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Background: Exercise intensity in exercise training programs is an important determinant of program
efficacy, such as improvement in exercise capacity and quality of life (QOL). It is not well known whether
differently applied exercise intensities are efficacious when used in exercise-based cardiac rehabilitation
programs for patients with pulmonary arterial hypertension (PAH).

Methods: Three databases (PubMed, EMBASE, and CINAHL) were searched with the following inclusion
criteria: comparative study of exercise interventions for patients with pulmonary arterial hypertension. Three
clinical specialists (a physician, nurse, and exercise physiologist) selected the included articles using the process
of systematic review. Included articles were grouped according to aerobic exercise intensity: low, moderate-to-
vigorous, and vigorous. The level of evidence for each study was rated using Sackett’s levels of evidence.
Results: Of 1,452 studies reviewed, 8 were included according to the inclusion criteria (3 randomized
controlled trials (RCTS), 3 prospective studies, and 2 case series). Exercise capacity for a six-minute walk
distance (mean: 57.7 m) and QOL improved in the above moderate intensity group, while the low intensity
group did not show improvement after intervention. For termination criteria, data obtained from the
reviewed articles were not sufficient to suggest any exercise intensity recommendations for patients with
pulmonary arterial hypertension.

Discussion: The findings in this study suggest that at least moderate aerobic exercise intensity is needed
to significantly improve six-minute walk distance and QOL in individuals diagnosed with World Health
Organization Group 1 of pulmonary arterial hypertension. There is a need for prospective RCTs comparing

different exercise intensities in this patient population.
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Introduction

Pulmonary arterial hypertension (PAH) is a rare and
progressive disease characterized by the progressive
development of dyspnea and fatigue with increasing
deterioration of exercise tolerance (1,2). Treatment with
medication is a first option to reduce mortality and to
improve dyspnea (3). Exercise therapy has been suggested
as a treatment option for patients with PAH since 2000, and
the clinical evidence for this has been increasing (4).

An evidence-based randomized controlled study on
exercise effects in patients with pulmonary hypertension
was reported for the first time in 2006 (5), and a meta-
analysis that compared the effects of exercise therapy was
published in 2015 (6). Several studies (5,7-9) demonstrated
that exercise therapy for PAH patients contributed to
improved exercise capacity, quality of life (QOL), muscle
strength, and respiratory muscle strength. The exercise
types typically included aerobic exercise, resistance training,
and respiratory muscle strength exercise (10).

Considering the safety and efficacy of exercise therapy
for patients with PAH, optimal exercise intensity is an
important factor to prevent adverse events and to increase
the effectiveness of exercise therapy (11-13). High
intensity exercise can cause severe adverse events including
arrhythmias, syncope, and respiratory disease in 13% of
these patients (11).

Exercise intensity was usually prescribed and monitored
using heart rate (HR), pulse oxy-hemoglobin saturation
(Sp0O,), and rating of perceived exertion (RPE) in PAH patients
(12,14-17). Some criteria including HR below 120 bpm
and SpO, below 85% were used as termination criteria
during exercise training in individuals with PAH (15,17-21).

However, the majority of review articles (6,7,10,13) have
focused their investigations on the effectiveness of exercise
interventions with respect to exercise capacity, muscle
strength, and QOL. The improvement of exercise tolerance
may be different according to the applied exercise intensity.
Applying different exercise intensities is associated with
different levels of effectiveness in endothelium-dependent
vasodilation, depending on the interaction between the
intensities of both exercises (22).

Therefore, the objective of this review was to investigate
the effects of exercise-based cardiac rehabilitation programs
according to exercise intensity to improve exercise capacity
and QOL, and to describe the termination criteria used
during exercise training in patients with World Health
Organization (WHO) Group 1 of pulmonary arterial
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hypertension.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/jtd-20-3296).

Methods
Protocol and registration

The protocol was registered with PROSPERO
(PROSPERO2020: CRD42020184937). The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were followed.

Eligibility criteria
The following PICOS (Participants, Interventions,
Comparison, Outcome, and Study Design) criteria were
used to generate our research:
(I) Participants: patients with WHO Group 1 of PAH;
(II) Intervention: exercise training;
(III) Comparison: exercise intensity, termination
criteria;
(IV) Outcome: exercise capacity, QOL;
(V)  Study design: randomized controlled trials (RCT5),
prospective studies, and observational studies.

