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Abstract: Exercise programs are one of the treatments used to extend the life expectancy
of individuals with pulmonary hypertension; however, there is conflicting evidence regarding
how well exercise increases muscle strength and VO2 peak. Six databases and one other source
were used in a comprehensive search conducted from June to August 2024 to find relevant
research published in English between 2006 and 2022. The standard mean difference, mean
difference, and risk difference with a 95% confidence interval were used to determine the effect
of exercise. Biased publications were presented with a risk of bias summary/graph. Employing
the Critical Appraisal Skills Program, all reviewers independently assessed the method-
ological quality of the included studies and extracted data.

The results showed 13 randomized control trial studies with 421 respondents,
consisting of 204 and 217 in the intervention and control groups, respectively. Exercise had
significant effects on improving muscle strength, VO2 peak (primary outcomes), oxygen
saturation, cardiac output, six-minute walk test, and several aspects of health-related quality
of life as assessed by the SF-36 questionnaire (secondary outcomes), and there were no serious
adverse events linked to exercise. However, exercise did not significantly alter VE/VCOZ2 slope,
cardiac index, role physical, vitality, mental health, physical component summary, or mental
component summary between the intervention than control groups among people with
pulmonary hypertension. In conclusion, an exercise program of supervised may improve
VO2 peak and muscle strength and does not result in an increased risk of serious adverse events.
Nonetheless, individuals with severe conditions of pulmonary hypertension should be
carefully considered when doing exercise programs.
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Introduction

Pulmonary hypertension (PH) is a serious public
health problem causing death™” and high disability rates
with poor prognosis.® Previous reviews have also reported
that the one~-year survival rate of patients with PH ranges
from 67% to 99%." This is because PH is progressive,
characterized by a gradual increase in pulmonary
vascular resistance, which leads to an increase in the
right heart load and failure.>”°® Additionally, symptoms
such as shortness of breath (SOB ), dyspnea, and fatigue
can reduce exercise capacity (EC), including oxygen
consumption (VO2) peak, 6-minute walking distance
(6MWD), the minute ventilation/carbon dioxide production
(VE/VCO2) slope, saturation oxygen (Sa02), cardiac
output (CO), and cardiac index (CI). These conditions
disrupt the tissue perfusion process and affect histological
abnormalities in the skeletal muscle of PH patients.”®
Therefore, there is a need to explore other strategies
different from pharmacotherapy and lifestyle changes,’
to deal with problems caused by PH.

Muscle strength (MS) and VO2 peak are important
components for patients with PH in independently
performing daily activities.>'® Similarly, increasing
MS and VO2 peaks has reduced morbidity and mortality
rates and improved health-related quality of life
(HRQOL).""'* However, symptoms of PH are still
amajor problem in efforts to improve MS and VO2 peak, '
particularly for those with a high New York Heart
Association (NYHA) Classification.'* According to
previous research, patients with PH have impaired
muscular and cardiopulmonary function. These
alterations correlate to the VO2 peak consumption

15,16
Therefore, several efforts

brought on by symptoms.
have been made to address this problem, including

therapy, medicine, and exercise rehabilitation programs.

Literature review

Exercise has been recommended for both
healthy and sick young and older people. Besides that,
there is compelling evidence that exercise training
enhances functional ability, HRQOL, and even
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long-term survival in people with other chronic heart
and lung diseases.” Generally, routine exercise can
increase oxygen transport, CO, CI, and stroke volume
(SV) due to central adaptations and cardiac remodeling
mediated by volume overload, leading to increased
cardiac function at rest or during exercise.'"** Additionally,
such exercise can boost the oxidative capacity of
skeletal muscle linked to elevated enzymes in cellular
respiration, particularly in oxidative phosphorylation
and the citric acid cycle (also known as the Krebs
Cycle);lg’zo

the exercising myofibril receives more oxygen and has

Due to these central and peripheral adaptations,

a greater ability to metabolize oxygen for the synthesis
of adenosine triphosphate. Thus, trained individuals
experience increased cross-sectional area of slow
twitch (Type I) and Type Ila fibers.”!

In people with PH, developments in therapy
tailored to conditions of PH have increased survival
and slowed the course of the illness. Rehabilitative exercise
programs are among the suggestions. A supervised
exercise program under medical therapy is recommended
for individuals with PH (Class of recommendation:
1, level of evidence A).”* Likewise, the European
Respiratory Society recommends that routine exercise
can improve EC, muscle function, HRQOL, and
possibly right ventricular function.”® Contrary to the
previous study, they have found that active exercise
was not recommended for individuals with PH due to
concerns that it might exacerbate symptoms and

24,25
Moreover,

negatively impact heart function.
several studies support the benefits of exercise in
increasing MS and VO2 peak for patients with PH,
although significant results were not reported.® >
Therefore, evidence-based research on the benefits of
exercise programs such as walking, bicycling, aerobics,
yoga, endurance/resistance training, and inspiratory
muscle training on MS and VO2 peak of people with
PH is needed. Similarly, this study was to compile the
available data on exercise programs and assess the
intervention’s efficacy and safety in light of the
growing global acceptance of exercise programs in

people with PH, although based on limited evidence.
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Study Aims

This review aimed to investigate the effectiveness
of exercise on increasing MS and VOZ2 peak (primary
outcome). It also determined the benefits of exercise
onEC (6MWT, VE/VCO2 slope, Sa02, CI, and CO),
HRQOL, and serious adverse events (secondary outcome)
for patients with PH.

