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Abstract

Introduction. Heart failure (HF) is a global health concern characterized by significant morbidity and mortal-
ity, often associated with chronic systemic inflammation. Exercise-based cardiac rehabilitation is a corner-
stone of HF management; however, accessibility limitations often restrict participation. Home-based exercise
programs offer a potentially viable alternative. This study aimed to evaluate the effects of 12 weeks of center-
based versus home-based exercise training on inflammatory markers, specifically high-sensitivity C-reactive
protein (hs-CRP) and interleukin-6 (IL-6), in patients with heart failure with reduced ejection fraction.

Aim. This study aimed to evaluate the effects of 12 weeks of center-based versus home-based exercise training
on inflammatory markers, specifically high-sensitivity C-reactive protein (hs-CRP) and interleukin-6 (IL-6), in
patients with heart failure reduced ejection fraction.

Materials and Methods. A quasi-experimental design was employed involving 31 patients diagnosed with
heart failure with left ventricular ejection fraction below 40 %. Participants were allocated into two groups:
center-based exercise (n=15) and home-based exercise (n=16). Both groups underwent a 12-week exercise
rehabilitation program consisting of light-intensity sessions five times per week. Baseline and post-intervention
blood samples were collected to measure serum levels of hs-CRP and IL-6. Clinical and demographic data were
also recorded. Statistical analyses were performed using the Mann-Whitney and Wilcoxon signed-rank tests,
with significance set at p<0.05.

Results and Discussion. Both exercise modalities resulted in significant reductions in IL-6 and hs-CRP
levels after 12 weeks (p<0.001). Median IL-6 decreased from 13.1 pg/mL to 4.8 pg/mL, while median hs-
CRP declined from 4.3 mg/L to 2.5 mg/L across all participants. No statistically significant differences were
observed between the center-based and home-based groups in the extent of reduction for either biomarker
(IL-6, p=0.906; hs-CRP, p=0.200).

Conclusions. Twelve weeks of home-based exercise training is as effective as center-based training in reducing
systemic inflammation, as measured by IL-6 and hs-CRP, in patients with heart failure with reduced ejection
fraction. These findings support the use of home-based rehabilitation as a viable alternative to center-based
programs for managing inflammation in this patient population.
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Introduction. Heart failure (HF) is a non-
communicable disease with a significant global
prevalence and burden. According to the World Health
Organization (WHO), almost nine million individuals
worldwide are living with heart failure, contributing
substantially to the global cardiovascular disease
mortality rate of 17.31 million, which accounts for
48 % of all non-communicable disease deaths. Of
these cardiovascular deaths, 7.3 million are attributed
specifically to heart failure [1]. Similarly, in Indonesia,
the prevalence of heart failure is estimated to exceed
five hundred thousand individuals. The mortality rate
associated with congestive heart failure (CHF) varies by
disease severity, ranging from 5-10 % annually in mild
cases to 30-40 % in severe cases [2]. In the United States,
the prevalence of heart failure has reached approximately
5.7 million individuals, with projections estimating
an increase to 8 million by 2030. In Southeast Asia,
prevalence rates range from 6.7 % in Malaysia to 4.5 % in
Singapore, affecting a total of 9 million people across the
region [1]. Data from Indonesia’s Basic Health Research
in 2013 indicate that CHF accounted for about 9.7 % of all
cardiac diseases, with the highest prevalence reported in
East Nusa Tenggara (0.8 %), followed by Central Sulawesi
(0.7 %), and South Sulawesi and Papua at about 0.5 %.

Congestive heart failure is a clinical syndrome
characterized by structural and/or functional cardiac
abnormalities that result in decreased perfusion of vital
organs. The primary goals of managing CHF are toimprove
patients’ functional capacity and quality of life while
reducing mortality [3]. Cardiac rehabilitation is defined
as a multidisciplinary intervention aimed at restoring
physical, psychological, and social functioning after acute
cardiac events or chronic cardiovascular conditions, such
as heart failure. It has been demonstrated that cardiac
rehabilitation leads to improvements in exercise capacity
and quality of life, as well as a reduction in complications
and mortality in patients with these conditions [3,4].

