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Abstract

Background: Heart failure (HF) is a morbid illness with a high mortality rate. Patients
with HF necessitate a cardiac rehabilitation (CR) program that is a planned, lasting
care, which is highly cost-effective in lowering hospital admissions and improving
quality of life. Objective: This study aimed to compare the effects of diaphragmatic
breathing and incentive spirometry on endurance levels in patients with mild heart
failure. Materials and Methods: An experimental study, single-blinded design. Forty-
five patients (25 males and 20 females) diagnosed with mild HF were nominated from
the cardiac unit in King Abdulaziz University Hospital, Jeddah, KSA. The age range was
45-75, and subjects were randomly allocated to three equal groups: the diaphragmatic
breathing (DB) group, the incentive spirometer group, and the control group. They
were evaluated pre- and post-cardiac rehabilitation. Results: The results displayed a
statistically significant increase in the six-minute walk test (6MWT) post-intervention
compared to pre-intervention in the DB group (p = 0.03), indicating the efficacy of DB
based on 6MWT results. However, there was a significant improvement in the rating of
perceived exertion on the Borg scale post-intervention compared to pre-intervention
in DB (p = 0.01). As well, there was a statistically significant improvement in oxygen
saturation post-intervention in the control group. Indicating the efficacy of training on
oxygen saturation. Conclusion: The results revealed a significant effect of the DB on
hemodynamic indices and an improvement in cardiac function.

Keywords: Heart Failure; Cardiac Rehabilitation; Diaphragmatic Breathing;
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Introduction

eart failure (HF) is an eternal
ailment where the heart is unable
to drive adequate blood and

oxygen to meet the body’s needs. Mild HF
symptoms include exhaustion or dyspnea
during climbing stairs or walking uphill.
Conversely, light physical activity is done
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with no symptoms. Exercise training
initiates muscle strength and improves
exercise capacity, which is vital in HF
treatment. Cardiac rehabilitation (CR) is
important due to its physiological benefits,
including increasing the maximum amount
of oxygen (VO,max), coronary circulation,
and endothelial function. Awareness
of the importance of CR needs to be
enhanced [1].
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Cardiac rehabilitation’s primary objectives include
enhancing prognosis by reducing morbidity and mortality,
restoring exercise capacity and quality of life (QOL),
preventing disease progression through the correction
of risk factors, improving pharmacological, social, and
professional status, and improving the patients self-
care skills [2]. CR for acute mild HF showed better
prognosis, increased drug compliance, initiated tobacco
cessation in smokers, and reduced readmission and acute
mild HF recurrence. CR health benefits following acute
mild HF are significant, centering on relapse and death.
Correcting cardiovascular risk factors, improving drug
compliance, and conducting frequent follow-up are
vital [3]. Consistent CR was not associated with a better
prognosis beyond six months after discharge [4].

Circulatory system diseases are among the most
serious medical conditions in both developing and
developed countries. Incidence of this condition, which
is currently the top cause of mortality worldwide, is
predicted to continually increase up to 23.3 million cases
in2030[1]. HF isa common serious disease with a negative
prognosis. It is described as the heart muscle’s inability
to pump sufficient oxygen and blood to the peripheral
tissues, resulting in an insufficient supply of tissue energy
[2]. The most frequent HF causes are coronary artery
disease (CAD), diabetes, and hypertension; although, it
has been found that hypertension and diabetes are higher
risk factors in older women than CAD and smoking are
in older males [3]. According to the above, HF patients
experience fatigue and dyspnea on exertion and, in
more advanced HEF, even during rest [2]. It’s important
to realize that, in patients with HF, increasing breathing
effort, which worsens dyspnea and restricts everyday
activities, may result in impaired strength and endurance
of the respiratory muscles [4].

Cardiac rehabilitation is a planned interference
aiming to improve CAD clinical signs. The diverse CR
forms, including moderate intensity continuous training
(MICT), high intensity interval training (HIIT), Nordic
walking (NW), and home-based cardiac rehabilitation
(HBCR), taming exercise capacity, quality of life (QOL),
and declining disease rates and death [2].

Exercises can improve oxygen saturation and
QOL in people with HF, according to a systematic review
study that included 27 studies [1]. However, exercise
plans must encourage sedentary patients to start and
sustain a dynamic routine, therefore reducing the risk
of CVD in the future [5]. Exercise training (ET), which
can result in muscle hypertrophy, increased muscular
and subsequently improved exercise capacity, is one of
the most essential components of cardiac rehabilitation,
which is a crucial aspect of the treatment strategies for
HE In addition, ET programs have regularly been used
in the CR of HF patients, using wide-ranging, continuous
or intermittent, aerobic or resistance exercise protocols
at varying intensities [2].
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Deep breathing exercises are used to improve
breathing and functional performance. It supports
ventilation and oxygenation by enhancing the function
of the respiratory muscles [1]. Additionally, positioning
and breathing exercises can be performed to minimize
effort and improve respiratory muscle performance.
Tolerable physical activity can be controlled to enhance
tissue perfusion and promote circulation. Patients with
HF are advised to participate in regular physical activity
or exercise, as it is both safe and effective [1]. As well, the
incentive spirometer (IS) is a device used to elevate trans-
pulmonary pressure and inspiratory volumes, enhance the
performance of the inspiratory muscles, and restore or
enhance the normal pattern of lung inflation in patients
with respiratory problems [6]. Hence, offers visual
feedback and promotes deep inspiratory effort eaching
total lung capacity (TLC). These two methods are easy
to complete and depend on the patient’s participation
[7]. However, there is still a need for a current, systematic
review and meta-analysis of all clinical trials focusing on
how ET affects specific clinical and functional outcomes
of CR [2].

A limited number of studies have been conducted
on deep breathing exercises with HF patients, and none
have examined the effects of incentive spirometers.
Thus, the present study objective was to combine these
two methods to compare the effects of diaphragmatic
breathing and incentive spirometer exercise on the
endurance level in patients with mild HF in Jeddah,
Saudi Arabia.

Heart failure is described as the heart muscle’s
inability to supply the peripheral tissues with sufficient
blood and oxygen, resulting in an inadequate supply of
tissue energy [2]. Patients with both acute and chronic
HF were, on average, between 57 and 60 years old,
according to a national multi-center survey conducted
in Saudi Arabia that has a 10-year younger median
age than the developed nations like the United States,
Japan,and Europe. The reasons are diverse, butimportant
risk factors for HF and CAD include a high prevalence
of diabetes mellitus and hypertension. Socioeconomic
change and the consumption of high-calorie foods are
the primary causes of the rise in obesity. Other reasons
include a high prevalence of smoking [8]. Cardiovascular
rehabilitation should be a targeted intervention utilizing
standard procedures tailored to the specific needs of
cardiovascular patients. A systematic review of 27
studies revealed that deep breathing exercises, motion-
activated range of motion, and physical activity can all
increase oxygenation [5]. Acute myocardial infarction
(AMI), post-myocardial re-vascularization or heart
transplants, stable chronic angina, and chronic HF are
all indicated for CR [7]. A review shows exercise therapy
in congestive HF patients. The summary of results
involving exercise training or electric muscle stimulation
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with acute decompensating HF mentions the safety and
benefits of early mobility via exercise; hence, it must be
put into practice since ICU admission if not medically
contraindicated [9].

