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Abstract

Objective The objectives of this study are to clarify clinical characteristics and recognize prognostic factors of CTD-PAH
patients.

Methods A retrospective cohort study of consecutive patients with documented CTD-PAH diagnosis from Jan 2014 to Dec
2019 was conducted, the ones who have other comorbid conditions that cause PH were excluded. Survival functions were
plotted using the Kaplan—Meier method. Univariable and multivariable Cox regression analysis was applied to determine
the survival-related factors.

Results In 144 patients with CTD-PAH analyzed, the median sPAP value was 52.5 (44.0, 71.0) mmHg, the overall targeted
drug usage rate was 55.6%, and only 27.5% patients were given combination. Twenty-four non-PAH-CTD patients with
sPAP value were included as the control group. Compared with non-PAH-CTD groups, CTD-PAH patients had worse car-
diac function, higher NT-pro BNP and y-globulin level, and lower PaCO, level. Compared with the mild PAH group, the
moderate-severe PAH group had worse cardiac function; increased Hb, HCT, and NP-pro BNP level; and decreased PaO,.
Kaplan—Meier analysis showed significant difference for survival among non-PAH-CTD, mild CTD-PAH, and moderate-
severe CTD-PAH groups. The univariate analyses showed that Hb, pH, and Ln (NT-pro BNP) were identified as factors sig-
nificantly associated with survival, and Hb and pH showed significant association with risk of death in the multivariate model.
Kaplan—Meier analysis also showed that Hb > 109.0 g/L and pH > 7.457 affected CTD-PAH patients’ survival significantly.
Conclusions PAH is not rare in CTDs patients; PAH affects CTD patients’ prognosis significantly. Higher Hb and pH were
associated with an increased risk of death.

Key Points
o Pulmonary arterial hypertension affects connective tissue disease patients’ prognosis significantly.
o The significantly factors associated with survival is hemoglobin, pH, and Ln (NT-pro BNP).
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cohort [5]. PAH-CTD is the second most prevalent type of
PAH in Western countries, and systemic sclerosis (SSc) is
the leading cause of CTD-PAH in Western countries [6],
which accounting for almost 75% of CTD-PAH. Different
from Western countries, CTD-PAH is the most prevalent
type of PAH in China, and the most common cause of
CTD-PAH in Chinese people is systemic lupus erythema-
tosus (SLE) [7], while the epidemiological data of CTD-
PAH in Chinese people is still limited up to now.

Since the mid-1990s, medications have become avail-
able to target three key pathophysiologic derangements in
PAH-the prostacyclin, endothelin, and nitric oxide pathways
[8], which improved quality of life, exercise capacity, and
survival of these PAH patients [9]. CTD-PAH patients con-
stitute at least 20% of patients included in all major trials of
PH-specific targeted therapy [3]. However, despite the grow-
ing numbers of available PAH-targeted medications, many
patients with PAH continue to deteriorate and the disease
ultimately remains fatal; the outcome of patients with CTD-
PAH remains poor [10]. Furthermore, the unadjusted risk
of death for SSc-associated PAH compared with Idiopathic
pulmonary arterial hypertension (IPAH) is 2.9, and the pre-
dictors of outcome are broadly similar to those for IPAH
[10, 11]. For SSc-associated PAH, overall survival was 90%,
78%, and 56% at 1, 2, and 3 years from PAH diagnosis,
respectively [11]. Therefore, it is important to recognize
prognostic predictors for CTD-PAH patients, which means
a lot to improve patients’ prognosis and long-term survival.

The objectives of this retrospective study are to analyze
clinical characteristics and recognize survival and prognostic
factors of CTD-PAH patients in a tertiary teaching hospital
of Northwest of China.

Materials and methods
Study design

This is a retrospective cohort study of consecutive patients
with documented CTD-PAH diagnosed at Department of
Rheumatology at a tertiary teaching hospital in Xi’an, center
of Northwest of China, from Jan 2014 to Dec 2019. All
patient’s demographic, clinical characteristics, and clinical
measures were retrieved from the hospital electronic medical
records (EMR).

The study received favorable opinion from the Ethics
Committee of First affiliated hospital of Xi’an Jiaotong Uni-
versity. The study protocol and data collection instruments
were submitted and approved by the Data Protection Com-
mission of Xi’an Jiaotong University. All patients provided
their written informed consent prior to inclusion in the study.
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Patient population

Patients of CTD were eligible to include in the study if they
were > 18 years old and discharge diagnosis including pul-
monary hypertension. Patients were excluded as follows:
(1) systolic pulmonary artery pressure (sPAP) estimated
by first documented echocardiography when PAH diagno-
sis was absent; (2) HIV infection, congenital heart disease,
acute heart failure and portal hypertension associated pul-
monary arterial hypertension, pulmonary veno-occlusive
disease, and drugs and toxins induced pulmonary arterial
hypertension; (3) left heart disease; (4) chronic obstructive
pulmonary disease, interstitial lung disease and sleep apnea;
(5) when there is a high clinical suspicion for chronic pul-
monary embolism, computed tomography pulmonary angi-
ography (CTPA) or ventilation/perfusion (V/Q) imaging has
been undertaken, and chronic pulmonary embolism patients
in this study was excluded.