Methods

Data sources and methodical review of literature

This study was registered with PROSPERO
(CRD42024512031). The Preferred Reporting Items
for Systematic Reviews and Meta- Analyses (PRISMA )
were guidelines used to write up this review, as shown
in Figure 1. The PICO format was used, where Population
(P): Patient with PH, Intervention (I): Exercise, Compare
(C): usual care, education, healthy nutrition, physical
therapy, Outcome (O): muscle strength (MS), and VO2

peak (primary outcome ), health-related quality of life
(HRQOL), and 6-minute walk test (6MWT) (secondary
outcome ). A thorough search was conducted from June
to August of 2024 using six databases, including Embase,
CINAHL, Medline, Cochrane, PubMed, Web of Science,
and one additional source, namely the Library of Congress.
Keywords and Emtree /MESH terms used for the search
were essential PH, familial primary PH, PH, hypertensive
pulmonary vascular disease, idiopathic pulmonary
arterial hypertension, pulmonary arterial hypertension,
pulmonary artery hypertension, primary PH, pulmonary
fixed hypertension, pulmonary hypertensive disease,
and pulmonary hypertensive disorder. Additionally,
EC, exercise performance, exercise training, fitness
training, fitness workout, and physical exercise (related
to exercise) were used. Other keywords included dynamic
strength muscle, dynamic strength muscular, muscle
dynamic strength, muscle force, muscle force-velocity
relationship, muscle power, muscular, dynamic strength,
muscular force, muscular power, and muscular strength
muscle strength (related to muscle strength).

' 5
g Embase: 223, MEDLINE: 244, Library of Congress:
S PubMed: 162, Cochrane: 301, (n=122)
= CINAHL: 99, Web of Science: 13
-
£ (n=1059)
= l :
s
—_— ! » Duplicates
] (n=637)
-’E' Records
§ screened
2 {(n = 544) Records excluded
— | N after screening
JRE— v y (n =406)
z Full-text articles
g assx_es_z:e'd' for Full text excluded after
B eligibility assessment (n= 125)
= (n=138) e  NoRCT design (n: 73)
s No English text (3)
F—’ e Amimal study (n: 2)
3 ¢ Systematic and meta-
T Studies included analysis (n: 17)
i : PO— ¢ No PH patients (n: 30)
= in this review
“ —
= (n=13)

Figure 1. Studies selection process
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Studies from 2006 to 2022 of the randomized
control trial (RCT) design were included in this study.
Afteridentifying pertinent research using the PICO method,
these studies were further scrutinized to eliminate
duplicates. Screening of titles and abstracts was conducted
to obtain studies that evaluated the effect of exercise
on MS and VO2 peak in patients with PH. After that,
several studies that fulfilled the inclusion and exclusion
criteria were selected. People with PH, English-language
articles, and the RCT study design with intervention and
control groups were all required for inclusion, whereas
animal studies, systematic reviews, and meta—-analyses
were excluded. The search procedure was closed after
all reviewers had looked through the full-text publications’
reference lists and found no more research that satisfied
the study’s inclusion requirements.

Data extraction and quality assessment

Data extraction was performed independently
to obtain information on eligible studies such as design,
age, NYHA Class, component of intervention (type of
exercise, frequency of exercise, and duration of exercise),
and outcomes (MS, VO2 peak, HRQOL, and EC).
Meanwhile, quality assessment was performed
independently, and differences of opinion were resolved
through consensus among the reviewers. The internal
validity of the studies was evaluated using the Critical
Appraisal Skills Programme (CASP) methodological
quality evaluation, which consists of 11 items with three
possible answers: “yes, no, and can’t tell.”

Data synthesis and statistical analysis

Review Manager (RevMan5.3) software was
used for statistical analysis. The heterogeneity of the study
analysis data results was tested using the Chi-square test.
When I” < 509, there was no statistically significant
heterogeneity among the results of the studies, and the
fixed-effect model was used for analysis. However, when I”
> 50%, statistical heterogeneity and a random-effect
model were used for analysis. The outcomes were
expressed as a change from the baseline to the follow-up.
The results obtained were presented by the standardized
mean difference (SMD) for MS, mean difference (MD)
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for VO2 peak, 6MWD, VE/VCO2 slope, Sa02, CI,
CO, and HRQOL, and risk difference (RD) for serious
adverse events with a significance level of 0.05 and
confidence interval (CI) of 95%.

Risk of bias assessment

The Cochrane Handbook for Systematic Review
of Interventions’ criteria and the RoB 2 tool were used to
evaluate each study’srisk of bias from reviewers independently,
and any discrepancies were settled by discussion. The
potential of each bias source was assessed as high, low,
or unclear, providing a report with a justification for
the assessment in the form of a risk of bias summary

and risk of bias graph (Appendix 17).

Results

Description of selected studies

A total of 1181 studies were collected from
five databases (Embase: 223, Medline: 244,
Cochrane: 301, Pubmed: 162, PEDro: 17, CINAHL:
99, Web of Science: 13) and one additional source
(Library of Congress: 122). Meanwhile, 637 studies
were removed based on duplication, and 494 were
excluded due to title and abstract screening. After the
full-text screening, 13 studies were included for
analysis. At the same time, 125 were excluded for
five reasons, namely lack of RCT study design (n:
73), no English text (n: 3), animal studies (n: 2),
systematic and meta—analysis (n: 17), and absence
of patients with PH (n: 30) (Figure 1).