Search strategy

This literature review search was performed using
the PubMed, EMBASE, and CINAHL databases,
which were searched using the following terms:
(“Exercise”[Mesh] or “Exercise Therapy”[Mesh] or “Cardiac
Rehabilitation”[Mesh] or “Resistance Training”[Mesh]) and
(“Hypertension, Pulmonary”[Mesh] or “Pulmonary Arterial
Hypertension (PAH)”[Mesh]). The search included articles
published between 1980 and June 2020, and all articles
identified in the search were evaluated.

Criteria _for inclusion

Studies were included if they met the following criteria:
RCTs or prospective observational studies or case series
with comparisons between before and after exercise therapy.
The participants were diagnosed as WHO Group 1, defined
as PAH. The studies with case reports and literature reviews
and trials that included other WHO group of pulmonary
hypertension groups were excluded. Articles written in
languages other than English were also excluded.
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Table 1 Evidence level according to Sackett’s levels of evidence

Seo et al. Optimal exercise intensity in patients with PAH

Level Explanation of each level Reviewed article’s level
1A Systematic Review of Randomized Controlled Trials (RCTs) -
1B RCTs with Narrow Confidence Intervals 3
1C All or None Case Series -
2A Systematic Review Cohort Studies -
2B Cohort Study/Low Quality RCT -
2C Outcomes Research 3
3A Systematic Review of Case-Controlled Studies -
3B Case-controlled Study -
4 Case Series, Poor Cohort Case-Controlled 2
5 Expert Opinion -
Study selection and 131, respectively. Eight articles from the 1,452 were

Two reviewers (YGS and SKO) independently reviewed the
studies and extracted articles that met the inclusion criteria
according to the review protocol. They screened the articles
by checking titles and abstracts first, and then full texts.
A third reviewer (JS) reviewed the full text of an article to
determine whether it should be included in cases where the
original two reviewers had disagreements about those articles.

Quality of selected articles

The quality of each study was assessed using Sackett’s level
of evidence scale from the strongest (rating =1) to weakest
(rating =5), where ranked RCTs are considered the highest
level and case series or expert opinions are considered the

lowest level (Table I).

Statistical analysis

Due to the heterogeneity and non-uniformity of the data
in the included studies, the results are summarized in a
descriptive manner.

Results

Study selection

In total, 1,452 articles were found according to the process
of this study, and the results are as follows. The numbers
of article types (RCTs, prospective studies, case series)
found in PubMed, EMBASE, and CINAHL were 637, 684,
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selected. Three were RCTS, 3 were prospective studies, and
2 were case series (Figure 1).

Study characteristics

The most common types of PAH were idiopathic and
connective tissue disease. Most of the patients had
functional classifications from II to 111, and only three trials
(9,14,16) included patients with functional classification
IV. A summary of the included studies has been provided
in Table 2. The common inclusion criteria were adults aged
18 and older, medically stable condition, and no change in
medication therapy for 3 months before participation.

Classification of aerobic exercise intensity

Heart rate domains were used in the majority of studies
to prescribe target exercise intensity, and %peak oxygen
uptake (peak VO,) was used in one study (19). Aerobic
exercise intensity ranged from 50% to 80% of %heart
rate reserve (HRR) or %maximal heart rate (HRmax) or
%peak VO,. For the purposes of this review article, exercise
intensity was categorized into 3 different groups according
to American College of Sports Medicine (ACSM) guidelines
(Tuble 3) (23); the low-intensity exercise group required
less than 120 bpm or a rating perceived exertion (RPE) of
13 to perform (18,20), the moderate to vigorous-intensity
exercise group required 60-80% of HRmax or 50-70% of
peak VO, (9,12,19,21), and the vigorous-intensity exercise
group required 70-80% of HRR (14,16) to perform.
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Databases for searching:
PubMed, EMBASE, CINAHL

Used searching terms
(“Exercise” or “exercise therapy” or “cardiac
rehabilitation” or “resistance training” and
“hypertension, pulmonary” or “pulmonary
arterial hypertension”)

Total articles found:
1,452 articles

98 articles extracted by title
(26 articles were excluded due to
duplication)

67 articles selected
(PubMed: 30, EMBASE: 34, CINAHL: 3)

51 articles were excluded by abstract
(review: 11, editorial: 10, case series: 5,
mice study: 1, other type of PH: 24)

16 articles selected
(PubMed: 12, EMBASE: 4, CINAHL: 0)

6 articles were excluded by full text
(studies included other type of PH) and 2
were not suggested in the results

Final reviewed articles:
8 articles

Figure 1 This diagram illustrates a study flow chart adapted from
the PRISMA guidelines.

