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Introduction
Pulmonary arterial hypertension (PAH) is a rare 
disease affecting 15 to 50 persons per million 
within the United States and Europe.1 It is a 

chronic, progressive, and life-threatening cardio-
pulmonary pathology, characterized by elevated 
pulmonary arterial pressures leading to right ven-
tricular failure.2
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Abstract
Background: Pulmonary arterial hypertension (PAH) is a rare, chronic, progressive, and life-
threatening cardiopulmonary disease. This study investigated the impact of an individually 
tailored 12 weeks home-based physiotherapy program in PAH patients, with the aim to 
evaluate change in exercise capacity and daily physical activity level. 
Methods: This was an analysis of secondary outcomes from a prospective, randomized, 
controlled intervention study. Twenty-one participants were recruited from the Latvian PH 
registry based on inclusion criteria and randomized in a training group (TG) and control group 
(CG). Both groups continued a medical target therapy, but for TG, the individually tailored 
home-based physiotherapy program was added including physical exercises, relaxation, 
self-control, education, and supervision with telehealth elements. Outcomes included a 6-min 
walk test (6MWT) (m) and daily physical activity based on accelerometry results assessed at 
baseline, after 12 weeks, and at follow-up 6 months after commencement of intervention.
Results: 6MWT distance significantly (p < 0.05) and clinically (>33 m) increased within TG 
after 12 weeks (51.8 m, 95% CI = 25.7–77.9 m, Cohen’s d = 1.7) and at follow-up (75.5 m, 95% 
CI = 46.1–104.8 m, Cohen’s d = 2.1). A significant difference in 6MWT results between the 
groups at 12 weeks and follow-up was approved. In TG, low-intensity activities significantly 
(p < 0.05) increased both after 12 weeks (Cohen’s d = 1.6) and at follow-up (Cohen’s d = 1.2), 
moderate-intensity activities significantly (p < 0.05) increased at follow-up (Cohen’s d = 1.3), 
and no significant improvements were present in CG.
Conclusion: The individually tailored 12 weeks home-based physiotherapy program comprising 
comprehensive physical exercise training, relaxation, self-control skills training, and education, 
added to stable medical target therapy and supervised by physiotherapist through telehealth 
elements, is effective in improving exercise capacity and increasing daily time in low or moderate 
physical activities 6 months after commencement of the intervention in patients with PAH.
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The increased pulmonary vascular resistance and 
pulmonary arterial pressure impair adequate gas 
exchange in alveoli, resulting in decreased oxygen 
saturation in blood, and subsequently lower exer-
cise tolerance. Symptoms of the disease include 
shortness of breath, fatigue, chest pain, vertigo, 
and episodes of syncope.3–5

Various factors, including limited exercise toler-
ance in combination with muscle weakness, as 
well as sleep disorders, depression, and inability 
to adapt to the persistent anxiety caused by severe, 
chronic, and life-threatening disease, lead to poor 
quality of life and contribute to social isolation.6

Due to recent advances in the target therapies, 
patient survival, clinical stability, and quality of 
life have notably improved, even though the per-
sistence of symptoms and low exercise tolerance 
are often seen.1,7

The 2019 European Respiratory Society state-
ment on exercise training and rehabilitation in 
patients with severe chronic pulmonary hyperten-
sion (PH) concludes that individually tailored, 
supervised exercise programs are likely to be safe 
for patients with PH who are stable on medical 
therapy. This will lead to significant improve-
ments in exercise capacity, muscular function, 
and quality of life and even facilitate right ven-
tricular function and pulmonary hemodynamics. 
Nevertheless, more studies are necessary to make 
enhancements and solidify exercise program 
methodology and form in patients with PAH.5,8,9

In the setting of any chronic disease, improving 
long-term rehabilitation interventions that pro-
mote the adaptation process and sense of living a 
meaningful life is crucial. Most recent evidence 
supports the effectiveness and safety of home-
based exercise programs.10,11 Data are lacking in 
exercise programs that are integrated into 
patient’s daily life, done in a familiar setting with 
preexisting activities. This could be a promising 
tool to stimulate self-efficacy and self-control 
abilities, significant for this patient group as it 
leads to improvements in the daily level of 
activity.

Fostering participation in daily physical activities 
is an essential goal both in health promotion and 
a fundamental part of successful functional recov-
ery during rehabilitation. Currently, the most fre-
quently monitored data about the level of physical 

activities are the number of steps and covered dis-
tance, but the necessity to use more specific 
instruments and the ability to detect different 
motions/movements, for example, in persons with 
severe functional limitations and chronic disease, 
are growing.12

This article presents the analysis of secondary out-
comes from a recently completed randomized trial 
that investigated the effectiveness of the individu-
ally tailored home-based physiotherapy program 
added to stable target medical therapy in a sample 
of patients with PAH from the Latvian PH registry 
with a defined primary outcome of perceived 
autonomy and participation in activities of every-
day life in the context of one’s health condition. 
The presented analysis was done to evaluate 
change in exercise capacity and daily physical 
activity level immediately after the 12-week indi-
vidually tailored home-based physiotherapy pro-
gram and 6 months after commencement.