Preceding studies have almost exclusively focused on
incentive spirometer management with coronary artery
bypass graft, cardiac, and thoracic surgeries, but no
trials have explained its impact in patients with HF
[6]. Exercise tests on a cycle or treadmill are not
recommended for patients with HF who are elderly,
weak, or seriously disabled, since they may not accurately
assess their ability to carry out daily tasks. For individuals
with chronic pulmonary diseases, walking tests have
proven to be effective as indicators of progress. The
6-minute walk test ((0MWT) was given six times over the
course of three months to 18 patients with chronic HF
and 25 patients with chronic pulmonary disorders. The
O6MWT, according to the authors, is a valuable indicator
of physical capacity [8]. Endurance assessment showed
that the 6MWT distance was significantly increased (p <
0.01), and 6MWT detects the possible values of walking
as an objective measure of exercise capacity in patients
with chronic HF [10].

Mostly, there are numerous techniques for both
healthy and ill patients to boost their cardiorespiratory
endurance. Along with structured ET programs, a lifestyle
approach can be used to encourage physical activity. The
former strategy encourages regular daily activities, such
as brisk walking, using the stairs instead of the elevator,
doing more household chores and gardening, and
participatinginactiveleisureactivities. Both strategies have
been proposed for CHE, but only the organized physical
activity (ET) strategy will be covered in the current paper
(as lifestyle changes are presented extensively elsewhere)
[5]. To achieve the intended results while keeping a fair
degree of risk control, it is essential to identify the right
and sufficient amount of training intensity. Since there
is no accepted standard for recommending exercise in
CHE a personalized strategy involving rigorous clinical
examination and consideration of behavioral traits,
individual goals, and preferences is advised [11].

Several aspects highlight the differences in training
methods. Eight variables need to be considered: type
(endurance, resistance, and strength); intensity (aerobic
and anaerobic); control (supervised and unsupervised);
application (systemic, regional, and respiratory muscle);
and setting (hospital/center- and home-based). Three
diverse exercise modes have been planned in various
combinations: continuous and intermittent aerobic
endurance, power/resistance, and respiratory [12].
Continuous aerobic exercise is often carried out in steady-
state conditions, allowing patients to complete lengthy
exercise sessions of 45 to 60 minutes at moderate to
high exercise intensities, thereby yielding aerobic energy.
Owing to its well-established status, proven efficacy, and
safety, it is the most highly advised mode of instruction
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in the guidelines. Since it is simple to teach and practice
via cycle ergometers or treadmills, it is widely recognized
[13].

Recommendations include starting slowly and
gradually increasing intensity for more deconditioned
individuals (at low intensities for 5-10 minutes, twice
weekly). If endured, exercise sessions are added more
frequently, with a goal of 20 to 60 minutes, three to five
days/week, at moderate to high intensity, and in endless
programs [14]. Heart rate (HR), HR reserve (HRR =
difference between the basal and peak HR), and rating
of perceived exertion (RPE) have been proposed as
indirect methods to monitor work during stress tests or
a 6 MWT because the cardiopulmonary stress test is not
routinely performed in clinical practice. It is advised to
use a “training HRR range” of 40: 70% HRR and 10/20-
14/20 of RPE. It has recently been demonstrated that
periods of continuous exercise are less effective than
interval (or intermittent) training for enhancing exercise
capacity. The patient is asked to alternate short bursts of
moderate-high intensity exercise (50:100% max exercise
capacity) with longer recovery (80—60 s), conducted at
low or no effort, as opposed to the continuous training
regimen [15].

Physical activity stimulates the circulatory system via
the rising oxygen demand of muscles. Steady exercise
training improves cardiovascular functions by increasing
both the heart capacity and blood flow. By raising the
ejection fraction, the efficiency of the cardiac muscle
is improved, and resting HR is lowered. Additionally,
exercises improve vessel wall flexibility and stimulate
dilation, thereby reducing both peripheral resistance
and blood pressure [16]. Altered HR to steady exercise
comprises both physical and functional adaptations.
An increased number of skeletal muscle capillaries
(angiogenesis) improves oxygen delivery to tissues,
which is crucial for improving exercise capacity [17].
Researchers concluded that the exercise dosing for
patients with heart disease differs in customary and
present training interventions, comprising high-intensity
interval training (HITT) [18].

The progressive increase in exercise intensity slowly
improves both cardiopulmonary function and reserve.
The physiological changes may occur through increased
cardiopulmonary function, stimulation of stagnated
blood flow in the body, enhanced skeletal muscle oxygen
uptake capacity, improved peripheral blood flow, and
increased endurance!”. The stimulated weight loss
and reduced adiposity, blood lipids, and BP, besides
improvement in glycemic control, depression, QOL, and
lifestyle, including diet and physical activity [20,21]. The
inclusive, multifactorial daily life interventions, including
vegetarian diets and psycho-social adaptation, had a
major influence, including lowered cardio-metabolic risk
and improved the psycho-social well-being in patients
with chronic CVD [22]. The present study was conducted
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to compare diaphragmatic breathing and incentive
spirometer use on the endurance level in patients with
mild heart failure in Jeddah, Saudi Arabia.

Materials and Methods

Forty-five patients with mild heart failure, whose ages
ranged from 45 to 75 years, were selected from the
cardiac inpatient unit of King Abdulaziz University
Hospital (IKAUH) in Jeddah. However, exclusion criteria
included patients with moderate & severe HE, unstable
angina pectoris at the moment of selection or
during the program, complex ventricular arrhythmia,
uncontrolled arrhythmia, congestive decompensated
heart failure, uncontrolled high blood pressure, and
cerebrovascular  accident.  Serious  hemodynamic
disturbances during the intervention (e.g, shock,
severe uncontrolled blood pressure). Complications
affecting hemodynamic state, such as neuromuscular
disorders, bleeding, smoking, chronic obstructive
pulmonary disease, renal dysfunction requiring
dialysis, and a history of previous open heart or
pulmonary surgery. Aneurysm or cardiovascular
instability, complete heart block dependent on an
external cardiac pacemaker. Symptoms of influenza or
fever during the evaluation for the 7days before
the evaluation, and lack of intellectual function.