Exercise capacity

The six-minute walk test (6MWD) and cardiopulmonary
exercise test (CPET) are conducted to evaluate exercise
capacity. All studies reported the results of the 6MWD, while
the CPET was not conducted in two trials (9,12). The baseline
6MWD was reported to range from 375+92 to 496+108 m in
the reviewed articles. The improvement seen in the 6MWD

ranged from 37 to 81 m, and the median value was 56 m. In
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the low intensity group, one study did show non-significant
change (18) and others reported an improvement of 39 m (20).
The moderate to vigorous group reported improvements in
the 6MWD of 37 m (19), 71 m (21), 81 m (9), and 67 m (12).
Changes in the vigorous-intensity group were 56 m (14) and
53 m (16). The CPET was conducted with a treadmill in
three studies and with a cycling ergometer in another three
studies. At baseline, maximal oxygen uptake ranged from the
lowest level of 11.4+2.2 mL/kg/min (12) to the highest level
of 17.6 mL/kg/min (14). The improvement in peak VO,
showed a range from 0.3 to 2.3 mL/kg/min, and the highest
improvement of 14% was reported in the study conducted
by Griinig et al. (21). Two trials (9,20) did not conduct the
CPET, and one trial did not report the results of post-
intervention evaluations (7able 4).

QOL

The 36-Item Short Form Health Survey (SF-36) and the
Cambridge Pulmonary Hypertension Outcome Review
(CAMPHOR) questionnaire were used to evaluate
QOL in the reviewed articles. Of two studies in the low-
intensity group, one did not evaluate QOL and the other
showed no significant difference in the SF-36 domains. In
the moderate to vigorous-intensity group, three studies
(12,19,21) reported the results of QOL, but one trial (9)
did not measure QOL. Of these articles, one article (12)
showed a significant improvement in the bodily pain
domain (P=0.05). A study reported by Griinig et /. (21)
showed that the SF-36 domains including physical function,
general health, vitality, social function, and mental health
demonstrated significant improvements. Another study (10)
did not report a significant difference after an intervention
of 10 weeks. In the vigorous-intensity group, one trial (14)
of two articles reported a significant improvement in SF-36
domains including physical function, role physical, general
health, vitality, social function, and mental health and the
other study did not conduct an evaluation of QOL (16).
The CAMPHOR questionnaire was only used in a study
conducted by Chan et 4/. (14), who reported an improvement
in the domains of QOL, symptoms, and energy. Mental
domains showed greater improvement when compared to the
physical domains for the SF-36 questionnaire (12,14,21).

Criteria for terminating exercise

For safety in exercise training, four of the eight reviewed
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Table 2 A summary of the characteristics of included studies and exercise prescriptions

