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Abstract

Exercise rehabilitation is underutilized in patients with pulmonary arterial hypertension despite improving exercise capacity and
quality of life. We sought to understand the association between (1) patient characteristics and (2) patient-perceived barriers and
referral to exercise rehabilitation. Ve performed a cross-sectional survey of patients with pulmonary arterial hypertension or
chronic thromboembolic pulmonary hypertension attending an International PAH meeting. Predictors of referral considered
included gender, body mass index, subjective socioeconomic status, insurance type, age, and World Health Organization functional
class and perceived barriers assessed using the Cardiac Rehabilitation Barriers Scale. Among 65 participants, those in the lowest
subjective socioeconomic status tertile had reduced odds of referral compared to the highest tertile participants (odds ratio 0.22,
95% confidence interval: 0.05-0.98, p =0.047). Several patient-perceived barriers were associated with reduced odds of referral.
For every |-unit increase in a reported barrier on a five-point Likert scale, odds of referral were reduced by 85% for my doctor did
not feel it was necessary; 85% for prefer to take care of my health alone, not in a group; 78% many people with heart and lung
problems don’t go, and they are fine; and 78% for | didn’t know about exercise therapy. The lack of perceived need subscale and
overall barriers score were associated with a 92% and 77% reduced odds of referral, respectively. These data suggest the need to
explore interventions to promote referral among low socioeconomic status patients and address perceived need for the therapy.
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exercise rehabilitation performed during enrollment in car-

Introduction

Patients with pulmonary arterial hypertension (PAH) have
reduced exercise capacity' ® and report burdensome symp-
toms that reduce their overall health-related quality of life
(HRQOL).*® Exercise rehabilitation has been shown to
improve exercise capacity and HRQOL in PAH.”® In rec-
ognition of the benefits, current guidelines recommend
supervised exercise training as part of the management of
patients with PAH by centers with experience taking care of
patients with PAH and rehabilitation of compromised
patients.” ! In the United States, access to supervised exer-
cise training is most readily available as a component of

diac or pulmonary rehabilitation.

Despite the guideline recommendations, the extent to
which PAH patients are utilizing exercise rehabilitation is
currently limited.'? Studies in chronic cardiopulmonary ill-
nesses where patients receive a similar benefit from exercise
have identified unique predictors of referral'>'? and bar-
riers to the uptake of exercise rehabilitation.?* %
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While some overlap may exist, these challenges may differ in
PAH patients due to their unique pathophysiology and bar-
riers such as travel to specialized centers with experience
performing exercise rehabilitation with PAH patients.
Recognizing the underutilization and lack of information
about the optimal program, experts have called for a
better understanding of the practical implementation of
exercise therapy,”* including the need to identify barriers
to referral. >

Identification of patient characteristics and perceived
barriers is critical for the development and implementation
of exercise rehabilitation programs tailored for patients with
PAH.?*2%2% As a first step toward this goal, we examined
the association between both patient characteristics and
patient-reported barriers and referral for exercise rehabili-
tation by surveying patients with PAH or chronic thrombo-
embolic pulmonary attending a large International PAH
conference.

Methods

We performed a cross-sectional survey of patients with
PAH or chronic thromboembolic pulmonary hypertension
(CTEPH) recruited from the voluntary research room at the

Pulmonary  Hypertension  Association International
Conference from 29 June—1 July 2018 held in Orlando,
FL. The  Pulmonary  Hypertension  Association

International Conference is the largest gathering of pulmo-
nary hypertension patients in the world.?” The study was
deemed exempt by the University of Michigan Institutional
Review Board, and written informed consent was obtained
from all patients (HUMO00146004). This study was con-
ducted in accordance with the amended Declaration of
Helsinki. Permission was obtained for the use of the
survey instruments.

Study population

Participants in the research room were eligible if age >18
and if they were diagnosed with PAH or CTEPH by right
heart catheterization according to guideline recommenda-
tions. Patients were excluded if they were unable to exercise
due to orthopedic or other nonpulmonary hypertension-
related limitations, lived outside the United States, or
unable to speak or read English.

Measures

All participants in the research room completed a universal
data collection questionnaire, which included information
on demographic characteristics, etiology of pulmonary
hypertension, World Health Organization (WHO) function-
al class symptoms, and medications.