Data collection and instruments

Clinical and laboratory data during hospitalization at first-
time PAH diagnosis were retrieved from the database of the
dedicated EMR software of the hospital. The primary out-
come of interest was all-cause mortality, which was ascer-
tained from our electronic medical record and telephone
follow-up calls to patients or bereaved family members.

sPAP estimation by echocardiography

Pulmonary artery systolic pressure (sPAP) was estimated
using a modified Bernoulli equation: sSPAP =4 X (tricuspid
systolic jet)” + estimated right atrial pressure (RAP) [12].
Pulmonary hypertension was defined as a systolic pulmo-
nary artery pressure (SPAP) > 35 mmHg estimated using
echocardiograms [13]. Various sPAP cutoffs have been
applied in previous studies, but a Doppler-derived sPAP of
35 mmHg is the most widely accepted threshold [14, 15]. PH
severity was categorized according to the SPAP as follows:
mild (35-50 mmHg), moderate (50-70 mmHg), and severe
(> 70 mmHg) [16].

Statistical analysis

Normally distributed continuous variables were presented as
mean (SD) and compared using #-tests. Nonnormally distrib-
uted continuous variables were presented as median (IQR)
and compared using rank-sum tests. Categorical variables
were presented as number (percentage) and were compared
using the chi-square test. Survival functions were plotted
using the Kaplan—Meier method and comparison of survival
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functions was performed by the log-rank test. The predictive
values of biomarkers were assessed through time-dependent
receiver operating characteristic analyses (ROC). Univari-
able Cox regression analysis and multivariable Cox analysis
were applied to determine the survival-related factors. The
univariable Cox regression models included Hb, HCT, pH,
PaCO2, PaO2, Ln (NT-pro BNP), IgG, Fib, and sPAP. Fac-
tors with statistical significance in univariate analysis were
included in a multivariate analysis. For data with skewed
distribution (i.e., NT-pro BNP), logarithmic transformation
with natural constant as the base was done in the Cox regres-
sion analysis and ROC analysis. A 2-tailed P < 0.05 was
considered statistically significant in all analyses. R soft-
ware, version 4.2.2 (http://www.R-project.org/), was used
for all statistical analyses. Univariate log-rank test and cox
regression analysis were performed in R using the survival
package and the survminer package.

Results
1. Prevalence of PAH in CTD patients

From Jan 2014 to Dec 2019, there were 144 patients
(2.80%) diagnosed as PAH among a total of 5142 CTD
patients; we also collected 24 non-PAH-CTD patients with
sPAP value estimated by echocardiography as control. The
average follow-up period of all patients was 3.33 years. Of
the 144 CTD-PAH patients (Table 1), there were 89 SLE
patients (60.0%), 19 SSc patients (14.7%), 11 mixed con-
nective tissue disease (MCTD) patients (7.6%), 7 rheumatoid
arthritis (RA) patients (4.1%), 6 Sjogren’s syndrome (SS)
patients (3.5%), 5 dermatomyositis (DM) patients (3.5%), 4
vasculitis patients (4.7%, 3 cases of microscopic polyangiitis
and one case of Takayasu arteritis), and 3 primary biliary
cholangitis (PBC) patients (1.8%). In this study, the preva-
lence of PAH was 7.97% in SLE, 15.32% in SSc, 14.10% in

MCTD, 0.55% in RA, 2.74% in SS, 2.56% in DM, 2.63% in
vasculitis, and 11.54% in PBC.

The duration from CTD onset to PAH diagnosis was
75.4 + 81.4 months (Table 1). The duration for SLE, SSc,
MCTD, DM, SS, RA, vasculitis, and PBC was 39.0 (10.0,
101.0) months, 92.0 (6.5, 153.5) months, 27.0 (13.5, 98.0)
months, 6.0 (0, 12.0) months, 127.0 (78.3, 139.0) months,
126.7 + 100.5 months, 60.8 + 88.5 months, and 65.0 + 59.2
months respectively.

