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Home-based exercise programmes may be viable alternatives to centre-based ones for PH patients,
with similar clinical benefits. However, limited self-monitoring data impacts safety assessment.
Further research is needed to define optimal implementation. https://bit.ly/4k092xa
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Abstract
Copyright ©The authors 2025 Introduction Pulmonary hypertension is a pathophysiological disorder with poor prognosis. Exercise
intolerance and lower physical activity levels are common features of pulmonary hypertension and affect
patients’ quality of life. Exercise training effectively improves clinical outcomes in this population, but
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databases. The studies evaluated home-based exercise interventions in patients with pulmonary
Received: 6 May 2025 hypertension, including both stand-alone and hybrid setups, and assessed safety, efficacy (exercise
Accepted: 16 June 2025 capacity, cardiorespiratory outcomes and functional class) and adherence.

Results We included 19 studies. Compared with inactive controls, home-based exercise training improved
the 6-min walk distance (mean difference (MD) 54.85 m, p<0.01), peak oxygen uptake (standardised MD
0.83 mL-kg™''min~!, p<0.01), ventilatory efficiency (MD —3.93, p<0.01) and quality of life scores.
Improvements in clinical outcomes were comparable between home-based and centre-based interventions.
No clinical worsening or exercise training-related severe adverse events were reported; however, most
studies did not report health-related self-monitoring strategies at home. The level of adherence was
generally high, and the drop-out rates were comparable between home-based and centre-based
interventions.

Conclusion Home-based exercise interventions appear to be viable alternatives to centre-based
programmes for patients with pulmonary hypertension, showing comparable improvements in clinical
outcomes. However, limited reporting on self-monitoring may affect the overall safety assessment. Further
research is needed to determine the optimal implementation of these interventions.

Introduction
Pulmonary hypertension (PH) is a pathophysiological disorder associated with multiple clinical conditions
a and characterised by a poor prognosis [1, 2]. The PH spectrum accommodates five distinct subgroups:
— Group 1: pulmonary arterial hypertension (PAH); Group 2: PH due to left heart disease; Group 3: PH due
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to lung diseases, hypoxia or both; Group 4: chronic thromboembolic PH (CTEPH); and Group 5: PH with
unclear multifactorial mechanisms [1]. Regardless of the aetiology, patients with PH present with
progressive exercise intolerance that impacts quality of life (QoL) and autonomy [1, 3, 4]. Although
optimised pharmacological therapies have been effective in terms of improving the survival rate, adjuvant
therapies are a relevant part of the treatment for decreasing disease progression and, consequently,
maintaining QoL [1].

Exercise training (ET) has historically been discouraged for patients with PH, but recent recommendations
highlight the efficacy of ET in patients with stable and optimal pharmacological therapy [1-8]. This shift
has been supported by growing evidence that increased sedentary behaviour is associated with worsened
clinical function and QoL in this population [9-11]. Access to rehabilitation centres, however, is often
limited and constitutes a major barrier to ET for this population [12].

Alternatively, home-based programmes have emerged as a feasible strategy to provide ET to clinical
populations [13, 14], as endorsed by global health organisations [15, 16]. Notably, accelerated
advancements in telehealth and remote rehabilitation technologies over the past 5 years have enabled an
increase in home-based exercise programmes [13], potentially overcoming geographic barriers often
experienced by patients with PH [12-14]. However, it is necessary to comprehensively examine current
home-based interventions for patients with PH. Furthermore, the absence of a detailed analysis of the
efficacy and safety of home-based exercise models may hinder their implementation in patient care for this
population.

Previous systematic reviews and meta-analyses investigating the effects of ET on PH-related outcomes
included a pooled analysis of centre-based (both inpatient and outpatient), home-based and hybrid exercise
programmes [17], precluding the assessment and interpretation of the safety and effectiveness of a
home-based exercise component. Thus, we conducted a systematic review and meta-analysis to determine
whether the remote, home-based exercise component, alone or as part of a hybrid programme, is safe and
efficient in improving the clinical outcomes of patients with PH. As a secondary goal, this review
discussed adherence to these exercise interventions. Comparisons were then performed against a
nonphysical activity control condition and centre-based interventions.

Methods

Registration

The present study followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (figure 1) [18] and was registered in the International Prospective Register of
Systematic Reviews (PROSPERO CRD42022304934) [19].

Search strategy and studies selection

Searches were performed by two independent members of the research team (ICR and SMS) until March
2022 and updated in September 2023, using six electronic databases (PubMed, Web of Science, Cochrane,
Scopus, SPORTDiscus and CINAHL (via EBSCOhost)). The descriptors for the searches were defined
using Medical Subject Headings (whenever possible) and were related to the target population
(“pulmonary hypertension” OR “pulmonary arterial hypertension” OR “chronic thromboembolic
pulmonary hypertension” OR “CTEPH” OR “pulmonary heart disease”) and intervention (“home-based
program” OR “home-based exercise*” OR “telerehabilitation” OR “home-based rehabilitation” OR
“home-based training” OR “home-based physical activity” OR “home exercise” OR “home physical
activity” OR “physical activity at home” OR “exercise at home” OR “tele exercise” OR “unsupervised
exercise program*” OR “home-based physical activity” OR “physical activity apps” OR “outpatient
training” OR “hybrid training” OR “cardiac rehabilitation” OR “training at home” OR “rehabilitation”).
Finally, to identify other relevant studies, we also screened reference lists from the selected studies and
review articles, and conducted a search on Google Scholar.

Eligibility criteria

The eligibility criteria were determined according to the Population, Intervention, Comparison, Outcomes,
Study design (PICOS) framework [18-20], and no restrictions on language or publication date were
applied.

The inclusion criteria of the studies were as follows: 1) to be conducted on any group of PH (groups 1-5);
2) to include home-based exercise either as the predominant strategy of rehabilitation (>90% of the
sessions being undertaken at home) or as part of a hybrid programme; 3) to include assessments of at least
one of the following: safety, feasibility, efficacy, adherence, QoL, cardiorespiratory capacity and/or
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FIGURE 1 Study flowchart.

haemodynamic parameters; and 4) studies conducted on adults (>18 years). For the study design, we
included randomised controlled trials (RCTs), randomised uncontrolled trials or uncontrolled trials
(i.e. before versus after trials (BATs)). Only randomised studies were considered for meta-analysis to
ensure methodological rigour and reliability. Following the A MeaSurement Tool to Assess systematic
Reviews (AMSTAR) 2 principles, the BATs were included in the systematic review to provide a
comprehensive overview of the available evidence [21]. For comparison, we considered interventions
involving centre-based exercise and hybrids. Studies were excluded if they were protocol studies,
observational or acute exercise studies.

On completion of the searches, two members of the research team (ICR and SMS) independently selected
the articles using a two-stage strategy, namely 1) title and abstract screening and 2) full-text review. Any
discrepancies were solved through discussion between the two members. The selection was made using the
software Rayyan QCRI (https:/www.rayyan.ai/).