Predictors of referral

Patients were specifically asked information on character-
istics previously associated with referral to either cardiac or
pulmonary rehabilitation, including age,'* ' gender,'*'®
body mass index (height and weight),'” subjective socioeco-
nomic status,'® insurance type,'® and WHO functional
class.'”” Subjective socioeconomic status was determined
using the MacArthur Scale of Subjective Social Status
(Supplemental Fig. 1).® The MacArthur Scale of
Subjective Social Status is a validated scale used to quantify
a person’s sense of social standing incorporating multiple
socioeconomic status dimensions including education,
income, and occupation.”” Participants were asked to rate
where they were on a ladder ranging from 1 to 10 in regards
to income, occupation, or education compared to other
people in the United States. Participants were split into
tertiles to define low, middle, or high subjective socioeco-
nomic status. Participants’ primary insurance type was clas-
sified as private or public (Medicaid or Medicare).

Patient-perceived barriers to referral

Patient-perceived barriers to rehabilitation were determined
using the Cardiac Rehabilitation Barriers Scale
(Supplemental Fig. 2).** The survey was designed to assess
the impact of patient, provider, and health-system barriers
on the utilization of rehabilitation in patients regardless of
whether they have been referred to or attended rehabilita-
tion. The survey was modified to include “exercise therapy”
defined as either cardiac or pulmonary rehabilitation in
place of “cardiac rehabilitation” for the pulmonary hyper-
tension population with approval from the instrument
developer. The survey is a 2l-item questionnaire that
includes statements of factors that influence participation
in exercise rehabilitation rated on a five-point Likert scale
ranging from “1=strongly disagree” to “5=strongly
agree.” A mean barrier score was calculated from the aver-
age of all the questions, and four average subscale scores
were created using the questions related to perceived need/
healthcare factors, logistics, work/time conflicts, and
comorbidities/functional status. The survey has previously
been shown to be a reliable and valid measure of perceived
barriers.*

Primary outcome

The primary outcome was a previous referral to exercise
rehabilitation. Exercise rehabilitation was defined as a
supervised rehabilitation program that required referral by
a healthcare provider.

Statistical analysis

Patient demographic characteristics, etiology of pulmonary
hypertension, WHO functional class profile, medication
use, and survey results are reported using frequencies for
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categorical variables and means + standard deviations (SD)
for continuous variables, as appropriate.

The association of (1) patient characteristics and (2)
patient-perceived barriers and referral to exercise rehabili-
tation was assessed using univariable and multivariable
analyses with adjustment for age and WHO functional
class in the multivariable models. Age and WHO functional
class were adjusted for as both have previously been shown
to be associated with increased interest in exercise rehabil-
itation.'” Referral to exercise rehabilitation was the primary
dependent variable.

The first analyses sought to determine patient character-
istics associated with referral. Separate logistic regressions
were performed with gender, body mass index, subjective
socioeconomic status, insurance type, age, and WHO func-
tional class as the primary independent variables.
Multivariable models were next done adjusted for age and
WHO functional class. Using the final multivariable regres-
sion model, the predicted percent referral and 95% confi-
dence interval was determined using the Stata (version 15)
margins command.

The second analysis explored the association of patient-
perceived barriers and referral to exercise rehabilitation.
The frequency of barriers to rehabilitation categorized as
low (Likert score 1-2), neutral (Likert score 3), or high
(Likert score 4-5), and referral rates were determined for
descriptive purposes. Univariable analysis was performed to
compare reported barriers among those not referred and
referred to exercise rehabilitation. Next, multivariable logis-
tic regression models were conducted again adjusted for age
and WHO functional class. Additional multivariable adjust-
ments were not performed because of sample size limita-
tions. In these models, separate multivariable logistic
regressions were performed using the mean barrier score
(patient average of the barriers), the four subscale categories
(perceived need/healthcare factors, logistics, work/time con-
flicts, and comorbidities/functional status), and the score of
the 21 barrier questions as the primary independent varia-
bles. A p value of <0.05 was used to determine statistical
significance. Analyses were conducted using Stata 15
(College Station, TX).