Author (vear)/ Subjects Types of PAH Funf:?ion.al Aerobic exercise Resi§t?nce Respir?tory
design classification training training
de Man et al. N=19 (male: 4, Idiopathic: 19 NYHA: Class I, F: 3/week; F: 3/week; I: 50— None conducted
[2009] (18)/ female: 15); 3; Class lll, 16 T: Cycling; 75% of 1RM for
Prospective Age: 42.0+13.0 T: 20-25 min; strength, 30-40%
study D: 12 weeks for endurance; T:
NR; T: NR;
D: 12 weeks
Butane et al. N=6 (male: 1, Idiopathic: 6 NYHA: I, 1; 1, 3; F: 3/week; F: 2/week; I: F: 5/week; I:
[2019] (20)/ female: 5); I, 2 T: walking; 5-10rep; T: 6-7 NR; T: breathing
Case series Age: 68.0+7.6 T: 20-40 min; resistance; T: exercise;
D: 12 weeks 20-40 min; T: 5-10 min;
D: 12 weeks D :12 weeks
Kabitz et al. N=7 (male: 3, Idiopathic: 5; WHO: Class lll, F: 7/week; T: F: 5/week; |: 500 F: 5/week; I:
[2014] (9)/Case female: 4); CTD: 2 6; Class IV, 1 cycling; t01,000g; T: NR; T: breathing
series Age: 59.6+11.1 T: 10-25 min; dumbbell training; exercise;
D : 15 weeks T: 30 min; T: 30 min;
D: 15 weeks D: 15 weeks
Becker- N=20 (male: 4, ACHD WHO: Class I, 6; F: 7/week; T: F: 5/week; I: 500 F: 5/week; I:
Grinig et al. female: 16); Class lll, 14 cycling; t01,000g; T: NR; T: breathing
[2013] (12)/ Age: 48.0+11.0 T: 30-45 min; dumbbell training; exercise;
Prospective D: 15 weeks T: 30 min; T: 30 min;
study D: 15 weeks D: 15 weeks
Karapolat N=24 (EG: 12, Idiopathic: 3; WHO: Class I, F: 3/week; None conducted F: 3/week;
et al. [2019] CG: 12), (male: Congenital: 11; 18; Class lll, 6 T: treadmill I:NR; T:
(19)/RCT 11, female: 13); Rheumatologic walking; breathing
Age (EG: 34, disease: 4 T: 30 min; exercise; T: NR;
CG: 40) D: 8 weeks D: 8 weeks
Grlnig et al. N=21 (male: 1, Systemic WHO: I, 9; 1Il, 7; F: 7/week; F: 5/week; I: 500 F: 5/week; I:
[2012] (21)/ female: 20); sclerosis: 8; IV, 5 T: bicycle t0 1,000 g; T: NR; T: breathing
Prospective Age: 52.0+18.0 SLE: 7; MCTD: ergometer; T: dumbbell training; exercise;
study 2; Other: 4 30-45 min; T: 30 min; T: 30 min;
D: 15 weeks D: 15 weeks D: 15 weeks
Chan et al. N=23 (EG: 10, Idiopathic: 5; NYHA: Class |, F: 24-30 None conducted None conducted
[2013] (14)/ CG: 13), Drug-induced: 1; 1; Class I, 12; sessions;
RCT female: 23; CTD: 17 Class lll, 9; T: treadmill
Age (EG: Class IV, 1 walking;
53.0+13.0, CG: T: 30-45 min;
55.5+8.5) D: 10 weeks
Weinstein N=24 (EG: 11, Idiopathic: 6; WHO: Class |, F: 3/week; None conducted None conducted
et al. [2013] CG: 13), MCTD: 1; RA: 2; Class II, 16; T: treadmill
(16)/RCT female: 24; Age 1; Scleroderma: Class Ill, 15; walking;
(EG: 53.4+£12.4, 12; Sjogren’s Class IV, 2 T: 30-45 min;
CG: 55.3+8.7) syndrome: 2; D: 10 weeks
SLE: 2

ACHD, adult congenital heart disease; WHO, World Health Organization; CPET, cardiopulmonary exercise test; MHR, maximal heart rate;
P, protocol; M, mobility; F, frequency, |, intensity, T, type; T, time; D, duration; RCT, randomized controlled trial; EG, exercise group; CG,
control group; CTD, connective tissue disease; NYHA, New York Heart Association; HRR, heart rate reserve; MWT, minute walk test; RPE,
rating of perceive exertion; R, repetition; RM, repetition maximum; RA, rheumatic arthritis; MCTD, mixed connective tissue disease; SLE,
systemic lupus erythematosus; TMT, treadmill test; VO,R, oxygen uptake reserve.
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Table 3 Classification of physical activity intensity recommended by ACSM’s guidelines

Exercise intensity \{_loRzg g;; Maximal HR (%) 1\/20'\3”5;8(; 1\?0,\2Anf;s(; 8 METs; VO,max 6 METs; VO,max
Very light <20 <50 <3.2 <2.8 <2.4 <2.0

Light 20-39 50-63 3.2-5.3 2.8-4.5 2.4-3.7 2.0-3.0
Moderate 40-59 64-76 5.4-7.5 4.6-6.3 3.8-5.1 3.1-4.0
Hard 60-84 77-93 7.6-10.2 6.4-8.6 5.2-6.9 4.1-5.2
Very hard >85 >94 >10.3 >8.7 >7.0 >5.3
Maximal 100 100 10 8 6

VO,R, oxygen uptake reserve; HRR, heart rate reserve; HR, heart rate; METs, metabolic equivalents; VO,max, maximal oxygen uptake.

articles suggested the criteria for terminating exercise as
heart rates more than 120 bpm (18,20) or 130 bpm (9), less
than 85% (9,18,20) of SpO,, or >6 on the Borg scale (20).

Discussion

This study showed that moderate or higher intensity
aerobic exercise was associated with an improvement in
exercise capacity and QOL and that HR and SpO, were
most commonly used for the termination criteria.