Methods

Study population and design
This is an analysis of secondary outcomes from a 
prospective, randomized, controlled intervention 
study conducted from February 2020 to 
September 2020. The participants were evalu-
ated three times in total: at the beginning of the 
study, after 12 weeks, and 6 months after the start 
of the study (follow-up).

The participants with PAH diagnosed by right 
heart catheterization were enrolled in the Latvian 
PH registry in two steps. After the screening of the 
registry data, all relevant PAH patients were 
selected, and afterward, the study selection criteria 
were applied by a cardiologist specialized in PH. 
The inclusion criteria for this study were: PAH 
(idiopathic or connective tissue disease), NYHA 
functional class II–III, age > 18 years, clinically 
stable, and on optimized medical target therapy for 
at least 3 months before entering the study. In the 
second stage, the initially selected patients were 
contacted via phone and inclusion criteria such as 
consent to participate in the study and ability to 
visit the university clinic for onsite assessments 
were applied. Any noncompliance with the inclu-
sion criteria, which were defined in detail, served 
as exclusion criteria. During the study, the failure 
to attend the intended evaluation at one site was 
established as an exclusion criterion.
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Riga Stradins University Ethics Committee approved 
the study (Nr 3/08.09.2018), and all of the patients 
signed written informed consent form prior to inclu-
sion in the study. An independent researcher ensured 
a blinded assessment.

Intervention – individually tailored home-based 
physiotherapy program as add-on to medical 
target therapy
The patients from both the experimental group 
[further in article named as training group (TG)] 
and control group (CG) continued medical target 
therapy under the care of a cardiologist and their 
primary care doctor. Patients in the TG under-
went a complex physiotherapy training program 
developed specifically for PAH patients, consist-
ing of 12-week individually adjusted home-based 
exercise training, education, self-control meas-
ures, and telehealth elements. Our pilot study 
results confirmed that the individually adjusted 
home exercise program with close self-control 
and telehealth elements is safe and feasible in 
PAH patients.13 The overview of the program is 
shown in Figure 1.

A specialized physiotherapist led the program. 
The exercises were adapted individually and 
clearly explained for each patient, and included 
the following modalities:

1. Aerobic activity: 20- to 40-min cyclic activ-
ity, three times a week. The type of activity 
was selected individually (e.g. walking, bicy-
cle ergometer). Intensity: perceived exertion 
as 5–6 on 10 points Borg scale and sustained 
SpO2 or decrease of no more than 5% from 
the baseline. Progression was based on indi-
vidual tolerability, provided by an increase in 

training duration, and limited by ‘alarm 
signs’: peak heart rate (HR) of more than 
120 bpm, decrease in SpO2 to 85%; per-
ceived exertion as very hard (>6 on Borg 
scale) and subjective symptoms of exercise 
intolerance (severe dyspnea or fatigue, dizzi-
ness, pain, etc.). The first increase in the 
intensity of aerobic activity was made after 4 
weeks during the adjustment of the program, 
considering the results of the re-evaluated 
6-min walk test (6MWT) and the analysis of 
the diary. Intensity was increased: by increas-
ing the total time of the aerobic activity per-
formance period on the day of performance 
and/or by increasing the number of repeti-
tions for intervals with higher intensity. The 
next increase in intensity could occur every 4 
weeks, according to diary data. In cases 
where HR was also used in exercise dosing, 
the progression could also be made by 
increasing the target HR by another 10 bpm, 
but not exceeding 120 bpm, and maintain-
ing adequate recovery within 5 min.

2. Strength training: five to six resistance exer-
cises (involving upper or lower limbs) with 5 
to 10 repetition in each set, two times a 
week; accomplished using person’s own 
body weight or low weights [dumbbells or 
water bottles (0.5–1 kg)]. Initially, the resist-
ance consisted of overcoming the force of 
gravity, the progression was made by increas-
ing the number of repetitions (up to 10 
times), and the duration of holding its final 
position (up to 5 s). The second step of pro-
gression was performed after 4 weeks, when 
the type of exercises was changed, increasing 
their degree of difficulty, and if the maxi-
mum progression with the resistance created 
by gravity was reached, then additional 

Physical exercises

Aerobic ac�vity 
3x/week  

Muscle strength 
exercises 2x/week

Inspiratory muscle 
training 5x/week

Relaxation

Breathing techniques

Progressive 
neuromuscular 

relaxa�on

Self control

Monitoring
Interpreta�on

Ac�on

Diary

Education and 
supervision

Online or phone 
comunica�on (weekly)

On-site consulta�ons 
(at the begining, a�er 4 
weeks, a�er 12 weeks)

Figure 1. The physiotherapy training program content.

https://journals.sagepub.com/home/tar


Volume 16

4 journals.sagepub.com/home/tar

TherapeuTic advances in 
respiratory disease

weight was added using dumbbells or water 
bottles, and accordingly the already men-
tioned progressions in the number of repeti-
tions and retention. The third step of 
progression was achieved in cases where 
maximum progression was achieved in all 
parameters; then upper and lower extremity 
exercises were included in the 1-day train-
ing, maintaining two training days per week.

