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Abstract

The Pulmonary Arterial Hypertension Symptoms and Impact Questionnaire (PAH-SYMPACT) is a PAH-specific patient-reported
outcome scale assessing patients’ quality of life from four aspects: cardiopulmonary symptoms, cardiovascular symptoms, physical
impacts and cognitive/emotional impacts. This study aimed to validate the Chinese version of PAH-SYMPACT and explore its
relationship with risk stratification in patients with connective tissue disease-associated pulmonary arterial hypertension (CTD-
PAH). In addition, 75 patients with CTD-PAH confirmed by right heart catheterization were invited to complete questionnaires
including PAH-SYMPACT, the 36-item Medical Outcomes Study Short Form Survey (SF-36) and EuroQol five dimensions ques-
tionnaire (EQ-5D). The demographic, clinical, laboratory and treatment data were collected. The endpoint was treatment goal
achievement status in 6—12 months after completing the questionnaires, defined as an integrated outcome. Participants’ mean age
was 36.4+ 1 1.9 years and the mean pulmonary arterial pressure was 38.9 + 13.67 mmHg. The reliability of the PAH-SYMPACT
domains ranged from 0.83 to 0.88. Results of factor analysis basically conformed the original PAH-SYMPACT. The treatment goal
achievement (TGA) status in 6—12 months was significantly associated with physical impacts scores (odds ratio: 0.180, 95%
confidence interval: 0.036—0.908, P=0.038). The Chinese version of PAH-SYMPACT is a reliable measurement to evaluate quality
of life in CTD-PAH patients and is also a potential predictor of patient’s condition change in routine clinical practice.
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Pulmonary arterial hypertension (PAH) is a severe compli-
cation of connective tissue disease (CTD) and can lead to
significant mortality."? It is increasingly acknowledged that
PAH causes a range of symptoms (including fatigue, short-
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Hypertension-Symptoms and Impact (PAH-SYMPACT)
were currently validated.® But it has not been validated in
Chinese and little is known about the QoL status in con-
nective tissue disease-associated pulmonary arterial hyper-
tension (CTD-PAH) patients.

The 2015 European Society of Cardiology (ESC) and the
European Respiratory Society (ERS) pulmonary hyperten-
sion (PH) guidelines recommended a multidimensional
stratification system to assess the mortality risk in PAH
patients.” Moreover, subsequent validation studies of this
multi-parameter risk assessment in idiopathic PAH and
scleroderma-associated PAH proved it helps establish a
prognosis at baseline and assess response to therapy.®'°
PAH-SYMPACT scales were proved to be sensitive to
improvement in clinician-reported disease outcomes.®
However, there is no previous research on the relationship
between QoL and risk stratification in the follow-up evalu-
ation of PAH patients. Treatment goal achievement (TGA)
in our studies was defined using the same parameters as the
risk stratification criteria and was proved to be associated
with long-term survival in Chinese systemic lupus
erythematosus-associated PAH patients.!! The aim of this
paper is to report the results of cross-cultural adaptation of
the PAH-SYMPACT in Chinese and explore the associa-
tion between risk assessment and QoL in CTD-PAH
patients confirmed by right heart catheterization (RHC).

Methods

Study design and participants

Seventy-five patients with CTD-PAH visiting the outpatient
clinic of Department of Rheumatology, Peking Union
Medical College Hospital (PUMCH), during January 2019
and June 2020 were invited to complete the Chinese version
of PAH-SYMPACT along with 36-item Medical Outcomes
Study Short Form Survey (SF-36) and EuroQol five dimen-
sions questionnaire (EQ-5D). Baseline demographic and
clinical data including RHC and echo-cardiography
(ECHO) results, WHO functional class (WHO-FC), N
terminal-pro brain natriuretic peptide (NT-proBNP), medi-
cation and TGA status were obtained. RHC was performed
to confirm diagnosis, determine severity and rule out left-
sided heart discase. A follow-up evaluation of TGA status in
6—12 months was recorded as endpoint. This study received
approval from the ethics committee of PUMCH and written
consent was obtained from all participants.

