (n =1544) PAH (n=95) X P value

patients with PAH and without

PAH [n (%)] Lupus nephritis 707 (45.8) 47 (49.5) 0.489 0.484
Mucocutaneous manifestations 696 (45.1) 39 (41.1) 0.586 0.444
Neuropsychiatric manifestations 128 (8.2) 6(6.3) 0.465 0.495
Arthritis 242 (15.7) 9(9.5) 2.652 0.103
Serositis 245 (15.9) 35(36.8) 26.130 <0.001
Vasculitis 151 (9.8) 12 (12.6) 0.813 0.367
Myositis 38 (2.5) 44.2) 0.508 0.476
Deep vein thrombosis * 26 (1.7) 23.2) 0.431 0.511
History of abortion * 411 (26.7) 30 (31.6) 0.620 0.431

? Partial data were missing

activity; P =0.838 for corticosteroids or immunosuppres-
sive drugs). It was displayed in Table 5 with detail.

Independent associated variables for PAH in SLE
patients

Multivariate analysis revealed that the presence of high fibrin-
ogen (OR =1.629), serositis (OR =2.866), and thrombocyto-
penia (OR = 1.825) were independent significant risk factors
for PAH in patients with SLE (all P <0.05), as shown in
Table 6.

Discussion

In our study, the possible prevalence rate of PAH in Chinese
patients with SLE was 5.8%, which is higher than that report-
ed by others previously [13]. This may be because all subjects
in our study were equipped with more severe symptoms re-
quiring hospitalization, thereupon obtained detailed clinical

examinations. Anyway, regular TTE screening for PAH
would increase hospitalization days and aggravate the eco-
nomic burden for SLE patients. Identifying a subgroup of
SLE patients at higher risk of PAH to undergo screening
would decrease the cost.

In this study, we investigated the risk factors for PAH
from a rheumatoid standpoint. We found the presence of
serositis was an independent risk factor. Although there
was a consensus that serositis is a common pathological
feature of PAH [13, 28], it remained unclear how it plays
the role in PAH. Some support the view that the presence
of serositis contributes to disease activity in patients with
SLE, since serositis is usually a reflection of SLE activity.
However, lupus activity was not significantly associated
with the development of PAH in our cohort of SLE. The
alternate view is that serositis is an epiphenomenon of pul-
monary pathophysiological change. Anyway, we could
suggest that SLE patients experiencing a disease flare
should be screened for PAH in clinical practice, especially
if they also have serositis.

Table 4 Comparison of

laboratory data between SLE Variables Non-PAH (n=1544) PAH (n=95) X P value

patients with PAH and without

PAH [n (%)] Anti-Sm 516 33.4) 22(23.2) 4274 0.039
Anti-SSA/Ro 922 (59.7) 63 (66.3) 1.626 0.202
Anti-SSB/La 206 (13.3) 99.5) 1.175 0.278
Anti-RNP 448 (29.0) 31(32.6) 0.566 0.452
Anti-rRNP 352 (22.8) 17 (17.9) 1.233 0.267
Anti-dsDNA 636 (41.2) 34 (35.8) 1.082 0.299
Thrombocytopenia 332 (21.5) 31(32.6) 6.428 0.011
Leukopenia 474 (30.7) 31(32.6) 0.157 0.692
Low C3 1045 (67.8) 64 (67.4) 0.004 0.950
Low C4 774 (50.1) 44 (46.3) 0.521 0471
High ESR 1115 (72.2) 68 (71.6) 0.018 0.893
ACL IgG* 221 (14.3) 7(1.4) 3.604 0.058
ACL IgA® 40 (2.6) 5(5.3) 1.498 0.221
ACL IgM* 38(2.5) 5(5.3) 1.763 0.184

“Partial data were missing
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Table 5 Comparison of lupus i

activity and immunosuppressive Variables Non-PAH (n =1544) PAH (n=95) P value

use between SLE patients with

PAH and without PAH Lupus activity, median (range) 10 (0-38) 11 (0-33) 0.623
Corticosteroids or immunosuppressive drugs, 1 (%) 1008 (65.3) 63 (66.3) 0.838