3. Inspiratory muscle training: with PHILIPS 
breathing trainer Threshold IMT, five times 
a week. Before training, the submaximal 
strength of the inspiratory muscle was 
assessed using a Philips Threshold IMT 
device (Manufacturer Philips Respironics, 
Pennsylvania, United States). The device 
maintains a constant set pressure (cm H2O) 
regardless of the smoothness and speed of 
inhalation, creating a target resistance to 
the inspiratory muscles. Device graduation: 
9–41 cm H2O. The patient sits upright, 
comfortable position with relaxed shoul-
ders and slightly elevated chin, puts a spe-
cial nose clip on, covers the mouthpiece of 
the device with his mouth, and is asked to 
perform an uninterrupted, maximal deep 
inhalation through the mouth. Initially, 
three attempts are made so that the patient 
understands the operation of the test, and 
the maximum objective indicators are 
obtained. The best result of the pressure 
reached (cm H2O) is recorded. The partic-
ular IMT device with a threshold pressure 
of 41 cm H2O was optimal, as the initial 
inspiratory muscle strength scores of the 
participants in our study were relatively 
low. The training was started with 30% of 
the submaximal test results obtained and 
three breaths in three sets with a 1-min 
break between them (3 × 3). The number 
of repetitions gradually increased to seven 
(3 × 7), when the resistance increased by 5 
cm H2O. With this resistance, the number 
of repetitions gradually increased, then 
increased the resistance accordingly, pro-
gressing to 65–70% of the submaximal test 
result obtained.

The relaxation included breathing techniques 
(diaphragmatic breathing; slow breathing; pursed 
lip breathing; breathing pattern perception; and 
awareness) and elements of progressive neuro-
muscular relaxation and body awareness five 
times a week.

Self-control included monitoring of heart rate, 
SpO2, perceived exertion on the Borg scale, subjec-
tive clinical symptoms, recognition of alarm, and 
warning signs with appropriate action that were ini-
tially discussed. To enhance compliance, patients 
were required to fill a daily study diary. Paper or 
online format diary and pulse oximeter (Beurer PO 
60; Manufactured Beurer GmbH, Soeflinger Str. 218, 
89077 Ulm, Germany) to ensure self-control meas-
ures for each participant of the TG was provided.

The educational and motivational elements pro-
vided by a physiotherapist (both in verbal and 
visual handout materials) were a part of the pro-
gram. Education included information about the 
benefits of exercises, relaxation and optimal self-
control, possible adverse events of exercise, 
options of managing daily life activities, as well as 
self-management strategies for coping with exac-
erbation of disease symptoms or stress situations.

The program was led by a specialized physiothera-
pist in PH and was carried completely home-based, 
including supervision through telehealth elements, 
that is, telephone conversations at least once a week, 
and monitoring and analysis of the online diary in 
Google Docs or for the photographs of the paper 
diary sent each week, as participants could choose 
the type of diary at the beginning based on interven-
tion. The program included three face-to-face out-
patient sessions (consultations) with the 
physiotherapist in the University Clinic – at the 
beginning with the aim of individually adjusting the 
program, preparing and training to use equipment, 
as well as trying your hand at each element of the 
program. To promote sufficient adherence and 
develop sustained behavior changes, an individual-
ized approach was highlighted. Both intensity and 
mode of exercise were individually adapted for each 
participant to integrate them into their daily life (e.g. 
a particular day regime or recreational activities), 
home environment, and individual preferences and 
possibilities were discussed. Education and support 
for the improvement of self-control was adapted for 
particular baseline comprehension and skills. A sec-
ond onsite visit was arranged for re-evaluation and 
program adjustment at the University Clinic for 
each participant in the TG 4 weeks after starting the 
program, to maximize clinical safety. A third face-
to-face session was conducted after the 12-week 
program to provide individually tailored further rec-
ommendations. Support and encouragement were 
important aspects of communication throughout 
the program. Furthermore, to recognize adverse 
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events, BNP and CRO levels were evaluated during 
the intervention period. The program was led by the 
specialized physiotherapist in close collaboration 
with the specialized cardiologist. The investigated 
physiotherapy program included monitoring of per-
formance safety which included monitoring/analysis 
of self-control data on SpO2, HR, symptoms/per-
ceived exertion, biomarkers B-type natriuretic pep-
tide (BNP) and high-sensitivity C-reactive protein 
(CRP). Both biomarkers were detected in the 
peripheral blood serum in collaboration with E. 
Gulbja Laboratory at the beginning and after com-
petition (12 weeks) of the program. Absolute value 
analysis included baseline evaluation based on high-
risk reference values (BNP > 300 ng/l; high sensi-
tivity CRP > 5 mg/l) and a significant increase in 
these indicators, which could indicate the inade-
quacy of the intensity of the exercise applied as well 
as the progression of the disease.