Despite its proven benefits, cardiac rehabilitation
remains underutilized in clinical practice, with
participation rates among heart failure patients ranging
from 14 % to 43 % globally and high attrition rates after
enrollment. Barriers to participation include patient-
related factors, healthcare professional limitations, and
systemic issues within medical services [3]. Furthermore,
accessibility to hospital-based rehabilitation can be
limited by geographical, financial, and health-status
constraints. To address these challenges, home-based
exercise programs supported by modern information
and communication technologies have emerged as viable
alternatives. Regular monitoring during outpatient visits
has been shown to improve adherence and overcome
barriers to home-based cardiac rehabilitation [5].

Patients with heart failure exhibit impaired
cardiac pump function, which leads to skeletal muscle
alterations and endothelial dysfunction. Elevated levels
of pro-inflammatory cytokines, particularly interleukin-6
(IL-6), have been identified in heart failure patients
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and correlate with impaired left ventricular function
and adverse prognosis, especially in idiopathic dilated
cardiomyopathy [6]. IL-6 has been demonstrated to be a
long-term predictor of mortality over a 12-month follow-
up period, independent of peak oxygen uptake (VO,peak)
and left ventricular ejection fraction [7].

C-reactive protein (CRP) is a liver-derived marker of
inflammation that responds to inflammatory cytokines
such as IL-1, IL-6, and TNF-a. Elevated CRP levels have
been implicated in the pathogenesis of cardiovascular
disease and heart failure, contributing to endothelial
dysfunction through the downregulation of nitric oxide
production and promoting thrombus formation, thereby
increasing cardiovascular risk. High-sensitivity CRP
(hsCRP) assays can detect very low CRP levels, with
values above 0.3 mg/L indicating an increased risk of
heart failure. Notably, hsCRP levels below 2 mg/L are
associated with reduced cardiovascular events over a
two-year period [6].

Exercise-based cardiac rehabilitation has been shown
to reduce hsCRP levels in patients with coronary heart
disease. For instance, supervised exercise therapy for six
weeks followed by eight weeks of home-based exercise
significantly decreased hsCRP levels [8,9]. However,
some studies, such as one involving chronic heart failure
patients undergoing high- versus low-intensity inspira-
tory muscle training over 10 weeks, found no significant
changes in TNF-a, IL-6, CRP, or apoptosis markers [10].

This study aims to further elucidate the role of in-
flammation in heart failure and evaluate the effects of
12 weeks of center-based and home-based exercise
training on hsCRP and IL-6 levels in patients with heart
failure reduced ejection fraction. Understanding these
inflammatory changes may provide valuable insights for
future therapeutic strategies targeting heart failure.

Materials and Methods

Study design and patient selection

This study employed a quasi-experimental design,
with data collected before and after patients underwent
either center-based or home-based exercise rehabilita-
tion programs. The research was conducted at the In-
tegrated Cardiac Center of Dr. Wahidin Sudirohusodo
Hospital, Makassar, beginning in September 2022 and
continuing until the required sample size was achieved.

Participants were recruited according to predefined
inclusion and exclusion criteria. Inclusion criteria re-
quired patients to be aged 18 to 70 years, exhibit reduced
left ventricular systolic function with an ejection fraction
below 40% and be classified as New York Heart Asso-
ciation (NYHA) functional class I or II. Exclusion criteria
encompassed recent acute coronary syndrome (with-
in 40 days), percutaneous angioplasty in the past two
weeks, coronary artery bypass graft surgery within three
months, presence of intracardiac thrombus, resting heart
rate above 90 beats per minute, conduction abnormali-
ties or exercise-induced arrhythmias, acute myocarditis
or pericarditis, congenital or valvular heart disease ne-
cessitating surgery, hypertrophic cardiomyopathy, severe
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pulmonary disease, anemia (hemoglobin <11.0 g/dL),
significant musculoskeletal or neurological disabilities,
recent embolism or thrombophlebitis, acute or chronic
non-cardiac illnesses such as thyrotoxicosis, renal failure,
or uncontrolled diabetes, active malignancy, aortic aneu-
rysm, severe psychiatric disorders, and refusal to par-
ticipate. Participants were classified as dropouts if their
adherence to the exercise regimen was below 80 % or if
they declined to attend the six-week follow-up.