Characteristics of the studies

A total of 13 studies with RCT design were
included from 2006 to 2022, comprising 421 male
and female respondents with PH. These respondents,
whose mean age ranged from 35+13.68 to 57+3.7
years, were split into 204 in the intervention group
and 217 in the control group. Additionally, as
indicated in Table 1, the study’s quality was evaluated
using the CASP, with a score ranging from 7 to 11 of
the total score.
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Studies’ methodological quality and potential
for bias

The methodological quality of the studies is
presented in Table 1, with the range of scores being seven
to eleven with the total score being eleven. The risk of
bias is summarized in Appendix 17, where seven studies
provided information on how the randomization sequence

25,26,29-33

was generated. This study assessed the studies

as having a low risk of bias. Based on the results, five

studies were unclear about random sequence generation

217,28,34,35

(unclearrisk of bias), and only one had a high

risk.” Additionally, four studies provided details about

. 27,28,31,36
how allocation was concealed,

25,26,29,30,32-35

eight studies
had unclear risk of bias, and one study
showed a high risk.” Due to the nature of the intervention
(exercise), respondents showed a tendency not to be
blinded to the intervention. Nine studies had a high

7,25,26,29,30,32-35
one

27,28,36

risk for blinding of respondents,
study was unclear,” while three reported blinding.
Meanwhile, nine studies were unclear in their blinding
7,26—28,30,31,34—36A total of eight

studies reported low attrition bias per study, and each

of outcome assessment.

7,25,27-29,33,34,36
It was also

26,30,32,35

study reported minimal dropouts.
discovered that four studies reported high risk,
and one was unclear in incomplete outcome data.’’ There
were five studies with low potential for responding

25,28,29,33,34 7,27,31,32,36
PERERTS 2202 and three had
26,30,35

bias, five were unclear,

high potential for selective reporting bias.
25,26,29,32,31,34

Finally,
six studies were low in other bias, two did not
report in detail how many respondents were screened

. . . .. . . 33,35
based on inclusion/exclusion criteria (high risk),

and five were unclear in other bias.”*"?*%%%®

Effect of exercise on MS and VO2 Peak in
patients with PH (Primary outcome)

Effect of exercise on MS

Figure 2 and Table 2 show that exercise had
a significant effect on increasing MS (upper limb) in
the intervention group (n: 65) compared to the control
group (n: 71) (SMD: 1.06, 95% CI: 0.17 to 1.96,
I”: 829). Similar results were shown in MS (lower
limb), where there was a significant increase in the
effect of exercise in the intervention group (n: 55)
compared to the control (n: 52) (SMD: 1.01, 95%
CI:0.60t01.42, 1% 82%) (Figure 3 and Table 2).

Experiment Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gonzalez-Saizetal, 2017 53 3472 20 6 14.27 20 253% 1.7411.00,2.47] -+
Kahraman etal,, 2023 136 298 12 1125 50 12 243% 0.85F0.27,1.37] ™
Maci et al, 2022 1 08 16 -0.31  0.48 16 23.9% 1.92[1.06,2.77] -
Wijcluk et al,, 2021 4333 1358 17 4153 1581 23 28.8% 012F0.51,0758] -+
Total {95% Cl) 65 71 100.0% 1.06 [0.17, 1.96] <>
Heterogeneity: Tau®= 0.68; Chi*=16.93, df= 3 (P = 0.0007}, F= 82% _150 ; b :53 150
Testfor overall effect 2= 2.33 (P =0.02) Control Experiment

Figure 2. Effect of exercise on MS (upper limbs)

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kahraman etal, 2023 18.62 472 12 1551 475 12 248% 0.63 [-0.19,1.46] I e —
Kagioglou etal., 2021 1111 12 o4 21 12 240% 0.81 [0.03,1.65] |
Ertan etal., 2022 12 4 12 5 10 12 135% 0.89[0.04,1.73] —
Gonhzalez-Saiz etal, 2017 166 132 19 -3 38 16 27.7% 1.64 [0.86, 2.42] e —
Total {95% CI) 55 52 100.0% 1.01 [0.60, 1.42] .
Heterogeneity: Ghi*= 3.89, df=3 (P=0.31); F=16% t t t

Testfor overall effect: Z=4.84 (P = 0.00001)

-1 0

Control Experiment

Figure 3. Effect of exercise on MS (lower limbs)
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Effect of exercise on VO2 peak

Nine studies, consisting of 185 and 196
respondents in the intervention and control groups,
respectively, were included in the analysis. The results

showed that exercise had a significant effect on increasing
the VO2 peak for PH patients in the intervention groups
(MD:1.87,95%CI: 1.32102.42,1°: 45%) compared
to the control, as presented in Figure 4 and Table 2.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Fukuietal, 2015 191 35 17 181 34 22 104%  1.00[-1.18,3189] ™
Kagioglou et al, 2021 17 26 12 03 23 10 11.8% 140065 3.45 o
Ganderton etal., 2011 13 11 5 02 196 5 128% 180047, 3.47] o
Mereles et al., 2006 713 18 -0s 1 15 200%  2.70[1.12,4.28 -
Gonzalez-Saiz et al, 2017 26 18 1% 03 12 16 1.4%  290[3.04, 884 T
Ehlken etal, 2016 31 I¥ 3 -0 23 46 422%  330[2.21,439 L]
Chanetal, 2013 128 103 10 151 &F 13 1.0% 3.80[-3.30,1080 T
Yilmaz et al., 2020 4304 1905 11 4077 945 0N 0.3% 7.27[5.30,19.84] -
Total {95% Cl) 127 138 100.0%  2.50[1.79, 3.20] |
Heterageneity: Chi*= 6.75, df= 7 (P = 0.46); F= 0% -:%D _215 p 215 S:D

