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Article information Abstract
Background: Pulmonary Arterial Hypertension (PAH) is known to induce a decline in functional

Submitted capacity, attributed to mechanisms such as right ventricular dysfunction, chronotropic incompetence,

30-11-2023 ventilation abnormalities, and skeletal muscle dysfunction. Despite the recommendation of physical
exercise programs, a standardized and easily implementable regimen for PAH patients is currently

Accepted lacking. This study aims to investigate the influence of physical exercise on the 6-minute walking

30-12-2023 distance (6MWD), functional capacity, and pulmonary vascular resistance (PVR) in individuals with
PAH.

Published Methods: This study employed a non-randomized clinical trial design involving adult patients with

19-01-2024 Pulmonary Arterial Hypertension (PAH), who were divided into intervention and control groups.

Baseline characteristics, differences in 6-Minute Walking Distance (6MWD), peak VO2, and Pulmonary
Vascular Resistance (PVR) before and after a four-week period (20 sessions, five times a week) of
physical exercise were documented. The Shapiro-Wilk normality test was conducted before analyzing
numerical data, followed by independent t-tests or Mann-Whitney tests to assess intergroup
differences.

Results: The study included 32 PAH patients, with 16 subjects in each group. Baseline characteristics
revealed a distribution of 22 females (68.75%) and 10 males (31.25%), with an age range of 18-55
years. Statistical analysis indicated no significant differences in baseline characteristics, hemodynamic
data, and echocardiography between the two groups. However, there were significant differences
between the control and intervention groups in terms of A6MWD (17.07 + 48.30 (95% Cl: -10.82 —
44.96) vs. 115.36 * 54.69 meters (95% Cl: 83.78 — 146.94), p-value < 0.001), AVO2 peak (159.42 +
209.32 (95% Cl: -92 — 707) vs. 14.5 + 60.4 (95% Cl: -77 — 148), p-value < 0.05), and APVR (-1.36+0.67
(95% Cl: -0.33-(-2.85)) vs. -0.34+0.30 (95% Cl: -0.39-(0.63)), p-value < 0.05).

Conclusion: A four-week physical exercise program improved 6MWD, functional capacity, and PVR in
patients with PAH.

Keywords: Pulmonary Arterial Hypertension, 4-week physical exercise program, 6-Minute Walking
Distance (6MWD), functional capacity, Pulmonary Vascular Resistance (PVR).

Introduction

Pulmonary Arterial Hypertension (PAH) is a rare but debilitating condition associated with poor outcomes.
According to data from The Global Burden of Disease in 2020, the worldwide prevalence of PAH ranges from
0.37 to 15 cases per 100,000 individuals, with an incidence ranging from 0.008 to 1.4 cases per 100,000
individuals annually. The one-year mortality rate for PAH reaches 40%". Idiopathic, heritable, drug-induced, or
toxin-induced PAH constitutes 52.6% of all global cases’. Recent registry data indicates an incidence of 6 cases
per 1 million population, with a prevalence ranging from 48 to 55 cases per 1 million adult population.
Idiopathic pulmonary arterial hypertension represents the most prevalent subtype (50-60%), followed by PAH
associated with connective tissue diseases, congenital heart disease, and portal hypertension3. The Congenital
HeArt Disease in adult and Pulmonary Hypertension (COHARD-PH) registry, the first prospective registry in
Indonesia, reports that 80% of congenital heart disease (CHD) patients develop PAH due to delayed diagnosis
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(Dinarti et al., 2020). In a study conducted at RSUP Dr. M. Djamil Padang from 2017 to 2021, Muslimah et al.
reported 45 cases of PAH, primarily in the 55-64 age range, predominantly affecting females (73.3%), with CHD
being the most common cause (68.9%)4.

Physical exercise programs have been recognized for improving organ function in PAH patients. Exercise for
pulmonary hypertensive patients can enhance hemodynamic conditions, improve right heart function, and
strengthen respiratory muscles. At the molecular level, physical exercise demonstrates reductions in
inflammatory processes, fibrosis, apoptosis, and smooth muscle cell proliferation in the pulmonary arterial
wall’.

