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The Effect of Pulmonary Rehabilitation on
Echocardiographic Parameters and Quality of
Life in Patients with Primary Lung Disease

ABSTRACT

Background: The authors aimed to evaluate the effects of pulmonary rehabilitation (PR)
onrespiratory and echocardiographic parameters in patients with primary lung disease.

Methods: This retrospective cohort study included 55 patients who were admitted to the
authors' hospital between January 2018 and December 2019 with respiratory complaints,
diagnosed with primary lung disease and underwent PR. Echocardiographic parameters,
respiratory parameters, 6-minute walk distance (6-MWT), body mass index, Modified
Medical Research Council (MMRC) dyspnea score, and quality of life measurement score
values measured before and after PR were retrieved from the patient database.

Results: After PR, a significant improvement was observed in systolic pulmonary artery
pressure (PABs), Tricuspid annular plane systolic excursion (TAPSE), TAPSE/PABs, and
6-minute walk test (6-MWT) compared to before PR. As the effectiveness of PR at qual-
ity of life was evaluated with the SF-36 test, improvement was foundin all variablesin the
asthma group. However, a statistically significantimprovement was found in parameters
other than general health and pain in the chronic obstructive pulmonary disease (COPD)

group.

Conclusion: Pulmonary rehabilitation in patients with chronic lung disease is associated
with improvementin both respiratory and cardiac functions and quality of life.

Keywords: Pulmonary rehabilitation, echocardiography, right ventricular functions,
chronic obstructive pulmonary disease, asthma

INTRODUCTION

Pulmonary rehabilitation (PR) is a treatment designed to improve the physical and
psychological condition of people with chronic respiratory disease and to promote
long-term adherence to health-promoting behaviors. Pulmonary rehabilitation is
a comprehensive intervention that includes individualized exercise training, edu-
cation, and behavior modification following a thorough patient assessment."?
Pulmonary rehabilitation has demonstrated physiological, symptom-reducing,
psychosocial, and health economic benefitsin multiple outcome areas for patients
with chronic respiratory diseases (COPD,? interstitial lung disease,* bronchiecta-
sis,® cystic fibrosis,® asthma,” pulmonary hypertension,® lung cancer,’ lung volume
reduction surgery,” and lung transplantation™).

Patients with chronicrespiratory diseases experience disabling symptoms (includ-
ing dyspnea and fatigue) and exercise intolerance have low physical activity levels
and impaired quality of life. Pulmonary rehabilitation reduces patients’' symptoms
and improves limb muscle function, exercise capacity, emotional function, qual-
ity of life, knowledge, and self-efficacy. Pulmonary rehabilitation isimplemented
by a dedicated, interdisciplinary team, including physicians, and other health care
professionals; the latter may include physiotherapists, respiratory therapists,
nurses, psychologists, behavioral specialists, exercise physiologists, nutritionists,
occupational therapists, and social workers."?
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Pulmonary rehabilitation programs (sessions) may be con-
ducted in hospital, outpatient, or home settings. Most of the
research hasinvolved outpatient PR programs with 1to 3 vis-
its per week over a period of at least 8 weeks. The essential
components of PR include an initial center-based assess-
ment conducted by a healthcare professional, an exercise
test performed at the time of assessment, a field exercise
test, quality-of-life measurement, dyspnea assessment,
evaluation of nutritional and occupational status, endurance
and resistance training, an individually prescribed and pro-
gressively adjusted exercise program, and a multidisciplinary
team that includes healthcare professionals experienced in
exercise prescription and progression. Additionally, health-
care professionals must be adequately trained to deliver the
components of the implemented rehabilitation model.™

Studies showed improvements in exercise capacity and
some items of pulmonary function tests (PFT), Saint George
Respiratory Questionnaire (SGRQ) scores, and BODE indexes
of patients after PR programs.™* Diaphragmatic thickness
at the end of expiration also significantly improved after PR
and was positively correlated with functional performance.™

Cardiac effects of PR are not well-known (except pulmo-
nary hypertension) compared to the pulmonary effects of
PR in patients with chronic respiratory disease. There is a
limited number of studies on the cardiac effects of PR, and
these studies were generally limited to the idiopathic pulmo-
nary hypertension and chronic thromboembolic pulmonary
hypertension groups. In these studies, the 6-minute walk
distance (6-MWT), which is a mortality predictor of pulmo-
nary hypertension andis used in the diagnosis and treatment
of pulmonary hypertension, was utilized as the basic param-
eter.” In this study, the authors aimed to investigate the
effects of PR on respiratory and echocardiographic param-
eters as well as health related quality of life in subjects with
primary pulmonary disease.