The study design was a quasi-experimental study.
Where a random sample was included from the patients,
three equal groups (each group with n = 15) were
created. The first group participated in DB and a range
of motion exercise. The second group had IS training
and a range of motion exercises. The third group was
designated as the control group and received aerobic
exercises, strengthening exercises, locomotion training,
and marching balance training on stairs. Program. The
research team evaluated the degree of endurance pre-
and post-intervention. However, the standard exercise
program involved strengthening exercises, functional
exercises, stair climbing, bed mobility, and walking. The
session duration was 30 minutes, three times a week [10].

The Scientific Research Ethical Committee of King
Abdulaziz University Hospital (KAUH) in Jeddah, Saudi
Arabia, received the IRB approval on September 1, 2024,
from the research team and approved this study. All
patients signed consent forms preceding participation in
the study.

Assessing the endurance level pre- and post-intervention
for in-patients diagnosed with acute HE, these measures
included:
* Six-minute walk test (6MWT): A well-tolerated
test for determining functional ability [19]. The
American Thoracic Society’s statement provides
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detailed instructions on methods. This is used
to assess the prognosis without the need for
specialized equipment [20]. The 6MWT is a valid
and reliable method for assessing functional
ability in phase II/III CR. An effect of 6% was
noted over the three walks; still, it is unknown if
this will be reserved (Table 1) [21]. The 6MWT
should ideally be completed on a hard surface,
a straight, flat corridor that is at least 30 meters
long, The patient must be relaxed, take their
medications as prescribed, and wear comfortable
clothing and shoes. The supervisor noted resting
oxygen saturation, heart rate, blood pressure, and
a dyspnea and tiredness rating on the Borg scale.
The patient is prepared to start the test once they
have grasped the instructions. Every 3 meters on
the walking route must be indicated, and it’s a
good idea to put cones in the turnarounds. The
participants in the test must move at an appropriate
pace, but they are free to pause or slow down if
needed and then resume their pace as soon as they
feel ready. The supervisor is constantly present,
encouraging the patient with platitudes such as
“You are doing well” and “Keep up the excellent
job.”” As a conclusion, the supervisor again notes
the dyspnea and tiredness scores on the Borg scale,
and may also measure arterial blood pressure,
heart rate, and oxygen saturation. The 6MWD is
computed after the number of laps and the added
distance are recorded [19].

Qualityoflife (QOL)asmeasuredbytheMinnesota
living with HF questionnaire (MLHFQ): The
MLHFQ is a direct indicator of one of the two
ultimate outcomes of public interest; its principal
benefit is as a therapy efficacy measure (Table
2). In general, substantially smaller studies are
required to identify a significant effect when
a device is predicted to mitigate the negative
effects of HF than are necessary to detect a
significant decline in death, the alternative end
outcome. The impact of various HF treatment
devices has been and can still be studied using
the MLHFQ. However, the scoring procedure
was based on an assessment that aims to quantify
(provide a reliable and valid numeric score) the
opposing effects of HF on a patient’s life, guiding
healthcare and measuring the outcome. The 21
questions measure the importance of disease
signs and symptoms. Shortness of breath, fatigue,
peripheral edema, and frequently occurring
depressive symptoms. Other questions inquire
about how common physical and social activities,
such as walking, climbing stairs, housework, the
need for relaxation and sleep, work, going away
from home, participating in activities with a family
member or friend, leisure activities, sexual activity,
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and diet, are. Concentration, memory, absence

of self-control, and feelings of burdensomeness

to others. To evaluate the total negative impacts
of HF on patients’ lives, treatment side effects,
hospitalization, and medical charges. The

responses range from 0 (no), 1 (very little) to 5

(greatly) [22].

New York Heart Association (NYHA): The

Simple functional classification of HF dates back

almost a century. It is a cornerstone of clinical

documentation, trial enrollment, and candidacy
for therapies in HF since its use is established
in both guidelines and modern practice. It
strongly correlates with both exercise capacity
and prognosis. It’s also widely utilized in routine
clinical practice; it’s simple and very helpful|[20].

A functional outcome measure’s validity and

reliability for use in a research experiment. In

addition to investigating strengths and limitations,
the authors conclude that the NYHA is a valid
assessment of functional states, which differs

from capacity or performance [23].

Target Heart rate (THR): HF is a measure to

evaluate the efficacy of interventions because

ahigher-than-normal resting heart rate is linked to a

lower left ventricular ejection fraction (LVEF) and

a higher relative risk of HF [25]. Heart rate

(HR) is used to calculate exercise intensity via the

Karvonen formula, which reflects the level of

difficulty of exercise. Because heart rate is easily

measured with a small instrument and can even
be measured remotely, the Karvonen formula
is frequently used in physical training and

rehabilitation [14].

e Target heart rate range is
as: HRR = (HRR x desired
intensity) + HRrest (resting HR)

* Heart rate reserve is calculated as: HRR =
HRmax - HRrest [15].

*  Maximum heart rate is calculated as: HRmax =
220 - age, (HR when exerting physical effort to
the maximum) [14].

Rating of perceived exertion (RPE) scale: is

simple, applicable to occupational health and safety

procedures [24]. It is reliable in rating exertion and
validated against HR. Used for assessing patients’
level of physical effort, exertion, dyspnea, and
fatigue during physical activity. The scale (Table
3) includes increased HR, breathing rate, or
increased respiration, increased sweating, and
muscle fatigue. Simple numerical lists make up
the scale. Applicants were requested to level
their exertion during the activity using a scale
that accounts for all physical stress, fatigue, and
sensations. As well as ignore any individual aspect
of exertion (leg pain or shortness of breath) and
concentrate on the overall sense of exertion. RPE

calculated
training

can be used once or repeatedly; it just takes a few
seconds to complete. The participant is instructed
to circle or check the number that, overall during
the past 24 hours, best describes breathlessness
[18].

Diaphragmatic breathing (DB): The muscle used for
breathing most effectively is the diaphragm. The goal of
diaphragmatic breathing is to ensure proper use of the
diaphragm. By lowering heart rate and blood pressure and
promoting relaxation, this breathing method has many
positive effects on the body. It helps to use the diaphragm
correctly while breathing for its strengthening, This
correct use of the diaphragm decreases the quality of
breathing by slowing the breathing rate, reduces the need
for oxygen, and helps breathing that requires less effort
and energy!’l.

The procedures: Instruct the patient to:

* Place the patient on his or her back, with the knees
bent and the head elevated, on a flat surface or in
bed. Put a pillow beneath the knees to support the
legs.

* Put one hand on the upper chest and the other
just below the ribs. This will cause your diaphragm
to move as you breathe, which you will be able to
feel.

* Slowly inhale through your nose to make
your abdomen move out, which will make your
hand rise. Keep your hand as still as you can on
your chest.

* Tightening the patient’s abdominal muscles so that
the abdomen moves in, causing the hands to lower
as exhaustion through pursed lips. The hand on
the upper chest should be as still as possible [17].