Research protocol

Eligible participants were provided with detailed ex-
planations about the study and asked to provide informed
consent prior to enrollment. Baseline demographic data,
including date of birth and gender, were obtained from
patient identification documents. Additional information
regarding education level, occupation, income, medical
history, and current medications was collected through
patient interviews. Clinical assessments included meas-
urements of weight, height, body mass index, resting
heart rate, blood pressure, and NYHA classification, all
derived from physical examinations. Echocardiographic
evaluation of right ventricular systolic function was per-
formed using a GE Vivid E95 ultrasound system.

Venous blood samples were collected on the first day
before initiation of the exercise program and on the final
day of the 12-week intervention. Samples were placed
into EDTA tubes for subsequent analysis. Participants
were randomly assigned to either the center-based exer-
cise group or the home-based exercise group. All subjects
underwent baseline assessments and were referred to
the Medical Rehabilitation Department’s Cardiorespira-
tory Subdivision for evaluation of exercise eligibility. This
evaluation included a submaximal exercise test utilizing
the six-minute walk test and peak flowmeter assessment,
as well as psychological consultation. Functional capacity
was estimated by calculating VO, max from the distance
covered during the six-minute walk test.

All participants received standardized cardiac rehabil-
itation education covering medication adherence, stress
management, risk factor modification including smoking
cessation and healthy dietary practices and physical ex-
ercise. Both groups were provided with exercise kits con-
taining 1 kg dumbbells, an incentive spirometer, a digital
sphygmomanometer, a pulse oximeter, a logbook, and
a flash drive containing instructional cardiac exercise
videos and educational materials. The exercise regimen
consisted of light-intensity sessions conducted five times
per week for 30 minutes each, over a 12-week period.
The initial two sessions (one week) were supervised by
the cardiac rehabilitation team at the Integrated Cardiac
Center of Wahidin Sudirohusodo Hospital.

Following this, the center-based exercise group con-
tinued the program with two supervised sessions per
week at the hospital and three independent sessions at
home using the provided exercise kit, maintaining a to-
tal of five sessions weekly for 12 weeks. The home-based
exercise group performed all sessions at home, with two
remote supervision sessions by the rehabilitation team

and three independent sessions weekly. Participants
recorded exercise adherence and activities in the log-
book, which was reviewed regularly. Follow-up labora-
tory evaluations were conducted on the final day of the
12-week program.

Statistical analysis

Data analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 21. Con-
tinuous variables, including age, blood pressure, mean
arterial pressure, body mass index, body surface area,
echocardiographic parameters, and levels of hs-CRP
and IL-6, were presented as means with standard devia-
tions. Categorical variables such as gender, occupation,
education level, and economic status were expressed as
frequencies. Statistical significance was determined at
a p-value threshold of less than 0.05. The results were
reported narratively and supplemented with tables and
figures as appropriate.

Ethical approval for the study was obtained from the
Health Research Ethics Commission of the Faculty of
Medicine, Hasanuddin University Makassar, under rec-
ommendation number 365/UN4.6.4.5.31/PP36/2025,
protocol number UH25050352.

Results. A total of 31 participants met the inclusion
and exclusion criteria and were enrolled in the study. The
sample was divided into two groups: the center-based ex-
ercise group (n=15) and the home-based exercise group
(n=16).

Table 1 presents the baseline characteristics of the
study subjects in both groups. The mean age of partici-
pantsin the center-based exercise group was significantly
higherat61.13+6.30 years compared to 54.94+8.73 years
in the home-based exercise group (p=0.032). Regarding
gender distribution, all participants in the center-based
group were male (100 %), whereas the home-based
exercise group comprised 18.8 % females and 81.3 %
males; this difference was not statistically significant
(p=0.078). Occupationally, the majority of subjects in
the center-based group were retired (46.7 %), while the
home-based group displayed a more varied distribution,
with the largest proportion employed in the private
sector (31.3 %). No significant difference was observed
between groups in terms of occupation (p=0.334).