Testfor overall effect 2= 6.94 (P < 0.00001)

Contral  Experiment

Figure 4. Effect of exercise on VO2 peak

Effect of exercise on EC, HRQOL, and serious
adverse events in patients with PH (Secondary outcome)

Effect of exercise on EC

Appendix 1 and Table 2 show that the effect
of exercise was proven to increase 6 MWD in those in
the intervention group significantly (n: 205) (MD:
30.09,95% CI: 23.8410 36.33,1°: 48%) compared
to the control group (n: 213). Furthermore, there was
asignificantrise in SaO2 in the intervention group (n:
111) (MD: 2.19, 95% CI: 1.48 to 2.91, I’: 0%)
compared to the control group (n: 114) (Appendix
3 and Table 2). A significant increase was also
observed in CO in the intervention group (n: 48) (MD:
1.19, 95% CI: 0.70 to 1.67, I”: 0%) compared to
the control (n: 54) (Appendix 5 and Table 2).

The results shown in Appendices 2 and 4 and
Table 2 show that effect of exercise did not significantly
decrease the VE/VCOZ2 slope in the intervention group
(n:133) (MD: -0.14, 95% CI: -2.76 to 2.47, I’
14%) compared to the control group (n: 69).
Additionally, there was no significant increase in CI
of PH patients in the intervention group (n: 69) (MD:
0.69, 95% CI: -0.38 t0 1.76, I”: 0%) compared to
the control group (n: 41).

Vol. 29 No. 2

Effect of exercise on HRQOL

The results presented in Appendices 7, 10, 11,
and 13-15 and Table 2 show that the effect of exercise
could significantly improve HRQOL using the 36 -item
Short Form Health Survey questionnaire (SF-36) in
the intervention group compared to the control group.
These included physical role (MD: 16.50, 95% CI:
10.081022.92,1*: 48%, n: 218), vitality (MD: 11.08,
95% CI: 5.93 to 16.24, I*: 0%, n: 217), social
functioning (MD: 12.47, 95% CI: 8.48 to 16.46,
I”: 38%, n: 220), mental health (MD: 6.11, 959%
CL:1.76t010.46,1°: 38%,n: 189), physical component
summary (MD: 3.40, 95% CI: 1.48105.33,1°: 32%,
n: 248), and mental component summary (MD: 3.14, 95%
CI: 0.93t0 5.35, I*: 0%, n: 247). Appendices 6, 8, 9,
and 12, and Table 2 show that the effect of exercise
did not significantly improve HRQOL using SF-36
in the intervention group compared to the control group
in physical functioning (MD: 4.94, 95% CI: -1.20
t011.09,1%: 14%,n: 220), bodily pain (MD: 5.19,
95% CIL: -2.03t0 12.40, I*: 0%, n: 2190), general
health (MD: 5.13, 95% CI: -0.40 to 10.65, I”: 0%,
n: 176), and role emotion (MD: 3.35, 95% CI: -4.64
t0 11.33, I’: 0%, n: 189).
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Effect of exercise on serious adverse events

This study showed the effect of exercise among
448 PH patients, consisting of 211 and 237 in the
intervention and control groups, respectively. Based
on the results, exercise did not affect serious adverse
events in the intervention group compared to the control
group (RD: 0.02, 95% CI: -0.03 to 0.06, I’: 1%),
as shown in Appendix 16 and Table 2.

Discussion

This study compared the effect of exercise on
MS (upper and lower limbs ) and VOZ2 peak in PH patients
in the intervention and control groups (primary
outcome ). The comparison was carried out to address
the issues related to the effectiveness of exercise in
improving MS and VO2 peak commonly observed in
adult populations. Additionally, analyses were carried
out to determine whether there were differences in the
effect of exercise on HRQOL, EC, and serious adverse
events in both groups of PH patients (secondary
outcome). The quality of evidence from the studies
included was categorized as moderate quality, as
shown in Table 1.

Effect of exercise on MS and VOZ2 Peak in PH
Patients (Primary outcome)

Patients with PH often experience fatigue,
SOB, and decreased exercise tolerance, particularly those
with a higher NYHA Class,'* which has an impact on
decreasing MS and VO2 peak.'®'® Previous studies
have supported this notion; however, they recommended
strict supervision for patients with PH engaging in
exercise to prevent exacerbation of disease symptoms.®
Moreover, proper exercise can provide many benefits,
such as increased pulmonary function and cardiovascular
efficiency, where the heart works more effectively in
increasing aerobic capacity.’® *® Routine exercise is
also capable of increasing oxygen in the body, which
plays a significant role in the metabolic process and
improves blood flow to the muscle.'”*® This is

supported by the current review that exercise

314

significantly increases MS (upper and lower limbs)
in the intervention group compared to the control
group.26’27’29’30’32’36

Previous studies, which included 14 RCT study
designs, showed that routine exercise can significantly
reduce mean pulmonary artery pressure (mPAP),
which impacts increasing EC.*” Moreover, the benefits
of exercise using walking, bicycle, endurance /resistance
training, inspiratory muscle training, aerobics, and yoga
have been proven to stimulate the release of the vascular
endothelial growth factor (VEGF) functioning to
repair and form new blood vessels as well as increase
blood flow and tissue oxygenation.””"***® This
process can increase the aerobic capacity and VO2