Incentive spirometer (IS): It’s a simple piece of

plastic exercise tool for medicinal purposes. An IS helps
strengthen the lungs, maintain lung inflation, and clear
the chest and lungs of mucus and other secretions. After
surgery or a serious disease, it helps return the oxygen
level to normal by using it at least ten times every hour!"®

Procedure: Instruct the patient to perform the

following steps:

* Sit on the bed’s edge as much as the patient can in
bed, sitting up if he/she can’t.

* Hold the IS in an upright position.

* Put the mouthpiece inside the mouth and close
the lips tightly.

* Inhale as slowly and deeply as the patient can. A
yellow piston will be seen rising toward the top of
the column. The yellow piston should reach the
blue-outlined region.

* Hold your breath for at least five seconds, or as
long as the patient can, allowing a slow exhale,
allowing the piston to slowly descend to the
bottom of the column.
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* Every hour the patient is awake, he or she repeats
the first five steps at least ten times while taking a
brief moment to rest.

* Put the yellow indicator on the IS side to display
the patient’s best breath as he/she takes deep, calm
breaths, using the indicator as a goal to strive for.

* Deeply cough to empty the patient’s lungs after
each set of 10 deep breaths. If there is a surgical
incision, firmly press a pillow or towel that has
been rolled up against the incision while coughing
to provide support. Once the patient can safely get
out of bed, go for regular, brief walks and practice
coughing [18].

Data Analysis: The Data collected were reviewed
and manually coded. The numerical codes were input into
the computer for statistical analysis using the Statistical
Package for the Social Sciences, Version 23 (SPSS 23) for
Windows.

* Descriptive statistics: Quantitative data were presented
as means and standard deviations (mean + SD),
and qualitative data were expressed as numbers
and percentages.

* Analytical statistics: Chi-square test (X2) as used
for comparing qualitative (non-numeric) data.
Student’s “t “-test for comparing quantitative
data of 2 independent samples of normally

distributed data. One-way ANOVA test for
comparing quantitative data of more than 2
independent samples of normally distributed
data. The coefficient interval was set to 95%. The
significance level was set in line with the following
probability (P) values: p < 0.05 was considered
statistically significant.

Results

The main aim of the study was to compare the effects
of DB and IS on the endurance level in patients with
HE This experimental study was conducted at KAUH,
Jeddah, KSA. The study included 45 patients with HE
aged between 45 and 75. Both genders were included.
The ability to perform deep breathing exercises and use
an incentive spirometer.

The main results of the study were as follows:

Demographic and clinical data: insignificant
difference between the 3 studied groups with regard
to their age and gender. There was an insignificant
difference between the 3 studied groups with regard to
their weight, height, and BMI (Table 1).

Table 2 showed a non-significant difference between
the 3 studied groups regarding the side (p-value >
0.05). Besides, a non-significant difference between the

TABLE 1: COMPARISON OF ANTHROPOMETRIC MEASUREMENTS DISTRIBUTION OF THE STUDIED GROUPS

Mean SD Min. Max. f p-value | DBvsIS | DBvsC ISvsC
DB 87.2 8.4 73 101 0.69 0.49 0.33 0.26 0.79
Weight IS 82.5 10.8 70 108
C 81.1 13.5 52 103
DB 165.3 4.2 157 173 0.86 0.42 0.36 0.67 0.21
Height IS 163.2 3.8 155 169
C 166.4 5.2 154 176
DB 30.8 2.6 25.4 38.6 1.00 0.37 0.55 0.19 0.40
BMI IS 29.8 2.7 24.6 35.5
C 28.2 4.0 17.7 35.3
DB: diaphragmatic breathing, IS: incentive spirometer, C: control group.
TABLE 2: COMPARISON OF HF QUALITY OF LIFE SCORES IN THE STUDIED GROUPS
Mean SD Min. Max. f p-value | DBvsIS | DBvsC | ISvsC
DB 12.70 3.17 9 20.0 0.34 0.40 0.34 0.21 0.65
Physical score IS 15.00 5.10 2.00 20.01
C 16.30 6.80 2.00 26.01
DB 3.50 1.66 0.40 7.01 3.19 0.00 0.01 0.02 0.55
Emotional score IS 7.50 3.20 0.50 13.02
C 6.50 2.00 2.00 09.00
DB 27.59 6.09 20.00 45.01 2.39 0.03 0.07 0.01 0.64
Total score IS 36.69 13.84 8.00 53.00
C 39.59 12.46 15.00 51.00
DB: diaphragmatic breathing, IS: incentive spirometer, C: control group.
J Med Rehab Sci., Vol. 2 (2), pp: 48-60 (2025) 53
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TABLE 3: CLINICAL DATA BEFORE AND AFTER TRAINING IN RELATION TO GENDER IN THE STUDIED GROUPS

3
? Test of Sign. p-value
Mean SD Mean SD
bR pre 98.49 1113 94.01 10.34 0.99 0.15
post 78.71 8.91 96.01 6.58 0.99 0.17
Test of sign. -0.05 -0.05
p-value 0.94
pre 93.49 1.49 95.01 1.12 -0.57 0.45
0, sat %
post 95.38 1.02 96.41 0.99 -0.03 0.85
Test of sign. -2.49 -2.49
p-value 0.02
pre 89.55 42.31 66.66 42.76 1.45 0.05
6MWT
post 138.10 62.14 89.67 64.00 2.04 0.04
Test of sign. -2.68 -2.68
p-value 0.011 0.011
RPE pre 3.38 0.99 5.01 0.98 -1.56 0.02
post 3.38 0.97 3.91 0.77 -1.60 0.01
Test of sign. 2.98
p-value 0.005 0.005

Male: &, Female:

3 studied groups regarding the presence of associated
comorbidities or their type (p-value > 0.05).

The results revealed an insignificant difference
between the 3 studied groups with regard to their HF
type and NYHA classification of HF severity (p-value >
0.05), indicating a homogenous distribution of clinical
data of the studied groups (Table 2).

Table 3 showed that despite higher target HR in the
3 groups, this difference was significant in the DB group
compared to the control group (p-value < 0.05), with
no significant difference between the DB group and the
IS group. There was an insignificant difference between
the 3 studied groups regarding their HR before and after
training (p-value > 0.05).

A statistically significant improvement in O,
saturation after training in the control group. However,
there was an insignificant difference between the
diaphragmatic breathing and incentive spirometer
groups with regard to their O, saturation before and
after training (p-value > 0.05).

A statistically significant increased 6MWT after
than before training in deep diaphragmatic breathing
training (p-value 0.029). Despite the increased 6MWT
after incentive spirometer training and standard
National Guard Cardiac Rehabilitation Program
training, this increase was non-significant for each of
the 2 intervention methods (p-value > 0.05). There was
statistically significant improvement in rating perceived
exertion (RPE) scale after than before in deep DB
training (p-value 0.006). A decreased RPE scale after IS
training and control group training, but this decrease was

54

non-significant for each of the 2 intervention methods
(p > 0.05) (Table 4).