Several studies indicate that low-intensity, individually tailored exercise can enhance functional capacity,
quality of life, reduce disease progression, and increase life expectancy in PAH patients. In a study by Bussotti
et al.,, a four-week physical exercise program resulted in a significant improvement in pulmonary cardiac
functional capacity in 15 PAH patients. Grunig et al. conducted a study with a group of PAH patients engaging
in moderate-intensity exercise 5-7 times per week for 10-30 days, followed by 3-7 times per week for 15
weeks. The results showed significant improvements in 6-minute walk test distance (6MWD), peak oxygen
consumption (VO2 peak), and quality of life compared to a sedentary group5'7.

Despite the recommendation of physical exercise for PAH patients, there is currently no standardized and
easily adoptable exercise program for patients at RSUP Dr. M. Djamil Padang. To the best of the author's
knowledge, research on the success of physical exercise programs for PAH patients in Indonesia remains
limited.

Methods
Sample

This study is a non-randomized clinical trial conducted with two groups: the intervention group and the control
group. The research took place at the Integrated Heart Center Installation of RSUP Dr. M. Djamil Padang from
November 2022 to October 2023. The sample for this study includes all patients with pulmonary arterial
hypertension attending the Cardiology Outpatient Clinic at RSUP Dr. M. Djamil Padang who meet the inclusion
and exclusion criteria. Inclusion criteria are age > 18 years, not pregnant, functional class I-Il, with exclusion
criteria including acute coronary syndrome in the last month, resting heart rate over 120 beats/minute,
systolic blood pressure <85 mmHg or >180 mmHg, diastolic blood pressure >100 mmHg, resting peripheral
oxygen saturation <85%, syncope within the last week, musculoskeletal abnormalities or disorders, and
ejection fraction (EF) < 55%. Sampling for this study is done through consecutive sampling.

Procedure

Patients diagnosed with pulmonary arterial hypertension who have undergone right heart catheterization and
meet the inclusion criteria, while not having exclusion criteria, are provided with informed consent for the
study. If the patient agrees, they are given a patient consent form for the study. Patients are then assigned to
either the intervention or control group. The patient's pharmacological treatment remains unchanged during
the physical exercise program. Patients in the control group undergo baseline assessments, including the 6-
minute walking test (6MWT), Cardiopulmonary exercise testing (CPET), and noninvasive measurement of
pulmonary vascular resistance (PVR) through echocardiography. The same assessments are repeated after one
month. Patients in the intervention group undergo a baseline 6MWT to determine the appropriate dose of
physical exercise based on the 2019 Indonesian Society of Cardiovascular Rehabilitation Guidelines ¥ The
intervention group follows a physical exercise program five times per week for four weeks (20 sessions). Pre-
6MWT, pre-pulmonary exercise testing, and pre-PVR assessments are conducted before the exercise program,
and post-6MWT, post-pulmonary exercise testing, and post-PVR assessments are performed afterward.
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Statistic Test

Univariate analysis aims to provide an overview of the baseline characteristics of the study subjects.
Characteristic data are presented in the form of frequency distribution tables. Bivariate analysis is conducted
to examine the relationship between two variables: the independent variable and the dependent variable.
Before performing bivariate analysis, the normality of the data is tested using the Shapiro-Wilk test to assess
whether the data obtained are normally distributed. The statistical test used in this study is the independent t-
test. Data are analyzed using the Statistical Package for Social Sciences (SPSS) for Mac version 27.

Results

There were a total of 49 patients with Pulmonary Arterial Hypertension (PAH), but 17 patients either declined
to participate as samples or resided outside the city. The total number of research subjects obtained using
consecutive sampling technique amounted to 32 patients with PAH, who were divided into two groups.