Educational attainment was similar across groups,
with most participants having attained university-level
education (60.0 % in the center-based group versus
50.0 % in the home-based group; p=0.808). Economic
status also did not differ significantly, with the major-
ity of participants classified in the low-income category
(<Rp. 5,000,000 per month), accounting for 86.7 % in the
center-based group and 68.8 % in the home-based group
(p=0.311).

Clinical characteristics are summarized in Table 2. The
mean systolic blood pressure was slightly lower in the
center-based exercise group (120.67+20.40 mmHg) com-
pared to the home-based group (125.50+20.11 mmHg),
although this difference was not statistically significant
(p=0.512). Diastolic blood pressure was comparable
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Table 1
Study characteristics
Center-based exercise Home-based
Variables (n=15) exercise (n=16) Total (n=31) p-value
Age (years) 61.13%6.30 54.94%8.73 56.2%8.3 0.032
Gender
Female 0 (0.0) 3(18.8) 3(9.7) 0.078
Male 15 (100.0) 13 (81.3) 28 (90.3)
Occupation
Entrepreuner 5(33.3) 5(31.3) 10 (32.3)
Civil servants 1(6.7) 5(31.3) 6 (19.4) 0.334
Housewives 1(6.7) 2 (12.5) 3(9.7)
Farmers/Labours 1(6.7) 1(6.3) 2 (6.5)
Retirees 7 (46.7) 3(18.8) 10 (32.3)
Education level
Low (Primary/Junior High School) 2 (13.3) 2 (12.5) 4(12.9) 0.808
Middle (Senior High School) 4 (26.7) 6 (37.5) 10 (32.3)
High (University) 9 (60.0) 8 (50.0) 17 (54.8)
Economic level (income per month)
Low (<Rp. 5.000.000) 13 (86.7) 11 (68.8) 24 (77.4) 0.311
Middle (Rp. 5.000.000-10.000.000) 2 (13.3) 3(18.8) 5(16.1)
High (>Rp. 10.000.000) 0(0.0) 2 (12.5) 2 (6.5)

Notes: *Values are n (%) or mean#SD, unless stated otherwise. Continuous variables were compared using independent-samples t-test,
categorical variables with Pearson Chi-square test. Non-normally distributed data were analyzed with Mann-Whitney U test and presented

as median

between groups (75.13+13.36 mmHg vs. 75.00£12.52
mmHg; p=0.977). The majority of participants in the
center-based group were normotensive (80.0 %) relative
to 62.5 % in the home-based group, while the prevalence
of grade I hypertension was higher in the home-based
group (37.5 % vs. 20.0 %), with no significant difference
(p=0.283). Mean arterial pressure was similar between
groups (90.31#15.10 mmHg vs. 89.58+18.66 mmHg;
p=0.906). Body mass index (BMI) values indicated a
range from normal weight to grade I obesity in both

Table 2

groups (23.71+2.55 kg/m? in the center-based group and
24.58+1.74 kg/m? in the home-based group; p=0.271).
The proportions of normal weight and grade [ obesity
were also comparable (66.7 % vs. 62.5 % and 33.3 %
vs. 37.5 %, respectively; p=0.809). Body surface area did
not differ significantly between groups (1.71+0.16 m? vs.
1.72+0.13 m?% p=0.915).

Baseline inflammatory markers before the inter-
vention are detailed in Table 3. The median IL-6 level
in the home-based exercise group was 11.8 pg/mL

Baseline clinical characteristics and therapies received by patients

Center-based exercise

Home-based exercise

Variables (n=15) (n=16) Total (n=31) p-value
Sistolic BP (mmHg) 120.67%£20.40 125.50£20.11 123.13£20.21 0.512
Diastolic BP (mmHg) 75.13+13.36 75.00+12.52 75.06+12.86 0.977
Normal 12 (80.0) 10 (62.5) 22 (71.0) 0283
Hypertension | 3 (20.0) 6 (37.5) 9 (29.0) ’
MAP (mmHg) 90.31+15.10 89.58+18.66 89.94+16.88 0.906
BMI (kg/m?) 23.71%2.55 24.58+1.74 24.17%+2.19 0.271
Normal 10 (66.7) 10 (62.5) 20 (64.5) 0.809
Obesity | 5 (33.3) 6 (37.5) 11 (35.5) )
BSA (m?) 1.71%£0.16 1.72%0.13 1.71%0.14 0.915