Correlation: In the presentstudy, there was statistically
significant improvement in 6MWT performance and
Ten Borg Rating of perceived exertion (RPE) scale
after deep diaphragmatic breathing training than before
(p < 0.05) in both males and females. There was no
significant difference between the clinical parameters
after training between males and females. There was a
statistically significant association between improvement
in THR and female gender in the deep breathing training
group (p-value 0.044). No significant variance in clinical
parameters after training between males and females.

The results displayed a statistically significant
association between improvement in target heart rate
(THR) and BMI in the control group (p = 0.05) and
a significant association between improvement in O,
saturation and BMI in the BB group (p = 0.02). Then,
there was no significant change in clinical parameters
after training between those with a BMI of less than 30
and those with a BMI of more than 30. A statistically
significant improvement in THR in the BB group,
regardless of the side of HE Otherwise, there was no
significant difference between the clinical parameters
after training between right and left-sided HE. There was
an absence of significant association between clinical
variables and type of HE except for THR, O, saturation,
and 6MWT. There was an absence of a significant
association between clinical variables and the NYHA
grade of HE except for THR.
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TABLE 4: CLINICAL DATA AFTER TRAINING IN RELATION TO GENDER IN THE STUDIED GROUPS

DB IS Control Test of Sign. | p-value
Mean SD Mean SD Mean SD

d 82.60 4.48 100.19 6.15 106.39 10.56 4.21 0.03
HR Q 87.00 1.54 97.00 11.70 97.79 6.72 0.01 0.98
Test of sign. -1.63 0.48 1.37
p-value 0.13 0.63 0.19

d 85.03 0.96 96.79 0.99 98.00 1.23 3.94 0.03
0, sat %

Q 86.22 0.50 96.39 0.99 96.19 0.63 0.03 0.96
Test of sign. -1.83 0.44 1.44
p-value 0.09 0.61 0.18

3 138.60 58.70 131.39 58.48 117.00 73.29 0.36 0.69
SMWT Q 87.56 87.56 85.79 79.67 115.00 67.03 0.18 0.83
Test of sign. 0.90 1.01 0.03
p-value 0.42 0.33 0.96

3 3.00 0.81 3.59 0.79 3.79 0.99 1.06 0.36
RPE Q 3.56 0.57 3.79 0.83 4.00 0.97 0.15 0.85
Test of sign. -1.46 -0.36 -0.26
p-value 0.18 0.71 0.78

3 127.72 4.73 133.61 8.09 129.33 4.46 2.26 0.13
THR Q 130.52 5.08 134.39 5.77 129.13 1.79 4.33 0.03
Test of sign. -0.69 -0.14 0.06
p-value 0.52 0.87 0.93

Male: &, Female: 9

Discussion

In cardiac rehabilitation protocols, customized exercise
plans are developed to suit each patient’s specific needs,
abilities, and medical history. The goal is to strengthen the
heart and improve endurance and heart health in a safe,
monitored environment. Endurance training comprising
isotonic and regular exercises for large muscles has been
suggested to be included in rehabilitation strategies for
patients with HE. These regimens in cardiac outpatients
are classically executed at moderate intensities for at least
30 min, and known to be associated with an augmented
maximum aerobic capacity (VO, max) of 11-36% [25].

Quality of life (QOL) was noted as more significantly
improved in patients experiencing a combined home-
based program of interval and resistance exercises than
in patients who maintained their usual daily activity.
QOL improvements and functional capacity assessed by
O6MWT were also more significant in a patient group who
endured aerobic exercises in comparison with a control
group of patients with HF [20].

With aging, HF incidence is likely to rise to about
12%. Moreover, at present, it is estimated that around 8
million adults will be diagnosed with HF by 2030. The
HF predictable all-cause death rate is 8% and 25% for
30-d and 1-year periods, in that order. Additionally,
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ageing patients with HF experience a higher rate of
comorbidities and hospital readmissions [27].

Present medical policies praise appropriate exercises
as a complementary treatment for patients with HE, as
well as the regular drugs. For instance, it was shown that
dyspnea-related low-exercise tolerance was effectively
improved by respiratory muscle training in patients
with HE The respiratory muscle exercises include a
machine-assisted routine, such as inspiratory muscle
training (IMT). The non-machine-assisted respiratory
training included breathing exercises. Machine-assisted
respiratory training benefits patients with HE, adjusting
their maximal inspiratory pressure (MIP), which is
an important factor in improving inspiratory muscle
strength, dyspnea, and hence walking distance [28]. One
systematic review revealed that IMT effectively improved
exercise capacity in patients with HE as assessed by
6MWT. Additionally, when executed at higher intensities,
IMT not only improved 6MWT totals but also enhanced
peak oxygen uptake (VO, peak) [29]. Six-minute walk
test distance is sensitive to health status variations and is
reactive to exercises and interferences that increase 6MW
distance, similarly improve QOL, and decrease weakness
[30].

The present study results were reinforced by a
study by Sadek et al. (2018), as they stated that their
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trial was done on 40 patients with heart disease who
were candidates for coronary artery bypass graft
(CABG) surgery. They selected their participants
using convenience sampling and then randomly divided
them into two groups. A day prior to surgery, one group
was taught how to execute deep breathing (DB) while the
other group was educated about the use of an incentive
spirometer (IS) [30]. Both groups were similar regarding
demographic data. Likewise, Zerang et al. (2022) stated
that of the 40 patients, 20 (50%) were in the DB group
and 20 (50%) in the IS group. The mean age of patients
in the DB and IS groups was 65.4 £ 7.12 and 62.8 + 7.22
years, respectively, but this difference was not statistically
significant (p = 0.2). It should be noted that all patients
in both groups were married (p = 1) [31].

There was no significant difference between
the three studied groups regarding the presence of
associated comorbidities or their type (p-value > 0.05).
Consistent with our results, Malik et al. (2019) reported
no statistically significant difference between the two
studied groups concerning co-morbidities [6].

The present study showed that there was an
insignificant difference between the 3 studied groups
with regard to their HF type and NYHA classification of
HF severity (p-value > 0.05); this indicates a homogenous
distribution of clinical data of the studied groups. The
results were reinforced by a study of Barkhordari et al.
(2022), who mentioned that the research was conducted
in a randomized controlled way on a total of 56 patients
to define the impacts of breathing exercises on dyspnea
and sleep quality in patients with HE. There was an
insignificant difference between the experimental and
control groups with regard to their NYHA classification
[32].