Results

Of the 82 people screened, 12 met an exclusion criterion and
5 had incomplete survey data, leaving 65 participants in the
current analysis. Participant demographic characteristics,
etiology of pulmonary hypertension, WHO functional
class, subjective social status, insurance type, and medica-
tion use are shown in Table 1. Among the 65 participants,
52% (n=34) had been referred to exercise therapy. Most of
the participants were female (87%), had PAH (97%), and
WHO functional class 2 symptoms (55%). Rates of referral
among low, middle, and high socioeconomic status partic-
ipants were 39%, 58%, and 71%, respectively.

The results of the univariable and multivariable analyses
exploring the association between patient predictors and
referral to exercise rehabilitation are shown in the supple-
mentary table (Supplemental Table 1) and Table 2, respec-
tively. In the multivariable analysis adjusted for age and
WHO functional class, low subjective socioeconomic
status was associated with reduced odds of referral to exer-
cise rehabilitation compared to participants with high sub-
jective socioeconomic status (odds ratio (OR) 0.22, 95%
confidence interval (CI): 0.05-0.98, p=0.047). There was
no association between insurance type, body mass index,
or gender. The predicted percentage referral for participants
with low and high subjective socioeconomic status adjusted
for age and WHO functional class is shown in Fig. 1. Using
the final multivariable model, 36% (95% CI: 18%-53%) of
participants with low socioeconomic status were predicted
to be referred compared to 69% (95% CI: 45%-92%) of
participants with high subjective socioeconomic status.

We next examined self-reported barriers to exercise ther-
apy grouped by referral status (Table 3). The highest aver-
age barriers for the entire cohort were don’t have the energy
(mean &+ SD: 2.9 £ 1.4), already exercise at home, or in my
community (2.8 +1.4), time constraints (2.7 +1.4), travel
(2.6 +1.3), and cost (2.6 &= 1.4). Compared to participants
referred, those not referred reported a higher barrier score
to several barriers including: cost; didn’t know about exer-
cise therapy; don’t need exercise therapy, already exercise at
home, or in my community; doctor did not feel it was nec-
essary; many people with heart and lung problems don’t go,
and they are fine; can manage my heart and lung problem
on my own; think referred, but the rehab program didn’t
contact; and prefer to take care of my health alone, not in a
group. In addition, those not referred reported increased
barriers in the perceived need subscale, healthcare subscale,
and overall mean barrier score. The frequency of barriers
described as low, neutral, or high and referral is shown in
Table 4. No barriers had a higher percentage of referral
among those participants who reported a barrier as high
as opposed to low. The results of the univariable logistic
regression are shown in the online supplement
(Supplemental Table 2).

Several barriers were associated with decreased odds of
referral in the multivariable model adjusting for age and
WHO functional class (Fig. 2). For every l-unit increase
in a barrier, odds of referral were reduced by 85% for my
doctor did not feel it was necessary; 85% for prefer to take
care of my health alone, not in a group; 78% for many
people with heart and lung problems don’t go, and they
are fine; and 78% for didn’t know about exercise therapy.
A 1-unit increase in the lack of perceived need and health-
care subscale was associated with a 92% reduced odds
of referral. The overall barriers score was additionally asso-
ciated with reduced odds of referral (OR 0.23, 95% CI:
0.08-0.69).
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Table I. Characteristics of the 65 participants.

Total Never referred Referred

N=65 N=3lI N=34
Age (years) 51.8 (15.0) 50.9 (14.9) 52.5 (15.4)
Female (n=63) 55 (87%) 25 (86%) 30 (88%)
White (n=62) 53 (85%) 26 (90%) 27 (82%)
Race (n=62)

African American/Black 3 (5%) 1 (3%) 2 (6%)

American Indian/Alaskan native I (2%) 1 (3%) 0

Pacific Islander I (2%) 0 I (3%)

White 53 (85%) 26 (90%) 27 (82%)

Other/unknown 4 (6%) I (3%) 3 (9%)
Ethnicity (n=>56)

Hispanic or Latino 5 (9%%) 2 (8%) 3 (10%)
BMI (kg/m?) 28.3 (6.3) 27.4 (6.0) 29.2 (6.6)
PH etiology

PAH

Idiopathic 41 (63%) 18 (58%) 23 (68%)
Familial 3 (5%) 2 (6%) I (3%)
CTD 12 (18%) 6 (19%) 6 (18%)
Congenital 3 (5%) 1 (3%) 2 (6%)
Drugs and toxins 2 (3%) 2 (6%) 0 (0%)
Liver disease 2 (3%) 1 (3%) I (3%)