The type of CTD was defined at enrollment as follows.
Systemic lupus erythematosus (SLE) diagnosis was defined
by the 1997 revised American College of Rheumatology
(ACR) criteria.'> Rheumatoid arthritis (RA) diagnosis
was defined by the 2010 ACR/the European League
Against Rheumatism (EULAR) classification criteria.'?
Systemic sclerosis (SSc) diagnosis was defined by the 1980
American Rheumatism Association criteria and confirmed
by the 2013 ACR/EULAR classification criteria.'*

Primary Sjogren syndrome (SS) diagnosis was defined by
the 2002 revised American-European Consensus Group cri-
teria.'> Undifferentiated CTD diagnosis was defined by the
established consensus.'® '8

PAH diagnosis based on RHC was defined by the 2015
European Society of Cardiology (ESC)/European
Respiratory Society (ERS) guidelines as the mean pulmo-
nary arterial pressure (mPAP) >25mmHg at rest, pulmo-
nary arterial wedge pressure (PAWP) <I5SmmHg and
pulmonary vascular resistance (PVR)>3 Wood units."”
The exclusion criteria included chronic pulmonary throm-
boembolism confirmed by CTPA or V/Q scan or significant
interstitial lung disease and total lung capacity <60% based
on the results from pulmonary function test and chest high-
resolution computed tomography. The composite treatment
goals were defined according to the ESC/ERS guidelines'’
as: (1) clinical symptoms: no signs of right heart failure,
syncope or progression; (2) WHO FC I or II, or 6-min
walking distance > 380-440 m; (3) serology: brain natriuret-
ic peptide < 50 ng/L. or NT-proBNP < 300 ng/L; and (4) car-
diac imaging: normal right atrial area according to ECHO.

Quadlity of life assessments

The PAH-SYMPACT has two constructs: PAH symptoms
and PAH impacts. The PAH symptoms domains are car-
diopulmonary symptoms and cardiovascular symptoms; the
PAH impacts domains are physical impacts and cognitive/
emotional impacts. PAH-SYMPACT has 23 items (12 for
PAH symptoms construct with a 24-h recall period and 11
for PAH impacts construct with a one-week recall period).
Scores for each item has five options ranging from 0 to 4,
with higher scores indicating greater symptom severity or
worse impact.

The English PAH-SYMPACT was translated into
Chinese using forward and backward methods by two trans-
lators who is a health professional and a certified indepen-
dent translator. All physical activities involved in the items
of PAH-SYMPACT were compatible with Chinese culture,
and we translated them without substitution. The backward
English version was compared with the original version by a
native English speaker, which indicated no difference com-
pared with the original version. All the researches constitut-
ed an expert panel to evaluated the cultural and conceptual
equivalences of both English and Chinese versions. The
finalized Chinese version was assessed throughout by
Chinese clinical experts to ensure it is cultural appropriate
and understandable.

Statistical analysis

The continuous variables tested by Shapiro-Wilk test were
expressed as mean + standard deviation or median (inter-
quartile range: 25%—75%) as appropriate, while categorical
variables were summarized as percentages. Confirmatory
factor analysis (CFA) was used to test the conceptual



Pulmonary Circulation Volume Il Number3 | 3

framework of PAH-SYMPACT scale. The goodness-of-fit
of the conceptual structure was evaluated with the compar-
ative fit index (CFI) and the root mean square error of
approximation (RMSEA). The psychometric validation
included internal consistency and test—retest reliability anal-
ysis. Backward logistic regression analyses were performed
to identify the predictive factors of TGA status in 6-12
months. The IBM SPSS version 25 and AMOS version 24
was used for data management and statistical analyses.

Results

Study population

Of 75 patients with CTD-PAH enrolled (Table 1), 98.7%
were female, with the median PAH duration of 32.45

Table I. Patient baseline characteristic.

months. RHC revealed mPAP as 38.9+ 13.7mmHg, CI as
3.740.9 L/minxm? and PVR as 4.8 + 3.1 WU. In addition,
75.8% of patients were WHO Fc I and II. The underlying
CTD was SLE (56.7%), SSc (11.8%) and SS (15%).
Moreover, 100% and 98.7% patients were treated with glu-
cocorticoid and immunosuppressors, respectively. As for
PAH therapy, 83.3% CTD-PAH patients were treated
with PAH target therapy and 16.3% were prescribed with
>2 targeted medications. The percentage for ERA (endo-
thelin receptor antagonist), PDE-I (phosphodiesterase
inhibitor) and PG (prostaglandin analogue) were 54.2%,
55.9% and 3.4%, respectively.