Data extraction

Data were extracted by two researchers (ICR and SMS) using a standardised spreadsheet and following the
PICOS framework [18, 20, 21]. Study authors were contacted to request additional or missing data. The
data extracted comprised author (data), participant information (e.g. sample size, mean and range age,
gender, disease aspects), methods (e.g. study design, total duration of study, study setting, withdrawals,
date of study, data analysis, intention-to-treat (ITT)), characteristics of the intervention (e.g. description of
intervention, comparison, control of intervention, method of delivery, duration and frequency, exercise
type, volume and intensity supervision, monitoring, support components), outcome data (e.g. meansp,
absolute change (A)) and notes (e.g. funding for study and notable conflicts of interest of study authors).

Description of the outcomes

Primary outcomes

The study had four primary outcomes. 1) Efficacy: determined as functional exercise capacity (6-min walk
distance (6MWD)), exercise capacity (peak oxygen uptake (VOZpeak)) and ventilatory efficiency (minute
ventilation by carbon dioxide output (VE/VCOZ) slope) obtained during cardiopulmonary exercise testing
(CPET) [22], and World Health Organization functional class (WHO-FC) [23]; 2) safety: adverse
events associated with the ET (desaturation (decrease in oxygen saturation measured by pulse oximetry
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(Spo,) >4%), light-headedness, dizziness, syncope or presyncope, hypotension, exercise-related mortality)
[2]; 3) clinical worsening and disease progression established by investigators (hospitalisation, FC
worsening and/or requirement for additional pharmacological therapy); and 4) adherence: established by
investigators description.

Secondary outcomes

The secondary outcomes were 1) health-related QoL established via a generic questionnaire (Short Form
Health Survey 36 (SF-36) domains); 2) CPET-derived parameters (heart rate (HR) at rest and peak, S0, at
rest and peak, oxygen pulse (O»/HR)); and 3) haemodynamic parameters obtained by echocardiogram
(pulmonary artery systolic pressure (PASP)).

Assessment of risk of bias

Two review authors (ICR and SMS) analysed the studies’ quality using the revised Cochrane risk-of-bias
tool for randomised trials (RoB 2) (supplementary figure S1) [24]. This tool has five domains: 1) risk of
bias arising from the randomisation process; 2) risk of bias due to deviations from the intended
interventions (effect of assignment to intervention and effect of adhering to intervention); 3) missing
outcome data; 4) risk of bias in the measurement of the outcome; and 5) risk of bias in the selection of the
reported result. The tool then produces an overall risk of bias. Each source of bias within these domains
was classified as high, low or unclear. The classifications were supported by quotations from the study
report and a justification for our judgment (supplementary figure S1). Of note, the blinding of the
intervention group (i.e. participants and providers) was not addressed by the authors of the trials; therefore,
item 2.1 was marked as “yes” across the studies. However, the remaining elements of the blinding domain
were assessed individually; as a result, not all studies were classified as having a low risk of bias in this
domain. In the case of missing data, a loss of up to 15% was considered acceptable [25]. The Consensus
on Exercise Reporting Template (CERT) was then used to assess the quality of reporting [26].

Data analysis: systematic review

A narrative synthesis was performed to describe and explore the data from the studies. Studies are
described in the text and tables and were organised by key details, characteristics of the population (sample
size, age range, gender, PH aetiology, WHO-FC), intervention and the following outcomes: 1) safety
(i.e. the occurrence of any health-related adverse event), 2) adherence (i.e. the degree of compliance to the
exercise sessions), 3) main efficacy outcomes, 4) secondary outcomes and 5) study design. Predominantly
home-based and hybrid (centre-based combined/followed by home-based) exercise interventions were
described in terms of exercise type, frequency, duration and intensity. A control group (absence of exercise
intervention) or centre-based settings (both inpatient and outpatient) were used as comparisons. Intensity
was defined and described based on subjective (e.g. authors’ description of the intervention) or objective
(e.g. achieved HR or rating of perceived effort (RPE)) information provided by the authors. Finally, we
summarised aspects related to the delivery of the intervention, such as supervision, monitoring and use of
support components, as previously described [27].

Data analysis: meta-analysis

The data analysis was performed in accordance with the Cochrane Handbook for Systematic Reviews of
Interventions [28, 29]. The primary and secondary outcomes were computed considering the following
comparisons: 1) home-based interventions (pooled analysis of hybrid and exclusively home-based) versus
control (no exercise intervention) and 2) home-based versus centre-based interventions. Meta-analyses were
only performed if there were at least three studies including the outcome within each comparison or two
studies in the subgroup analysis. Absolute changes were reported as the difference from baseline. When
not provided, we imputed them as described in detail in the Cochrane Handbook [29]. Studies were
combined using random-effects meta-analysis, which was conducted using the Hedge’s g mean differences
(MD) or standardised mean difference (SMD) when the values were on different scales [30]. Restricted
maximum likelihood was used to estimate between-study variance [31]. The drop-out rates were analysed
using risk difference (RD). Meta-analyses were performed in RStudio version 4.02 (www.r-project.org),
performed with the “metacont” and the “metabin” functions of the meta packages [32]. Although not
included in the meta-analysis, the uncontrolled trials are qualitatively described in the text.

The heterogeneity among the trials in each meta-analysis was measured via the I? statistic procedure and
classified as low (1<30%), moderate (I>=30-50%), substantial (I°=50-75%) or considerable (I°>75%)
heterogeneity [33].
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Results

Literature search

The search of the databases identified 859 studies and three were derived from other sources (previous
reviews and references). Following the removal of duplicates (n=305), 557 publications were screened for
inclusion. Of these, 484 were excluded after reviewing the title (n=243) and abstract (n=241). From the
73 papers selected for full reading, 54 were excluded due to the absence of intervention (n=33), the
absence of a home-based component (n=16) or for other reasons (n=5). Therefore, 19 studies were
included in the review and are listed in the qualitative analysis. Among these, 11 studies were suitable for
meta-analysis (figure 1).

Study characteristics

The methodological characteristics of all studies are detailed in table 1. Among the 19 included studies, 10
were RCTs, two were randomised uncontrolled trials and seven were BATS. In total, these studies enrolled
899 patients, mainly adults and older adults (i.e. 35—65 years old).

Most of these studies (n=8) were conducted in patients with WHO-FC II and III. Regarding the PH
aetiology, the majority of the patients included (51%) belonged to groups 1 (idiopathic PAH, 35%) and 4
(CTEPH, 16% of the patients).

Risk of bias

Overall, 63.1% of the studies were deemed to have high risk of bias and 36.9% with some concerns
(supplementary figure S1). Methodological issues mainly arose from the “randomisation process” (seven
BATSs and eight randomised studies lacked clear randomisation descriptions) and the “selection of reported
results” (17 studies lacked prespecified plans or clinical trial registration). In “deviations from intended
interventions”, blinding was not feasible, resulting in three high-risk studies (no ITT analysis, loss >15%
participants) and three with some concerns (no ITT analysis, loss <15% participants). For “missing
outcome data”, most studies (n=16) had low risk. In “measurement of outcome”, seven studies had “some
concerns” (assessors aware of group allocation) and one was high risk (control group had single-point
measurement) [38].