CTEPH 2 (3%) I (3%) I (3%)
WHO functional class

| 12 (18%) 9 (29%) 3 (9%)

2 36 (55%) 15 (48%) 21 (62%)

3 17 (26%) 7 (23%) 10 (29%)
Subjective social status (n = 64) 6.8 (2.1) 6.4 (2.0) 72 (2.1)
Insurance type (n=57)

Medicare 15 (26%) 7 (28%) 8 (25%)

Medicaid 4 (7%) 3 (12%) I (3%)

Private 38 (67%) 15 (60%) 23 (72%)
Prostanoid (n=58) 36 (62%) 17 (68%) 19 (58%)
PDES5i (n=58) 46 (79%) 21 (84%) 25 (76%)
ERA (n=58) 48 (83%) 20 (80%) 28 (85%)
sGC (n=58) 5 (9%) | (4%) 4 (12%)

Data are presented as mean (SD) for continuous measures, and n (%) for categorical measures. Data are presented as No. (%) unless otherwise

indicated.

BMI: body mass index; PH: pulmonary hypertension; PAH: pulmonary arterial hypertension; CTD: connective tissue disease; CTEPH: chronic
thromboembolic pulmonary hypertension; WHO: World Health Organization; PDE5i: phosphodiesterase-5 inhibitors; ERA: endothelin receptor

antagonists; sGC: soluble guanylate cyclase.

Table 2. Results of multivariable logistic regression adjusted for age
and WHO functional class.

OR 95% Cl
SES (vs. high)
Middle 0.74 0.16-3.4
Low 0.22 0.05-0.98
Nonprivate insurance (vs. private) 0.44 0.13—-1.48
BMI (per | kg/m?) 1.04 0.94-1.15
Male (vs. female) 0.89 0.18-4.38

Low subjective SES associated with reduced referral to exercise rehabilitation.
OR: odds ratio; Cl: confidence interval; SES: socioeconomic status; BMI: body
mass index.

Discussion

Among patients with pulmonary hypertension attending a
national meeting, patient characteristics, and perceived bar-
riers to rehabilitation were inversely associated with referral
to exercise rehabilitation. Low subjective socioeconomic
status was associated with a reduced odds of referral to
rehabilitation compared to high subjective socioeconomic
status. Compared to participants who were referred to exer-
cise rehabilitation, those who weren’t referred prefer to take
care of health alone, not in a group; had a doctor did who
did not feel it was necessary; believed many people with
heart and lung problems don’t go, and they are fine;
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Fig. 1. Predicted probability of referral to exercise rehabilitation by
tertile of subjective socioeconomic status. Low subjective SES patients
have a lower predicted probability of being referred to exercise
rehabilitation. Among low subjective SES participants, 36% (95% Cl:
18%—53%) were predicted to be referred to exercise rehabilitation
compared to 69% (45%—92%) of high subjective SES participants.
SES: socioeconomic status.

didn’t know about exercise therapy; and/or had a higher
perceived need subscale score and overall barriers score.
Taken together, these findings suggest opportunities to
increase referral to rehabilitation through advocacy and
improving patient and physician understanding of the ben-
efits of exercise rehabilitation.

Our study sought to look at the association between sev-
eral common predictors of referral in other chronic cardio-
pulmonary processes and referral to exercise rehabilitation
among PAH and chronic thromboembolic pulmonary
patients. We found lower subjective socioeconomic status
was associated with reduced referral while age,'*'> WHO
functional class,'? gender,'*'® body mass index (height and
weight),'” and insurance type'® were not. Disparities in
access to care secondary to low socioeconomic status,
including exercise rehabilitation, have previously been
described in other chronic cardiopulmonary diseases.>'
A recent statement from the American Thoracic Society
highlighted the lack of and need for systematic investigation

Table 3. Average of barriers to exercise therapy grouped by referral status.