Outcome and rationale: IS a tool for measuring the
amount of inspired air into the lungs. The IS measures
the inhaled air volume for evaluating the inspiratory
efforts via optical feedback. Due to the absence of known
side effects, the IS can be beneficial in therapy. When a
patient learns using IS, it is easy and requires no help.
Moreover, the optical signals endorse obedience [33]. So
M et al. (2012) divided the subjects into two groups, the
IS group and the DB group. These two exercise groups
considerably improved the functional capacity (p < 0.05)
[34]. According to Forzano et al. (2024), exercise training
decreased muscular sympathetic nerve activity (p <
0.001) and QOL (p < 0.01) in all groups; nevertheless,
the occurrence of sleep apnea [35].

The results of our study showed an insignificant
difference between the 3 studied groups with regard to
their HR pre and post intervention (p-value > 0.05); this
indicates a homogenous distribution of baseline data of
the studied groups with a similar non-significant effect of
the 3 intervention methods on the heart rate. Numerous
trials have revealed that diaphragmatic exercise lowers
both heart rate and arterial blood pressure. This breathing
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encourages the vagus nerve (parasympathetic), which
diminishes the “fight or flight” response, triggering
anxiety or tension [36,37].

In the present study, there was a statistically
significant improvement in O, saturation after training
in the control group. This indicates good efficacy of
the standard KAUH Cardiac Rehabilitation Program
training on oxygen saturation. However, there was an
insignificant difference between the diaphragmatic
breathing and incentive spirometer groups with regard
to their O, saturation before and after training (p-value
>(.05); this indicates a similar non-significant effect
of diaphragmatic breathing training and incentive
spirometer methods on the oxygen saturation %. In
the study of Barkhordari-Sharifabad et al. (2022), the
mean arterial SaO, in the IS group was significantly
higher than that in the DB group (p < 0.05). Conversely,
there was no significant difference between the two
groups regarding the mean arterial SaO, on the first
and second days after the intervention [32]. DB had no
significant effect on arterial blood gases (arterial blood
Sa0O, percentage, partial pressure of carbon dioxide
(PCO,), and partial pressure of oxygen (PaO,) in patients
undergoing CABG surgery [38]. However, the results of
a study by Moradyan et al. (2012) showed significantly
higher arterial blood S20, and PaO, in the experimental
group in comparison to the controls on the third day
after surgery. In other words, patients who completed
organized breathing exercises had a better oxygen
delivery status compared to those who underwent usual
hospital routines, and appreciated quicker improved
oxygen delivery and returning to pre-operative level™.
Zhang et al. (2024) studied deep breathing effects on
improving oxygen delivery in patients experiencing
CABG, showing that mean arterial oxygen pressure
and arterial blood SaO, in the experimental group were
significantly higher than in controls on the second day
after surgery [40].

The present study showed a statistically significant
increase in OMWT after training in deep diaphragmatic
breathing training (p-value 0.029). This indicates good
efficacy of deep diaphragmatic breathing training on the
results of 6MWT. Despite the increased 6MWT after
incentive spirometer trainingand standard National Guard
Cardiac Rehabilitation Program training, this increase was
non-significant for each of the 2 intervention methods
(p-value > 0.05). There was statistically significant
improvement in rating perceived exertion (RPE) scale
after than before in deep DB training (p-value 0.006).
This indicates good efficacy of DB training on the
perceived exertion. Despite decreased RPE scale after
IS training and control group training, this decrease
was non-significant for each of the 2 intervention
methods (p > 0.05). HR and LVEF are significant signs
of cardiac function. Exercise capacity affects cardiac
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function; assessment is done by 6MWT and peak oxygen
uptake (VO, scores [41]. The consequences were
reinforced by the study of Gondko et al. (2024), as they
described that the paired t-test displayed a statistically
significant improvement in all the pulmonary function
parameters, 6MWD in the IS group (p < 0.05) [42].

In the present study, there was a statistically
significant improvement in 6MWT performance and
Ten Borg Rating of perceived exertion (RPE) scale after
deep diaphragmatic breathing training compared to
before (p < 0.05) in both males and females. There was
no significant difference between the clinical parameters
after training between males and females. There was a
statistically significant association between improvement
in THR and female gender in the deep breathing training
group (p-value 0.044). Otherwise, there was no significant
variance among clinical parameters after training
between males and females. This indicates the absence
of a significant association between clinical variables
and gender. While in the study of Antunes-Correa et
al. (2010), exercise training produced a similar reduction
in resting Muscle sympathetic nerve activity (MSNA) (p
= 0.000002) in men and women with HE Peak VO,
was similarly increased in men and women with HF (p
= 0.0003) [43]. Previous investigators have stated that
VO,max is significantly lower in women than in men
[44]. Several anatomical and physiological sex alterations
between women and men could clarify these alterations
in women compared to men: (i) minor Lt ventricular
chamber and therefore, lower stroke volume; (i) lower
diastolic compliance; (i) women display superior
occurrence of obesity; (iv) lower hemoglobin levels and
more likely to suffer from iron deficiency; and (v) lesser
lean mass [45].

Study Limitations

Time constraints led to difficulty in providing patients
with mild heart failure, a small number of stable cases,
and a few patients were unable to participate in the
O6MWT to avoid the risk of falling, The lack of similar
previous comparative clinical studies was a limitation.

Recommendations/Future Study

First, the effectiveness of multiple intervention plans
must be considered. Second, reassessing the QOL
questionnaire in advanced phases of improvement
during interventions in cardiac outpatient rehabilitation.
The results will be evident in QOL improvement in
different aspects of the patient’s life. The last important
recommendation is applying more clinical research to
patients with HE.
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Conclusion

The results showed superiority of DB on hemodynamic
indices and general progress in cardiac function in old
HF patients compared to IS.

This study was reviewed and approved by the research
ethics committee at King Abdullah International Medical
Research Center (KAIMRC), Jeddah, KSA 1D SPJ-101-
06.

Competing interest: The authors declared no conflict of
interest.

References

1. Kaneko H, Itoh H, Kamiya K, Morita K, Sugimoto T, Konishi
M, Komuro I. Acute-phase initiation of cardiac rehabilitation
and clinical outcomes in hospitalized patients for acute heart
failure. International Journal of Cardiology.2021;340: 36-41.

2. Adachi T, Iritani N, Kamiya K, Iwatsu K, Kamisaka K, Iida
Y, Yamada S. Prognostic effects of cardiac rehabilitation in
patients with heart failure (from a multicenter prospective
cohort study). The American Journal of Cardiology.2022;164:
79-85.

3. Kourek C, Briasoulis A, Magouliotis D, Skoularigis
J, Xanthopoulos A. TLatest updates on structure and
recommendations of cardiac rehabilitation programs in chronic
heart failure. World Journal of Clinical Cases.2014;12(8): 1382.

4. Lage SM, Britto RR, Brandao DC, Pereira DAG, Andrade AD,
Parreira VE. Can diaphragmatic breathing modify chest wall
volumes during inspiratory loaded breathing in patients with
heart failure? Braz | Phys Ther. 2018;22(6):452-458.