Consensus on exercise reporting template

The quality of the exercise reporting (via CERT) showed an average score of 11.1 (range 4-16). Domains
that were not generally addressed included a detailed description of motivation strategies, a detailed
description of the intervention (exercise characteristics, mode of execution, how progression occurred) and
adherence reporting.

Intervention characteristics: ET programme

The intervention characteristics employed in the studies are detailed in table 2. The interventions lasted
from 6 to 24 weeks, with a frequency ranging from 3 to 7 days per week. Each session lasted from 5 to
90 min. The majority of the studies (n=15) used a multimodal home-based exercise routine comprising
aerobic, strength and respiratory training. One study employed aerobic exercises and stretching [38]; one
study used aerobic exercises, stretching and respiratory training [41]; one study employed exclusively
upper extremity aerobic exercise [39]; and one study used aerobic and strengthening exercises for lower
limbs [6]. The majority of the aerobic sessions used walking, either exclusively [37, 38] or associated with
cycling [2, 5, 8, 34, 35, 37, 38, 40, 42, 44, 45, 47-49]. As for the mode of aerobic exercise, eight studies
exclusively employed a constant workload (both in-hospital and at home). Eleven studies employed
interval bicycle ergometer training during the centre-based phase and did not specify whether this modality
was maintained in the home-based training [2, 5, 8, 37, 42, 44-49].

Regarding exercise equipment, 12 studies used cycle ergometers and dumbbells, one study also combined
water bottles for the strengthening training [34], one study used an arm ergometer (in-hospital) [39], two
studies did not include equipment in the exercise routine [41, 42] and three studies did not provide
information regarding the use of equipment [39, 40, 43]. Exercise sessions were considered as
moderate-to-high intensity, which was monitored by RPE (target 3—6 on a 6-10 Borg Scale) (n=4 studies)
and/or % of peak heart rate (HRpeai) (50-80% of the HR,c.i) (n=15 studies).

None of the stand-alone home-based studies provided supervision to the participants [34-36, 40]. Two
studies using this setup did not report any information regarding supervision [40, 41]. Among the
13 hybrid home-based trials, only one study reported that the home-based exercise sessions were remotely
supervised [38]. The remaining studies reported that only the in-hospital phase was supervised. Finally,
most exercise interventions (n=18 out 19 studies) included a strategy for monitoring either the intensity of
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TABLE 1 Methodological characteristics of included studies

Study Population Intervention Comparison Outcomes'/instruments Study design Adverse events”
Total Functional  Sex Age, years type
patients class (weighted
(n)* meanzsp)
ButAnE et al., 21 1111 M 66.8+14.2 Home-based  Control group 6MWD RCT None
2022 [34]
ButAne et al., 19 11111 F 64.5+17.7 Home-based  Control group 6MWD RCT None
2021 [35]
Wouciuk et al., 46 11111 M+F 51.7+15.0 Home-based  Control group 6MWD, QoL (SF-36), Syo,, RCT Fatigue (n=1); sudden increase in HR
2021 [36] WHO-FC during training (n=1)
GriniG et al., 129 =1 M+F 53.6+12.5 Hybrid Control group 6MWD, QoL (SF-36), Vozpeak: RCT General training group:
2021 [37] home-based Ve/Veo,, HR, Spo,, PASP, WHO-FC arrhythmia (n=3)
At home: not addressed by the
authors
RakumawaTi et al., 39 -1 M+F 36.6+9.6 Hybrid Control group 6MWD, WHO-FC RCT Hybrid home-based: None
2020 [38] home-based
Yimaz et al., 23 (=] M+F 37.6+14.1 Home-based  Centre- based 6MWD, QoL (SF-36), Vo, peaks RT None
2020 [39] Ve/Veo,, HR, O2/HR, WHO-FC
Basu et al., 84 -1V M+F 49.4+14.6 Home-based  Control group 6MWD, QoL (SF-36), WHO-FC RCT None
2019 [40]
KarapoLaT et al., 30 11111 M+F 44.0£13.5 Home-based Centre-based 6MWD, QoL (SF-36), l'/ozpeak, RT None
2019 [41] PASP
Fukui et al., 43 (=) M+F 66.6+10.0 Hybrid Control group MWD, Vo, peak, Ve/Veo,, O2/HR, RCT None
2016 [6] home-based HR, Sp0,, WHO-FC
EHLken et al., 87 -1V M+F 56.0+15.0 Hybrid Control group 6MWD, Vozpeak, 0,/HR, HR, RCT Not addressed by the authors
2016 [5] home-based WHO-FC
IuLe et al., 17 11111 M+F 62.0+13.0 Hybrid None 6MWD, QoL (SF-36) Pre-post study None
2014 [42] home-based
Inacaki et al., 8 11111 F 63.9+12.2 Hybrid None 6MWD, PASP, WHO-FC Pre-post study  In-hospital: mild presyncope in one
2014 [43] home-based session (n=1)
At home: none
Kasitz et al., 7 -v M+F 59.6+11.1 Hybrid None 6MWD Pre-post study None
2014 [44] home-based
BEeCKER-GRUNIG 20 11111 M+F 48.0+£11.0 Hybrid None 6MWD, QoL (SF-36), I'/ozpeak, Pre-post study In-hospital: oxygen desaturation
et al., 2013 home-based Ve/Vco,, O2/HR, Spo,, HR, PASP, At home: not addressed by the
[45] WHO-FC authors
Lev et al., 20 =11 M+F 50.5+11.0 Hybrid Control group 6MWD, WHO-FC RCT Not addressed by the authors
2013 [46] home-based
GroniG et al., 183 -1V M+F 53.0+15.0 Hybrid None 6MWD, Vo, peak, Ve/Vco,, 02/HR,  Pre-post study In-hospital: syncope (n=1);
2012 [47] home-based HR, PASP, WHO-FC presyncope (n=1); arrhythmia (n=3)

At home: not monitored

Continued
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TABLE 1 Continued

Study Population Intervention Comparison Outcomes”/instruments Study design Adverse events”
Total Functional  Sex Age, years type
patients class (weighted
(n)* mean:sp)
NaceL et al., 35 -V M+F 61.0+15.0 Hybrid None 6MWD, Vozpeak, VE/VCOZ, 0,/HR,  Pre-post study In-hospital: n=5 patients had an
2012 [48] home-based HR, Spo,, PASP, QoL (SF-36), adverse event, in two cases it was
WHO-FC related or possibly related to the
training programme; syncope (n=1)
At home: not addressed by the
authors
GRUNIG et al., 58 -1V M+F 51.0+12.0 Hybrid None 6MWD, Vo peaks Ve/Vco,, HR, Pre-post study In-hospital: dizziness without fainting
2011 [49] home-based QoL (SF-36), WHO-FC after bicycle ergometer training (n=2)
At home: not addressed by the
authors
MereLEs et al., 30 -1V M+F 50.0+13.0 Hybrid Control group 6MWD, Vo peak, Ve/Vco,, HR, RCT In-hospital: dizziness without fainting
2006 [8] home-based PASP, QoL (SF-36), WHO-FC immediately after bicycle ergometer

training (n=2), oxygen
desaturation (n=1)
At home: not addressed by the
authors

6MWD: 6-min walking distance; CPET: cardiopulmonary exercise test; F: female; HR: heart rate; M: male; O,/HR: oxygen pulse obtained via CPET; PASP: pulmonary arterial systolic pressure
obtained via echocardiography; QoL: quality of life obtained via SF-36; RCT: randomised control trial; RT: randomised uncontrolled trial; SF-36: Short Form Health Survey 36; S,o,: peripheral
saturation from pulse oximeter; VE/VCO' minute vent|lat|on by carbon dioxide output slope obtained via CPET; Vozpeak peak oxygen consumption obtained via CPET; WHO-FC: World Health

Organization functional class. *: before randomisation; ": outcomes analysed by the review team;

respiratory infection, herpes zoster).