2. Clinical characteristics of CTD-PAH patients

Baseline clinical characteristics for these patients divided
into CTD-PAH and non-PAH-CTD groups are summarized
in Table 2. Demographic analysis showed that the median
age of CTD-PAH patients was 46.0 years old and had high
female predominance (94.4%); the median SPAP value of
CTD-PAH patients was 52.5 (44.0,71.0) mmHg. Compared
with non-PAH-CTD groups, CTD-PAH patients had worse
cardiac function (P = 0.019), higher NT-pro BNP (P =
0.022), and y-globulin (P = 0.023) level and lower PaCO,
level (P = 0.045). Although without statistically significant
difference, the CTD-PAH group had higher D-dimer and
IgG, lower serum vitamin D levels.

The disease severity was classified as “mild” in 61
(42.36%) patients and “moderate-severe” in 83 (57.64%)
patients using sPAP cutoff of 50 mmHg (Table 3). The aver-
age follow-up period of CTD-PAH patients was 3.19 years.
Both groups had similarly high female predominance (96.7%
vs 92.8%). Compared with mild group, moderate-severe
group had worse cardiac function (P < 0.001), increased
Hb (P = 0.014), HCT (P = 0.005), and NP-pro BNP (P =
0.011) level, decreased PaO, (P = 0.023). Although without
statistically significant difference, the moderate-severe group
had decreased PaCO, and dsDNA level. The most common
cause of CTD-PAH in both groups is SLE (55.7% vs 66.3%).

Table 1 Prevalence of PAH

Protopathy diseases Number (%) Prevalence of PAH Duration from CTD

among CTDs onset to PAH diagnosis
(months)

SLE 89 (60.0) 7.97% (89/1117) 39.0 (10.0, 101.0)

SSc 19 (14.7) 15.32% (19/124) 92.0 (6.5, 153.5)

MCTD 11 (7.6) 14.10% (11/78) 27.0 (13.5, 98.0)

RA 7(4.1) 0.55% (7/1274) 126.7 + 100.5

SS 6(3.5) 2.74% (6/219) 127.0 (78.3, 139.0)

DM 5(@3.9) 2.56% (5/195) 6.0 (0, 12.0)

Vasculitis 44.7) 2.63% (4/152) 60.8 + 88.5

PBC 3(1.8) 11.54% (3/26) 65.0+59.2

Total 144 2.80% (144/5,142) 75.4 (81.4)

SLE systemic lupus erythematosus, SSc systemic sclerosis, MCTD mixed connective tissue disease, RA
rheumatoid arthritis, SS Sjogren’s syndrome, DM dermatomyositis, PBC primary biliary cholangitis
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Table 2 Comparison of baseline

s o Total Baseline sPAP (mmHg) P-value
clinical characteristics between
non CTD-PAH and CTD-PAH <35 > 35
patients
n 168 24 144
Age 46.0 (30.8, 57.2) 45.5(35.2, 60.8) 46.0 (30.8, 56.0) 0.552
Gender 0.126
Male 12 (7.1) 4 (16.7) 8 (5.6)
Female 156 (92.9) 20 (83.3) 136 (94.4)
Protopathy diseases 0.385
Non-SLE 67 (39.9) 12 (50.0) 55 (38.2)
SLE 101 (60.1) 12 (50.0) 89 (61.8)
WHO-FC 0.019
I-11 100 (59.5) 20 (83.3) 80 (55.6)
I-1v 68 (40.5) 4 (16.7) 64 (44.4)
Hb 106.5 +22.7 113.7 +19.0 105.3 +23.1 0.093
HCT 333 +6.6 350+5.3 33.0+6.8 0.183
PLT 144.0 (102.0,205.5)  160.5 (118.2,207.0) 142.0 (91.0, 204.5) 0.151
Arterial blood gas
pH 7.434 (7.419,7.466)  7.420(7.400, 7.470) 7.436 (7.420,7.462) 0.397
PaCO, 34.5(30.9, 38.4) 38.0 (34.9, 39.0) 34.0 (30.2, 38.0) 0.045
PaO, 80.1 (70.0, 91.6) 79.9 (71.0, 90.0) 80.2 (70.0,91.9) 0.797
NT-pro BNP 755.9(218.8, 3362.5) 316.0 (108.2, 771.6)  900.9(269.6, 3802.0) 0.022
CRP 10.0 (3.4, 18.8) 8.9 (3.3, 14.1) 10.0 (3.6, 18.9) 0.372
ESR 44.0 (17.0, 72.0) 43.0 (17.0, 62.8) 44.0 (17.0,75.0) 0.69
D-dimer 1.2 (0.6, 2.9) 0.7 (0.6, 1.3) 1.4 (0.6,2.9) 0.054
Fib 34(25,4.1) 3.6 (2.8,4.5) 3.4(25,4.0) 0.286
C3 0.8+0.3 0.8+0.3 0.8+0.3 0.171
C4 0.1(0.1,0.2) 0.2 (0.1, 0.3) 0.1 (0.1,0.2) 0.16
1gG 16.2 (12.5,21.8) 15.6 (11.9, 16.5) 16.8 (12.6, 24.1) 0.077
dsDNA 6.3 (1.7, 33.9) 7.4 3.3,77.2) 6.3 (1.6, 33.7) 0.692
y-globulin 24.2(19.0,31.2) 22.2 (18.6, 24.0) 25.3 (19.1, 32.6) 0.023
Baseline sPAP 49.0 (41.0, 68.2) 30.0 (26.8, 33.0) 52.5(44.0,71.0) < 0.001
Serum vitamin D3 levels  11.1 (7.5, 16.3) 15.8 (8.1,26.1) 10.4 (7.4, 15.9) 0.064