METHOD

Study Design
Thisretrospective cohortstudy wasconductedinaccordance
with the guidelines recommended in the Declaration of
Helsinki. The present study was approved by an Institutional
Review Board (29/4/2020/71). Artificial intelligence (Al)—
assisted technologies (such as Large Language Models
[LLMs], chatbots, orimage generators) were not used at any
stage of the presented study.

HIGHLIGHTS

e Pulmonary rehabilitation in patients with chronic lung
disease is associated with improvement in both respira-
tory and cardiac functions and quality of life.

e After PR, significant improvement was found in PABs,
TAPSE, TAPSE/PABs, and 6-MWT compared to before
PR.

e When the effectiveness of PR at quality of life was eval-
uated with the SF-36 test, improvement was found in all
variablesin the asthma group.
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Study Participants

We enrolled adult subjects who presented with respiratory
symptoms to the chest diseases clinic secondary to primary
lung disease and underwent PR between January 2018 and
December 2019. Exclusion criteria were acute pulmonary
embolism, acute pulmonary edema, and acute coronary
syndrome. Patients who had a change in their medical treat-
mentduring the PR period were also excluded from the study
(n=10). In addition, patients who did not undergo echocar-
diographic evaluation before and after respiratory physio-
therapy were not included in the study (n=13). A total of 55
patients were included in the study.

Data Collection
Respiratory and echocardiographic data of the patients
before and after PR were retrieved from the hospital elec-
tronic database.

Body mass index (BMI) was calculated using the formula of
body weight (kg)/height® (m?). Biochemical analyses were
conducted on venous blood samples taken after 12 hours of
fasting.

Echocardiography

Echocardiographic evaluation was performed before
and after PR by the same operator with a Philips Vivid 3
device. Ejection fraction was calculated using the modified
Simpson's method. Pulmonary arterial pressure was calcu-
lated using the peak velocity on the tricuspid valve in apical
4-chamber imaging. TAPSE was evaluated using M mode
echocardiography in the lateral tricuspid annulus.

Pulmonary Function Testing

All patients performed a PFT (Cosmed Pony FX Desktop
Spirometer—MIR Intermedical Spirolab Spirometer) accord-
ing to American Thoracic Society/European Respiratory
Society (ATS/ERS) guidelines. Pulmonary function testings
were forced expiratory volumein1second (FEV1), forced vital
capacity (FVC), and FEV1/FVC.

Six-Minute Walk Test

The 6-MWT was performed in accordance with the ATS/ERS
guidelines, and parameters such as dyspnea (mMRC scale),
oxygen saturation (SpO,), blood pressure, and pulse rate
were measured at the beginning and end of the test. Each
patient was asked to walk at his or her own pace to cover
the maximum distance possible in the allotted time. The dis-
tance covered by the patientin 6 minutes was recorded and
reported in meters.

Psychometric Evaluation

The Survey Short Form 36-item questionnaire (SF-36) was
used to assess quality of life. Processing the answers of a
participant comprises the calculation of 10 scores corre-
sponding to 8 scales measuring several aspects of perceived
health and 2 summary components (physical and mental).
The Hospital Anxiety and Depression Scale (HADS) was used
for detecting states of depression and anxiety in patients
(HADS; scores range from O to 42, with higher scores indi-
cating worse symptoms). The Asthma Control Test (ACT)
was used to measure the control in asthma patients. The
ACT is a patient-completed questionnaire and consists of
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5 items evaluating different dimensions of asthma control
over the preceding 4 weeks (limitation of activities, short-
ness of breath, awakenings at night, use of reliever medica-
tion, and own perception of asthma control). Each question
has 5 response levels, resulting in scores of 1-5. The sum of
all scores gives the total ACT score, ranging from 5 (poorest
asthma control) to 25 (optimal asthma control). The COPD
assesment test (CAT) was used to measure symptom con-
trol in COPD patients. There are 8 questions in total in the
scale, which is scored as an increasing Likert scale between
0 and 5. The Turkish validity and reliability study of the scale
was conducted by Yorgancioglu et al and reported to be
appropriate.

Pulmonary Rehabilitation Program

The patients attended a structured, comprehensive PR pro-
gram including 16 sessions over 8 weeks. Pulmonary rehabili-
tation program was institution-based and performed under
the supervision of a qualified physiotherapist at a hospital.
The PR program consisted of stretching of upper and lower
extremity muscles, breathing exercises, supervised endur-
ance and resistance training, self-management, and patient
education. Breathing exercises lasted for 30 minutes in each
session; diaphragmatic and pursed-lip breathing were per-
formed on patients with COPD. A stationary cycle ergom-
eter exercise was performed for 30 minutes, twice a week,
to determine the training heart rate. The training heart
rate was calculated using the results of the 6-MWT, accord-
ing to the following formula: [(max HR — resting HR) X (60%
or 70%)] +resting HR (moderate to high-intensity exercise
training). The training was performed under the supervi-
sion of a physiotherapist, and the heart rate was monitored
continuously.