5. Liang Q, Wang Z, Liu J, Yan Z, Liu |, Lei M, Luan X. Effect of
Exercise Rehabilitation in Patients with Acute Heart Failure: A
Systematic Review and Meta-analysis. Journal of Cardiovascular
Nursing.2024;39(4):390-400.

6. Malik S, Tassadaq N. Effectiveness of Deep Breathing Exercises
and Incentive Spirometry on Arterial Blood Gases in Second
Degree Inhalation Burn Patients. Journal of the College of
Physicians and Surgeons Pakistan. 2019;29(10):954-7.

7. RenaultJA, Costa-Val R, Rosseti MB, Houri Neto M. Comparison
between deep breathing exercises and incentive spirometry after
CABG surgery. Rev Bras Cir Cardiovasc. 2009;24(2):165-72.

8. Alharbi M, Alharbi F, AlTuwayjiti A, Alharbi Y, Alhofair Y,
Alanazi A, et al. Assessment of health-related quality of life
in patients with heart failure: a cross-sectional study in Saudi
Arabia. Health Qual Life Outcomes. 2022;20(1):128.

9. Sopek Merkas I, Sliskovic AM, Lakusi¢ N. Current concept
in the diagnosis, treatment and rehabilitation of patients with
congestive heart failure. World J Cardiol. 2021;13(7):183-203.

10.  Yamamoto S, Okamura M, Akashi Y], Tanaka S, Shimizu M,
Tsuchikawa Y, et al. Impact of Long-Term Exercise-Based
Cardiac Rehabilitation in Patients with Chronic Heart Failure -

57



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

58

Impact of Cardiac Rehabilitation, including Deep Breathing, on Endurance Level in Patients with Heart Failure

A Systematic Review and Meta-Analysis. Circ J. 2024;88(9):1360-
1371.

Bilbao A, Escobar A, Garcfa-Perez L, Navarro G, Quirés R. The
Minnesota living with heart failure questionnaire: comparison
of different factor structures. Health Qual Life Outcomes. 2016;
14:23.

Brown T, Pack Q, Aberegg E, Brewer L, Ford Y, Forman D,
et al. Core components of cardiac rehabilitation programs:
2024 update: a scientific statement from the American Heart
Association and the American Association of Cardiovascular
and Pulmonary Rehabilitation.  Circulation.2024;150(18):
e328-e347.

She ], Nakamura H, Makino K, Ohyama Y, Hashimoto
H. Selection of suitable maximum-heart-rate formulas for
use with Karvonen formula to calculate exercise intensity.
International  Journal of Automation
2014;12(1):62-9.

Meng Y, Zhuge W, Huang H, Zhang T, Ge X. The
effects of early exercise on cardiac rehabilitation-related

and Computing,

outcome in acute heart failure patients: a systematic
review and meta-analysis. International Journal of Nursing
Studies.2022;130:104237.

Avula V. Cardiac inpatients are highly interested in virtual
cardiac  rehabilitation. American
Cardiology.2024;19:100797.
Gebremichael L, Champion S, Nesbitt K, Pearson V, Bulamu N,

Dafny H, et al. Effectiveness of cardiac rehabilitation programs

Journal of Preventive

on medication adherence in patients with cardiovascular disease:
A systematic review and meta-analysis. International Journal of
Cardiology Cardiovascular Risk and Prevention.2024;20:200229.
Kamakur R, Kitaya S, Kubo T, Omaru H, Endo T,
Hayashi K, et al. Verification about the usefulness of early
cardiac rehabilitation initiation in patients with congestive
heart failure requiring hospitalization. European Heart
Journal, 2024;45(Supplement_1), ehae666-1231.

Giannitsi S, Bougiakli M, Bechlioulis A, Kotsia A, Michalis
LK, Naka KK. 6-minute walking test: a useful tool in the
management of heart failure patients. Ther Adv Cardiovasc Dis.
2019 Jan-Dec; 13:1753944719870084.

Matsuo T, Morisawa T, Yamamoto S, Nyuba K, Machata
M, Fujii D, et al. Effect of in-patient cardiac rehabilitation
at rehabilitation hospital for cardiology patients: two-center
trial. Heart and Vessels.2024;39(1):75-85.

Hamilton DM, Haennel RG. Validity and reliability of the
6-minute walk test in a cardiac rehabilitation population. |
Cardiopulm Rehabil. 2000;20(3):156-64.

Epelde FE  Optimizing Cardiac Rehabilitation in Heart
Failure: Comprehensive Insights, and Future
Strategies. Medicina.2024; 60(10):1583.

Yin X, Huang C, Lin B. Application of intensive management

Barriers,

of risk awareness combined with cardiac rehabilitation nursing
in elderly patients with acute myocardial infarction and heart
failure. Medicine.2024;103(20): e37381.

Williams N. The Borg Rating of Perceived Exertion (RPE)
scale. Occupational Medicine. 2017;67(5):404-5.

Bozkurt B, Fonarow G, Goldberg L. Cardiac Rehabilitation for
Patients with Heart Failure: JACC Expert Panel. JACC. 2021; 77
(11): 1454-1469.

Corsi D, Dikdan S, Upadhyay N, Chen H, Kitzman D, Mentz
R, et al. Atrial Fibrillation Status and Physical Rehabilitation in
Older Patients with Acute Decompensated Heart Failure: An
Analysis from the REHAB HF Trial. Journal of the American
Heart Association.2024;13(19): e034360.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

40.

41.

Zahwe M, Isma’eel H, Skouri H, Al-Hajje A, Rachidi S, Tamim
H, et al. Validation of the Arabic Version of the Minnesota
Living with Heart Failure Questionnaire. Heart & Lung
2020;49(1):36-41.

Liu L, Chen J, Zhao N, Zhang M, Zhou L, Ren X, Jin, Z.
Harly Exercise-Based Rehabilitation for Patients with Acute
Decompensated Heart Failure: A Systemic Review and Meta-
Analysis. Reviews in Cardiovascular Medicine.2022;23(11):356.
Enzan N, Matsushima S, Kaku H, Tohyama T, Nezu T, Higuchi
T, et al. Propensity-matched study of early cardiac rehabilitation
in patients with acute decompensated heart failure. Circulation:
Heart Failure.2023;16(4): €¢010320.

Qi Z, Zheng Y, Chan |, Tse G, Liu T. Exercise-based cardiac
rehabilitation for left ventricular function in patients with heart
failure: A systematic review and meta-analysis. Current Problems
in Cardiology.2024;49(2):102210.

Sadek Z,Salami A, Joumaa WH, Awada C, Ahmaidi S, Ramadan W.
Best mode of inspiratory muscle training in heart failure patients:
a systematic review and meta-analysis. Eur | Prev Cardiol. 2018;
25:1691-1701.