Internal consistency and CFA of PAH-SYMPACT

Summary of PAH-SYMPACT, SF-36 and EQ-5D domain
scores are shown in Table 2. In the internal consistency

Characteristic

Values (N=75)

Female, %
Age, mean = SD, years
Time since initial PAH diagnosis, months
BMI, kg/m?
Education
Middle school, %
High school, %

College, %
Marital status

Married, %

Unmarried, %

Divorce, %
Smoking

Yes, %

No, %
CTD etiology

SLE, %

SS, %

SSc, %

UCTD, %

RA, %

Clinical features
Arthritis, %
ILD, %
WHO-FC
I, %
I, %
I, %
NT-proBNP, pg/ml
Echocardiography
PASP, mmHg
TAPSE, mm
RV diameter, mm
RV internal dimension, mm
Pericardial effusion, %
LVEF, %
RHC
RAP, mmHg

98.7
364119

5.0 (2.4-147.4)
224434

23.2
15.9
60.9

743
23.1
2.6

1.9
98.1

56.7
15.0
11.8
83
1.7

30.7
10.7

14.9
60.9
243
95.0 (95.0-23806.0)

5594245
18.9+3.7
40.9+6.5
246+6.7
17.7
67.8+0.69

85+29

(continued)
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Table I. Continued

Characteristic Values (N=75)
mPAP, mmHg 389+13.7
PAWP, mmHg 11.9£36
PVR, WU 48+3.1
Cl, L/minxm? 37409

Treatment

Glucocoticoid
High-dose (>40 mg/day), % 22.7
Medium-dose (15 mg/day<x<40 mg/day), % 133
Low-dose (<15 mg/day), % 64

Immunosuppressant
CYC, % 30.5
MMF, % 30.5
TAC, % 40.7
HCQ, % 69.5
>2,% 78.0

PAH medication
ERA, % 54.2
PDE5-I, % 55.9
PG, % 34
>2,% 16.3

Diuretic, % 66.1

Inotropics, % 373

WHO-FC: World Health Organization-Functional Class; SLE: systemic lupus erythematosus; SS: Sjogren syndrome;

SSc: systemic sclerosis; UCTD: undifferentiated connective tissue diseases; RA: rheumatoid arthritis; ILD: Interstitial
lung disease; NT-proBNP: N-terminal pro-brain natriuretic peptide; PASP: pulmonary arterial systolic pressure; TAPSE:
tricuspid annular plane systolic excusion; RV: right ventricular; LVEF: left ventricular ejection fraction; RHC: right heart
catheterization; RAP: right atrial pressure; mPAP: mean pulmonary arterial pressure; PAVP: pulmonary arterial wedge
pressure; PVR: pulmonary vascular resistance; Cl: cardiac index; CO: cardiac output; CYC: cyclophosphamide; MMF:
mycophenolate mofetil; TAC: tacrolimus; HCQ: hydroxychloroquine; ERA: endothelin receptor antagonist; PDES5-I:

phosphodiesterase inhibitor; PG: prostacyclin analogue.

Table 2. Data of different quality of life questionnaires.

Minimum Maximum Mean =+ SD or Median (IQR: 25%-75%)
PAH-SYMPACT
Cardiopulmonary Symptoms 0.00 3.50 0.50 (0.33-1.00)
Cardiovascular Symptoms 0.00 3.40 0.40 (0.00-0.80)
Physical Impacts 0.00 2.29 0.43 (0.00-0.86)
Cognitive/Emotional Impacts 0.00 2.75 0.33 (0.00-1.00)
SF-36
Vitality 5.00 95.00 62.64+21.96
Physical functioning 15.0 100.00 80.00 (55.00—90.00)
Bodily pain 0.00 100.00 74.00 (57.00-100.00)
General health perceptions 5.00 97.00 46.81 +23.70
Physical role functioning 0.00 100.00 50.00 (0.00-100.00)
Emotional role functioning 0.00 100.00 66.67 (25.00—-100.00)
Social role functioning 0.00 100.00 75.00 (50.00-100.00)
Mental health 24.00 100.00 74.00 (55.00-88.00)
PCS 7.50 97.50 60.25 (40.00-85.00)
MCS 6.25 98.75 70.13 (44.63-87.25)
EQ-5D 0.29 1.00 0.94 (0.86—1.00)

Cardiopulmonary Symptoms: shortness of breath, fatigue, lack of energy, swelling in ankles or legs, swelling in stomach area, cough; Cardiovascular Symptoms: heart
palpitations (fluttering), rapid heartbeat, chest pain, chest tightness, lightheadedness; Physical Impacts: walk slowly on a flat surface, walk quickly on a flat surface,
walk uphill, carry things, light indoor household chores, wash or dress self, need help from others; Cognitive/Emotional Impacts: think clearly, sad, worried,
frustrated. SF-36: 36-item Medical Outcomes Study Short Form Survey; MCS: Mental Component Summary; PCS: Physical Component Summary; EQ-5D: EuroQol
five dimensions questionnaire; IQR: interquartile range.
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Table 3. Internal consistency of domain scores.