Statistical Analysis

SPSS, version 17.0 (SPSS Inc., Chicago, Ill, USA) was used for
performing all statistical analyses of the present study. A
level of P < .05 was defined as statistically significant. One-
sample Kolmogorov-Smirnov and Shapiro-Wilk tests were
used to assess the distribution of the data. Normally dis-
tributed continuous variables are defined as the mean and
SD, and non-normally distributed continuous variables are
defined as the median and interquartile range. Categorical
variables are described as numbers and percentages. To
compare sample characteristics before and after PR, paired
t-tests and Wilcoxon Signed-Rank tests were conducted for
normally distributed parameters and non-normally distrib-
uted parameters, respectively.

RESULTS

A total of 55 patients, 27 of whom were women, were
included in the study. The mean age, height, weight, and
BMI of the sample were 57.35 (£12.76), 161.95 (+9.48), 80.7
(£15.67), and 30.99 (+6.50), respectively. About 32 (58.18%)
of the participants had asthma, and 23 (41.82%) had COPD.
About 26 (47.3%) of the participants were active smokers.
This table also presents the same features for both con-
ditions (asthma and COPD) separately. While women are
more frequentin the asthma group, men are more frequent
in the COPD group. Active smoking is more common in the
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Table 1. General Characteristics of the Study Population

Asthma,n (%) COPD,n (%)
Variables Total =55 32(58.18%) 23(41.82%)
Gender 28(50.9)/ 6(18.8)/ 22(95.7)/
(male/female) % 27 (491) 26 (81.2) 1(4.3)
Age (years) 57.35(+12.76) 54.06 (+13.13)  61.91(10.94)
Height (cm) 16195 (+9.48) 158.25(+9.52) 167.09 (6.74)
Weight (kg) 80.7 (£15.67) 82.47 (£17.48) 78.23(+12.70)
BMI (kg/m?) 30.99 (+£6.50) 3314 (+713) 2799 (+3.97)
Cigarette 26 (47.3) 7 (21.9) 19 (82.6)
smokers (n, %)
Cigarette 40 (35) 0(0) 40 (35)
(Pocket/year)

COPD group. Mean BMI was higher in the asthma group
[33.14 (+713)] compared to the COPD group [27.99 (+3.97)]
(Table 1).

A statistically significant difference was found between
the PABs, TAPSE, and TAPSE/PABs values of the population
before and after PR (Table 2).

Improvement was observed in the PFT parameters of the
patients. However, since these values were performed with
different devices, the values were notincluded in the study.

A statistically significant difference was found between the
6-MWT, mMRC scale, ACT, physical function, physical roll

Table 2. Functional and Echocardiographic Parameters of the
Entire Population Before and After Pulmonary Rehabilitation

Variables Pre Post P
EF (%) 60 (0) 60 (0) .439
PABs (mm Hg) 2791 (+6.07) 23.67 (+3.60) .006
TAPSE (mm) 21.64 (+5.75) 23.56 (£4.11) <.001
TAPSE (mm)/ 0.81+0.28 1.01+0.24 <.001
sPAB (mm Hg)

6-MWT 407.29 (+106.79)  501.81(+144.95) <.001
mMRC scale 2(1 1(2) <.001
ACT (only 16.53 (+3.93) 20.34 (+4.31) <.001
Asthma)

SF-36 Physical 59 (+24.24) 73.91(+24.30) <.001
function

SF-36 Physical 6(100) 75 (50) <.001
roll function

SF-36 General 41.84 (+£24.94) 52.87 (+21.82) .003
health

SF-36 Mental 5913 (+20.44) 75.42 (+15.27) <.001
health

SF-36 Pain 74 (58) 100 (28) .006
SF-36 Vitality 51.55(+20.48) 6791 (£16.77) <.001
Anxiety 6.45 (+3.67) 4.85 (+3.60) <.001
Depression 5.31(+3.88) 3.42 (+3.36) <.001

EF, Ejection Fraction, PABs, Systolic Pulmonary Artery Pressure, TAPSE,
Tricuspid Annular Plane Systolic Excursion, mMRC, Modified Medical
Research Council, 6-MWT, six-minute walk distance; SF-36, Short Form
36-item questionnaire.
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Table 3. Functional and Echocardiographic Parameters of the Astma and COPD Groups Before and After Pulmonary