38,39

peak of patients with PH. Additionally, regular
exercise significantly raises plasma levels of interleukin
6 (IL-6), IL-10, and tumor necrosis factor-alpha,
which can strengthen the immune system and repair
tissue damage.*®*° These two cytokines work together
to reduce inflammation and improve vascular health
for PH patients, and they also influence muscle growth,
repair, and metabolism.***°
Effect of exercise on EC, HRQOL, and serious
adverse events in patients with PH (secondary outcome )
Several previous studies found benefits of
exercise inimproving cardiopulmonary functioning.*"**
Exercise can increase energy metabolism in the body
due to increased blood flow to the tissues thereby
oxygenation is sufficient, causing a rise in 6MWD,
Sa02, and CO in PH patients.’>***® This study
supported the results, where routine exercise 2 to 7
times/week for 6 to 24 weeks showed a good effect
on EC, including a significant increase in 6MWD,
Sa02, and CO. However, the effect of exercise was
not significant on the increase in CI and the decrease
inthe VE/VCOZ2 slope. This could be attributed to the
decrease in pulmonary capacity of PH patients capable

7,41
In

of affecting exercise on a low VE/VCO2 slope.
addition, the underlying pathophysiological changes
in the pulmonary vasculature and cardiac function are

associated with changes in VE/VCO2 slope and CI
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%1 On the other side, the

type of PH, such as chronic thromboembolic pulmonary
hypertension (CTEPH), NYHA Class, age, or procedures
that had not been performed by patients, such as balloon

of people living with PH.

pulmonary angioplasty (BPA) limit the effectiveness

. 7,27,35,42
of exercise.

However, exercise was identified
as a good and safe recommendation for patients with PH.

Efforts to improve HRQOL in PH patients could
be performed with routine exercise as supported by
Chan et al.>* Moreover, exercise demonstrated a good
effect on improving the HRQOL of patients with PH,
proving to be safe without serious adverse events.’***
However, the severity of PH disease, such as high
NYHA Class and patient age, negatively influenced
the effect of exercise and HRQOL.*'*'*?**2 Thijs was
observed when there was an increase but insignificant
in the dimensions of physical functioning, general
health, and emotional role decrease in the dimension
of bodily pain (SF-36) between the intervention and
control groups of PH patients. It is important to note
that exercise is not completely risk—-free for patients
with PH,*" and according to current international guidelines,
exercise rehabilitation should only be carried out by
facilities that have experience caring for patients with
PH and rehabilitating compromised patients.>**

Studies’ methodological quality and potential
for bias

The methodological quality assessment using
CASP scores is presented in Table 1. The methodological
quality of these studies was moderate, and each reviewer
evaluated the risk of bias separately. To report different
outcome measures, we could pull data from 1 3 studies,
all published articles. However, there were still some
biased sources. The overall risk of reporting bias across
all studies was low regarding blinding of random
sequence generation and incomplete outcome data.
Only three studies reported this clearly regarding the
blinding of participants and personnel, while three did
not report on selective reporting and other biases. Some
studies were unclear in reporting the blinding of
outcome assessment (Figure 17).

Vol. 29 No. 2

Review Limitations

Some limitations were observed. First, the
inability to avoid publication bias from several studies
included, as shown in Appendix 17. However, with
reviewers working independently, using six databases
and one additional source, and good analysis methods,
publication bias could be overcome. Second, this
analysis only included papers in English. The
evaluation of clinical trial quality and some effect
estimates would have been impacted if the review had
included more publications, including those published
in non-English. Therefore, it is advised that future
studies consider incorporating larger and more
thorough investigations. Third, several conditions of
patients with PH that were not examined could affect
the results. Therefore, further studies were
recommended to conduct sub-group analysis on PH
type, age, and NYHA Classification to strengthen the
evidence for the effect of exercise on patients with PH.

Conclusion and Implications for
Nursing Practice

In conclusion, this study found that exercise
had benefits for patients with PH. Routine exercise,
either walking, cycling, or in combination with
aerobic, resistance training, yoga, and inspiratory
muscle training, effectively improved primary
outcomes (MS and VO2 peak). Generally, routine
exercise is a safe recommendation without causing
serious adverse events, and it is one of the recommended
strategies for cardiac rehabilitation in patients with PH.
However, further studies are recommended to conduct
sub-group analysis on PH type, NYHA Class differences,
and age differences to provide evidence-based exercise
benefits for patients with PH.

Regarding implications for nursing practice,
this study showed that routine exercise had an effect
on increasing MS (upper and lower limbs) and VO2
peak in the intervention group compared to the control
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group. Additionally, exercise was useful in increasing
6MWD, Sa02, and CO in EC, as well as physical role,
vitality, social functioning, mental health, physical
component summary, and mental component summary
in the HRQOL dimension of patients with PH. However,
these patients require supervision from nurses and
others, especially those with more severe conditions.
This study provides evidence-based data for patients,
families, and healthcare providers concerning the
benefits of routine exercise in enhancing the health

status of patients with PH.
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Appendix

Effect of exercise on EC (6MWD, VE/VCO2 slope, Sa02, CI, CO), HRQOL,

and serious adverse events (secondary outcome)