Table 1. Characteristic of sample

Control Group

Intervention Group

Variable - - p-value
n % Median Mean = SD n % Median Mean = SD
(min-max) (min-max)
Sex
Male 4 25 6 375 0.704°
Female 12 75 10 625
Age (year) 27 24 0.064°
(18-55) (18-54)
Height (cm) 160 159 0.924°
(148-171) (148-173)
Weight (kg) 48.50 44 0.384°
(35-65) (37-75)
Body Mass Index (BMI) (kg/m?) 18.47 17.18 0.356°
(13.84-24.17) (14.45-27.89)
Systolic blood pressure 110.62+12.03 105.94+15.45 0.346b
(mmHg)
Diastolic blood pressure 70.88+11.14 58.81+15.41 0.057b
(mmHg)
Heart rate (x/m) 83.50+11.12 84.63+9.04 0.756b
Etiology
Ventricular Septal Defect 4 25 6 37.5
Atrium Septal Defect 9 56.3 50 0.14°
Primary Pulmonal 3 18.8 0 0.00
Hypertension
Patent Ductus Arteriosus 0 0.00 2 12.5
Previous drugs treatment
PDES5I 6 375 11 688 0.156°
Prostacyclin Analogues 0 0 0
Combination (PDE5i + 50 3 18.8 0.135°
Prostacyclin Analogues)
CCB 0 0.0 1 6.30 1.00°
Diuretic 3 18.8 1 6.30 0.60°
MRA 2 12.5 3 18.8 1.00°
BB 7  43.80 6  37.50 1.00°
ACEi/ ARB 11 68.8 11 68.8 1.00a
Right Heart Catheterization
Mean Pulmonary Artery
+
Pressure (mPAP) 46+22.35 50.07 +23.28 0.64°
Pulmonary Vascular
+
Resistance (PVR) 89417384 7.36+11.03 0.23°
Echocardiography
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LVEF (%) 64.5+8.89 66.75£10.02 0.507b
TAPSE (cm) 1.95 2.05 0.472°
(1-3.40) (1.40-3.60)
RV FAC (%) 46.93+10.27 46.62+10.45 0.192b
RVS’ (cm/s) 11 (7-14) 12.50(7-21) 0.056°
PAccT (ms) 102.81+18.98 105.94+15.45 0.392b
TRVmax (m/s) 4.32 (2.20-5.52) 3.99 (2.17- 0.451°
5.41)
SPAP (mmHg) 89.64 71.65 0.376°
(27.36-124.88) (26.80-125)
PVR 3.41(1.82-7.46) 2.94(1.82- 0.638°
6.92)
Hemodinamic
A SBP rest 2.0 +16.49 1.8+12.4 0.97°
A SBP maximum 2.92 +25.75 1.83+9.40 0.89"
A DBP rest 5.36 +18.05 -0.08 +7.26 0.34°
A DBP maximum 4.5 0(-20-12) 0.14°
(-36.0-15.0)
A HR rest -1.43+8.38 -2.0849.05 0.85°
A HR maximum 6.5 -7.5 0.008*
(-49-36) (-98.0-13)
A SpO2 pre-ULIP 0 -5.0 0.40°
(-3.0-1.0) (-8-3)
A SpO2 post-ULIP 0 -0.5 0.43°
(-16.0-13.0) (-28-18)
A Duration of ULIP (minute) 2.3(-1-5.5) 0(-1-1) 0.002°
Ventilation Eficiency
A AT (anaerobic threshold) 64 (-222.0- 8(-154.0 - 0.41°
569.0) 175.0)
A VE/VCO2 -2.49+8.6 -2.28 +6.67 0.83°

? p-value Wilcoxon test (Mann-Whitney). significant difference if p < 0.05

® p-value t-test independent. significant difference if p < 0.05

Abbr; PDES5i : phospodiesterase inhibitor; CCB: calcium chanel blocker; MRA : mineralocarticoid Receptor antagonis BB: beta blocker;
ACEi/ARB : angiotensin converting enzym inhibitor/ angiotensin receptor antagonis; LVEF : levt ventricle ejection fraction; TAPSE :
Tricuspid annular plane systolic excursion; RV FAC : richt ventricle fractional area change; RVS' : right ventricle S wave ; PAcct : pulmonary
artery acceleration time; TRVmax : Tricuspid regurgitant velocity maximal; SPAP : sistolic pulmonary artery pressure; PVR : pulmonary
vascular resistance; SBP: sistolic blood pressure; DBP : distolic blood pressure; HR : heart rate; CPET : cardiopulmonal exercise test : AT :
anaerobic threshold; VE/VCO2 : ventilatory equation/ carbondioxcide production

The analysis of the characteristics of the ULIP examination included hemodynamic and ventilation efficiency
characteristics conducted in both the intervention and control groups. The hemodynamic characteristics
encompassed measurements of resting and maximum systolic and diastolic blood pressure. resting and
maximum heart rate. peripheral oxygen saturation. as well as the duration of ULIP before and after the
exercise program. The analysis of ventilation efficiency characteristics included VO2 values at anaerobic
threshold (AT) and VE/VCO2. In the results of this study. there were statistically significant differences
between the intervention and control groups in the variables of maximum heart rate achievement and ULJP
duration.