SLE systemic lupus erythematosus, WHO-FC World Health Organization functional class, Hb hemoglobin,
HCT hematocrit, PLT platelet, pH pondus hydrogenii, PaCO, partial pressure of carbon dioxide, PaO, par-
tial pressure of oxygen, NT-pro BNP N-terminal-pro B-type natriuretic peptide, CRP c-reactive protein,
ESR erythrocyte sedimentation rate, Fib fibrinogen, C3 complement component 3, C4 complement com-
ponent 4, IgG immunoglobulin G, dsDNA double-stranded DNA, sPAP systolic pulmonary artery pressure

The targeted drugs used in this study were PDE-5Is
(Sildenafil), ERAs (Ambrisentan, Bosentan), and PGI, ana-
logues (Beraprost, Treprostinil), the overall targeted drug
usage rate was 55.6% (80/144), and the most used drug
was Sildenafil. Only 27.5% patients were given combina-
tion, compared with mild patients; moderate-severe patients
tended to use combination. In addition, only one patient used
oral triple combination therapy.

3. Evaluation of outcomes
Kaplan—Meier curves were generated for analysis of final

follow-up sPAP > 35 mmHg and death for the non-PAH-
CTD, mild CTD-PAH, and moderate-severe CTD-PAH
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groups; patients lost to follow up were excluded from analy-
sis. As showed in Fig. 1A, in terms of final follow-up sPAP
> 35 mmHg, no significant difference was found among the
3 groups. While significant difference for survival was found
among the 3 groups (Fig. 1B), it indicates that baseline sPAP
value affects patients’ survival.