1. 6MWD
Experiment Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chan etal, 2013 467 8610 389 107 13 06% B8.00[10.89 14689 b
Ehlken etal, 2016 | 83 38 12 46 41 B1%  41.00[19.04, B2.96] -
Ettan etal, 2022 44907 5138 12 41858 2087 12 1.3%  3049[23748477 T
Foxetal, 2011 384 29 22 353 18 22 19.2% 32.00[17.74, 46.26] -
Fukuietal, 2015 510 98 17 468 102 22 10% 4200[21.14,105.14] T
Ganderton et al, 2011 554 855 5 511G 5 04% 50403562, 13647 -
Gonzalez-Saiz etal, 2017 7144 19 4917 16 B29%  23.00[15.1%, 3038 ]
Kagioglou et al, 2021 524 118 12 441 B1F 12 07%  83.00010.11,155.89] e
Kahraman etal., 2023 456,58  96.82 12 40575 107.24 12 0B% 50833092 132.58] .
Mereles etal, 2006 96 61 14 -15 5418 23% 111.00[89.77,152.23] -
Macietal, 2022 48463 7199 16 45518 T184 16 16%  38.44[10.39,89.27] T
Winjeluk et al, 2021 43384 11471 16 43631 8169 16 08% ATA3F11.87,12613] T
¥ilmaz etal, 2020 43183 10387 11 40225 13387 11 04% Z9BS[T045 129.81] e
Total (95% CI) 205 213 100.0%  30.09 [23.84, 36.33] |
Heterogeneity, Chi*= 2316, df=12 (P = 0.03); F= 48% } } } }
Testfor overall effect: Z= 9.44 (P = 0.00001) -0 é1oDnDtro| ”Exgg[?mgﬂtﬂ
2. VE/VCO?2 slope
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Chanetal, 2013 06 95 10 3/ BT 13 199%  A40[1.36,12.16] T
Fukuietal, 2015 366 BS 22 3@F 98 17 MIY%  -310[-548 239 —
Gonzalez-Saizetal, 2017 38 [ v 618 45.4% 1.00[3.47 5.47] -
Kagioglow etal, 2021 454 111 12 801 M 100 35% -470[2090,11.50] — T
Yilmaz etal, 2020 a7.07 1189 11 &4.1 1007 il Mot estimable
Total {95% CI) 75 58 100.0% 0.40[-2.62, 3.41] ?
_Il-_let?;ogenemfl:l CQI ?‘421?0 ggzsanzsg.Ed);l =28% —5'0 _2|5 ﬁ 2|5 5'0
et for overall effect: 2= 0.26 (P = 0.80) Control  Experimental
3. Saturation oxygen (Sa02)
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Winjcluk et al, 2021 8306 11.24 16 81.24 1007 23 1% 1.81[-A.07, 8.6Y9] —
Fukuietal, 2015 41.3 34 27 Baz 448 17 BA% 210[0.70,4.90] T
Macietal., 2022 146 084 15 -063 1.32 16 85.7% 219[1.42 2.96] .
Grunig et al,, 2020 23 104 58 -0 T 58 B.F% 2A40[-0.37, 517 T
Total (95% CI) 11 114 100.0% 2.19[1.48,2.91] L
?et?;ogenemtl:l C;I ?2_945 ng:PSEPD:DB.Dﬂﬂﬂi;I =0% E 0 7 s 4
estfor overall effect Z2=6.00 ( : ) Control  Experimental]
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4. Cardiac index (CI)

Experimental Control Mean Difference Mean Difference
Study or Subgroup MWean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ehlken et al., 2016 02 06 &% 03 47 28 34% 0A0[1.25 229
Chanetal, 2013 78 210 71 13 GB2A% D0.80[045 219
Total {95% Cl) 69 41 100.0% 0.69[-0.38,1.76]

Heterogeneity: Chit= 0.07, df= 1 (P = 0.79); F= 0% - . ! . .

Testfor overall effect Z=1.26 (P = 0.213 A0 E Contral DEmenmeﬂml 10

5. Cardiac output (CO)

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Chanetal, 2013 144 44 10 137 28 13 24% 070F2.42, 387 —]
Ehlkenetal, 2016 07 08 3% -05 13 41 876% 120[0.71,169 B
Total (95% Cl) 48 54 100.0% 1.19[0.70, 1.67] ’
Heterageneity: Chi#= 010, df=1 (P = 0.76); F= 0% 54 52 . 5 ji
Testfor averall effect £=4.81 (P = 0.00001) Control Experimental

6. Physical functioning
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Yilmaz et al., 2020 5045 2504 11 A3A5 3291 11 6.3% -810[32484, 16.34]
Ganderton et al., 2011 7 16 g 13 12 5 123% -6.00[23.53 1187 -1
Ehlken et al., 2016 63 184 32 B3 255 23 283% 000122321227 .
Wojcluk etal., 2021 G781 2476 16 B408 2417 23 184% 375[11.89,19.39] I e —
Fukuietal, 2015 35 s 17 80 £1 4 24% 500 [34.37, 4437 *
Mereles etal, 2006 178 136 15 B1 243 18 19.0% 11.70[2.39 2579 T
Chanetal, 2013 19 1710 2 17 13 18.2%  17.00[2.99 31.01] e —
Total (95% Cl) 106 114 100.0% 4.94 [1.20, 11.09] e
Heterageneity: Chi= 6.97, df=6 (P=0.32); F=14% t ; f f