Rehabilitation

Asthma, n (%); 32 (58.18%)

COPD, n (%); 23 (41.82%)

Variables Pre Post P Pre Post P

EF (%) 60 (5) 60 (5) .405 60 (0) 60 (0) 99

PABs (mm Hg) 28.06 +6.73 23.34 +4.29 <.001 27.70 £517 2413 +2.34 .006
TAPSE (mm) 21.38 £5.59 23.63+4.04 .023 22.00+6.07 23.48 +4.31 127
TAPSE (mm)/sPAB (mm Hg) 0.81+0.29 1.04+0.26 <.001 0.82+0.26 098 +0.22 .006
6-MWT 396.06 +83.84 48991+ 13415 <.001 431.64 +129.05 51914 +161.02 <.001
mMRC scale 1.5(1) 1(1) <.001 2(2) 1(2) .004
ACT (only asthma) 16.53+3.93 20.34 + 4.31 <.001 - - -

SF-36 Physical function 45.41+23.49 70.00 +25.37 .003 62.61+25.31 79.35+2212 <.001
SF-36 Physical roll function 0(100) 75 (50) .006 50 (100) 100 (25) .005
SF-36 General health 42.69 +24.87 5713 +18.49 .002 40.65 +25.53 4696 +2498 .316
SF-36 Mental health 5613 +21.71 74.75 +16.89 <.001 63.30+18.16 76.35+12.99 .003
SF-36 Pain 62 (47) 74 (38) .007 100 (26) 100 (16) .503
SF-36 Vitality 48.28 +21.08 67.81+17.96 <.001 56.09 +1913 68.04 +15.36 .009
Anxiety 709 +4.04 5.56 +3.93 0N 5.57+292 3.87+290 .004
Depression 5.69 +4.48 3.69 +3.69 .009 4.78 +2.86 3.04+2.87 .018

EF, Ejection Fraction, PABs, Systolic Pulmonary Artery Pressure, TAPSE, Tricuspid Annular Plane Systolic Excursion, mMMRC, Modified Medical
Research Council, 6-MWT, six-minute walk distance; SF-36, Short Form 36-item questionnaire.

function, general health, mental health, pain, vitality, anxi-
ety, and depression values of the population before and after
PR (Table 2).

Meanwhile, the same statistics were made separately
for each disease (asthma and COPD) (Table 3); in asthma
patients, the results were similar to the entire population’s
results. However, in COPD patients, there was a statistically
significant difference between pre- and post-PR values of
PABs, TAPSE/PABs, 6-MWT, mMRC scale, physical function,
physical roll function, mental health, vitality, anxiety, and
depression. In contrast, in COPD patients, EF, TAPSE, general
health, and pain were not statistically significantly different
before and after the PR.

DISCUSSION

This multidisciplinary study has shown that PR improves
echocardiographic parameters as well as health-related
quality of life in subjects with primary pulmonary disease and
may be a potential approach to prevent the development of
pulmonary hypertensioninsuch patients. In this study, 16 ses-
sions of PR over 8 weeks were applied to patients who were
symptomatic despite optimal asthma or COPD treatment.
Physical and psychosocial parameters and cardiac functions
were evaluated before and after PR. The echocardiographic
evaluation of the cardiac effects of PR distinguishes this
study from other studies.

In this study, the 6-MWT, which is one of the important
parameters used in the follow-up and treatment of pul-
monary hypertension, improved significantly after PR. This
improvement is statistically significant in both asthma and
COPD groups. When PR efficacy was evaluated with the
SF-36 test, improvement was observed in all variables in
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the asthma group. However, this level of efficacy was not
achieved in the COPD group. These results may be related
to the higher disease awareness and treatment adherence
in the asthma patient group. The BMI of the asthma group
is higher than that of the COPD group. This may explain the
greater improvement in poor quality of life in the asthma
group. The study concluded after 8 weeks of PR. However,
increased physical activity and improved mental well-being
following PR are expected to lead to weight loss, suggest-
ing that long-term improvements may be even more pro-
nounced—especially in the asthma group with a higher BMI.
In overweight patients with asthma, neutrophilic inflam-
mation has been shown to be more pronounced, which may
be mitigated by weight loss and exercise.” Although asth-
matic patients might display a slightly lower baseline exer-
cise capacity, this difference is generally not significant,
and those with lower exercise capacity may experience a
relatively greater benefit from PR." Moreover, the typically
younger age and better treatment and exercise compliance
in asthmatic patients may further enhance PR outcomes.