Classification of aerobic exercise intensity

A proper definition of aerobic exercise intensity is important
to enhance the effectiveness of exercise therapy and to
prevent the occurrence of adverse events during exercise (24).
Cardiovascular adaptations to training are intensity-
dependent, and exercise intensity has emerged as an
important variable in clinical investigations (22,25). Exercise
intensity domains for aerobic exercise include %HRmax,
%HRR, %peak VO,, and % VO,max (26). Some systematic
review articles reported that recommended aerobic exercise
intensity is 60 to 80 %peak VO, or %HRR (7,13). In this
study, the common domains used for exercise intensity were
%peak VO,, %HRmax, and %HRR. According to ACSM
guidelines (23), exercise intensity is classified into low-
intensity physical activity at 20-39%, moderate-intensity
activity at 40-59%, and high-intensity activity at 60-84%
of peak VO, or HRR. When expressed as a percentage of
the HRmax, low-intensity activity is 40-63 %, moderate-
intensity activity is 64-76%, and vigorous-intensity
activity is 76-90%. We classified these reviewed articles
into 3 different groups based on ACSM guidelines: a low-
intensity group, a moderate to vigorous-intensity group,

© Journal of Thoracic Disease. All rights reserved.

and a vigorous-intensity group. In the low-intensity group,
the exercise capacity and QOL did not show significant
improvement after the exercise intervention. The results
in the moderate to vigorous-intensity group were similar
to those in the vigorous-intensity group. This finding
differs from previous studies (5,27) that recommended
low-intensity exercise might be a beneficial intervention
to improve clinical outcomes in PAH patients. Therefore,
further study with high quality RCTs is required to confirm
the effects of different exercise intensities on exercise
tolerance and QOL in patients diagnosed with PAH.

Exercise capacity

The six-minute walk test in PAH patients has been
widely used to measure exercise capacity and to predict
prognoses (28). In the reviewed articles, the 6MWD was
reported in all trials, and the highest improvement was
shown to be 81 m in the moderate to vigorous-group. The
range of improvement in the 6MWD was 31 to 81 m; this is
similar to the result of a systematic review, which reported
an improvement range from 17 to 96 m in patients with
PAH (7). The mean improvement of 6MWD was 57.7 m
in this study, a greater improvement than that reported in a
previous study, which was a mean improvement of 33.8 m
for those in WHO Group 1 (29). Another previous study
reported that an increase in 6MWD of over 41 m may be the
minimally important distance for clinical significance (30).
On the basis of this report, two studies in the low-intensity
group and one in the moderate to vigorous-intensity group
did not achieve the improvement of a clinically significant
distance of >41 m. Two RCT studies in the vigorous-
intensity group showed increases in the 6MWD of over
41 m. The differences among the groups might be explained

7 Thorac Dis 2021;13(7):4530-4540 | https://dx.doi.org/10.21037/jtd-20-3296



4536

Seo et al. Optimal exercise intensity in patients with PAH

Table 4 The results of exercise capacity and quality of life according to different exercise intensities

Author (year)/
design

Groups

Exercise
intensity

6MWD (m)

Peak VO, (ml/kg/min)

Quality of life (score)

de Man et al.
[2009] (18)/
Prospective
study

Butane et al.
[2019] (20)/Case
series

Kabitz et al.
[2014] (9)/Case
series

Becker-Griinig
etal. [2013] (12)/
Prospective
study

Karapolat et al.
[2019] (19)/RCT

Grinig et al.
[2012] (21)/
Prospective
study

Chan et al.
[2013] (14)/RCT

Weinstein et al.
[2013] (16)/RCT

Low-intensity
group

Low-intensity
group

Moderate
to vigorous-
intensity group

Moderate
to vigorous-
intensity group

Moderate
to vigorous-
intensity group

Moderate
to vigorous-
intensity group

Vigorous-
intensity group

Vigorous-
intensity group

Less than 120
bpm or RPE 13

Less than 120
bpm or RPE 13

60-80% of
HRmax

60-80% of
HRmax

50-70% of peak
VO,

60-80% of
HRmax

70-80% of HRR

70-80% of HRR

Pre: 496+108; Post:
non-significant; Exercise
time: 8%; (P<0.001)