. N 20 100 0 10 20
Testfor overall effect Z=158 (P=0.11) Contral Experiment

7. Role physical

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Yilimaz etal., 2020 A795 2272 11 7208 5285 11 6% -14.13[48.13,19.87] e —
Fukuietal, 2015 2] w’ A7 1 a0 24 5T% -12.00[38.45 14.95) -
Wojcluk et al, 2021 E7.81 2476 16 59.38 2602 23 198% 8.43[-7.70, 24.56] -
Ehlken etal, 2016 185 347 32 B4 3348 21 118% 1210[-6.60, 30.80] T
Chanetal, 2013 17 1 10 -6 20 13 143% 23.00 [6.04, 39.96] -
Mereles et al, 2006 358 131 15 1221 131 15 468% 2370[14.32 33.08] —
Ganderton etal., 2011 38 Ny g -2245 40 g 20% 26.30[18.85 71.449] ]
Total (95% Cl) 106 112 100.0% 16.50 [10.08, 22.92] .
Heterageneity: Chi*=11.60, df= 6 (F=0.07); F=458% f f f |
Test for averall effect Z = 5.04 (P = 0.00001) -100 -50 Control UExpenmenstD 100
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Wojcluk et al, 2021 G004 2874 16 7386 2438 23 17A% -3GE2[20.87,1363 ——
Ganderton etal, 2011 -148 168 5 14 15 5 134% -0.80[20.54, 1894 B
Ehlken etal., 2016 89 281 32 37 221 23 295%  220[11.08 1549 ——
Yilmaz etal., 2020 7081 2062 11 5946 3084 11 10.8% 11.65[10.27, 3357 -
Chanetal, 2013 4 15 10 40 13 254%  13.00[1.30,27.30] T
Fukui et al,, 2015 00 B2 17 TA BA 24 34% 21.00[18.30,60.30] —
Total {95% CI) 9 99 100.0%  5.19[-2.03,12.40] P
Heterageneity: Chi® = 3.65, df= 5 (P = 0.60); F= 0% T -:’;D I 550 1DD=
Testfor averall effect Z= 1.41 (P = 0.16) Control Experiment

9. General health

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Tofal Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Yilmazetal, 2020 A0.63 1934 11 5584 3346 11 64% -5.21[-26.96 16.54] T
Wojcluketal, 2021 4525 1883 16 4331 1737 23 228%  1.894[9.70 1358 T
Ehlken et al., 2016 B 172 30 08 172 A 332%  520[4.39, 1479 -
Fukuietal, 2015 g2 &2 17 86 38 24 36% 600[2302 3507 [ —
Chanetal, 2013 12 11 10 3012 13 343%  9.00[0.44,18.44) i
Total {95% CI) 84 92 100.0% 5.13[-0.40,10.65] P
Heterogeneity: Chi=181, df=4 (P=077; F=10% I—1E|D -GID ; GID 0
Testfor overall effect Z=1.82 (P=0.07) Control Experiment]

10. Vitality

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Wajcluk etal., 2021 6094 1861 16 5858 2127 23 167%  2.35[10.25,14.94] -
Yilmaz etal,, 2020 5568 1542 11 8215 3617 11 49% 353[1971,2677] e
Ganderton et al, 2011 g 173 ] -1 14 f 7O0% B.00[1351,2661]  na—
Ehlken et al., 2016 91 188 3 8 202 21 251% 1080 [062,21.18) -
Fukuietal, 2015 7 B0 17 B3I D 24 28% 12.00[19.07, 4307 e E—
Mereles etal, 2006 192 17 15 42 167 15 183%  14.00[2.94, 27.08] ——
Chanetal, 2013 221210 5 13 13 252% 17.00[BF4, 27.26] —
Total (95% CI) 105 112 100.0%  11.08 [5.93, 16.24] L 3
Heterogeneity, Chi*= 4.20, df = 6 (P = 0.65); F= 0% 5_1 a0 _550 T SID 1DD=

Test for overall effect Z=4.22 (P = 0.0001)
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11. Social functioning

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean §D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fukuietal, 2014 i) a0 17 23 7o 24 1% -25.00[63.28,13.29] —
Wojcluk et al., 2021 71.09 2269 16 F1.88 272 13 B4%  -079[16.51,14837 I
Yilmaz etal., 2020 Ga.9 2909 11 BOGY 4024 11 1.8% 8212413 345849] I p—
Ehlken et al,, 2016 g7 184 32 0229 13 114% 8.70 [-2.62, 20,00 T
Mereles et al., 2006 173 BY 18 3F  BY 15 653% 13.60[89.66,18.54] |
Gandertan etal, 2011 1m0 163 5 -8 24 g 25% 18007434343 7
Chanetal, 2013 2 18 10 4 19 13 104% 22.00[9.63,34.37] —_—
Total (95% CI) 106 114 100.0%  12.47 [8.48, 16.46] [ ]
Heterageneity: Chit=9.74, df= 6 (P = 0.14); = 38% f f t |
Testfor overall effect Z= 6.13 (P < 0.00001) -100 -50 CDntml]UExperimen’iD 100

12. Role emotional

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Gandertonetal, 2011 -11.7 261 g 83 118 g 101% -340[F28.91, 11.71] -
Chan etal, 2013 4 18 10 3 18 13 289% 1001384 15384] —
Yilmaz et al, 2020 G287 3058 11 B113 3442 11 8BE%  174[-2547 2599 e H—
Wojcluk etal,, 2021 5228 2061 16 7813 2787 23 I7E% 416 [11.08 1838 —
Ehlken etal, 2016 167 453 32 a7 148 27 21.9% 8.00[9.04 2504] I
Fukuietal, 2014 100 [ a8 T8 24 29% 12.00[-34.60,58.60]
Total (95% Cl) 91 98 100.0%  3.35[-4.64,11.33] ?
Heterogeneity: Chi*= 0.82, df= 5 (P = 0.98); F= 0% -EED _255 T 255 SIU
Testfor overall effect Z=0.82 (P=0.41) Control Experiment