4. Determination of prognostic factors

The results of the univariate and multivariate analyses
using Cox regression model of the data for the CTD-PAH
group are summarized in Table 4. Patients lost to follow
up were excluded from Cox regression analysis. The vari-
ables with P value < 0.1 between groups in Table 1 were
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Ta.bI.e 3 Compari.soln of baseline Total Baseline sPAP (mmHg) P-value
clinical characteristics between
mild and moderate-severe CTD- <50 > 50
PAH patients
n 144 61 83
Age 46.0 (30.8, 56.0) 46.0 (31.0, 53.0) 46.0 (31.0, 56.5) 0.687
Gender 0.513
Male 8(5.6) 2(3.3) 6(7.2)
Female 136 (94.4) 59 (96.7) 77 (92.8)
Protopathy diseases 0.266
Non-SLE 55(38.2) 27 (44.3) 28 (33.7)
SLE 89 (61.8) 34 (55.7) 55 (66.3)
WHO-FC < 0.001
I-11 80 (55.6) 53 (86.9) 27 (32.5)
i-1v 64 (44.4) 8(13.1) 56 (67.5)
Hb 105.3 +23.1 99.8 +22.6 109.3 +22.8 0.014
HCT 33.0+6.8 312+ 6.7 344 + 6.6 0.005
PLT 142.0 (91.0, 204.5) 124.5 (75.8, 178.2) 156.0 (103.5,221.5)  0.052
Arterial blood gas
pH 7.436 (7.420,7.462) 7.428 (7.410,7.450) 7.440 (7.421,7.470)  0.032
PaCO, 34.0 (30.2, 38.0) 36.0 (32.0, 38.2) 32.9(29.7,37.8) 0.079
PaO, 80.2 (70.0,91.9) 85.0 (76.1,92.9) 75.3 (65.6, 90.8) 0.023
NT-pro BNP 900.9 (269.6, 3802.0) 432.2 (147.7, 1643.5) 1613.5 (352.8,4954.2) 0.011
CRP 10.0 (3.6, 18.9) 10.0 (3.3, 18.9) 10.0 (3.9, 18.8) 0.697
ESR 44.0 (17.0, 75.0) 44.0 (21.5, 76.0) 43.0 (15.5,72.5) 0.48
D-dimer 1.4 (0.6, 2.9) 1.5(0.7,3.2) 1.4 (0.6, 2.8) 0.435
Fib 34(25,4.0) 3.6(24,4.3) 3.3(2.6,3.9) 0.314
C3 0.8 (0.5, 1.0) 0.7 (0.4, 1.0) 0.8 (0.5, 1.0) 0.471
C4 0.1(0.1,0.2) 0.1(0.1,0.2) 0.1(0.1,0.2) 0.958
1gG 16.8 (12.6, 24.1) 16.2 (11.9,20.0) 17.7 (13.0, 27.9) 0.053
dsDNA 6.3 (1.6, 33.7) 6.8 (1.7, 100.0) 4.6(1.4,31.9) 0.201
y-Globulin 25.3 (19.1, 32.6) 24.6 (18.7,29.7) 26.0 (19.4, 36.8) 0.160
Baseline sPAP 52.5(44.0,71.0) 43.0 (41.0, 46.0) 69.0 (56.0, 80.5) < 0.001
Serum vitamin D3 levels 10.4 (7.4, 15.9) 10.0 (7.8, 15.7) 11.1 (7.1, 16.2) 0.977
Target drugs
Beraprost 0.919
No 133 (92.4) 57 (93.4) 76 (91.6)
Yes 11 (7.6) 4 (6.6) 7 (8.4)
Treprostinil 1.00
No 143 (99.3) 61 (100.0) 82 (98.8)
Yes 1(0.7) 0(0.0) 1(1.2)
Ambrisentan < 0.001
No 127 (88.2) 61 (100.0) 66 (79.5)
Yes 17 (11.8) 0(0.0) 17 (20.5)
Bosentan 0.021
No 135 (93.8) 61 (100.0) 74 (89.2)
Yes 9(6.2) 0(0.0) 9 (10.8)
Sildenafil 0.015
No 81 (56.2) 42 (68.9) 39 (47.0)
Yes 63 (43.8) 19 (31.1) 44 (53.0)
Drug free < 0.001
No 80 (55.6) 22 (36.1) 58 (69.9)
Yes 64 (44.4) 39 (63.9) 25 (30.1)

@ Springer



3136 Clinical Rheumatology (2023) 42:3131-3142
Table 3 (continued) Total Baseline sPAP (mmHg) P-value
<50 > 50
Treatment regimen 0.221
Monotherapy 58 (72.5) 19 (86.4) 39 (67.2)
Dual combination 21 (26.2) 3(13.6) 18 (31.0)
Triple combination 1(1.2) 0(0.0) 1(1.7)

sPAP

<35 == 35-50 == 250

1.001

0.751

0.501

0.25
Log-rank: p = 0.500

Final follow-up sPAP value <35

0.001

0 1 2 3 4 5 6 7 8
Follow up time (year)

Number at risk

15 15 14 12 10 5 2 0
3550 35 34 28 22 13 6 3 0 0
250 46 39 32 23 17 13 0 0

sPAP <35 == 35-50 =+ 250

1.00

0.751

Survival probability

Log-rank: p =0.018

0 1 2 3 4 5 6 7 8
Follow up time (year)

Number at risk
17 17 15 13 11

6
35-50 47 46 38 32 20 8
250 66 54 40 29 20 14

HWN
oOo—-
o

Fig. 1 Kaplan—Meier curves in subgroups. A Final follow-up sPAP value < 35 mmHg, B survival. Log-rank test was conducted for comparison
among the 3 groups (sPAP < 35 mmHg, sPAP 35-50 mmHg, sPAP > 50 mmHg)

Table 4 Prognostic factors for
survival in PAH-CTD patients

Univariate analysis

Multivariate analysis

HR (95%CI) P HR (95%CI) P
Hb 1.02 (1, 1.04)) 0.041 1.02 (0.99, 1.04) 0.124
HCT 1.08 (1.01, 1.15) 0.026
pH 2,849,708.43 (16.84, inf) 0.016 12,293,025.36 (14.16, inf) 0.019
PaCO, 0.99 (0.95, 1.03) 0.690
Pa0, 0.99 (0.97, 1.01) 0.451
Ln (NT-pro BNP) 1.31 (1.04, 1.66) 0.023 1.3 (0.97,1.75) 0.082
IG 1.02 (0.98, 1.06) 0.301
Fib 1.06 (0.81, 1.39) 0.668
SPAP 1.02 (1.01, 1.04) 0.004 1.01 (0.99, 1.04) 0.261

selected to be included in the Cox regression model. When
as continuous variables, Hb, HCT, pH, Ln (NT-pro BNP),
and sPAP were identified as factors significantly associated
with survival. Factors with statistical significance in univari-
ate analysis were included in a multivariate analysis. Due
to the strong correlation between Hb and HCT, in order to
prevent collinearity, only Hb, pH, Ln (NT-pro BNP), and
sPAP were selected to be included in the multivariate model.
Results showed significant association between pH and risk
of death.