+

: adverse events not related to exercise were not included in the table (e.g. haemoptysis,
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TABLE 2 Intervention characteristics

Study Intervention Type of Frequency/ Time Intensity Supervision Monitoring Support Drop-out Adherence CERT
type exercise duration” (min) components (n)
Butane et al., HB Aerobic 5/12 20-40 RPE as 5-6 on 6-10 None Weekly phone  Training programme HB: 0 90% 15
2022 [34] exercise, Borg scale, calls, on-site featured with CG: 2
strengthening progression based consultations self-control
exercises, on individual (at the monitoring,
respiratory tolerability beginning and educational and
training, after 4 and motivational
relaxation 12 weeks) elements provided
by a physiotherapist
ButAE et al., HB Aerobic 5/12 20-40 RPE as 5-6 on 6-10 None Weekly phone  Training programme HB: 1 NR 15
2021 [35] exercise, Borg scale, calls, on-site featured self-control CG: 2
strengthening progression based consultations monitoring
exercises, on individual (at the educational and
respiratory tolerability beginning and motivational
training, after 4 and elements provided
relaxation 12 weeks) by a physiotherapist
Wouciuk et al., HB Aerobic 5/24 45-60 RPE as 4-5 on 6-10 None Self-control Patients received a HB: 7 91.8% 8
2021 [36] exercise, Borg scale and HR at diary, HR, blood booklet containing CG: 23
strengthening 60-70% of HR pressure, detailed descriptions
exercises, reserve, progression dyspnoea and and photographs of
respiratory based on individual fatigue the exercises and
training tolerability (10-point Borg recommendations
Scale), number
of steps
(pedometer),
scheduled
appointments
RAKHMAWATI HHB Aerobic In-hospital: 30-45 In-hospital: In-hospital: In-hospital: None HHB: 1 NR 7
et al., 2020 exercise, 1 session in 60-70% of the supervised blood pressure, CG: 3
[38] stretching every maximum HR At home: HR and oxygen
2 weeks/12 At home: virtually saturation were
At home: individualised based  supervised monitored by
3/12 on 6MWD nurses
Progression NR At home:
periodical
phone and
video calls and
text messages
on the day of
exercise
Continued
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TABLE 2 Continued

Study Intervention Type of Frequency/ Time Intensity Supervision Monitoring Support Drop-out Adherence CERT
type exercise duration” (min) components (n)
YiLmaz et al., CB/HB Upper CB: 3/6 CB: 1545 CB: RPE as 3-4 CB: CB: blood None HB: 1 100% 11
2020 [39] extremity HB: 21/6 HB: 120 modified Borg scale  supervised; pressure, HR, CB: 2
aerobic (3 per day) times” and 50-80% of HB: none oxygen
exercise maximum HR saturation,
HB: NR breathing
CB progression: frequency,
2.5-5 watts-week dyspnoea,
according to HR upper limb
concerning fatigue
individual tolerability HB: self-control
HB progression: NR diary
Basu et al., HB Aerobic 7/12 5-40 RPE as 4-10 Borg NR Weekly phone An exercise logbook HB: 8 45.2% 16
2019 [40] exercise, scale, progression of calls was provided to all CG: 9
strengthening session time and patients in the
exercises, intensity based on intervention group
stretching individual tolerability and they were
assessed through
the follow-up period
KARAPOLAT CB/HB Aerobic 3/8 45-60 50-70% of maximum NR NR CB: none HB: 3 NR 4
et al., 2019 exercise, aerobic capacity and HB: exercise table CB: 3
[41] stretching, 13-15 Borg scale, with the dates and
respiratory progression NR for placemarks for
training either patients’
compliance; guides
for exercises
Fukui et al., HHB Aerobic In-hospital: 30-60 40-60% of HR In-hospital:  In-hospital: HR, Lifestyle guidance, HHB: 1 NR 10
2016 [6] exercise, 7/1,and 1 reserve, and 12-13 supervised oxygen counselling,
strengthening  or 2 weekly Borg scale, At home: saturation psychological
exercises for sessions progression NR none At home: daily support
lower limbs during “at record
home” (frequency and
period time)
At home:
3-5/11
Continued
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TABLE 2 Continued
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0T

Study Intervention Type of Frequency/ Time Intensity Supervision Monitoring Support Drop-out Adherence CERT
exercise duration” (min) components (n)
Inacaki et al., Aerobic In-hospital: 20-60 In-hospital: 60% of In-hospital: Daily record Weekly in-hospital HHB: 0 NR 7
2014 [43] exercise, 1/12 the maximum HR supervised classes provided by
strengthening At home: At home: should At home: a physiotherapist
exercises, 6/12 involve only minor none about the benefits
respiratory dyspnoea and importance of
training Progression NR daily exercise,
walking pace, and
energy conservation;
self-management
strategies to deal
with disease
exacerbation
MereLEs et al., Aerobic In-hospital: 30-90 60-80% of the HR at  In-hospital:  In-hospital: HR, In-hospital: first HHB: 0 92% 13
2006 [8]" exercise, 7/3 peak oxygen uptake  supervised oxygen 3 weeks in the
GriniG et al., strengthening At home: in exercise test At home: saturation hospital, patients HHB: 10 NR 12
2021 [37]" exercises, 5/12 Progression based none At home: phone  underwent mental CG: 3
EHLKeN et al., respiratory on individual calls (every training HHB: 8 NR 9
2016 [5] * training tolerability 2 weeks), open At home: training CG: 0
IHLE et al. unstructured guidance, a cycle HHB: 0 NR 11
2014 [42]" questionnaire at ergometer and a
Kaeiz et al., the final manual were offered HHB: 0 100% 11
2014 [44]" assessment in
BECKER-GRUNIG week 15 HHB: 5 NR 11
etal., 2013
(451"
Lev et al. HHB: 0 NR 10
2013 [46]" CG: 0
NaceL et al., HHB: 13 89.7% 13
2012 [48]"
GriniG et al., HHB: 3 NR 12
2012 [47]"
GriniG et al., HHB: 3 NR 12
2011 [49]"

CB: centre-based; CERT: consensus on exercise reporting template; CG: control group; HB: home-based; HHB: hybrid home-based; HR: heart rate; NR: not reported; RPE: rating of perceived

exertion; 6MWD: 6-min walking distance. *: Frequency/duration reported as sessions per week/weeks in total; *: studies that reported using the same intervention protocol; *: reported the

duration of home-based exercise sessions as “time” instead of minutes.
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the exercise (HR, blood pressure, fatigue by RPE scale, number of steps by pedometers) or the compliance
(e.g. phone calls, training logs or daily exercise chart) [5, 6, 8, 34—40, 42—49].