In contrast, many COPD patients experience exercise-
induced desaturation, which can negatively affect exercise
capacity and increase pulmonary vascular resistance dur-
ing exertion.” Exercise training itself appears to improve
right heart function through mechanisms such as myocardial
remodeling, increased capillarization, and reduced systemic
inflammation.” However, because COPD is a chronic and
progressive disease, the development of right heart dys-
function in these patients is often long-standing and irre-
versible. This may explain the less pronounced improvement
in right ventricular function in response to short-term PR.2°
Additionally, respiratory exercisesin PR can improve oxygen-
ation and indirectly benefit right heart performance, while
enhanced peripheral muscle strength may facilitate better
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capillarization and venous return.”?* Moderate-to-high-
intensity exercise training has also been associated with
increased endurance by delaying the onset of lactic acido-
sis, thereby reducing acidosis and hypercapnia—all of which
favorably impact right heart pressures.?

There is limited research on the cardiac effects of PR. There
is controversy regarding the effects of exercise in patients
with severe pulmonary hypertension. In the past, some phy-
sicians have evenrecommended avoiding physical exercisein
this patient group.? However, studies on patient coronary
artery disease and severe left heart failure have shown that
exercise has positive effects on endothelial function, exercise
capacity, and quality of life.#%24 Improvements in functional
capacity and respiratory functions were demonstrated with
a medically supervised treadmill program in group 1 pulmo-
nary hypertension patients.? In a multicenter study evaluat-
ing the effects of exercise training in PAH/CTEPH patients,
improvements were observed in 6-MWT, quality of life, WHO
functional class, and peak oxygen consumption during exer-
cise after exercise programs conducted both in and out of
the hospital.?

In this study, no change was observedinleft heart functions
after PR, which is consistent with other studies. However,
after PR, sPAB decreased, and TAPSE and TAPSE/sPAB
ratios increased. This is an indicator of improvement in
right ventricular functions after PR. Since right ventricular
longitudinal contraction provides 80% of right ventricular
function, TAPSE is an important marker in the assessment
of right ventricular function.”? However, the geometry
of the right ventricle is relatively difficult to understand
compared to the symmetrical left ventricle. Therefore,
the incorporation of echocardiographic parameters other
than TAPSE and systolic pulmonary artery pressure, and
the use of cardiac MR into the clinical practice should be
accelerated.?® There are studies evaluating the effects
of PR on right ventricular function with different imaging
modalities. In a study examining the effects of PR on right
heart function using cardiac MRI, a significant reduction in
patients’ dyspnea complaints was observed after PR, while
a slight reduction in RV GLS and RV mass was observed.?’
In another study investigating the effects of intensive
endurance exercise in athletes, a decrease in RV fractional
area change and tricuspid annular plane systolic excursion
was observed following intensive exercise.®® It is widely
accepted that the cardiac effects of PRare related to exer-
cise intensity. However, there is no consensus on the exer-
cise program to be applied according to the severity of the
disease and the type of disease.

The mechanism of the beneficial effects of PR on pulmonary
hypertension PABs and TAPSE is not fully understood. There
are some theories regarding the mechanism of action of PR
on pulmonary hypertension. Improvementin exercise capac-
ity after PR was associated with regressionin muscle atrophy,
improvement in muscular metabolism, and gas exchange.
However, the improvement in ventilation capacity also has
an effect on this process.” It has been stated that it is asso-
ciated with changes in inflammatory mediators, endothelial
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nitric oxide synthase activity, and decreased vascular oxida-
tive stress in this patient group.*

Study Limitations

The limited number of patientsincluded in this study and the
absence of a control group limit the impact of the study on
clinical practice. However, considering the positive results
of PR, the presence of a control group that did not receive
PR would cause ethical problems. Pulmonary function tests
were performed before and after PRin the patients who par-
ticipated in this study, and improvement was observed in the
PFT parameters of the patients. However, since these values
were performed with different devices, the values were not
included in the study. The possible positive effects of weight
lossin patients during the PR process could not be evaluated.

Anotherlimitationisthatthe PRintensity appliedinthe study
could not be classified and the cardiac effects of PRintensity
were not evaluated. In addition, the fact that fractional area
change was not calculated in the evaluation of right ven-
tricular function in patients represents another limitation of
the study. Moreover, there were no Brain Natriuretic Peptide
measurements in this study.

CONCLUSION

In patients with primary lung disease, a significant improve-
ment was achieved in the pulmonary, cardiac, physical, and
psychological functions of the patients with PR.
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