@ Springer

For the 4 prognostic factors identified as impacting
patients’ survival by univariate analysis as continuous
variables (i.e., Hb, pH, Ln (NT-pro BNP) and sPAP), the
areas under the ROC curves (AUCs) were calculated to be
0.655, 0.667, 0.678, and 0.669, respectively (Fig. 2A-D).
Based on the ROC curves, the cutoff values were deter-
mined to be 109.0 g/L, 7.457, 7.267, and 62.5 mmHg,
respectively. When using cutoff values of Hb, pH, Ln (NT-
pro BNP) and sPAP, Hb, pH, and Ln (NT-pro BNP) were
identified as factors significantly associated with survival
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by univariate analysis (Table 5). In the multivariate model,
Hb and pH showed significant association with risk of
death. Kaplan—Meier curves according to the cutoff values

of Hb and pH were shown in Fig. 3, which proved further
that Hb > 109.0 g/L (Fig. 3A) and pH > 7.457 (Fig. 3B)
were independent unfavorable predictors of survival.

Table 5 Prognostic factors for
survival in PAH-CTD patients

N Event (%)

Univariate analysis

Multivariate analysis

(based on cutoff values) HR (95%CT) P HR (95%CI) P

Hb

< 109.0 62 8(12.9) Reference Reference

>109.0 51 17 (33.3) 2.48 (1.07,5.77) 0.035 2.98 (1.08, 8.18) 0.035
pH

<7457 59 8 (13.6) Reference Reference

> 7.457 29 12 (41.4) 4.55(1.78, 11.62) 0.002 4.75 (1.74, 12.99) 0.002
Ln (NT-pro BNP)

<7267 57 8 (14.0) Reference Reference

>7.267 39 14 (35.9) 291 (1.2,7.05) 0.018 2.70 (0.93,7.84) 0.068
SPAP

<62.5 73 12 (16.4) Reference Reference

>62.5 41 14 (34.1) 2.1 (0.96, 4.63) 0.065 1.16 (0.43, 3.14) 0.776
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Discussion

This study describes the characteristics of CTD-PAH
patients and provides insight into their PAH-targeted treat-
ment status and survival. Our data reveal the protopathy dis-
tribution of CTDs, PAH prevalence in CTDs, PAH-target
drugs usage, survival, and prognostic factors for death of
CTD-PAH. Knowing these features may prove helpful for
clinicians evaluating CTD patients who present with PAH
timely, risk assessment, and predicting prognosis in patients
with CTD-PAH.

We showed that SLE is the leading cause of CTD-PAH,
which is consist with previous data. The second cause of
CTD-PAH is SSc. Previous cohort studies in Asia reported
that PAH is most commonly associated SLE, followed by SS
and MCTD [17-19]. In Europe, a study showed that of CTD-
PAH patients, 75% had SSc, 7% had SLE, 9% had MCTD,
and 12% had another CTD [20]. In the USA, study showed
that of patients with CTD-PAH, 67.7% had SSc, 18.7% had
SLE, and 8.8% had MCTD [21]. The relationship between
RA and PAH is not established [22], this study showed that 7
RA patients (7/144, 4.1%) were presented with PAH, and the
prevalence of PAH in RA was only 0.55%. Few data describe
when PAH occurs in CTDs, our results showed that PAH
can occur early after DM onset. In addition, our study also
showed that PAH could occur in ANCA-associated vasculitis
and Takayasu’s arteritis. PAH is a rare occurrence in vas-
culitis, previous studies also showed that PAH could occur
in vasculitis [23-25], and CTDs-PAH studies also included
vasculitis patients [19, 26]. The exact pathophysiology of
how PAH develops in vasculitis is yet unknown which needs
to be investigated further, as has been hypothesized with
other CTDs, endothelial dysfunction and remodeling of
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pulmonary arteries, and immune dysregulation can all play a
role [27]. And researcher also showed that pulmonary artery
vasculitis, pulmonary artery sclerosis/stenoses and elevated
left ventricular filling pressure during Takayasu’s arteritis
may contribute to PAH development [28]. Clinicians should
be aware that PAH can occur at early stage of CTDs, and
patients with RA and vasculitis should also be alert to the
occurrence of PAH. Regular echocardiography monitor is
recommended strongly in the CTD patients management to
identify CTD-PAH as early as possible.