Notes: *Values are n (%) or mean * SD, unless stated otherwise. Continuous variables were compared using independent-samples t-test,
categorical variables with Pearson Chi-square test. Non-normally distributed data were analyzed with Mann-Whitney U test and presented

as median.
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(range 2.0-26.8), while the center-based group exhibited
a median of 17.4 pg/mL (range 2.0-34.9). The overall
median IL-6 level was 13.1 pg/mL (range 2.0-34.9).
Statistical analysis revealed no significant difference
between groups (p=0.268). Similarly, median hs-CRP
levels were 4.7 mg/L (range 2.5-13.7) in the home-based
group and 3.2 mg/L (range 2.5-19.7) in the center-
based group, with an overall median of 4.3 mg/L (range
2.5-19.7). No statistically significant difference was
observed between groups (p=0.873).

Post-exercise levels of IL-6 and hs-CRP are pre-
sented in Table 4. The median IL-6 level decreased to
4.6 pg/mL (range 2.0-22.4) in the home-based group
and to 5.5 pg/mL (range 2.0-22.9) in the center-based
group, with an overall median of 4.8 pg/mL (range 2.0-
22.9). No significant difference was found between
groups following the intervention (p=0.546). Both
groups exhibited a median hs-CRP level of 2.5 mg/L
post-intervention, with ranges of 2.5-8.6 mg/L and 2.5-
17.3 mg/L in the home-based and center-based groups,
respectively. Statistical analysis confirmed no significant
difference between groups (p=0.644).

The comparison of changes (A) in IL-6 and hs-CRP
levels after the intervention is summarized in Table 5.
The median reduction in IL-6 was -3.8 pg/mL (range
-12.1 to 1.8) in the home-based group and -3.9 pg/mL
(range -30.5 to 0.0) in the center-based group, with an

Table 3
Pre-exercise IL-6 and HS-CRP Levels

overall median decrease of -3.9 pg/mL (range -30.5
to 1.8). No significant difference in IL-6 changes was
observed between groups (p=0.906). For hs-CRP, the
home-based group demonstrated a median decrease of
-1.3 mg/L (range -11.2 to 0.0), while the center-based
group showed a reduction of -0.4 mg/L (range -4.7 to
0.0). The overall median change was -0.7 mg/L (range
-11.2 to 0.0), with no statistically significant difference
between groups (p=0.200).

Further analysis compares IL-6 and hs-CRP levels pre-
and post-exercise. The median IL-6 level significantly de-
creased from 13.1 pg/mL (range 2.0-34.9) pre-exercise
to 4.8 pg/mL (range 2.0-22.9) post-exercise (p<0.001,
Wilcoxon signed-rank test). Similarly, hs-CRP levels
showed a significant reduction from a median of 4.3 mg/L
(range 2.5-19.7) before the intervention to 2.5 mg/L
(range 2.5-17.3) after the intervention (p<0.001).

When analyzed by exercise modality, the home-based
exercise group exhibited a significant decrease in median
IL-6 from 11.8 pg/mL (range 2.0-26.8) pre-exercise to
4.6 pg/mL (range 2.0-22.4) post-exercise (p=0.001). The
center-based exercise group also showed a significant
reduction in IL-6 levels from 17.4 pg/mL (range 2.0-34.9)
to 5.5 pg/mL (range 2.0-22.9) (p=0.002).

Similarly, hs-CRP levels significantly decreased in
both groups. The home-based exercise group’s median
hs-CRP level declined from 4.7 mg/L (range 2.5-13.7)