As for the supportive components provided alongside the core ET interventions, 10 studies provided the
patients with “mental training”; two used educational and motivational components [34, 43]; one offered a
booklet containing detailed exercise descriptions with pictures and recommendations [36]; one study
provided an “exercise table with dates and pace marks” [38]; one used a logbook [40]; one offered
“lifestyle guidance”, counselling and psychological support [6]; and two studies did not offer any support
components for the patients [38, 39]. These supporting measures were intended to complement and
reinforce the ET interventions, rather than serve as stand-alone therapies.

Effects of interventions on primary outcomes

Safety: adverse effects

Adverse effects were documented in 16 studies (table 1), with no severe events linked to ET (such as
mortality, clinical worsening or symptoms requiring discontinuation). Among home-based protocols (n=6),
one study reported fatigue and increased HR from one subject [36], while the rest reported no adverse
events. Among the hybrid interventions (n=13), eight studies reported the occurrence of ET-related side
effects only during the in-hospital phase [5, 8, 37, 45-49], which included the following minor/mild
events: arrhythmias [37], presyncope [37, 43], syncope [37, 48], supraventricular tachycardia [47],
dizziness [8, 47] and O, desaturation [8, 41]. These studies did not monitor (n=1) or did not address (n=7)
whether adverse events were monitored at home. Only five hybrid studies kept the monitoring during the
home-based phase and found no adverse events [6, 38, 42—44].

Functional exercise capacity: 6MWD

Functional exercise capacity assessed via 6MWD was measured in all studies. Improvements were reported
in favour of the home-based/hybrid home-based intervention in 16 studies (supplementary table S1) [5, 8,
34-40, 43-49]. A meta-analysis of 11 studies showed significant improvement favouring the home-based
group over the inactive control (MD 54.85m, 95% CI 31.54-78.16 m, p<0.01, IZ=90%), with no
difference compared to the centre-based group (MD —30.37 m, 95% CI —78.49-17.74, p>0.05, 1,=69%)
(figure 2a).

Exercise capacity: Vo, peak

The VOZpeak (mL-kg_1~min_1) was assessed in 10 studies [5, 6, 8, 37, 39, 41, 45, 47-49]. Nine studies
reported improvements in favour of the home-based/hybrid home-based intervention compared to the
inactive control group (supplementary table S1) [5, 6, 8, 37, 39, 41, 47-49]. The meta-analysis considering
six studies showed a significant improvement of the VOZpeak in favour of the home-based compared to the
control group (SMD 0.83 mL-kg *-min™", 95% CI 0.38-1.27 mL-kg *'min™", p<0.01, I’=68%), and no
difference between the home-based and centre-based groups (SMD —0.31 mL-kg™'-min™", 95% CI —0.90—
0.29, p>0.05, 1°=0%) (figure 2b).

Ventilatory efficiency: Ve/Vco,

The VE/VCO2 slope derived from a CPET was investigated in nine studies [5, 6, 8, 37, 39, 45, 47-49].
Individually, none of the studies reported any differences in this outcome. However, the meta-analysis
considering three studies showed a significant improvement of the VE/VCO2 slope in favour of the
home-based compared to the inactive control group (MD —3.93, 95% CI —7.69— —0.16, p<0.01, I*=35%)
(figure 3a).

WHO-FC and clinical worsening

The WHO-FC in PH patients was assessed in 13 studies (tables 1 and S1). Six studies [6, 8, 37, 39, 40,
49] reported improvement of WHO-FC in the home-based/hybrid interventions compared to control groups
or after the training programme. Seven studies reported no differences between conditions [5, 36, 38, 43,
45, 47, 48]. None of the studies reported worsening in WHO-FC, hospitalisation or requirement for
additional pharmacological therapy, regardless of the intervention/control group.

Adherence and compliance

Details of home-based interventions are summarised in table 2. Adherence was reported in only seven
studies. Five studies demonstrated >90% adherence in home-based/hybrid interventions (range 45.2—
100%) [8, 35, 36, 39, 44]. Regarding compliance, five studies reported zero discontinuation of the training
[8, 42—44, 46]. Nine studies reported the drop-out of up to seven patients per group [6, 34, 35, 38, 39, 41,
45, 47, 49]. Additionally, we extracted data on drop-outs from 11 studies. In this sense, the home-based
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a) 6MWD Experimental Control
Study Total Mean+sD Total Mean#+sDp MD MD (95% Cl) Weight (%)
HB versus CG
BUTANE et al., 2022 [34] 11 51.80+£38.70 9 2.20+34.31 + 49.60 (17.58-81.62) 9.0
BUTANE et al., 2021 [35] 10 51.70+45.10 10 -1.43+36.60 + 53.13(17.13-89.13) 8.7
GRrUNIG et al., 2021 [37] 58 30.704£57.90 58 -3.40+25.90 y 34.10 (17.78-50.42) 9.9
RAKHMAWATI et al., 2020 [38] 19 76.70+24.88 16 -29.50+21.66 - 106.20 (90.78-121.62) 9.9
BABU et al., 2019 [40] 34 48.55+44.98 33 13.00+39.80 i 35.55 (15.23-55.87) 9.7
Fukuletal., 2016 [6] 17 12.00+36.62 22 8.00£28.95 - 4.00 (-17.20-25.20) 9.7
EHLKEN et al., 2016 [5] 38 29.004£53.00 41  -12.00+46.00 + 41.00 (19.04-62.96) 9.6
LEY et al., 2013 [46] 10 91.40466.20 10 16.90+39.80 ﬁ+ 74.50 (26.63-122.37) 7.9
MERELES et al., 2006 [8] 15 96.00+£61.00 15 -15.00+£54.00 — 111.00 (69.77-152.23) 8.4
Random effects model 212 214 - 54,85 (31.54-78.16) 82.8
Heterogeneity: 12=90%, t2=1059.2061, p<0.01
HB versus CB
YILMAZ et al., 2020 [39] 9 -5.39+50.35 11  52.53#51.71 —t -57.92 (-102.82--13.02) 8.1
KARAPOLAT et al., 2019 [41] 12 -6.25+45.09 12 2.25+30.02 —t— -8.50 (-39.15-22.15) 9.1
Random effects model 21 23 _ -30.37 (-78.49-17.74) 17.2
Heterogeneity: 12=69%, 12=836.5232, p=0.07
Random effects model 233 237 e 40.50 (12.71-68.29) 100.0
Heterogeneity: 12=92%, 12=1962.1038, p<0.01 _1'50 _1'00 _;—, 0 5'0 l(l)o 15'—,0
Test for subgroup differences: Xf =9.76, df=1 (p<0.01)