Based on bivariate statistical analysis. there was no significant difference in 6MWD (meters) between the
control group and the intervention group before the initiation of the physical exercise rehabilitation program
(283.5 + 84.18 (234.89 — 332.10) vs. 320.93 + 43.59 (295.76 — 346.10). p-value = 0.311). However. after the
four-week physical exercise rehabilitation program. a significant difference in 6MWD (meters) was observed
between the control and intervention groups (300.57 + 90.79 (248.15 — 352.99) vs. 436.28 + 58.81 (402.33 -
470.24). p-value <0.001). Significant differences were also found in the A6GMWD comparison between the
control and intervention groups (17.07 + 48.30 (-10.82 - 44.96) vs. 115.36 + 54.69 (83.78 — 146.94). p-value
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<0.001). This analysis indicates that the intervention group undergoing a four-week physical exercise
rehabilitation program experienced a greater increase in 6MWD compared to the control group that did not
undergo the program (Figure 1).
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Figure 1. Differences in 6MWD between control group and intervention group.

* Significant difference if jika p-value < 0.05.

Based on bivariate statistical analysis. there was no significant difference in VO2 peak between the
intervention group and the control group before the initiation of the physical exercise program (888.29 +
435.99 (314-1823) vs. 641.92 + 231.98 (408-1111). p-value = 0.136). Assessment after the four-week physical
exercise program revealed a significant difference in VO2 peak between the intervention and control groups
(1047.71 + 456.05 (413-2175) vs. 656.5 + 223.85 (401-1105). p-value = 0.013). Additionally. significant
differences were found in the AVO2 comparison between the intervention and control groups (159.42 +
209.32 (-92 — 707) vs. 14.5 + 60.4 (-77 — 148). p-value = 0.018). This analysis indicates that the intervention
group undergoing a four-week physical exercise program experienced a greater increase in VO2 peak
compared to the control group that did not undergo the physical exercise program (Figure 2).
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Figure 2. Difference in VO2 between control group and intervention group

This is an open-access article. This work is licensed under CC BY 4.0. Copyright: The Authors

50


http://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
https://frontiersin-healthcare-research.org/

: (:5) Frontiers in Healthcare Research
Krevani CK et al. -
Volume 1. Issue 1 (2024)

Based on bivariate statistical analysis. it is observed that there is no significant difference in Pulmonary
Vascular Resistance (PVR) values measured by echocardiography between the control group and the
intervention group before the initiation of the physical exercise program (3.41 (1.46-7.46) vs. 2.94 (1.82-6.92)
Wood Units (WU). p-value = 0.638). However. after the four-week physical exercise program. a significant
difference in PVR values was found between the control and intervention groups (3.70 (1.35-7.56) vs. 2.03
(1.10-4.07) WU. p-value = 0.004). Significant differences were also noted in the APVR comparison between the
control and intervention groups [-0.01 (-0.39-(0.63) vs. -1.07 (-0.33-(-2.85)] WU. p-value 0.000). This analysis
indicates that the intervention group undergoing a four-week physical exercise program experienced a greater
reduction in PVR values compared to the control group that did not undergo the physical exercise program
(Figure 3).
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Figure 3. Difference in PVR between control group and intervention group
Discussions

This study indicates that the majority of PAH patients are females. The higher proportion of females with PAH
is consistent with several global registries recording that PAH is more prevalent in females and less so in males.
but with a worse prognosisg’w. The COHARD-PH registry in Indonesia also states that the majority of PAH-CHD
patients are females (78.46%)™. Previous study also mentioned that PAH patients at RSUP Dr. M. Djamil from
2017-2021 were mostly females®. Another studied the effects of estrogen and serotonin on rats induced with
PAH. stating that there is an interaction between estrogen and serotonin inducing the proliferation of smooth
muscle cells in the pulmonary artery. thereby increasing the risk of PAH™.

Based on the results of this study. it is known that there is no statistically significant difference in some ULIP
characteristics between the two groups after the four-week research period. except for HR peak data and ULIP
duration. This suggests that the intervention group shows better exercise endurance than the control group
after the physical exercise program. Several studies have shown that physical exercise can improve ULJP
tolerance time™*. Research by De Man et al. showed better exercise endurance in the physical exercise
program group. This is supported by evidence of increased capillarization in the quadriceps muscles and
oxidative enzyme capacity. especially in type 1 (slow twitch) muscle fibers. indicating an improvement in
muscle work predominantly using aerobic metabolism®. However. this difference may be due to the limited
sample size and the short exercise time. resulting in an accidental increase in one of the hemodynamic
parameters. This is mentioned in the study by Grunig et al.. which found a significant increase in maximum
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blood pressure. HR peak. and maximum peripheral saturation in the intervention group. possibly due to
7
chance’.