PAH has generally been thought to affect predominantly
younger individuals, mostly females [29], female sex is a
risk factor for PAH, yet females have better survival than
males [30]. In industrialized countries, PAH affects mainly
elderly people, whereas mostly young people are diagnosed
in the developing world including China. In our study, the
median age of CTD-PAH was 46 years old with high female
predominance, but older age and female was not found to
be an independent risk factor for disease severity of PAH
in our study.

Worse World Health Organization functional class
(WHO-FC) and NT-pro BNP were found in this study in
CTD-PH patients, especially for the moderate-severe CTD-
PH patients. The WHO-FC is one of the strongest predictors
of survival both at diagnosis and follow-up of PH patients;
worsening WHO-FC is one of the most alarming indica-
tors of disease progression. In addition, although BNP and
NT-proBNP are not specific for PH, they remain the only
biomarkers routinely and frequently used for PH patients,
which is correlating with myocardial stress and providing
prognostic information [1]. Both WHO-FC and NT-pro BNP
are one of the three important indicators of the simplified
non-invasive risk-assessment tool for prognostic evaluation,
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risk assessment, and treatment evaluation of PH [31], which
need to be assessed every 3—6 months.

Immunity/inflammation is an important mechanism in the
pathogenesis of PAH [32]; anti-inflammatory therapy has
been evaluated for years. The most significant y-globulins
are immunoglobulins (IgA, IgG, and IgM antibodies),
although some immunoglobulins are not gamma globu-
lins, and some gamma globulins are not immunoglobulins.
Hypergammaglobulinemia is often found in patients with
autoimmune diseases, and its level may correlate with dis-
ease activity, such as lymphoid cell infiltration, treatment
responsiveness, and also PAH [33, 34]. It is known that
SLE and MCTD often display hypergammaglobulinemia or
a high IgG titer; auto-antibodies participate in the CTD-PAH
development [35]. In this study, y-globulin was significantly
increased in CTD-PH patients, and serum IgG level was
higher in the moderate-severe group than the mild group
although without statistical difference. Nowadays, elucidat-
ing the process of immunoglobulin production is in great
need to provide new treatment strategies for PH.

D-Dimer level was higher and Vitamin D3 (VitD3) was
lower in CTD-PAH patients compared with CTD patients
without PAH, although without statistical differences. We
have found previously that SLE-PAH had high D-dimer
and FDP levels, and D-dimer was an independent predic-
tor for SLE-PAH, which mediated effect of low low-density
lipoprotein on SLE-PAH [36]. While the latest guideline
of the long-term risk/benefit ratio of oral anticoagulation is
unfavorable because of an increased risk of bleeding, vita-
min K antagonists are recommended in PAH-CTD with a
thrombophilic predisposition [37]. For VitD3, studies have
proved that VitD3 deficiency is frequently seen and indicates
worse prognosis in PH patient. VitD3 supplementation could
improve PH survival in rat and endothelial function, while
there is still controversy about that whether VitD3 could
ameliorate pulmonary vascular remodeling and right ventri-
cle hypertrophy [38—40]. The effect of VitD3 on pulmonary
hemodynamics, pulmonary vascular remodeling, and right
ventricle hypertrophy in PH and its potential mechanisms
need to be clarified further.

Except WHO-FC and NT-pro BNP, increased Hb and
decreased PaO, were identified to be associated with PAH
severity in CTD patients in the present study; PaCO, was
decreased significantly in CTD-PAH patients without asso-
ciation with PAH severity. In addition, we found that the
factors associated with a higher risk for death in CTD-PAH
patients (in the multivariate model) were Hb and pH. Our
results indicated that hemoglobin in blood and arterial blood
gas analysis was important for risk and prognosis assessment
of CTD-PAH patients. Both iron deficiency and anemia have
been linked to the clinical course of PH [41], we also found
that Hb level was decreased in CTD-PAH patients compared
CTD patients without PAH, and current treatment guidelines

suggest regular iron status assessment and the implementa-
tion of iron supplementation strategies in these patients [1].
While it is reported that as the Hb level decreases, blood
viscosity decreases, cardiac output increases, filling pres-
sures tend to decrease, and systemic and pulmonary vas-
cular resistances decrease substantially [42, 43]. Previous
study proved that PH patients who died had significantly
lower hemoglobin levels than those survived, and anemic
PH patients were 3.3 times more likely to die than non-
anemic PH patients [44]; it is also reported that higher Hb
levels associated with higher risk for cardiovascular disease-
related mortality [45]. While the optimal hemoglobin level
for prognosis of PH patients is still unknown, in this study,
we showed that Hb > 109.0 g/L was an independent unfa-
vorable predictors of survival. Hypoxia induces erythropoi-
etin and secondary increase in Hb [46]; it is reported that
erythropoietin attenuates pulmonary vascular remodeling
and induces a reduction in pulmonary arterial pressure [47,
48], while higher level of Hb may inhibit the increase of
erythropoietin level. In the meanwhile, chronic hypoxia is a
well-known cause of PH; anemia can lead to a hypoxic state
which leading to development of PH. Therefore, the complex
interaction of hemoglobin level and PH need to be investi-
gated further, aiming to give guidance on how to select PH
patients who might benefit from iron supplementation, and
help to set treatment goal.