PAH-SYMPACT domain No. Cronbach’s o Interclass correlation 95% Cl
Symptoms
Cardiopulmonary Symptoms 73 0.86 0.86 0.80-0.90
Cardiovascular Symptoms 74 0.88 0.88 0.83-0.92
Impacts
Physical Impacts 69 0.85 0.85 0.79-0.90
Cognitive/Emotional Impacts 68 0.83 0.83 0.75-0.89

Cardiopulmonary Symptoms: shortness of breath, fatigue, lack of energy, swelling in ankles or legs, swelling in stomach area, cough; Cardiovascular Symptoms: heart
palpitations (fluttering), rapid heartbeat, chest pain, chest tightness, lightheadedness; Physical Impacts: walk slowly on a flat surface, walk quickly on a flat surface,
walk uphill, carry things, light indoor household chores, wash or dress self, need help from others; Cognitive/Emotional Impacts: think clearly, sad, worried,
frustrated. Cronbach’s o > 0.70 is considered good; >0.80 is considered excellent. Cl: confidence interval.

Table 4. Confirmatory fit analysis for PAH-SYMPACT.

Factor loadings

PAH Symptoms
Cardiopulmonary Symptoms

Shortness of breath 0.65
Fatigue 0.80
Lack of energy 0.75
Swelling in ankles or legs 0.37
Swelling in stomach area 0.39
Cough 0.64
Cardiovascular Symptoms
Heart palpitations(fluttering) 0.94
Rapid heartbeat 0.74
Chest pain 0.47
Chest tightness 0.59
Lightheadedness 0.40
Tests of model fit
CFl 0.93
RMSEA 0.11
PAH Impacts
Physical Impacts
Walk slowly on a flat surface 0.24
Walk quickly on a flat surface 0.87
Walk uphill 0.62
Carry things 0.70
Light indoor household chores 0.57
Wash or dress self 0.18
Need help from others 0.45
Cognitive/Emotional Impacts
Think clearly 0.00
Sad 0.68
Worried 0.83
Frustrated 0.91
Tests of model fit
CFI 0.96
RMSEA 0.09

CFl: confirmatory fit index; RMSEA: root mean square error of approximation.

assessment for each of the domain of PAH-SYMPACT
(Table 3), four domains all had good results with a
Cronbach’s o >0.80 (0.83-0.88). The interclass correlation
coefficient (0.83-0.88) demonstrated good test-retest reliabili-
ty. Results of the CFA supported the conceptual framework

of PAH-SYMPACT (Table 4) with good model fit in PAH
symptoms domain (CFI=0.93, RMSEA =0.11) and PAH
impacts domain (CFI=0.96, RMSEA =0.09). Furthermore,
the item-to-factor loadings exceeded the acceptable threshold
of 0.3 except for “think clearly” (0.00), “walk slowly on a flat
surface” (0.24) and “wash or dress self” (0.18).

TGA and quality of life

Patients who achieved TGA at baseline had significantly
lower PAH-SYMPACT scores (Fig. 1) in cardiopulmonary
symptoms domain (0.33 (0.13-0.67) vs. 0.67 (0.50-1.00),
P<0.05), physical impacts domain (0.14 (0.00-0.43) vs.
0.57 (0.32-1.21), P<0.01) and cognitive/emotional impacts
(0.00 (0.00-0.75) vs. 0.75 (0.44-1.25), P<0.01). Baseline
characteristics were compared between patients who
achieved TGA and patients who did not at baseline
(Supplementary  Table 1) or in 6-12 months
(Supplementary Table 2). In multiple logistic regression
analysis (Table 5), TGA status in 6-12 months was signif-
icantly associated with physical impacts scores (odds ratio:
0.180, 95% confidence interval: 0.036-0.908, P=0.038).

Discussion

This is the first study to indicate that PAH-SYMPACT
have good validity and sensitivity in assessing QoL of
CTD-PAH patients with RHC-based diagnosis. We also
identify the relationship between baseline clinical character-
istic, TGA outcomes and QoL scores. Furthermore, physi-
cal impacts domain in PAH-SYMPACT appears to be a
potential predictive factor affecting TGA status in
medium-term follow-up.

The Chinese translated version PAH-SYMPACT dem-
onstrated fair psychometric properties in our study. But
three items including “think clearly,” “walk slowly on a
flat surface” and “wash or dress self” suggest poor factor
loadings in CFA, especially the “think clearly” item. Except
for the limited number of subjects, another reason for this
situation might be the different underlying PAH etiology
compared to the original validation trial.° The cognitive
impairments in PAH patients may be affected by age®
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Cognitive/Emotional Impacts **
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—— Meet the treatment goals (n=34)
- —Fail to meet the treatment goals (n=24)
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Cardiopulmonary * 1- 0:8
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o8
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02 04 %06 08

Impacts

Cardiovascular Symptoms

Fig. 1. PAH-SYMAPCT scores in patients with CTD-PAH who met the treatment goals compared with those who did not meet the goals at

baseline. *p < 0.05, **p < 0.01, **p < 0.001.