Center-based exercise

Variables Home-based exercise (n=16) (n=15) Total (n=31) p-value
IL-6 (pg/mL) 11.8 (2.0-26.8) 17.4 (2.0-34.9) 13.1 (2.0-34.9) 0.268
HS-CRP (mg/L) 4.7 (2.5-13.7) 3.2 (2.5-19.7) 4.3 (2.5-19.7) 0.873
Notes: *Mann-Whitney test.
Table 4
Post-exercise IL-6 and HS-CRP Levels
Center-based exercise
Variables Home-based exercise (n=16) (n=15) Total (n=31) p-value
IL-6 (pg/mL) 4.6 (2-22.4) 5.5 (2-22.9) 4.8 (2-22.9) 0.546
HS-CRP (mg/L) 2.5 (2.5-8.6) 2.5 (2.5-17.3) 2.5 (2.5-17.3) 0.644
Notes: *Mann-Whitney test.
Table 5
Comparison of Changes in IL-6 and HS-CRP Levels Post-exercise
Center-based exercise
Variables Home-based exercise (n=16) (n=15) Total (n=31) p-value
A 1L-6 (pg/mL) -3.8 ((-12.1)-1.8) -3.9 ((-30.5)-0.0) -3.9 ((-30.5)-1.8) 0.906
A HS-CRP (mg/L) -1.3 ((-11.2)-0.0) -0.4((-4.7)-0.0) -0.7 ((-11.2)-0.0) 0.200

Notes: *Mann-Whitney test.
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to 2.5 mg/L (range 2.5-8.6) (p=0.002), while the center-
based exercise group’s median hs-CRP decreased from
3.2 mg/L (range 2.5-19.7) to 2.5 mg/L (range 2.5-17.3)
(p=0.005).

Discussion. This quasi-experimental study aimed
to evaluate the effectiveness of a 12-week home-based
physical exercise program, “Gammara’ Jantungku”, in pa-
tients with heart failure and reduced ejection fraction.
Thirty-one participants were enrolled, with comparable
demographic and clinical characteristics between the
two groups. Fifteen participants underwent center-based
exercise, while sixteen followed the home-based exercise
program. Consistent with previous literature, the major-
ity of participants were male, with only three females
opting for the home-based program. This gender dispar-
ity aligns with findings by Grace et al. [11], who reported
that women’s participation in cardiac rehabilitation re-
mains substantially lower than men’s, with only 11-20 %
of women in the US and Canada attending such programs
despite guideline recommendations. Smith et al. [12] fur-
ther identified barriers to female participation, including
transportation difficulties, household responsibilities,
concerns about exercise-induced fatigue and pain, and
insufficient family or partner support.

Although the difference in mean age between the
home-based group (54.9+8.7 years) and the center-based
group (61.13+£6.3 years) was not statistically significant,
it may reflectlifestyle factors, such as work commitments,
influencing preference for home-based programs. This
observation is consistent with prior studies reporting no
significant age differences between home- and center-
based cardiac rehabilitation participants [13,14].

Pharmacological management across both groups
demonstrated similar patterns, with spironolactone
being the most commonly prescribed medication,
followed by antiplatelets, statins, and renin-angiotensin
system (RAS) blockers. These therapeutic regimens
align with current clinical guidelines emphasizing the
use of aldosterone receptor antagonists, RAS blockers,
and beta-blockers as foundational treatments for heart
failure [15].

Our findings revealed a significant reduction in
interleukin-6 (IL-6) levels following 12 weeks of exercise
intervention in both groups. This aligns with the meta-
analysis by Malandish etal. [16], which demonstrated that
physical exercise significantly reduces IL-6 levels without
significant heterogeneity. Similarly, Kourek et al. [17]
observed decreased IL-6 levels in chronic heart failure
patients after cardiac rehabilitation, with reductions
noted irrespective of baseline functional capacity.

High-sensitivity C-reactive protein (hs-CRP) levels
also decreased post-intervention significantly in both
groups. This finding concurs with Malandish et al. [16],
who reported a significant reduction in hs-CRP following
exercise (SMD = -0.441; 95 % CI: -0.642 to -0.240;
p=0.001), despite notable heterogeneity. Milani et al. [8]
similarly documented significant decreases in hs-CRP
among patients undergoing cardiac rehabilitation,
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independent of statin therapy or weight loss. Another
study further corroborated these results in patients
post-coronary artery bypass graft surgery, where hs-CRP
levels significantly declined only in the rehabilitation
group [18].