Assessment
Six-min walk test. 6MWT is a submaximal exer-
cise test, widely used in assessing exercise capac-
ity in patients with heart failure and pulmonary 
hypertension, and it is also recommended for risk 
stratification and follow-up assessments.14,15 
6MWT was performed according to guidelines,16 
with SpO2, HR, and blood pressure monitoring. 
Distance (m) covered during the test was 
recorded, and minimal clinically significant dif-
ference (>33 m) was determined based on previ-
ous studies.17 In addition, desaturation during 
6MWT was recorded based on the threshold level 
of decrease of 3 or more SpO2 % from baseline 
(rest) level or reaching 88%.18

Accelerometry. To evaluate daily physical activities, 
data from the accelerometer were obtained. We 
established cooperation with Maastricht University 
and used their developed instrument MOX Physical 
Activity Monitor (MOX1) (Maastricht Instruments; 
www.accelerometry.eu; Maastricht Instruments 
BV, Universiteitssingel 50, 6229 ER Maastrich, 
Netherlands). The accuracy of this instrument has 
been confirmed by comparing the results to the 
‘gold standard’ of activity monitoring ActiGraph.19 
The MOX is a smart monitoring platform. The 
sensor was worn on thigh20 to measure accurately 
the level of physical activity as postures and move-
ments during daily living activities. The small, light-
weight device records the measured movement 
signals and transmit them wirelessly to a user inter-
face. The sensor was applied and worn for 7 

consecutive days continuously, including during 
sleep, bathing, or showering. Participants were 
encouraged to participate in their routine activities 
while completing the assessment. None of the 
patients were participating in a structured exercise 
program during the assessment. On completion, 
the data were downloaded using MOX software to 
analyze daily time in each of physical activity level 
(sedentary, standing, low-, moderate-, and high-
intensity activities) as calculated by software taking 
into account the registered time unit of acceleration 
measurement, filter (including the lowest sensed 
frequency), and sensor position based on validated 
algorithms.20 As a result, time spent in each physi-
cal activity level expressed as percentage of the total 
awake time is presented.

At 12 weeks and follow-up, adverse events were 
evaluated, which were defined as: exacerbation of 
the primary disease with or without hospitaliza-
tion, episode of syncope, death, and a significant 
increase in BNP.

Statistical analyses. Data were analyzed using IBM 
SPSS Statistics (v. 23.0). We choose mathematical 
methods of statistics stepwise, based on small group 
recommendations.21 Both data to be processed [i.e. 
walked distance (m) in 6MWT and % from awaked 
time spent at a particular level of activity obtained 
from accelerometry] were continuous data. First, 
the normality assumption in all measures was justi-
fied by probability plots (Quantil-Quantil) that are 
recommended to use in small sample sizes.21,22 Thus, 
we proceeded to evaluate the equal variance assump-
tion by examining the ratio of the largest and small-
est variances. Common recommendation is to 
assume that group variances are equal if the ratio of 
the largest to the smallest variance is ⩽3, but in our 
study, sample sizes were unbalanced and so we used 
less cutoff value, that is, 1.5. Based on this rule of 
thumb, we concluded that the equal variance 
assumption is reasonable for data of 6MWT results; 
thus, the two-sample t-test was used to compare the 
means in both, that is, TG and CG at each assess-
ment. In turn, the equal variance assumption was 
not reasonable for data from accelerometry results; 
thus, Welch’s extensions to t-test assuming unequal 
variances (heteroscedastic) were performed respec-
tively.21 To analyze changes of the means within 
each group between baseline, after 12 weeks and 
follow-up assessments, the paired two-sample t-test 
was performed. The α level 0.05 was chosen; thus, 
the results statistically significant were determined if 
p < 0.05. The measure effect size for t-test results 
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Cohen’s d (d) was calculated and its thresholds 
interpreted as small (0.2), medium (0.5), and large 
(0.8) effects.23 For statistically significant (p < 0.05) 
results, post hoc statistical power was calculated by 
using G-Power software according to the values and 
a power at least 80% (1-β ⩾ 0.8) was assumed as 
appropriate to control 1-β error probability.23 Data 
are presented as mean ± standard deviation (SD) 
unless specified otherwise.

Results

Participant characteristics
Twenty-one patients diagnosed with PAH were 
included and randomly assigned to either TG or 
CG (Figure 2). There were no significant differ-
ences in baseline demographic and clinical char-
acteristics between the groups. Detailed 
participant characteristics are shown in Table 1.

Adherence
All patients in the TG showed high adherence 
throughout the program, achieving satisfactory 
performance. Analysis of the diary data confirmed 
that none of the participants had completely 
interrupted the program in any of the weeks, but 
some participants had not fulfilled some elements 
of the program (muscle strength or aerobic exer-
cise) on certain days (less than 10% of total 
scheduled days), and the most common reasons 
were planned outdoors activities (e.g. doctor’s 
appointment) or an exacerbation of comorbidities 
(e.g. acute lumbago).

6MWT results
There were no significant differences in baseline 
6MWT results between the groups. 6MWT dis-
tance significantly (p < 0.05) and clinically 
(>33 m)18 increased within TG after 12 weeks 
(51.8 m, 95% CI = 25.7–77.9 m, Cohen’s d = 1.7, 
large) and at follow-up (75.5 m, 95% CI = 46.1–
104.8 m, Cohen’s d = 2.1, large). In contrast, no 
significant improvements were present in CG. 
Significant difference in 6MWT results between 
the groups at 12 weeks and follow-up were 
approved. Detailed 6MWT outcomes are shown 
in Table 2. The individual changes in 6MWT for 
each participant are shown in Figure 3.