Pre: 375+92; Post:
408+94; 39+17.5
(P=0.04). Improved 8%

Pre: 417+51; 3 weeks:
509+39; Post: 498+39;
81+30 (P<0.001).
Improved 16%

Pre: 423+90; 3 weeks:
486+93; Post: 486+102;
67+59 (P=0.001).
Improved 16%:

Pre: 390; Post: 427; 37
(P=0.32). Improved 9%

Pre: 386+121; 3weeks:
425+118; Post:
447+139; 71 (P=0.03).
Improved 14%

Pre: 411+73; Post:
467+86; 56 (P=0.002).
Improved 12%

Pre: 412+69;
Post: 465+113;
53+44 (P=0.003).
Improved 12%

M: Cycling; Peak VO,;
Pre: 15+4; Post: none
reported

None conducted

None conducted

M: Cycling;
Pre: 11.4+2.2;
3 weeks: 12.4+2.2;
Post: 12.3+2.4;
Improved 11%

M: Treadmill; Pre: 15.1;
Post: 15.4; (P=0.06).
Improved 2%

M: Cycling;

Pre: 11.8+3.4; 3 weeks:

13.6+3.4;
Post: 14.1+3.5;

(P=0.008).
Improved 14%

M: Treadmill;
Pre: 17.6;
Post: 18.9;

Improved 7%

M: Treadmill; Pre:
97.5+41 W; Post:
99.6+42 W; 25+22 W

(P=0.003). Improved 2%

None conducted

Type: SF-36.
No significant difference

None conducted

Type: SF-36. Only
BP was significantly
different (62.2+33 to

82.4+20; P=0.05)

Type: SF-36. No
significant difference

Type: SF-36; PF
33.5+20 to 45.2+20
(P=0.025); GH 31.6+15
to 35.9+14 (P=0.049);
Vitality 38.1+14 to
48.1+18 (P=0.021); SF
61.8+13 to 71.4+23
(P=0.008); MH 56.8+21
to 66.2+16 (P=0.033)

Type: SF-36: PF
(P=0.009), RP (P=0.023),
GH (P=0.002), Vitality
(P=0.002), SF (P=0.016),
MH (P=0.028).
Type: CAMPHOR:
QOL (P=0.003),
symptoms (P=0.005),
energy (P=0.008),
breathlessness
(P=0.041), mood
(P=0.032)

None conducted

6MWD, six-minute walk distance; RPE, rating perceived exertion; M, mode; SF, short-form; HRmax, maximal heart rate; HRR, heart rate
reserve; W, watt; RCT, randomized controlled trial; PF, physical function; GH, general health; BP, bodily pain; SF, social function; MH,
mental health; RP, role physical; CAMPHOR, Cambridge Pulmonary Hypertension Outcome Review; QOL, quality of life.
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by the different exercise durations and frequencies applied
in each study, which may have affected the results. An
RCT applying the same exercise duration and frequency is
required to confirm differences between groups according
to different exercise intensities. Another clinical outcome
regarding exercise capacity is the maximal oxygen uptake
measured by CPET, and the improvement, in the present
study, is similar to the results (1.1 to 2.1 mL/kg/min)
reported by Babu et 4. (7). Of the reviewed articles, we
were not able to compare the results between three trials,
because two trials did not conduct the CPET and one
did not report post intervention results (18). In the low-
intensity group, maximal oxygen uptake was not reported.
The highest change (2.3 mL/kg/min) in peak VO, was
revealed in the moderate to vigorous-intensity group with
60-80% of HRmax, and the mean improvement was 7%
in three studies. The vigorous-intensity group showed
a mean increase of 4.5%. The mean value was higher
in the moderate to vigorous-intensity group than in the
other intensity groups and the reason for this needs to be
investigated in future studies.

QoL

Patients with PAH have anxiety and depression, and this
could lead to a decrease in QOL (31). The generic SF-
36 questionnaire was used in most of the studies, and
CAMPHOR was used for measuring disease-specific
conditions (32). A decreased QOL is associated with an
increased mortality in patients with PAH (33). In the
reviewed articles, the generic SF-36 was commonly used to
measure QOL and only one study used a disease-specific
CAMPHOR questionnaire. In particular, PAH patients
report a reduced QOL in the physical components of the
SF-36 domains (34,35). This review study showed that
the physical components score was lower than the mental
health components score.