Barriers rated on a five-point Likert scale ranging from “| = strongly disagree” to “5 = strongly agree”
Never referred Referred Total
N=3I N=34 N=65

|. Distance 2.8 (1.4) 2.1 (1.4) 2.5 (1.4)
2. Cost 3.0 (1.3) 2.2 (1.4) 2.6 (1.4)
3. Transportation problems 2.1 (1.3) 2.1 (1.4) 2.1 (1.3)
4. Family responsibilities 24 (1.4) 2.1 (1.2) 2.2 (1.3)
5. 1 didn’t know about exercise therapy 29 (1.4) 1.4 (0.5) 2.1 (1.3)
6. | don’t need exercise therapy 2.5 (1.3) 1.5 (0.9) 2.0 (1.2)
7. | already exercise at home, or in my community 3.3 (1.4) 24 (1.2) 2.8 (1.4)
8. Severe weather 2.6 (1.3) 24 (1.4) 2.5 (1.3)
9. | find exercise tiring or painful 2.6 (1.5) 2.2 (1.2) 24 (1.3)
10. Travel 2.6 (1.3) 2.5 (1.4) 2.6 (1.3)
I'l. Time constraints 2.7 (1.3) 2.7 (1.5) 2.7 (1.4)
12. Work responsibilities 2.0 (1.3) 24 (1.4) 22 (1.4)
I3. | don’t have the energy 3.1 (1.5) 2.7 (1.2) 29 (1.4)
I4. Other health problems prevent me from going 2.3 (1.1) 2.3 (1.4) 2.3 (1.3)
I5. 1 am too old 1.6 (0.7) 1.4 (0.7) 1.5 (0.7)
I6. My doctor did not feel it was necessary 2.8 (1.3) 1.3 (0.6) 2.0 (1.2)
I7. Many people with PH don’t go, and they are fine 1.8 (0.9) 1.2 (0.6) 1.5 (0.8)
I8. | can manage my pulmonary hypertension on my own 2.1 (1.0) 1.2 (0.6) 1.6 (0.9)
19. I think | was referred, but the rehab program didn’t contact me 1.7 (0.9) 1.3 (0.7) 1.5 (0.8)
20. It took too long to get referred and into the program 1.9 (1.1) 1.5 (1.0) 1.7 (1.1)
21. | prefer to take care of my health alone, not in a group 24 (1.1) 1.3 (0.6) 1.8 (1.0)
Perceived need and healthcare factors (5, 6, 7, 16, 17, 18, 19, 20, 21) 2.4 (0.7) 1.4 (0.4) 1.9 (0.7)
Logistical factors (I, 2, 3, 4, 8) 2.6 (0.9) 2.2 (1.0) 2.4 (1.0)
Work/time conflicts (10, 11, 12) 2.4 (1.0) 2.5 (1.1) 2.5 (1.0)
Comorbidities/functional status (9, 13, 14, 15) 2.3 (0.9) 2.1 (0.9) 2.2 (0.9)
Mean barrier score 2.4 (0.6) 1.9 (0.6) 2.1 (0.6)

Data are presented as mean (SD).
PH: pulmonary hypertension.
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Table 4. Summary of rates of referral to pulmonary rehabilitation by severity of barrier.

Barriers rated on a five-point Likert scale ranging from low “| =strongly disagree” to “5 =strongly agree”
Low Neutral High

|. Distance 65% (22/34) 42% (5/12) 37% (7119)
2. Cost 70% (21/30) 36% (5/14) 38% (8/21)
3. Transportation problems 57% (24/42) 22% (2/9) 57% (8/14)
4. Family responsibilities 58% (23/40) 46% (5/11) 43% (6/14)
5. 1 didn’t know about exercise therapy 72% (33/46) 17% (1/6) 0% (0/13)
6. | don’t need exercise therapy 66% (29/44) 30% (3/10) 19% (2/11)
7. | already exercise at home, or in my community 68% (21/31) 57% (417) 33% (9/27)
8. Severe weather 56% (19/34) 42% (5/12) 53% (10/19)

9. | find exercise tiring or painful

10. Travel

I'l. Time constraints

12. Work responsibilities

I3. | don’t have the energy

I4. Other health problems prevent me from going

I5. 1 am too old

16. My doctor did not feel it was necessary

I7. Many people with PH don’t go, and they are fine

I8. | can manage my pulmonary hypertension on my own
19. I think | was referred, but the rehab program didn’t contact me
20. It took too long to get referred and into the program
21. | prefer to take care of my health alone, not in a group

57% (21/37)
52% (16/31)
55% (18/33)
50% (21/42)