At baseline, 16 (76.2%) of all participants: 8  
TG and 5 CG, showed clinically important 

desaturation (decrease ⩾ 3% from baseline) during 
6MWT: mean 7.1 ± 2.4 (median 7) TG and 
6.2 ± 6.1 (median 3) CG. After 12 weeks, only two 
participants in TG had desaturation and in both 
was less severe, and none of the participants dem-
onstrated desaturation at the follow-up evaluation. 
In the CG, no uniform trend was found for the 
dynamics of the desaturation characteristics, as for 
two participants, who initially did not demonstrate 
desaturation, it was shown in the evaluations after 
12 weeks and follow-up, while for three participants 
with initially small desaturation, it was no longer 
found in the repeated evaluations.

Accelerometry results
The results on sedentary time during awake time 
revealed that at baseline less than 8 h/day sedentary 
spent only n = 1 (4.8%) of the sample who was 
from TG. Furthermore, after 12 weeks, 5 (25%) 
participants: 4 (36.4%) TG and 1 (11.1%) CG, 
but at follow-up 4 (21.1%): 3 (27.3%) TG and 1 
(12.5%) CG, respectively.

On the other hand, 81% of all the studied partici-
pants at baseline spent 10 or more h/day sedentary: 
7 (63.6%) TG and all participants in CG. After 
12 weeks, this proportion decreased to 45% of all 
samples: 3 (27.3%) TG and 6 (66.7%) CG par-
ticipants; at follow-up 52.6% of all participants: 4 
(36.4%) TG and 6 (75%) CG showed 10 or more 
sedentary hours/day.

The mean proportion of sedentary time signifi-
cantly (p < 0.05) reduced within both TG (6.7%, 
95% CI = 2.2–11.1%, Cohen’s d = 0.9, large) 
and CG (12.4%, 95% CI = 2.3–22.6%, Cohen’s 
d = 1.4, large) after 12 weeks and at follow-up 
(TG: 9.4%, 95% CI = 3.6–15.1%, Cohen’s 
d = 1.0, large; CG: 13.1%, 95% CI = 1.9–24.3%, 
Cohen’s d = 0.9, large). There were no significant 
differences in daily sedentary time (%) results 
between the groups in either assessment. Detailed 
accelerometry outcomes are shown in Table 3. 
The individual changes in sedentary time (%) for 
each participant are shown in Figure 4.

Daily time at low- or moderate-intensity activities 
increased within TG: low-intensity activities sig-
nificantly (p < 0.05) increased both after 12 weeks 
(Cohen’s d = 1.6, large) and at follow-up (Cohen’s 
d = 1.2, large) and moderate-intensity activities 
significantly (p < 0.05) increased only at follow-
up (Cohen’s d = 1.3, large). In contrast, no 
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Figure 2. The study flow chart.
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significant improvements were present in CG. A 
significant difference in daily time at low- or mod-
erate-intensity activities (%) results between the 
groups at 12 weeks and follow-up were approved, 

but only follow-up results reached appropriate 
power (1-β ⩾ 0.8) (Table 3). The individual 
changes in time (%) of low- or moderate-intensity 
activities for each participant at follow-up assess-
ment are shown in Figure 5.

The results on the total time of moderate to vigor-
ous (high) physical activity per week revealed that 
almost all (20/21) participants accumulated 
150 min or more in the observed period of 7 con-
secutive days at the baseline. Only one participant 
from CG revealed a little less accumulated time 
(123 min).

At follow-up assessments, TG demonstrated a 
significant improvement as described above, in 
addition, if at baseline 5 (45.5%) TG participants 
completed moderate to vigorous activities 60 min 
or more per day, then at follow-up 9 (81.8%), 
respectively. Instead, only 2 (25%) participants in 
CG reach 60 min/day in moderate to vigorous 
activities, with no change compared to baseline [2 
(20%)].

Adverse events
No predefined adverse events were observed in 
participants in TG during the 6-month study 
period. In CG, one participant has an exacerba-
tion of PAH and needs hospitalization.

Details of the post hoc power analysis for outcome 
results are given in the supplementary material.

Discussion
The study results confirm that an individually tai-
lored home-based physiotherapy program signifi-
cantly improves exercise capacity for patients 
with PAH, who are on stable medical target ther-
apy, not only immediately after completing the 
program but also long-term, as indicated by an 
increase in 6MWT distance. At the same time, 
the largest improvement of daily time in low- or 
moderate-intensity physical activities was 
observed 6 months after the commencement of 
the intervention.

The mean increase in 6MWT distance from base-
line to 12 weeks was 51.8 and 75.5 m on follow-
up. Based on a systematic review and meta-analysis 
by Zeng et  al.7 on the effectiveness of physical 
exercise and rehabilitation interventions in PAH 
patients, with 17 individual studies included, the 

Table 1. Characteristics of participants.