Zerang F, Amouzeshi A, Barkhordari-Sharifabad M. Comparison
of the effect of incentive spirometry and deep breathing
exercises on hemodynamic parameters of patients undergoing
coronary artery bypass graft surgery: A Clinical Trial. Journal of
Vascular Nursing, 2022;40(3):134-9.

Barkhordari-Sharifabad M, Zerang F. Comparison of the
effect of incentive spirometry and deep breathing exercises
on hemodynamic parameters of patients undergoing coronary
artery bypass graft surgery: A Clinical Trial.2021. ] Vasc
Nurs. 2022 Sep;40(3):134-139.

Patel L, Dhruve R, Keshvani N, Pandey A. Role of exercise
therapy and cardiac rehabilitation in heart failure. Prog
Cardiovasc Dis. 2024; 82:26-33.

So M, Heo H, Koo B, Kim Y, Lee C, Yoo B. Efficacy of incentive
spirometer exercise on pulmonary functions of patients with
ankylosing spondylitis stabilized by tumor necrosis factor
inhibitor therapy. ] Rheumatol. 2012;39(9):1854-8.

Forzano I, Wilson S, Farroni E, Wang B, Santulli G. Beneficial
Effects of Early Rehabilitation in Patients with Acute Heart
Failure. Critical Care Medicine.2024;10-1097.

Nebel R. Phase III Cardiac Rehabilitation: Ambulatory
Heart Groups: A Model from Germany. Circulation Reports.
2024;6(11):489-494.

Cai H, Cao P, Zhou W, Sun W, Zhang X, Li R, et al. Effect
of ecarly cardiac rehabilitation on prognosis in patients with
heart failure following acute myocardial infarction. BMC Sports
Science, Medicine and Rehabilitation.2021;13:1-13.

Westerdahl E Lindmark B
T, Hedenstierna G, Tenling A. Deep-breathing exercises reduce

Eriksson

> >

atelectasis and improve pulmonary function after coronary
artery bypass surgery. Chest. 2005;128(5):3482—-3488.
Moradyan T, Farahani M, Mohammadi N, Jamshidi R. The
effect of planned breathing exercises on oxygenation in
patients after coronary artery bypass surgery. Iranian Journal of
Cardiovascular Nursing. 2012;1(1):8—14.

Zhang I, Wang M, Song H. Clinical Effects of Hospital-Family
Collaborative Cardiac Rehabilitation Training on Patients with
Heart Failure after Cardiac Valve Prostheses. The Heart Surgery
Forum. 2024; 27(10): E1175-E1181.

Mazzoni G, Sassone B, Pasanisi G, Myers ], Mandini S, Volpato
S, et al. A moderate 500-m treadmill walk for estimating peak
oxygen uptake in men with NYHA class I-II heart failure and

J Med Rehab Sci., Vol. 2 (2), pp: 48-60 (2025)



42.

43,

44,

45,

Impact of Cardiac Rehabilitation, including Deep Breathing, on Endurance Level in Patients with Heart Failure

reduced left ventricular ejection fraction. BMC Cardiovasc
Disord. 2018; 18:67.

Gondko D, Roman ], Debiec P, Pietrzak N. Exercise-Based
Cardiac Rehabilitation: Analyzing Clinical Effectiveness. Journal
of Education, Health and Sport.2024;72:51689-51689.
Antunes-Correa LM, Melo RC, Nobre TS. Impact of gender
on benefits of exercise training on sympathetic nerve activity
and muscle blood flow in heart failure. Eur J Heart Fail
2010;12(1):58-65.

Buckley B, Harrison S, Fazio-Eynullayeva E, Underhill P,
Sankaranarayanan R, Wright D, et al. Cardiac rehabilitation
and all-cause mortality in patients with heart failure: a
retrospective cohort study. Huropean journal of preventive
cardiology.2012;28(15):1704-1710.

Tang J, Ma D, Li M, Zhang X, Zhou X, He H. Effectiveness
of non-invasive remote rehabilitation in patients with heart
failure after discharge: a meta-analysis. European Journal of
Physiotherapy.2004: 1-9.

J Med Rehab Sci., Vol. 2 (2), pp: 48-60 (2025)

59



60

Impact of Cardiac Rehabilitation, including Deep Breathing, on Endurance Level in Patients with Heart Failure

A Jaadl) (5 gia o Graadl Gudiil) ) A Loy Gl Jaali Bale) il
d’eﬂﬁ\gm\\)gm'éwb\p

Cmadl 28 25 1 ) sl bt ¢ qubidd) daaa Gl MY AEN e 3 gana Gilgd Mg aiad) gad ) (s sl
dana pali L) 3gB daaa (Ahe daan Al 88 B Ldhaa i (33 ¢ bl daaa jas Ml dand
"ol gl deaa daal g laa daaa W M alsa) A Mo

A graall Ay pall ASLaall Ban ¢ 3y 3l e bl dralas ¢ ) Jialill 4 le A0S ¢ aglall el anid )

e 3 plal daala ¢ radall 2 Slall 4 AR A8 5 2 1) g QBN lal el and ¥

soaliial)

sale) (A (Ml 2o 51l ) slaal) (aia jall Zling (L Sl Jare g5 pa (o 0 o2 pe 2 R ) g 14d1A])
Blall de g Gaunts Adaal) Ja0 JilES 8 AAKH Cum (g0 Allad o 5 ¢ Aaila g dabada dile ) a5 Q) Jaals
20 s Jeaill (5 gisn o 53 gl Qi) (alia g sl el TS jlie g Al jall e Caagll OIS iiagll
G i Loy pa )y Asad i i o8 Al (galal apanal ¢ dm yat Al 50 1) Caudal) QR g
Ao sad) Ay pal) ASLaall ¢ Baa ¢ aalad) Gy 5all e Gl JaStiae 8 Gl Bas 5 (e Caaddl) Q) D gags agilia)
A1l il (elia s ¢ Jaladl laally il 14 sl e gane &3 el e S5 (alaiY) w5815 ¢
& Wilan) 4y Ixiee Lol ) gl el o) il Jaali sale) any s 08 agani a3 ddailiall de ganall 5 ¢
Jas e ¢ Salall Clanll i) de gae o8 () (8 Lo Ala e 4 yle JAl day (3083 s 32a] 5] Ll
el 3 geaall Caiat B4y Yina G gag (e o8 ) o plEl ool Salall Glaall il ek e
mnd a8 ¢ Gl ) LY Saladl Claald) il 8 Jasl J L s ity 4 jle JAsl sy g g0 ol
S i e il Aled )5 LaY) Aalal) de sanal) 3 JAl any (panSY) g b Lilas) 45 dixa
RN (@il 5 a5 pall Sl <l ydise o Sl Salall claall Qi) 530 e il cidS AadIal)

& aial) Gl a5 laal) Gl ¢ Q) Jaalisale) ¢ QR ) guad sdsalidal) cilalsl)

J Med Rehab Sci., Vol. 2 (2), pp: 48-60 (2025)