13. Mental health

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Yilmaz et al., 2020 96,36 2145 11 690 3003 11 40% -BF4[3061, 1317
Ehlken etal., 2016 5 216 0N 9.8 192 23 182% -0.80[11.97 10.37] I
Wajcluk et al., 2021 G9.69 194 16 6812 1825 23 132% 14871040, 13.84] I
Ganderton et al., 2011 2 v ] -2 91 g 273% 4004321237 =
Chanetal, 2013 1 g 10 -2 9 13 390% 13.00[6.03,13.87] —a
Fukuietal, 2015 an g0 17 74 G0 24 1.4% 1500[-22.28 52.28]
Total {95% CI) a0 99 100.0% 6.11 [1.76, 10.46] L
Heterageneity, Chi*= 8.02, df= 5 (P = 0.16); F= 38% -EEEI _255 3 255 550

Test for overall effect, £=2.75 (P = 0.006)
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14. Physical component summary

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Yilmaz etal, 2020 42.82 843 11 46.33 1714 1" 208% -3.51[14.82 7.80]
Wojcluk etal., 2021 4477 9.05 16 4379 813 23 121% 0898 [4.56 6453 I
Gandertan et al., 2011 0.2 7.3 ] -1 5.7 5 5B% 12016892 937 I —
Gonzalez-Saizetal, 2017 4 414951 149 2 519586 14 340%  200[-1.30,530] T
Grunig etal,, 2020 6.4 14.4 49 34 13.2 500 125%  250[2.94, 784] I
Chanetal, 2013 5.6 524 10 0.03 531 13 196% 8.62[1.27,8.87] e —
Kagioglou et al., 2021 9.7 73 12 05 53 10 133% 9.20[3.92 14.48] —_—
Total (95% CI) 122 126 100.0%  3.40[1.48,5.33] <
Heterageneity: ChiF= 8.88, df= B (F = 0.18); F= 32% t } t }
Testfor overall effect: Z= 3.46 (P = 0.0005) 20 10 CommluExpe”melE A
15. Mental health summary
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Chanetal, 2013 .96 6.76 10 229 424 13 21.3% 467 [-0.11, 9.45] =
Ganderton etal,, 2011 -0.3 7.8 5 -28 i 5 68%  260[5.8911.09] T
Gonzalez-Saizetal, 2017 3 B.224266 19 1 6619293 13 23.5% 2.00 [-2.596, 6.596] T
Grunig et al., 2020 43 1.7 44 22 11.6 a0 231% 2.10[-2.49, 6.64] -
Kagioglou et al., 2021 5.6 11.3 12 -341 KA 10 10.9% 8.70[2.02,15.39] —
Wiojcluk etal., 2021 49 63 927 16 48.88 11.27 23 11.6% 074572, 7.27) T
Yilmaz et al., 2020 42.M 948 11 4287 20,37 11 2.8% -0.86[F14.16,12.44] T
Total (95% Cl) 122 125 100.0% 3.14[0.93, 5.35] ]
Heterogeneity: Chi*=4.38, df=6 (P = 0.63); F= 0% t t t |
Testfor overall effect 7= 2.78 (P = 0.005) 100 -50 Control UExpenmenﬁ]D 100
16. Serious adverse events
Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Foxetal, 2011 0 11 3 11 a0% -0.27 055 0.01] I
Ehlken etal, 2016 ] 38 ] 41 18.0%  0.00[0.05 0.08] +
Fukuietal, 2014 0 27 0 17 88% 000F010,010] -
Ertan etal, 2022 ] 12 ] 12 55% 0.00[0.15 0.148] -1
Kahraman etal, 2023 0 12 0 12 A5% 000F014 0.158] -
Gonzalez-Saiz etal, 2017 ] 20 ] 200 81%  0.00[0.04, 0.08] -
Macietal, 2022 ? 16 ? 16 7.3% 000F0.23 023
kagioglow et al., 2021 ] 12 ] 10 50% 0.00F0.16 0.16] T
Mereles etal, 2006 0 14 0 14 B49% 000F012 0137 -
Yilmaz et al, 2020 0 1 0 11 52.0% 000016 0.16] T
Chanetal, 2013 0 20 0 44 126% 0.00[0.07, 0.07] -
Ganderton et al, 2011 1 ] 0 5  23% 020F0.21,081] ]
Wiojeluk et al., 2021 L] 17 0 23 B9% 029 [0.07, 0.81] I
Total (95% CI) 211 237 100.0% 0.02 [-0.03, 0.06] L
Total events g 5
i 2= = = == : : :
Heterogeneity: Chif=1217, df=12 (P=043); F=1% 9 15 b 15 1

Testfor overall effect 2= 079 (P =043
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17. Risk of bias
A
S
7 8 ¢
= E - § 3 § B % o m 2 0
T 2 o L o o R R OB T oD oD @
2oz 2 02 92 o2 2 2 o2 23 22
TR T T T T U S Y
B R R B Rk B I 2 2 2 8 2 2
o = M & W = o~ = m = M ®» W
+ * OO0 6 Random sequence generation (selection bias)
kX 3 RS oS Allocation concealment (selection bias)
® 0 O ®0 0 0 0 ® | @ | @ |Ginding of participants and personnel (performance bias)
+ ® e e Blinding of outcome assessment (detection bias)
® 06606060 ® | @ | ® | ncomplete outcome data (attrition bias)
® o + ® e ©® @ | ® | selective reporting (reporting bias)
() () ® e e N ©® ® |otherbias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias

HHI

0% 25% 50% 75%  100%

B Low risk of hias

[CJunciear risk of bias

[l High risk of bias

Note: (A) Risk of bias summary; (B) Risk of bias graph
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