Favours comparison Favours home based
b) VOZpeak Experimental Control
Study Total Mean+sD Total Mean+sp MD MD (95% Cl) Weight (%)
HB versus CG
GrUNIG et al., 2021 [37] 58 0.90£2.50 58 0.00+2.30 0.37 (0.01-0.74) 20.5
Fukuletal., 2016 [6] 17 11.20+10.50 22 2.30+8.70 — 0.92 (0.25-1.58) 16.6
EHLKEN et al., 2016 [5] 38 3.10+2.70 41 -0.20+2.30 — 1.31(0.82-1.80) 19.0
MERELES et al., 2006 [8] 15 2.20+3.44 15 -0.50+3.20 —_— 0.79 (0.04-1.54) 15.5
Random effects model 128 136 - 0.83(0.38-1.27) 71.6
Heterogeneity: 12=68%, 12=0.1294, p=0.03
HB versus CB
YILMAZ et al., 2020 [39] 9 -0.51+4.43 11 1.53+4.15 EE—— — E— -0.46 (-1.35-0.44) 13.6
KARAPOLAT et al., 2019 [41] 12 0.45+£3.85 12 1.15+£3.51 —— -0.18 (-0.99-0.62) 14.8
Random effects model 21 23 e -0.31 (-0.90-0.29) 28.4
Heterogeneity: 12=0%, 12=0, p=0.66
Random effects model 149 159 — 0.51(-0.01-1.03) 100.0

T T T

Heterogeneity: 12=75%, 12=0.3053, p<0.01 —ll.5 10 -05 0 0.'5 110 15
Test for subgroup differences: xf =8.79, df=1 (p<0.01)
Favours comparison Favours home based

FIGURE 2 Forest plots of the meta-analyses of home-based/hybrid home-based (HB) interventions versus a control group (CG) and centre-based
(CB) interventions for a) 6-min walk distance (6MWD) and b) peak oxygen uptake (VOzpeak)- MD: mean difference.

intervention did not differ between control (RD 0.00, 95% CI —0.07-0.08, p>0.05, 1>=52%) or
centre-based groups (RD 0.06, 95% CI —0.16-0.28, p>0.05, I°’=41%) (supplementary figure S2).

Effects of interventions on secondary outcomes

Health-related QoL

The QoL (via SF-36 questionnaire) was assessed in 10 of the 19 studies, four exclusively home-based
(supplementary table S1). Four studies [37, 39, 41, 42] did not find differences between the home-based/
hybrid intervention and control group/centre-based groups for any of the QoL subscales. Five studies
reported improvement in “physical functioning” and “vitality” [8, 36, 40, 48, 49], four studies in “mental
health” [8, 37, 40, 49], three studies in “social functioning” [8, 40, 49], two studies in “general health
perception” [40, 49] and only one study reported improvement in “bodily pain” [45] in home-based/hybrid
interventions compared to a control group.
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a) VE/VCOZ slope Experimental Control
Study Total Mean+sp Total Mean+sp MD MD (95% Cl) Weight (%)
GRUNIG et al., 2021 [37] 58 -1.90+£15.90 58 -0.1045.60 N -1.80 (-6.14-2.54) 46.9
Fukul et al., 2016 [6] 17 -2.40£10.10 22 1.10+6.60 -3.50 (-9.04-2.04) 33.7
MERELES et al., 2006 [8] 15 -1.50£10.99 15 8.30+10.92 ——F—F— -9.80 (-17.64--1.96) 19.4
Random effects model 90 95 <> -3.93 (-7.69--0.16) 100.0
itye [2= 2— — T T T T T 1
Heterogeneity: 12=35%, 12=2.9620, p=0.22 15 .10 -5 0 5 10 15
Favours home based Favours comparison
b) Resting HR Experimental Control
Study Total Mean+sD Total Mean+sp MD MD (95% Cl) Weight (%)
GRUNIG et al., 2021 [37] 58 -0.10+£14.10 58 -1.40£12.40 ] 1.30(-3.53-6.13) 36.1
Fukul et al., 2016 [6] 17 0.00£11.53 22 0.00+15.10 0.00 (-8.36-8.36) 14.0
EHLKEN et al., 2016 [5] 38 2.00£10.00 41 -4.00£11.00 — s 6.00 (1.37-10.63) 38.6
MERELES et al., 2006 [8] 15 3.00+11.00 15 1.00£14.93 + 2.00 (-7.38-11.38) 11.3
Random effects model 128 136 <> 3.01(-0.25-6.27) 100.0
ity: 12= 2= - T T T ]
Heterogeneity: 12=0%, 12=1.5822, p=0.45 _10 5 0 5 10
Favours home based Favours control group
c) Peak HR Experimental Control
Study Total Mean+sp Total Mean+sD MD MD (95% Cl) Weight (%)
GRUNIG et al., 2021 [37] 58 3.60£12.50 58 4.90+19.10 — -1.30 (-7.17-4.57) 29.3
Fukui et al., 2016 [6] 17 2.00+15.00 22 0.00+25.50 it 2.00 (-10.82-14.82) 20.8
EHLKEN et al., 2016 [5] 38 14.00£15.00 41 -4.00£12.00 — R 18.00 (11.98-24.02) 29.1
MERELES et al., 2006 [8] 15 14.00£16.52 15 2.00£19.50 —+ 12.00 (-0.93-24.93) 20.7
Random effects model 128 136 -<> 7.77 (-1.92-17.46) 100.0
itye 2=, 2= T T T T
Heterogeneity: 12=86%, 12=74.4654, p<0.01 20 -10 0 10 20
Favours comparison Favours home based
d) o, pulse Experimental Control
Study Total Mean+sD Total Mean+sp MD MD (95% Cl) Weight (%)
YILMAZ et al., 2020 [39] 11 0.62+1.75 11 0.46+1.47 i 0.17(-1.18-1.52) 8.7
Fukui etal., 2016 [6] 17 0.70+1.70 22 0.10+1.60 + 0.60 (-0.45-1.65) 14.4
EHLKEN et al., 2016 [5] 46 0.60+1.10 44 0.10+1.10 _— 0.50 (0.05-0.95) 76.9
Random effects model 74 7 _ 0.49 (0.09-0.88) 100.0
Heterogeneity: 12=0%, t2=0, p=0.88 : . . . . .
-1.5 -1.0 -0.5 0 05 1.0 15

Favours comparison Favours home based

FIGURE 3 Forest plots of the meta-analyses of home-based/hybrid home-based interventions versus a control group for a) ventilatory efficiency
(minute ventilation/carbon dioxide output (VE/VCOZ) slope) obtained during cardiopulmonary exercise testing, b) resting heart rate (HR), c) peak HR

and d) O, pulse. MD: mean difference.

Pulmonary haemodynamic parameter

Seven studies, comprising 378 patients, estimated the changes in resting PASP before and after
intervention/control [8, 37, 41, 43, 45, 47, 48]. Two of these studies observed a reduction of the resting
PASP in a hybrid home-based compared to a control group [37] or a pre-exercise period [47], while no
differences were observed between groups in the other five studies. Additionally, four studies evaluated the
peak PASP obtained during a CPET and found no difference between intervention and control groups for
this outcome (supplementary table S1) [8, 45, 47, 48].