55% (6/11)
69% (9/13)
40% (4/10)
71% (5/7)

41% (717)
43% (9121)
55% (12/22)
50% (8/16)

57% (16/28) 70% (7/10) 41% (11/27)
54% (20/37) 47% (7/15) 54% (7/13)
54% (30/56) 43% (3/7) 50% (1/2)
72% (31/43) 18% (2/11) 9% (1/11)
54% (30/56) 50% (2/4) 40% (2/5)
62% (32/52) 0% (0/6) 29% (2/7)
57% (31/54) 14% (1/7) 50% (1/2)
56% (28/50) 17% (1/6) 56% (5/9)

64% (29/45) 25% (3/12) 25% (2/8)

Barriers were rated on a five-point Likert scale ranging from “| = strongly disagree” to “5 = strongly agree.” The frequency of a barrier categorized as low (Likert
1-2), neutral (Likert 3), or high (Likert 4-5), and rates of referral are shown. Data are presented as the percentage of those referred divided by all participants who

similarly rated the barrier.
PH: pulmonary hypertension.

of health disparities in the diagnosis, treatment, and out-
comes of patients with pulmonary hypertension.>*

The limited prior work in pulmonary hypertension has
highlighted disparities in care among patients with low
socioeconomic status. Patients with low socioeconomic
status present with more advanced disease®> and have
worse outcomes including mortality.?® Differences in
access to therapies used to treat pulmonary hypertension
is not well described and could explain some of the observed
differences in outcomes. The confirmation of reduced refer-
ral confirms the existence of a modifiable disparity in access
to an important therapy among patients with pulmonary
hypertension and is a necessary first step in reducing such
healthcare disparities.>> The next, more difficult task
remains the development of interventions aimed at promot-
ing rehabilitation in lower socioeconomic status patients,
which thus far have also been limited in the cardiac and
pulmonary rehabilitation literature.>” Recent work suggests
financial incentives have the potential to increase participa-
tion among low socioeconomic status patients.*®

An improved understanding of patient-perceived barriers
also has important implications and was a point-of-
emphasis in a recent American Thoracic Society and
European Respiratory Society Policy Statement.?
Logistical barriers such as distance or work/time conflict
have often by cited as the reason why people are unable

to go and has led to a push for novel delivery methods.?>*

While these barriers were often encountered in our cohort
(i.e. time constraints), there was not a strong association
with referral patterns. Rather, higher barriers related to per-
ceived need or expected benefit from either the provider or
patient perspective were associated with reduced odds of
referral in our study.

Specifically, the finding of the strong associations
between both the patient knowing about exercise rehabili-
tation and provider perceived benefit of exercise rehabilita-
tion and referral is important as there has been interest in
the potential to address low referral rates by increasing pro-
vider and patient knowledge about the benefits of rehabil-
itation.*” Such targeted educational interventions may more
easily be implemented than process changes in care delivery
in the short term and have been shown to have impact in
increasing access to rehabilitation.*! This is supported by
the recognition that one of the strongest predictors of refer-
ral to exercise rehabilitation in cardiac rehabilitation is the
physician’s perceived benefit of rehabilitation.** Guidelines
have been vague in recommendations for exercise training
despite increasing evidence.® The recent World Symposium
recommends supervised exercise training for physically
deconditioned patients.'" A first step toward increasing pro-
vider knowledge of populations who may benefit could be
further clarification in consensus statements or guidelines
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Adjusted OR
Barrier (95% CIy
Distance —_— 0.66 (0.45, 0.99)
e —_—— 0.65 (0.44, 0.96)
Transportation problems + 0.95 (0.64, 1.40)
Family responsibilities * 0.91 (0.60, 1.37)
Severe weather * 0.87 (0.59, 1.29)
Togstieal factors ________________ T—————a =T T T T T T T T T 064(037, 1.11)
| didn't know about exercise therapy —— 0.22 (0.10, 0.52)
| don't need exercise therapy —— 0.47 (0.27, 0.85)
| already exercise at home, or in my community —_— 0.57 (0.36, 0.90)
My doctor did not feel it was necessary —t— 0.15 (0.06, 0.39)
Many people with heart and lung problems don't go, and they are fine —_— 0.22 (0.07, 0.67)
Can manage my heart and lung problem on my own —— 0.25 (0.10, 0.62)
Referred, but the rehab program didn't contact me + 0.48 (0.23, 0.98)
Took too long to get referred and into the program + 0.74 {0.44, 1.24)
Prefer 1o take care of my health alone, not in a group L. m— 0.15 {0.06, 0.42)
Perceivedneed/HC factors e e 0,08 (0.02,0.28)
Travel + 0.92 (0.62,1.37)
Time constraints 1.01 {0.68, 1.49)
Work responsibilities + 1.21 (0.80, 1.85)
“Woridtime conflcts T T T A e =T 112(066,192)
| find exercise tiring or painful + 0.78 (0.53, 1.17)
| don't have the energy —_—— 0.65 (0.41, 1.02)
Other health problems prevent me from going + 0.92 (0.58, 1.45)
| am too old * 0.45 (0.19, 1.05)
TComowianes T e =T T T T T T T T 06403412
Overall mean barriers —_—— 0.23 (0.08, 0.70)
I 1
0 | 2