Variables TG (n = 11) CG (n = 10)

Age (years) 63.2 ± 16.9 66.8 ± 14.2

Gender (n)

 Women/men 10/1 9/1

BMI (kg/m2) 26.7 ± 5.1 31.1 ± 9.9

PAH etiology (n)

 Idiopathic 9 7

 Connective tissue disease 2 3

PAH target therapy (n)

 PDE5 inhibitor 11 10

 ERA 4 5

 Ventavis 1 -

 Spironolactonum 11 9

 Oxygen therapy - 2

Comorbidities (n)

 Hypertension 6 5

 Dislipidemia 5 7

 CHF 9 7

 AF 7 5

Time since diagnosis (years) 2.6 ± 2.9 2.2 ± 1.2

Cardiac catheterization

 mPAP (mmHg) 44.3 ± 16.2 50.6 ± 13.7

 PAWP (mmHg) 12.5 ± 5.4 16.4 ± 8.6

 PVR (WU) 8.4 ± 5.1 9.4 ± 6.4

AF, atrial fibrillation; BMI, body mass index; CHF, chronic heart failure; ERA, 
endothelin receptor antagonist; mPAP, mean pulmonary arterial pressure; PAH, 
pulmonar arterial hypertension; PAWP, pulmonary arterial wedge pressure; PDE, 
phosphodiesterase; PVR, pulmonary vascular resistance.
Data are presented as n (the number of participants/patients) or mean ± SD 
(standard deviation).
We found no significant difference between the groups in mean age, BMI, time 
since diagnosis or cardiac catheterization results based on performed t-test for 
independent samples.
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mean increase of 6MWT distance was 64.75 m 
(95% CI 53.19–76.31). Nevertheless, it should be 
noted that none of the studies investigated com-
pletely home-based programs supervised through 

telehealth elements.7 However, the systematic 
review by Waller et al.5 on the effectiveness of vari-
ous exercise programs in PAH patients revealed 
an increase in mean 6MWT distance 40–69 m in 

Table 2. 6MWT results (distance) in training and control groups.

6MWT results 
(distance, m)

Baseline 
(Mean ± SD)

12 weeks
(Mean ± SD)

Estimated means 
difference (95% 
CI)

Change 
within group 
p value 
(Cohen’s d 
value)

Follow-up 
(Mean ± SD)

Estimated means 
difference (95% CI)

Change within 
group p value 
(Cohen’s d 
value)

TG 378.3 ± 124.3 450 ± 114 51.8 (25.7 to 77.9) 0.001 (1.7)+ 473.6 ± 118.8 75.5 (46.1 to 104.8) <0.001 (2.1)+

CG 296.1 ± 110.1 290.6 ± 112.2 2.2 (−22.3 to 26.8) 0.84 (0.2) 302.5 ± 139.7 13.8 (−5.0 to 32.5) 0.13 (0.2)

Difference 
between the 
groups p value 
(Cohen’s d value)

0.12 (0.7) 0.01 (1.4)+ 0.01 (1.3)+  

6MWT, 6-min walk test; CI, confidence interval; SD, standard deviation.
To explore the difference between the groups, we used t-test for independent samples, but for detecting the change in mean values within each 
group between baseline and after 12 weeks or baseline and follow-up assessments, we performed paired two-sample t-test.
+Results are statistically significant and achieved appropriate power as both p < 0.05 and 1-β ⩾ 0.8 were observed.
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Table 3. Accelerometry results presented as time (% from total awake time) spent sedentary or dynamic physical activities in 
training and control groups.

Accelerometry 
results
(% from total awake 
time)

Baseline 
(Mean ± SD)

12 weeks
(Mean ± SD)

Estimated 
means 
difference  
(95% CI)

Change within 
group p value 
(Cohen’s d 
value)

Follow-up 
(Mean ± SD)

Estimated  
means difference 
(95% CI)

Change 
within group 
p value 
(Cohen’s d 
value)

Sedentary

Training group 67.2 ± 8.8 60.7 ± 10.1 −6.7 (2.2 to 11.1) 0.01 (0.9)+ 58.1 ± 10.1 −9.4 (3.6 to 15.1) 0.005 (1.0)+

Control group 75.6 ± 3.6 63.4 ± 9.1 −12.4 (2.3 to 22.6) 0.003 (1.4)+ 65.2 ± 11.2 −13.1 (1.9 to 24.3) 0.04 (0.9)

Difference between 
the groups, p value 
(Cohen’s d value)

0.20 (0.9) 0.55 (0.2) 0.17 (0.6)  

Standing

Training group 25.4 ± 6.4 28.7 ± 8.8 3.4 (0.4 to 6.3) 0.03 (0.8) 28.8 ± 8.9 3.4 (−0.1 to 6.97) 0.06 (0.7)

Control group 21.6 ± 5.7 29.8 ± 7.7 8.3 (0.9 to 15.7) 0.03 (0.9) 28.8 ± 9.7 8.9 (0.9 to 16.8) 0.03 (0.7)

Difference between 
the groups, p value 
(Cohen’s d value)

0.18 (0.6) 0.72 (0.1) 0.97 (0)  

Low intensity

Training group 1.31 ± 0.4 1.6 ± 0.5 0.2 (0.1 to 0.3)  <0.001 (1.6)+ 1.8 ± 0.7 0.5 (0.2 to 0.7) 0.002 (1.2)+

Control group 1.0 ± 0.6 1.1 ± 0.4 0.04 (−0.3 to 0.4) 0.77 (0.3) 0.9 ± 0.4 0.1 (−0.3 to 0.4) 0.60 (0.2)

Difference between 
the groups, p value 
(Cohen’s d value)

0.23 (0.6) 0.04 (1.1) 0.005 (1.6)+  

Moderate intensity

Training group 7.1 ± 3.4 8.0 ± 2.4 0.8 (−0.6 to 2.2) 0.21 (0.4) 9.5 ± 3.5 2.3 (1.0 to 3.6) 0.002 (1.3)+