One study in the low-intensity group (20) did not
show a significant change after an exercise intervention of
12 weeks. Additionally, a study (19) conducted for 8 weeks
with a moderate to vigorous-intensity of 50-70% of peak
VO?2 showed no significant difference in QOL pre- post-
training. The exercise frequency in the two studies was 3
times per week, and this frequency was lower than other
studies (14,21) that demonstrated a significant difference
in QOL pre- post-training. Three of the eight studies
showed a statistically significant difference in SF-36
domains including bodily pain, physical function, general
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health, vitality, social function, and mental health pre- post-
training. The studies had different levels of improvement
in 6MWD, and the study conducted by Griinig et a/. (21)
reported an increase of 71 m after the exercise intervention.
Another study (21) also showed the highest significant
improvement in the SF-36 domains, while one study with
an RCT with the lowest improvement in 6MWD (37 m)
showed no significant difference in QOL scores pre- post-
training. The difference among the moderate to vigorous
intensity-groups may be explained by the correlation
between the 6MWD and QOL. That is, improvement in
the 6MWD is associated with increased QOL in individuals
with PAH (36,37). Study design also should be considered
as a reason for this difference, because the prospective study
and RCT showed different results despite applying the
same exercise intensity. For the vigorous-intensity groups
included in two studies, one study reported a significant
change in the SF-36 domains including physical function,
role physical, general health, vitality, social function, and
mental health. Two studies were showed similar results for
the 6MWD, but two results could not be compared among
the studies, because one study did not evaluate QOL.

The CAMPHOR questionnaire is a disease-related
questionnaire for patients with PAH and has superior
psychometric properties, compared with the SF-36 (38).
The specific disease-related CAMPHOR was only reported
in a study conducted by Chan er a/. (14) of our reviewed
articles. Therefore, further study is needed to measure
QOL using the CAMPHOR questionnaire in PAH patients
to confirm the relationship between the disease-specific
questionnaire and QOL.

Termination criteria

Timing for exercise termination is an important factor to
consider to prevent adverse events due to participation
in an exercise program (11,12). Some adverse events that
included respiratory and gastrointestinal infections were
reported in the reviewed articles (12,21). Several parameters
such as HR, SpO,, and RPE were used to monitor patient
state in four studies (9,15,18,20). The criterion for an HR
upper limit of 120 bpm has commonly been used as an
indication for termination, and it was also recommended as
a target HR for inpatient cardiac patients (22). Hypoxemia
may contribute to a sensation of dyspnea by predisposing
the respiratory muscles to fatigue (39). Portable pulse
oximetry is commonly used to measure oxygen saturation
during exercise. The termination criterion with respect
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to SpO, was defined as when the SpO, dropped to less
than 85% or 88% in several studies (9,15,18,20). Oxygen
saturation <88% is referred to as resting hypoxemia, and
maintaining this criterion is thought to be an important
part of exercise in PAH patients (40). Another termination
criterion was Borg’s scale (10-point scale) for RPE, and
dyspnea ratings between 3 and 5 have been recommended
as the proper exercise intensity in patients with COPD (40).
In this review study, only one study by Butane ez 4/. (20)
used Borg’s scale to monitor the severity of dyspnea and
recommended a rating of more than 6 as a termination
criterion. However, the majority of the reviewed studies did
not suggest termination criteria, and there was no consensus
among the studies on what such criteria should consist of.
Therefore, more strict termination criteria are needed to
prevent adverse events or for safety during exercise training

in patients from WHO Group 1.

Limitations

There are several limitations in this review article. First,
only 3 large databases, PubMed, EMBASE, and CINAHL,
were searched, despite the existence of some other large
and relevant databases such as CENTRAL and PEDRo.
Second, the subjects enrolled in the present study were
patients in WHO Group 1. In addition, there were lack
studies on low intensity exercise in reviewed articles since
only WHO group 1 in pulmonary hypertension is included.
Therefore, it is not suitable to apply the results of this trial
to other PH groups. A future study is needed to confirm
differences in the effects of different exercise intensities in
each PH group. Third, the reviewed articles did not include
sufficient RCTs. That is, the evidence level is poor with
respect to confirming the effectiveness of different exercise
intensities in individuals with PAH. Large clinical trials
designed as RCTs with long-term follow up are required to
determine the role of exercise intensity in exercise programs
for PAH patients.

Conclusions

The main findings in this study suggest that aerobic
exercise at moderate or higher intensity is needed to
improve exercise tolerance and QOL in PAH patients, but
the quality of evidence is low. Additional RCTs are needed
to compare the effects of different exercise intensities,
and strict termination criteria are warranted in individuals
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