Fig. 2. Odds of referral to exercise rehabilitation adjusted for age and World Health Organization functional class. Odds ratio (95% confidence
interval) representing change in odds for referral for every |-unit increase in a reported barrier adjusted for age and WHO functional class. The
subscales are separated by the solid lines. The odds ratio summarizing each subscale is denoted by a dashed line.

OR: odds ratio; Cl: confidence interval; PH: pulmonary hypertension; HC: healthcare.

on the patient population to target similar to the well-
defined risk stratification wused in recommendations
around PAH-specific mediactions.!" Importantly, our
study only involved the patient perspective. The logical
next necessary step is to understand the provider’s perspec-
tive of barriers.

At the same time, improving patient knowledge of the
benefits is critical. Face-to-face interventions with a health-
care provider emphasizing the potential benefits of rehabil-
itation is an important component of successful referral
and, most importantly, subsequent utilization.*>** At the
very least, providing an adequate understanding of the
potential benefits of rehabilitation will allow more informed
shared decision making empowering the patient to make the
optimal decision for themselves.*> Future work aimed at
increasing referrals should consider the impact of perceived
need and build on the above prior work to continue to
develop targeted strategies that address this barrier.

Our study has limitations. This is a cross-sectional study
that is unable to determine causality. The study design is
often used to inform future work,*® particularly when there
is a sparsity of data regarding both the impact of patient

characteristics** and perceived barriers to referral.*> The
diagnosis of PAH and chronic thromboembolic pulmonary
relied on patient report. All participants were specifically
asked about having had a right heart catheterization, and
the high use of PAH-specific medications suggests at least
some component of precapillary pulmonary hypertension in
the participants though the presence of participants with
PH due to left heart disease or chronic lung disease is pos-
sible. Given the data collection methods, we were unable to
interview the patients’ providers to understand the physi-
cian’s perspective on the recent disease course and whether
the timing was optimal for referral. Physician perceptions
regarding rehabilitation are important for future interven-
tion development and thus warranted in future studies.
Patients who attend a national scientific meeting may be
unlike other patients with PAH, and thus, selection bias is
likely for our study. These participants are likely highly
involved and informed in their care and may not be repre-
sentative of the PAH population in general. The total
number of patients who attended the conference and
would have been eligible for our study is uncertain. This
may also represent a selection bias that limits the
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generalizability of the study. Additionally, while the preva-
lence of PAH in the United States by race and ethnicity is
uncertain,’ the high percentage of white participants in our
study is likely an overrepresentation compared to the pop-
ulation of people with PAH in the United States. Lastly,
despite being a comparatively large survey of patients with
pulmonary hypertension, the sample size is not large and
includes only two patients with CTEPH. This limits the
ability to adjust for multiple comparisons and generalize
the results to patients with CTEPH. A p value of 0.05 was
used to determine significance given the likelihood of miss-
ing real associations due to the small sample size if a lower p
value was used.

Conclusion

We found that lower subjective socioeconomic status and
barriers related to the perceived need for exercise rehabili-
tation were associated with decreased referral to rehabilita-
tion. Future work should explore interventions to promote
referral to exercise rehabilitation among low socioeconomic
status patients and specifically address the perceived need
for therapy among patients with pulmonary hypertension.
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