Table 5. Results of logistic regression analysis of relationship between quality of life and treatment goals achievements status in 6 to |2 months.

Univariate Multivariate
Variables OR 95% Cl P value OR 95% Cl P value
Clinical characteristics
Age, years 0.978 0.928-1.030 0.400 0.998 0.935-1.066 0.952
Cl, L/minxm? 1.951 0.863-4.409 0.108 1.759 0.617-5.016 0.291
WHO-FC IlI (refs. | and II) 0414 0.099-1.727 0.226 0.970 0.149-6.312 0.975
PAH-SYMPACT
Cardiopulmonary symptoms 0.644 0.263-1.577 0.336 1.097 0.061-19.745 0.950
Cardiovascular symptoms 0.824 0.337-2.014 0.671 1.491 0.129-17.172 0.749
Physical impacts 0.268 0.087-0.827 0.022* 0.180 0.036-0.908 0.038*
Cognitive/emotional impacts 0.717 0.290-1.774 0.472 1.358 0.257-7.165 0.718

ClI: cardiac index; WHO-FC: World Health Organization-Functional Class; PAH-SYMPACT: Pulmonary Arterial Hypertension Symptoms and Impact

Questionnaire; OR: odds ratio. *p < 0.05, ¥p < 0.01, ¥**p < 0.001.

and CTD-PAH patients may have an earlier diagnosis and
treatment than idiopathic PAH patients because of other
inflammatory symptoms.?' The relatively mild to moderate
PAH symptoms (WHO-FC) of our patients is also a possi-
ble reason. Moreover, arthritis and musculoskeletal involve-
ment in CTD-PAH patients (especially in SSc and RA)
could also have a major impact on QoL, which could be
confounding factors for PAH-specific QoL evaluation.
Thus, the adaption of disease-specific QoL measurements
into different types of PAH needs to be studied further.

In previous studies, the main clinical factors associated
with QoL in PAH patients were WHO-FC and 6-minute
walking distance (6MWT).>*** Our study focused on the
relationship among WHO-FC, CI, QoL and risk stratifica-
tion during the follow-up. The results show that physical
impacts scores are the predictive factors for TGA status in
6—12 months. Physical activity has been shown to signifi-
cantly impact clinical outcomes in the management of auto-
immune disease.”® Our finding also suggest physical
component of the PAH-SYMPACT questionnaire is a
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significant predictor of follow-up outcome. Hence, we pro-
pose that QoL evaluation deserves more attention in routine
care visits, especially the physical functioning related
domains. Our results underline that future studies should
pay more attention to physical activity domain of QoL
when trying to incorporate QoL in risk stratification
criteria.

The goal-oriented treatment in PAH was originally pro-
posed by Hoeper et al. in 2005 and “Treat-To-Target”
approach was already recommended in the management of
several rheumatological disease.”®?’ Our data suggests that
baseline life quality assessment is significantly related to TGA
in patients with CTD-PAH, which is consistent with studies
using other disease-specific QoL scales in PAH.?® Thus, it is
possible to incorporate QoL into the composite PAH treatment
goals in the future. Our study reinforces the need for further
research into appropriate PAH-specific QoL measurements and
better strategy to optimize health-related QoL in long-term
monitoring and therapy adjustment.

A major strength of our study lies in that it is the first
research on QoL assessment in CTD-PAH patients and
comprehensive evaluation of its relationship with RHC
data and TGA outcomes. Our study has several limitations
too. First, the lack of information about 6-minute walking
distance, occupation, income status and repeated QoL
assessment during follow-up need further investigation.
Second, the sample size was relatively inadequate and
potential confounding variables were not adjusted. Third,
CTD-PAH treatment comprises immune-modulators and
pulmonary vasodilators. The impact of medical therapies
on TGA and quality of life needs to be further evaluated.
Another limitation is that most of our CTD-PAH patients
were WHO FC I/II/111, further researches are needed in
severe PAH patients.

In conclusion, among patients with CTD-PAH, PAH-
SYMPACT is a valid and reliable instrument for assessing
the impact of the illness and its treatment on QoL. This
study also provides a comprehensive analysis of relationship
between QoL and clinical outcomes. Our finding also calls
for continued monitoring of QoL status in CTD-PAH man-
agement which may be a potential way to remotely detect
the deterioration of the disease.
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