HR

Resting and peak HR obtained from a CPET were assessed in nine studies [5, 6, 8, 37, 39, 45, 47-49]. Only
one study reported a reduction of resting HR after the hybrid home-based programmes compared to the
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pre-intervention period [49]. The other studies did not find differences between groups for the resting HR.
The meta-analysis considering four studies showed no differences between hybrid home-based programmes
and inactive control groups (MD 3.01, 95% CI —0.25-6.27, p>0.05, 1°=0%) (figure 3b). Regarding the peak
HR, the majority of the studies (n=6) reported an increase in this outcome in favour of the hybrid
home-based intervention versus control groups [5, 8, 45, 47-49]. However, the meta-analysis with four
studies reported no differences between these two conditions (MD 7.77, 95% CI —1.92-17.46, p>0.05,
1°=86%) (figure 3c).

SpOZ

Resting oxygen saturation (S,0,) was assessed in only four studies [37, 38, 45, 48]. Two studies reported
improvement of this outcome after home-based [36] and hybrid intervention [37] compared to the
pre-intervention period. Five studies assessed the peak S, derived from a CPET and found no differences
between groups or conditions for this outcome (supplementary table S1) [6, 36, 37, 45, 48].

0,/HR

The oxygen pulse (O,/HR) derived from CPET was investigated in six studies [5, 6, 39, 45, 47, 48].
The meta-analysis considering three studies showed a significant improvement of this outcome in favour of the
home-based group compared to the control group (MD 0.49, 95% CI 0.09-0.88, p<0.01, I’=0%) (figure 3d).

Discussion

Summary and interpretation of key findings

Home-based interventions, whether they were implemented as stand-alone programmes or as part of a
hybrid approach, were found to be associated with improvements in exercise capacity, cardiorespiratory
outcomes and QoL. Meta-analysis suggested that these outcomes may be comparable to those achieved
through centre-based interventions. Notably, no severe adverse events were reported in home-based
interventions. However, most studies did not report equipping participants with health-related
self-monitoring tools, which may have implications for overall safety assessment. Taken together, these
findings provide promising evidence that home-based ET could serve as a feasible alternative to
centre-based programmes for patients with PH. Furthermore, high adherence rates suggest the feasibility
and acceptability of home-based ET within this population.

To our knowledge, this is the first systematic review and meta-analysis to directly compare home-based
exercise interventions with exclusively centre-based programmes in this population. Previous systematic
reviews and meta-analyses investigating the effects of ET on PH-related outcomes combined data from
centre-based (both inpatient and outpatient), home-based and hybrid programmes [17], thereby precluding
the isolated assessment and interpretation of the safety and effectiveness of home-based exercise
components.

Safety is a critical aspect when considering ET for stable patients with PH [2]. In this sense, no severe
adverse events related to ET were observed across the studies reviewed, including those conducted
exclusively in a home-based setup [34-36, 39-41]. Resting and exercise-induced hypoxaemia (a marker of
disease severity) [50] was not observed in any study. These data, in addition to the absence of clinical
worsening, are aligned with the current literature [2] and favour the safety of home-based ET in patients
with stable PH. It should be noted, however, that only Wosciuk et al. [36] provided patients with objective
tools to detect health-related complications at home, such as an oximeter and HR monitor. The lack of
information regarding home self-monitoring raises the question of whether the reviewed protocols were
indeed safe, because patients were not equipped to identify and report any adverse events, such as
exercise-related desaturation or a sudden decrease in blood pressure. In this context, a more robust
approach involving self-monitoring and remote supervision was recently demonstrated by McCormMACK
et al. [51], who showed in a pilot study with PH patients that such a setup could promote patient
independence while ensuring safety during home-based exercise sessions.

When assessing safety, it is also important to consider the variability in patient characteristics across different
WHO-FC and aetiological groups. The current evidence, which is predominantly based on FC II and III
patients, may not apply to those in more severe functional classes, such as FC IV, in whom the risk of
overexertion could be greater [23]. Additionally, most research has focused on Group 1 (PAH), with limited
data on exercise interventions for other PH aetiologies, such as Group 3 (PH due to interstitial lung disease).
Each group presents distinct clinical characteristics that could affect the safety and effectiveness of home-based
exercise. For example, Group 1 patients may experience concerns related to vasodilator therapy, which could
increase the risk of hypotension [52], whereas Group 3 patients may face challenges with exercise-related
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oxygen desaturation [53]. Although none of the studies reported severe adverse events in these groups, they
did not address how potential issues would be identified or managed in a home-based setting.

A tailored exercise programme that considers the individual’s PH group and functional class is essential for
ensuring safety. All included studies reported that participants were pharmacologically stable and that
exercise intensity was individually adjusted on the basis of objective/subjective markers of effort or
saturation [47], which contributes to safety. However, future studies should investigate patients’ ability to
self-monitor and report adverse events, because current evidence suggests that many patients may not be
adequately equipped to do so.

Exercise capacity was one of the main efficacy outcomes assessed in this review because of its prognostic value
for PH. The meta-analysis revealed that home-based ET improved the 6MWD and Vozpeak compared with the
inactive control group. These improvements occurred to the same extent as those reported in a centre-based ET
[5, 6, 8, 37, 38, 43-49]. The disease course progressively affects both exercise capacity markers [2—4, 54].
Conversely, experimental and clinical studies with PH provide evidence that chronic exercise ameliorates VOz
and the 6MWD via cardiovascular, pulmonary and musculoskeletal adaptations [2, 55]. Indeed, the present
meta-analysis revealed that, compared with inactive ET, home-based ET improved ventilatory efficiency
(determined by the VE/VCO2 slope) and cardiac output (determined by the O, pulse), which suggests an increase
in pulmonary vascular perfusion and cardiac function with exercise [5, 6, 8, 37, 39]. Such cardiorespiratory
ameliorations are supported by previous meta-analyses conducted with inpatient/outpatient protocols [17, 56,
57]; however, our recent data suggest that home-based ET may also stimulate these positive adaptations.

The increase in the O, pulse might be partially mediated by an increase in right ventricular function, as
previously reported by ZenG et al. [56]. Indeed, the vast majority of the studies in the present review reported an
increase in peak HR, an indicator of chronotropic function, after home-based ET. This meta-analysis was
conducted using this outcome, with four studies not showing differences between home-based and inactive
control groups, which could be due to the substantial heterogeneity between studies (1°=86%).

Amelioration of central haemodynamics is often described as a result of ET among PH patients [56]. ZENG
et al. [56], for example, reported a marked reduction in resting PASP after 3—-15 weeks of ET in patients
with PH, which might be mediated by a reduction in vascular remodelling. However, we were unable to
conduct a meta-analysis on the impact of home-based ET on the PASP because of insufficient data. Only
two studies reported a reduction in this outcome compared with an inactive group/pre-intervention [37, 47],
partially suggesting a reduction in pulmonary vascular resistance. When assessed during exercise, no
differences were found between any of the conditions or groups. However, it remains unclear whether the
absence of differences could be due to the duration or the characteristics of the home-based ET protocol
employed in the studies.