Heart failure is characterized by heightened systemic
inflammation, involving proinflammatory cytokines
and endothelial activation, which contribute to disease
progression and adverse outcomes [19,20]. Exercise-
induced physiological adaptations may attenuate the
production of inflammatory mediators such as IL-6 and
hs-CRP, thereby modulating vascular adhesion molecules
(VAMs), including ICAM and VCAM in cardiomyocytes
and fibroblasts [19,21]. The anti-inflammatory effects
observed in this study likely reflect suppression of patho-
logical mechanisms driven by renin-angiotensin-aldoste-
rone system activation and sympathetic nervous system
hyperactivity in heart failure [16,19,21].

Importantly, no significant differences were ob-
served between center-based and home-based exer-
cise programs in reducing IL-6 and hs-CRP levels. To
our knowledge, this study is among the first to directly
compare these two modalities regarding inflammatory
marker outcomes. These findings are consistent with a
recent systematic review, which included 24 trials with
3,046 participants and found no significant differences
between home-based and center-based cardiac rehabili-
tation in terms of mortality, exercise capacity, quality of
life, program completion rates, or costs up to 12 months
of follow-up [20]. This evidence supports the compa-
rable effectiveness of both rehabilitation approaches in
improving clinical outcomes for patients with myocardial
infarction, revascularization, or heart failure.

This study has several limitations. The relatively small
sample size limits the generalizability of the findings,
warranting larger-scale studies to validate these results.
Additionally, challenges related to internet connectivity
quality impeded optimal monitoring during home-based
exercise sessions. Variability in participants’ communi-
cation devices (e.g., mobile phones, laptops, televisions)
also affected the consistency and quality of remote exer-
cise interactions. Future research should involve larger
cohorts and longer intervention periods to better eluci-
date the sustained effects of home-based exercise on clin-
ical and inflammatory outcomes in heart failure patients.
Standardizing communication technology and ensuring
reliable internet access will enhance remote supervision
and participant engagement, potentially improving reha-
bilitation adherence and outcomes.

Conclusion. In conclusion, this study demonstrates
that a 12-week home-based exercise program is not infe-
rior to a center-based program in reducing inflammatory
markers, specifically IL-6 and hs-CRP, in patients with
heart failure and reduced ejection fraction. Both exercise
modalities yielded statistically significant reductions in
these biomarkers, underscoring the anti-inflammatory
benefits of structured physical activity in this popula-
tion. These findings provide novel evidence supporting
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the equivalence of home-based and center-based cardiac
rehabilitation in modulating systemic inflammation.

Final Statements

Prospects for Further Research. Future research
should validate these findings in a larger, more diverse
patient population and over a longer follow-up period.
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MopiBHANbHKUI BAMB 12 TUXKHIB TPEHYBaHb Y LLeHTpi Ta BAOMa Ha piBHi hs-CRP
Ta IL-6 y nauieHTiB i3 cepLeBo0 HeAOCTATHICTIO. SHUXKEHHSA PpaKLii BUKUAYy

Daniel Susilo Lawrence, Akhtar Fajar Muzakkir, Yulius Patimang, Muzakkir Amir, Zaenab Djafar,
Melda Warliani, Andi Alfian Zainuddin

Faculty of Medicine, Hasanuddin University, Makassar, Indonesia

Pesome

Beryn. CepueBa HegoctaTHicTh (CH) € rio6anbHOI0 Npo61eMO0 0XOPOHHU 3J0POB’S, 1[0 XapaKTepU3yeTbCs
3HAYHO 3aXBOPIOBAHICTIO Ta CMEPTHICTIO, YaCTO MOB'SI3aHOI0 3 XPOHIYHUM CUCTEMHUM 3anajeHHsAM. Kapzioso-
riyHa peabinitanisa Ha ocHOBI Qi3WYHUX BIPaB € OCHOBO JiKyBaHHA CH, npoTe 06MexxeHHS JOCTYNHOCTI 4acTo
0OMeXYI0Tb y4acTb y Hill. [Iporpamu ¢isuyHUX BIpaB /Jisi BAKOHAHHSA BJOMA € MOTEHIIIHO KUTTE3AATHOIO aJlb-
TepHaTUBOIO. Lle focaiKeHHsI BUBYA€E NOPiBHA/NbHI eQeKTH TPeHyBaHb Y LIeHTpi Ta BJ0Ma Ha MapKepH 3anaeHHs
y nanieHTiB i3 CH Ta 3HMXeHO010 QpaKIi€l0o BUKUY.