Furthermore. this study found that there was a significantly greater increase in 6MWD in PAH patients
undergoing physical exercise rehabilitation compared to those who did not undergo this program. Physical
exercise rehabilitation programs have been identified as beneficial approaches in the management of PAH. A
prospective study on PAH patients showed that physical exercise rehabilitation significantly improved their
6MWD and exercise capacityls. Factors that can influence the increase in 6MWD in PAH patients undergoing
physical exercise rehabilitation programs include better cardiorespiratory adaptation and increased strength of
respiratory muscles. Physical exercise is known to improve right ventricular function. reduce pulmonary
vascular resistance. and improve the quality of life of PAH patientsle. Additionally. physical exercise
rehabilitation programs focusing on high-intensity interval training are known to be effective in improving
exercise capacity and respiratory muscle function in PAH patients”. The molecular mechanisms underlying the
increase in 6MWD in PAH patients undergoing physical exercise rehabilitation programs have also been
investigated. Regular physical exercise can affect various signaling molecules involved in the regulation of
cardiovascular and muscle adaptation. For example. physical exercise has been shown to increase the
expression of angiogenic factors such as vascular endothelial growth factor (VEGF) and Fibroblast Growth
Factor (FGF). which can enhance angiogenesis and muscle perfusionlg. Additionally. physical exercise can
stimulate the production and release of neurotrophic factors such as Brain-Derived Neurotrophic Factor
(BDNF). which plays a role in muscle maintenance and adaptationlg.

In this study. it was found that there was a significantly greater increase in VO2 peak in PAH patients
undergoing physical exercise compared to those who did not undergo the exercise program. Physical exercise
programs are known as beneficial approaches in the management of PAH. Although various studies have
different protocols. they consistently show that physical exercise programs can improve functional capacity in
PAH patientss’zo'zz. There are several mechanisms that can influence the increase in functional capacity in
subjects undergoing physical exercise programs. such as improvement in right ventricular function. increased
adaptation and strength of respiratory muscles. and increased strength and endurance of skeletal muscles.
Additionally. at the molecular level. physical exercise can reduce inflammatory mediators such as Th17
lymphocytes. tumor necrosis factor a (TNF-a) IL-1. and IL-6. which play a role in inducing inflammation in
patients with pulmonary hypertension7'22.

In this study. a significant decrease in PVR was found. indicating a greater reduction in PVR in the intervention
group undergoing a 4-week physical exercise program compared to the control group. The decrease in PVR
values in the intervention group aligns with the study conducted by Ehlken. providing physical exercise for a
total of 15 weeks in PAH patientszo. Physical exercise is known to reduce the processes of inflammation.
fibrosis. apoptosis. and proliferation of smooth muscle cells in the pulmonary artery. leading to a decrease in
pulmonary vascular resistance’. Previous study conducted physical exercise for 5 weeks in rats induced with
PAH. and the results showed a 46% reduction in the thickness of the pulmonary artery diameter compared to
the control group23. Another study also conducted research on rats induced with PAH. and the pulmonary
vascular resistance values measured using echocardiography at the end of the study correlated with a
decrease in the thickness of the pulmonary artery wall*. Thus, it can be concluded that physical exercise is
beneficial for inhibiting pulmonary vascular remodeling. the main cause of increased pulmonary vascular
resistance and mean pulmonary artery pressure.

Conclusions

This study demonstrates the effectiveness of a 4-week physical exercise program, as evidenced by the
significant improvement in the differences in 6MWD. VO2 peak and PVR measured by echocardiography.
Therefore, this exercise program can be implemented as part of the rehabilitation program for PAH patients at
RSUP M Djamil especially and in various other cardiovascular health centers as a safe easy and effective
management effort to enhance the quality of life and prognosis. Some limitations of this study include not
measuring other variables that contribute to the increase in VO2 peak such as respiratory muscle strength
skeletal muscle strength increased pulmonary blood flow and molecular changes in PAH patients after the
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exercise program. Additionally in this study, right heart catheterization measurements were not repeated after
patients underwent the exercise program to reassess PVR invasively.
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