The WHO-FC is a well-established predictor of clinical worsening and mortality among all forms of
PH [1]. In the present review, almost half of the studies reported an improvement in FC after home-based
ET, which aligns with previous meta-analyses [17]. On the basis of previous evidence from PH patients,
improvements in WHO-FC might be partially explained by improvements in exercise capacity and
ventilatory efficiency [58]. The majority of the studies included in our systematic review reported
improvements in some QoL categories in the home-based ET component compared with an inactive
control group [8, 36, 40, 45, 47-49]. This result might be partially mediated by better WHO-FC and
exercise capacity, because these outcomes are closely associated with the ability to perform daily life
activities and, therefore, with QoL [3, 59]. Notably, increased physical activity levels have broader
beneficial effects on a range of health-related markers associated with PH, such as reduced anxiety and
improved sleep quality [7, 9, 10, 60].

However, it is important to acknowledge that while physical exercise can contribute to improvements in
QoL, the literature consistently emphasises the need for a comprehensive care approach [61, 62].
Combining home-based exercise with multidisciplinary interventions, including psychosocial support,
education and symptom management, may be essential to achieve meaningful and sustained enhancements
in the QoL of this population. Hence, having a home-based exercise component as part of the therapeutic
strategy in PH might promote benefits beyond physiological outcomes for this population, particularly
when the exercise is integrated into a broader, patient-centred care model.

Key characteristics and trends of the home-based ET component
The interventions described in the included studies varied in terms of duration, frequency and session
length, with programmes lasting from 6 to 24 weeks [36, 39] and sessions occurring from 3 to 7 days per
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week [36, 39, 40], lasting from 5 to 90 min [35, 36, 39, 40]. This flexibility might accommodate different
patient needs and is crucial for home-based exercise interventions in which feasibility and engagement are
key. A common trend was the use of multimodal exercise routines, with 15 studies combining aerobic,
strength and respiratory training to improve overall health outcomes [5, 34, 36, 39, 40, 45]. Walking was
the most common aerobic exercise and was often paired with cycling because of its accessibility. However,
while interval training was used in the centre-based phase of some studies, its continuation in home-based
phases was often unclear, indicating a gap in reporting.

Cycle ergometers and dumbbells were the most frequently used equipment, supporting aerobic and
strength training. Some studies have used minimal or no equipment [41, 42], which could increase
accessibility for patients with limited resources.

Exercise intensity is generally moderate to high and is monitored through RPE and HR. targets to
individualise training [34, 36]. The lack of supervision in stand-alone home-based studies remains a
limitation, given that only one study employed remote supervision [38], underscoring the need for
oversight to ensure adherence and safety [51].

In addition to ET training, supporting components such as mental training, motivational strategies and
educational materials have been widely incorporated to enhance engagement and adherence. This holistic
approach acknowledges the importance of addressing psychological factors alongside physical
rehabilitation [61, 62].

Limitations and methodological considerations

The number of studies conducted exclusively in a home-based setting was limited, hindering the
comparison of clinical outcomes between stand-alone home-based ET and other groups (inactive control
and centre-based ET). The average reporting score for the evaluated intervention, as assessed by the CERT,
was 11.1, which is relatively moderate compared with studies in other populations [63, 64]. However, there
is room for improvement in transparency, particularly in domains such as motivation tactics and a detailed
intervention description (including exercise characteristics, execution mode and progression methods). The
absence of these characteristics limits a more assertive analysis of an optimal home-based exercise protocol
and constrains the assessment of its feasibility and reproducibility.

Several studies exhibited a high risk of bias (63.1%), particularly with respect to randomisation, blinding
and reporting biases, potentially compromising the reliability and validity of the findings. Moreover, the
studies included in this review displayed significant heterogeneity in study design, outcome measures and
patient characteristics, potentially limiting the comparability of the results and affecting the robustness of
our findings.

Compliance and adherence, both indicators of feasibility [65], were greatly underreported by the studies.
Our meta-analysis revealed no difference in drop-out rates between interventions and higher rates of
adherence, which provides support for the implementation of home-based ET. However, further studies
with comprehensive descriptions are needed before any definitive conclusions regarding the feasibility of
home-based interventions can be drawn.

Meaningful comparisons across PH categories were not feasible due to the small sample size and the
heterogeneity of the study characteristics. Additionally, the authors did not present results stratified by
WHO-FC and aetiology, which precludes a thorough analysis of the efficacy and safety of interventions
within each PH group. Further research is essential to assess these aspects of home-based interventions
across all PH groups, particularly in patients with severe FCs and complex comorbidities.

Clinical implications and future directions

Regular physical activity and ET have been shown to significantly improve exercise capacity, muscular
function, QoL and other predictors of mortality in PH patients [2, 5, 44, 47, 49]. Poor accessibility of
rehabilitation services is one of the main barriers experienced by this population, precluding their
engagement in regular physical activity [12]. The findings of this systematic review and meta-analysis
suggest that home-based exercise interventions, either as stand-alone interventions or as part of hybrid
programmes, appear to be effective alternatives for improving clinical outcomes. The incorporation of a
home-based component could balance cost and effectiveness, making exercise rehabilitation more
accessible to individuals who face geographic barriers or who do not adapt well to inpatient rehabilitation.
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However, a standardised approach to self-monitoring and detailed reporting of adverse events is essential
for establishing the safety of home-based exercise programmes with a higher level of evidence. Future
RCTs should address these limitations by equipping patients with self-monitoring tools, virtual supervision
and clear action plans in cases of health-related events.

Despite the identification of common characteristics in home-based exercise protocols, the heterogeneity of
protocols and limited studies prevent further analysis of the optimal exercise therapy characteristics. Future
research should refine intervention designs and incorporate more rigorous study methodologies and
standardised protocols, enabling the assessment of optimal exercise characteristics that balance
effectiveness and safety. Ultimately, the inclusion of future RCTs will also enable analysis of the efficacy
and safety of exclusively home-based interventions.

Conclusion

Stand-alone or hybrid exercise interventions appear to be a viable alternative to exclusively centre-based
programmes for patients with PH. These interventions demonstrate comparable improvements in clinical
outcomes. No severe adverse events were linked to home-based ET; however, the lack of reports on
self-monitoring may impact the overall safety assessment. Future research should focus on refining these
interventions, equipping patients with self-monitoring tools, and exploring their long-term benefits.

Points for clinical practice

»  Home-based exercise interventions may serve as effective alternatives to centre-based programmes for
patients with pulmonary hypertension, improving exercise capacity and quality of life.

» Incorporating a home-based component can enhance access to rehabilitation, especially for patients facing
geographic or logistical barriers.

»  Hybrid exercise models that combine supervised and home-based training may offer a balanced solution
between effectiveness, safety and cost.

»  Clinicians should consider structured self-monitoring strategies and patient education to support the safe
implementation of home-based programmes.

Questions for future research

»  What are the optimal characteristics (type, intensity, frequency) of home-based exercise programmes for
improving outcomes in pulmonary hypertension?

»  How can self-monitoring tools and virtual supervision be best integrated to enhance safety and adherence
in home-based interventions?

»  What are the most effective strategies for reporting and managing adverse events in unsupervised or
remotely supervised exercise programmes?

»  Can exclusively home-based exercise training demonstrate comparable safety and efficacy to centre-based
or hybrid models in large-scale, high-quality randomised controlled trials?
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