Merta. OuiHuTu BB 12-TkHeBUX Qi3YHUX BIpaB y GiTHec-LeHTPi Ta BjoMa Ha MapKepu 3anaJleHHs, 30-
KpeMa BUCOKOUYTJIUBUM C-peakTuBHUM 6in0K (hs-CRP) Ta iHTepselikiH-6 (IL-6), y nauieHTiB i3 cepueBoto HeJ0-
CTaTHICTIO Ta 3HWXKEHOI0 QPaKLi€l0 BUKUAY.

Marepiasim Ta MeToAu. By/10 3acTocoBaHO KBasiekciepuMeHTa/IbHUM iM3aiiH, B IKOMY B3sJ1M y4acTb 31 nani-
€HT 3 ZIlarH030M ceplieBa HeJOCTAaTHICTh 3 ppaKLiero BUKUAY JIBOro LIIyHOUYKa HUXK4Ye 40 %. Y4acHUKY OY/IU po3-
nozisieHi Ha ABi rpynu: ¢isuyHi BnpaBu B ieHTpi (n=15) Ta ¢pizuyHi BnpaBu BaoMa (n=16). 0611Bi rpynu npourIim
12-TuxHEBY mporpamy peabisiTauii, o ck/aJanacs 3 CEaHCIB JIETKOi iHTEHCUBHOCTI I'SITh pa3iB Ha THX/EeHb. By-
Ji1 316paHi 3pa3ku KpoBi [0 Ta micjs BTpy4YaHHs /s BUMiptoBaHHs piBHIB hs-CRP Ta IL-6 y cupoBaTui kKpoBi. Ta-
KO OysiM 3anucaHi kJiHiuHi Ta gfemorpadivyHi gaHi. CTaTUCTUYHUN aHa/1i3 6yJ10 TPOBEIEHO 3a JJOIOMOTO0 TECTIB
Manna-YiTHi Ta BinkokcoHa, 3 piBHeM 3HauymocTi p<0,05.

Pe3ynbraTu Ta 06ropopeHHsa. 06uaBa BUAU Gi3MUHUX BIPaB MPU3BEJIH [0 3HAYHOI'0 3HIKEeHHs piBHIB IL-6
Ta hs-CRP nicas 12 TuxkHiB (p<0,001). Meniana IL-6 3Husuaacsa 3 13,1 nr/mi go 4,8 nr/mJ, a mezgiana hs-CRP 3Hu-
3ujacs 3 4,3 mr/a go 2,5 Mmr/n y Bcix yyacHukiB. He 6y/10 BUSIBJIEHO CTaTUCTUYHO 3HAYYLIUX BiAMiHHOCTEH Mix
IpyINolo, 0 TpeHyBaJacd B LieHTpi, Ta IpyIolo, 1110 TpeHyBaJjlacs BJOMa, 3a CTylleHeM 3HW)KeHHS piBHA 060X 6io-
MapkepiB (IL-6, p = 0,906; hs-CRP, p = 0,200).

BUCHOBKHU. /|BaHA/IATUTHKHEBE TPEHYBAHHS BJOMA € TAKUM ke e pEKTUBHUM, sIK | TpEHYBaHHS B LIEHTPI, A5
3MeHIleHHs CUCTEMHOTO0 3anaJieHHsl, BUMipsiHOro 3a fonomoromw IL-6 Ta hs-CRP, y nauieHTiB i3 cepluieBoto HeJ0-
CTaTHICTIO 3i 3HMXKeHOW dpakiiero BUKuAY. lli pe3ysbraT NiATBEPKYIOTH JOLiJbHICTH BUKOPUCTAHHS peabii-
Talii BloMa K aJIbTEPHATUBU NIporpaMam y HeHTpi A5 JIIKyBaHHS 3anasleHHs y il rpymi nauieHTiB.

Kamwuoei cnosa: kapdionoziuna peabinimayis, mapkepu 3anasnenus, HFrEF, yumoxkinu, améysaamopHa donomoza
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