Control group 4.9 ± 2.8 5.4 ± 2.0 0.4 (−1.7 to 2.5) 0.67 (0.2) 4.8 ± 1.8 0.8 (−0.5 to 2.0) 0.19 (0.0)

Difference between 
the groups, p value 
(Cohen’s d value)

0.11 (0.7) 0.02 (1.2) 0.002 (1.7)+  

High intensity

Training group 1.4 ± 1.4 1.3 ± 0.8 −0.1 (−0.7 to 0.9) 0.78 (0.1) 1.7 ± 1.5 0.4 (−0.9 to 1.6) 0.50 (0.2)

Control group 0.3 ± 0.3 0.4 ± 0.6 0.2 (−0.2 to 0.5) 0.28 (0.2) 0.3 ± 0.3 0.1 (−0.04 to 0.2) 0.14 (0)

Difference between 
the groups, p value 
(Cohen’s d value)

0.03 (0.8) 0.01 (1.1) 0.01 (0.9)  

CI, confidence interval; SD, standard deviation.
To explore the difference between the groups, we used t-test with Welch’s extensions for independent samples assuming unequal variances, but for 
detecting the change in mean values within each group between baseline and after 12 weeks or baseline and follow-up assessments, we performed 
paired two-sample t-test.
+Results are statistically significant and achieved appropriate power as both p < 0.05 and 1−β ⩾ 0.8 were observed.
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12-week-long programs (n = 5), out of which only 
one (Brown et al.)10 was home-based and revealed 
40 m improvement in 6MWT distance. Compared 
to Babu et  al.11 randomized-controlled trial of a 
12-week-long home-based exercise program, 
which showed a statistically and clinically signifi-
cant increase in mean 6MWT distance in the 
study group (48.55 ± 44.98 m), our results are 
quite similar. Until recently, home-based exercise 
programs for PAH patients have been a relatively 
innovative approach, with only a few studies and 
scarce data of long-term results of such programs. 
A pilot study published by Wojciuk et  al.24 on 
6-month home-based exercise program effective-
ness showed a mean improvement in 6MWT by 
71.38 ± 83.4 m, seen also on follow-up a year 
later. Our results on long-term improvement of 
6MWT 6 months from commencement of the 
12-week intervention with a mean increase from 
baseline of 75.5 m highlight the acquirement of 
the individually tailored program that fitted 

persons’ needs and possibilities to implement the 
therapeutic modalities in their daily life.

Besides the covered distance, observed desatura-
tion during 6MWT was used to describe exercise 
tolerance and its dynamics. This choice was justi-
fied by the cardiopulmonary response during 
6MWT of the PAH patients studied, which was 
characterized by a reduced chronotropic HR 
response and a significant drop in SpO2. At base-
line, 76.2% of participants in both groups experi-
enced significant desaturation during 6MWT, 
which is consistent with data from the literature 
for PH patients.18 Yoshimura et  al.25 analyzed 
patients with heart failure during 6MWT and 
approved that patients with heart failure who had 
a lower exercise tolerance (distance covered less 
than 300 m) observed a more inefficient breathing 
stereotype, which was characterized by higher 
respiratory frequency in combination with lower 
respiratory volume, and slower kinetics of oxygen 
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Figure 4. Paired profile of sedentary time (% of total awake time) at baseline and after 12 weeks or follow-up 
assessments in both groups. Accelerometry data results about daily sedentary time (as % from total awake 
time) at baseline and after 12 weeks for each participant (blue lines) and for group mean value (purple line) 
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consumption under exercise, which in patients 
with heart failure is explained by both inadequate 
peripheral mechanisms and reduced cardiac out-
put.25 Considering all of the above, there is a rea-
son to believe that the decrease in observed 
desaturation during 6MWT in TG could be 
mainly related to the benefit of inspiratory muscle 
training and relaxation, including conscious con-
trol of breathing and conscious modification of 
the breathing stereotype.

This successful implementation in a person’s par-
ticular everyday life is also seen through accelerom-
etry results of an increase in daily time in low- and 
moderate-intensity physical activities for the TG 
6 months after the commencement of the interven-
tion. Numerous studies have already concluded 
that the level of daily physical activities is an inde-
pendent indicator of prognosis and mortality for 

patients with lung disease and cardiovascular dis-
ease.26,27 At the same time, results show that more 
than half of the time spent awake was spent seden-
tary. The results of a systematic review of studies 
analyzing daily activities in PAH patients confirm 
that time spent sedentary is associated with higher 
hospitalization and mortality rates.26 Importantly, 
the time spent sedentary in both groups decreased 
by 6.7–13% at 12 weeks and follow-up. This indi-
cates that approximately 1–2 h of daily sedentary 
time was altered. It should be noted that this trend 
was similar in both groups and could be explained 
by seasonality because the baseline assessment was 
done at the end of winter, the 12-week assessment 
was in spring, and the follow-up assessment was 
during early summer. This hypothesis is supported 
by results of a scoping review, showing a decrease 
in time spent sedentary during spring and summer 
months when compared to winter and autumn, in 
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various age groups irrespective of location.28 
Likewise, patients with chronic obstructive lung 
disease (COPD) demonstrate higher physical activ-
ity levels during warmer months of the year.29 
Pulmonary hypertension patients are specifically 
warned about the negative effects of hot and humid 
weather,30 which is not attributable to our study, 
because the weather in Latvia during spring and 
early summer is moderately warm and dry. Due to 
the potential influence of seasonality, similar future 
interventions, which are implemented in the daily 
lives of patients, should purposefully include a 
longer time of observation, to include different sea-
sons, especially for studies conducted in Latvia, as 
a large proportion of the study population live in 
rural areas and their hobbies involve gardening 
activities, forest berry, and mushroom picking.