Hypoxic stress is a key driving force in the vascular
remodeling observed in PH, which could induce hyperven-
tilation/alkalosis compensatorily; respiratory alkalosis is
observed commonly in PH. In this study, abnormal arterial
blood gas analysis was found in CTD-PAH patients, PaO,
was negatively associated with PAH severity as expected,
and interestingly, pH > 7.457 was an independent unfa-
vorable predictor of survival. It has been proved that acute
hypoxic pulmonary vasoconstriction is attenuated by res-
piratory alkalosis, but respiratory alkalosis failed to attenu-
ate vascular reactivity to subsequent pressor stimuli [49].
Although hypoxia-induced vasoconstriction leads to com-
pensatory respiratory alkalosis that has vasodilating effect,
it also can worsen intrapulmonary shunt and systemic oxy-
genation [50]. Therefore, it is important to correct hypox-
emia for PH patients to reverse alkalosis.

Since 2007, PAH-targeted medications have been
available in China, but because of low disease aware-
ness, difficult access to experienced diagnostic facilities,
and financial constraints, quite a few PAH patients have
not received sufficient targeted drug use, which affects
patients’ prognosis further and needs to be improved. In
this study, PAH-targeted treatment rate was 55.6%, which
needs to be improved. One study based on Chinese popu-
lation had showed that over 50% of 174 participants did
not use any kind of PAH-specific therapies because of the
financial burden [51]. Most patients of this study chose
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monotherapy, PDESI was used most often in both mono-
therapy and combination therapy because of its relatively
low price, and only one patient with combination therapy
did not use PDESI. Combining drugs with different mecha-
nisms of action, in order to optimize clinical benefit while
minimizing side effects, a study in the USA states that only
5% of patients began initial combination therapy for PAH
[52]. Treatment strategy for PAH has thereby changed sig-
nificantly over the past decade; clinicians should know that
combination therapy is becoming progressively the gold
standard of care in patients with PAH and is becoming
widely used in clinical practice [53]. The benefit of combi-
nation over monotherapy was demonstrated in patients with
CTD-PAH, particularly in those with typical PAH hemody-
namics characteristics at baseline [54], while randomized
controlled trials (RCTs) showed that the magnitude of the
targeted drugs response in the PAH-CTD was lower than
in the IPAH patients [55]. The limited data precludes con-
sensus on which combined treatment or strategy should
be preferred; drugs targeting the ET and NO pathways are
most commonly used as first-line combination therapy, but
the association of ERA and PDESI, both available in oral
form, offers an interesting option [56]. In our study, the
majority of patients using combination treatment is treated
with an ERA combined with a PDE-5I. Also, no long-
term evaluation of combination therapy is available; it is
reported that combination therapy had no proven effect on
mortality and had a much higher incidence of withdrawal
due to adverse effects than monotherapy [57]. With this in
mind, treating patients with more than one of these drugs
may result in additive side effects; it is reported that edema
and headache occurred more frequently in patients taking
a combination of ambrisentan and tadalafil compared with
patients treated with either drug as monotherapy in the
AMBITION study [58].

The results of the present study should be interpreted in
the context of several limitations. First, due to the invasive
nature and cost of RHC, echocardiography was used to diag-
nose PAH in patients in this study. Estimates of sPAP by
echocardiography are based on the peak TRV. This tech-
nique can lead to under- or over-diagnosis of PAH rates as
TR may not be present in mild PAH cases without signs of
right heart failure and also could be found in elderly or obese
patients without PAH. Second, the present study concerns
the small sample size; the results would be not vigorous.
Third, as a non-interventional trial, a cause-and-effect rela-
tionship between PAH and mortality cannot be established.
Fourth, although multiple Cox regression analysis was done
to control for the effect of potential confounders, there might
be other potential confounding variables that were not con-
sidered in this study.

In conclusion, PAH is not rare in CTDs patients; PAH
affects CTD patients’ prognosis significantly. Higher Hb and
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pH were associated with an increased risk of death. Future
studies are needed to explore the mechanisms underlying
these associations to identify some potential therapeutic
interventions for this high-risk population.
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