Thrombosis is a common hallmark of PAH [20, 29, 30].
Abnormalities of blood coagulation factors, anti-thrombotic
factors, and the fibrinolytic system were believed to play im-
portant roles in aggravating the thrombotic state in patients
with PAH [30]. It has been reported that endothelial cell dys-
function may promote the development of PAH through inter-
fering with the balance between pro-coagulant and anti-
coagulant systems [31]. Moreover, tissue factor was signifi-
cantly increased in the pulmonary vasculature of rats with
pulmonary hypertension induced by monocrotaline and pneu-
monectomy. The upregulated tissue factor was also observed
in the pulmonary vasculature of patients with PAH [32].
Furthermore, the upregulated levels of fibrinopeptide A, a
surrogate of fibrin production, and dysregulated activity of
von Willebrand factor, which is important for the interaction
between platelets and endothelial cells, have been observed in
patients with PAH [33]. In this study, we have confirmed that
high fibrinogen was given great placement in predicting PAH
in patients with SLE. These physiologic changes are thought
to be the rationale for the use of oral anticoagulation to treat
PAH in patients with SLE.

The results of this study also revealed that thrombocytope-
nia was associated with the risk of PAH in SLE patients.
However, it is not clear whether thrombocytopenia originates
due to defects in platelet production and/or because of abnor-
mal platelet activation. Recently, a study of 22 patients with
PAH and 25 healthy controls reported that the mean platelet
volume (MPV) value, which is a well-studied marker of ab-
normal platelet activity, was upregulated in patients with PAH,
and this increase was negatively associated to total thrombo-
cyte count, indicating platelet consumption in the periphery
[34]. There are some proposed mechanisms for increased
platelet activation in patients with SLE. Firstly, systemic in-
flammation in patients with SLE might cause platelet activa-
tion. Inflammation is a crucial feature of SLE, and upregulated
expression of cytokines, such as interleukin-6 (IL-6), was ob-
served in patients with SLE [35]. Megakaryocytes play an
important role in regulating platelet size. IL-6 mediated

Table 6 Multivariable logistic analysis on risk factors of PAH in
patients with SLE

Variables P value OR 95% CI

High fibrinogen 0.026 1.629 1.060-2.502
Serositis <0.001 2.866 1.841-4.463
Thrombocytopenia 0.010 1.825 1.153-2.887

megakaryocyte ploidy, resulting in the production of more
reactive and larger platelets [36, 37]. Moreover, inflammatory
response can cause pulmonary vascular endothelial dysfunc-
tion, which leads to platelet activation [31]. Since their strate-
gic role in inducing thrombotic obstruction of pulmonary ar-
teries and regulating vessel remodeling, platelet abnormalities
and abnormal platelet activation are considered to be impor-
tant mediators of disease progression in patients with PAH
[38]. Further studies are needed to fully understand the role
of platelets in the establishment and progression of PAH in
patients with SLE, so that we can better design and test a
therapeutic approach.

Some limitations also should be considered in this study.
First, to better correlate disease pathology with risk factors, it
is ideal to collect clinical data at the time of disease diagnosis.
However, it is challenging to obtain these concurrent data in
practice. In our study, although a subset of clinical data was
obtained when making diagnosis, others were obtained at re-
lapse or remission stage. These patients were on medications,
including a subset of patients who were taking corticosteroids
or immunosuppressive drugs (use in the past month or not).
This is clearly a cofounding variable and a limitation of our
study because we did not examine the concurrent data. The
second is related to the selection of study population. Further
study with other ethnic population should be undertaken.
Third, the diagnosis of PAH was based on an indirect method
using TTE. Therefore, the accuracy of our prevalence data
should be confirmed in a further study that utilizes RHC to
definitively diagnose PAH. Finally, because of the cross-
sectional nature of this study, the temporal sequence cannot
be determined. Longitudinal studies are necessary to demon-
strate our findings.

Conclusions

In summary, our data revealed the low prevalence of PAH
in Chinese patients with SLE. We have also provided solid
evidence that SLE patients with PAH was associated with
high level of fibrinogen and the presence of serositis as
well as thrombocytopenia, which suggests that hypercoag-
ulable state, organ damage, and hematological abnormality
may all contribute to the development of PAH in the
patients with SLE. In the light of these results, we
recommend screening by TTE for this complication
majoring in high-risk groups such as those with hyperco-
agulable phenotype, serositis, and thrombocytopenia.
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