Despite a decrease in the time spent sedentary in 
both groups, a statistically significant increase in 
dynamic activities was noted only in the study 
group. For CG, time spent sedentary was replaced 
by doing various daily activities while standing 
(i.e. housekeeping, being in the garden, meeting 
with friends/family). An increase in the daily time 
of low- and moderate-intensity activities at fol-
low-up indicates the effectiveness of the interven-
tion in changing daily habits and implementing 
healthy activities. There is no data on studies ana-
lyzing the role of interventions on the daily physi-
cal activity level in PAH patients; however, a 
systematic review of the effectiveness of various 
interventions in enhancing the amount of physi-
cal activities for patients with COPD concluded 
that current evidence does not show benefits from 
any intervention, and there is insufficient data on 
long-term effectiveness.31 In similar, authors of a 
systemic review of various interventions for 
patients with congenital heart disease came to the 
conclusion that studies are mostly low quality and 
show little potential improvement in the daily 
physical activity level.32 The study by Awick 
et al.33 analyzed the physical activity level in the 
elderly before and after participation in a 
6-month-long intervention (dancing, hiking, and 
exercise programs), revealing a small (d = 0.23) 
increase in moderate- and high-intensity level 
activities. The randomized controlled trial by De 
Roos et al.34 on 10-week outpatient group physi-
otherapy and unsupervised home walking pro-
grams for patients with COPD showed a moderate 
(d = 0.51) increase in low-intensity physical activ-
ity levels, but no data were collected on long-term 
results. When compared to the aforementioned 

studies, we observed a larger effect (d = 1.2 and 
d = 1.3) of increase in time in low- and moderate-
intensity activities 6 months after the commence-
ment of the intervention approving a significant 
difference between TG and CG. At the same 
time, these results reached appropriate statistical 
power (>80%) even in our relatively small sam-
ple size. The mean increase in the moderate-
intensity physical activity level was 2.3%, which 
indicates that on follow-up, the patients from the 
study group had modified their daily habits and 
replaced 30–40 min sedentary time with moder-
ate-intensity physical activities. Contrary to the 
confirming results of observational studies in 
PAH patients27,35–38 on the correlation between 
6MWT results and daily time in low- or moder-
ate-intensity activities, we did not observe such a 
relationship (these results are not included in a 
particular article). This leads to the assumption 
that daily time in low- or moderate-intensity 
activities relates not only to exercise capacity but 
also such intrinsic factors as self-control skills, 
self-efficacy, and emotional state. Studies on 
patients’ perspectives illustrate insecurity, fear, 
and incomprehension as fundamental factors lim-
iting full-fledged daily participation and confirm 
patients’ preference for individually adjusted 
interventions – one of the basic elements of our 
physiotherapy program.39,40

Strength and limitations
One of the main limitations of this study is the 
small sample size, but to decrease the possibility of 
statistical error, adequate statistical methods were 
used, as well as post hoc result analysis of statisti-
cal power was done. As the main results showed a 
large effect size, the appropriate statistical power 
(>80%) of both intragroup and intergroup was 
reached; thus, meaningful conclusions may be 
drawn. The other limiting factor was the COVID-
19 pandemic and the state of emergency in Latvia 
during the study, which was unusual both for par-
ticipants and researchers. This could have poten-
tially influenced the results because the study 
subjects were under additional tension and their 
daily habits changed to an extent. At the same 
time, this can be viewed as an opportunity for the 
study team to test the accessibility of the program 
at a setting with limited in-person services.

The use of accelerometry data in this study was 
proven to be a valuable addition to 6MWT. 
Already Pugh et  al.36 emphasized the need for 
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clinical trials to implement an objective tool for 
the evaluation of daily activities in patients with 
PAH, which has recently been supported by prac-
tical recommendations for use of accelerometry 
in the patient population with cardiovascular dis-
ease.27 One of the strengths of our study was the 
follow-up assessment 6 months after the com-
mencement of the intervention, which allows 
making conclusions on the sustainable impact of 
the program, especially regarding results on the 
improvement of daily physical activities, indicat-
ing changes in individual habits.

Conclusion
The individually tailored 12-week home-based 
physiotherapy program with supervision through 
telehealth elements comprising comprehensive 
physical exercise training, relaxation, self-control 
skills training, and education, added to stable 
medical target therapy, is effective in improving 
exercise capacity and increasing daily time in low 
or moderate physical activities 6 months after the 
commencement of the intervention in patients 
with PAH. It discloses a possible cost-effective 
physiotherapy approach for a part of PAH 
patients, as supervised hospital-based programs 
limit patients’ accessibility to these important ser-
vices. Underlying determinants that are responsi-
ble for a sustainable increase in both exercise 
capacity and daily time in low or moderate physi-
cal activities warrant further investigation.
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