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Abstract

Aim: The purpose of this study is to evaluate the effectiveness of an individualized aerobic exercise program-prescribed based on VO, max
from cardiopulmonary exercise testing (CPET)-within a cardiac rehabilitation setting.

Methods: An observational case-control study. Thirty patients diagnosed with compensated Heart failure and functional capacity New
York Heart Association 2-3 were included in the study. Participants underwent a CPET to determine aerobic capacity. Before and after the
intervention, CPET and 6-Minute Walk Test (6MWT) for functional exercise capacity, the short form-36 health survey (SF-36) scale to assess
quality of life, handgrip strength using a dynamometer for muscle strength, and the Hospital Anxiety and Depression Scale (HADS) were
applied.

Results: The study included 30 patients, 85.7% of whom were male, and the mean age of the patients was 52.8. The CPET results before
and after rehabilitation revealed improvements in all parameters, only PETCO, (P = .018) and resting systolic blood pressure (P = .007)
indicated statistically significant changes. There were no significant differences in the VO, max, VE/VCO- slope (EQCO2), O pulse, or heart
rate recovery (HRR) levels after treatment assessment. In functional evaluation, handgrip strength (HGS) was significantly increased (P = .001).
The energy/fatigue and social functioning subgroups of the SF-36 measure were better after rehabilitation than before (P =.032 and P = .024,
respectively). There was no difference in anxiety or depression assessments (both P > .05).

Conclusion: A structured rehabilitation program featuring continuous moderate-intensity aerobic exercise significantly improves ventilatory
efficiency, blood pressure control, peripheral muscle strength, and certain aspects of quality of life in heart failure patients.
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Introduction

Heart failure (HF) is a global health problem affecting an estimated
64.3 million individuals worldwide. In high-income countries, the
prevalence of clinically diagnosed HF is approximately 1% to 2%
of the adult population.? Although survival following a diagnosis
of HF has improved with advances in pharmacologic and device-
based therapies, prognosis remains poor; nearly 30% to 40% of
patients die within one year of diagnosis."? In some cases, patients
with chronic HF progress to a stage characterized by persistent
symptoms and structural cardiac abnormalities, despite optimal
medical management. This clinical condition is referred to as
advanced heart failure and often necessitates evaluation for heart
transplantation or long-term mechanical circulatory support.®

The 2016 European Society of Cardiology guidelines emphasize
the role of non-pharmacological strategies, recommending regular
aerobic exercise (Class I-A) for improving symptoms and functional
capacity in patients with HF.* Exercise training (ET), when properly
supervised, is one of the most effective interventions to enhance
cardiopulmonary function and health-related quality of life in HF.>¢
Cardiac rehabilitation (CR) offers a structured, interdisciplinary
approach tailored to individual needs, aiming to improve physical
function and psychosocial well-being while slowing disease
progression and reducing mortality with aerobic exercise program.®

In patients with HF, aerobic exercise improves peak oxygen uptake
(VO max) and left ventricular function, while resistance training
enhances muscle strength and endurance. Numerous studies
have demonstrated the safety and effectiveness of exercise
interventions, with improvements in VO.max, biomarkers, and
quality of life, although a subset of patients, up to one-third,
may exhibit minimal change in VO.max despite participation in
structured ET programs.’

VO.max is a key objective marker of functional capacity
and prognostic risk in cardiovascular disease, especially HF?
Cardiopulmonary exercise testing (CPET) allows for direct
measurement of gas exchange and provides comprehensive data,
including VO,max, ventilatory equivalents, oxygen pulse, and the
VE/VCO, slope.®'® These data guide exercise prescription, monitor
treatment response, and support risk stratification. Although
not universally available, even standard maximal or submaximal
exercise tests can yield useful insights for tailoring CR."

The aim of this study is to evaluate the effectiveness of a cardiac
rehabilitation program involving moderate-intensity aerobic
exercise prescribed based on CPET-derived VO,max in patients
with HF. By analyzing changes in CPET parameters and clinical
scales before and after the intervention, we aim to assess the
impact of individualized exercise therapy and support optimized
rehabilitation planning for this patient population.

Materials and Methods

This was a prospective observational case-control study of heart
failure patients referred to our cardiopulmonary rehabilitation unit
from specialized cardiology and cardiovascular surgery outpatient
clinics. All participants provided written informed consent before
commencing the study. The study was registered at ClinicalTrials.
gov under registration number NCT07128784.

Participants were eligible if they were 18-75 years old, had
compensated heart failure (HF) with New York Heart Association
(NYHA) class lI-1lI, left ventricular ejection fraction (LVEF) <40%,
body mass index (BMI) between 18-30 kg/m?, clinically stable
symptoms for less than or equal to 2 weeks, and had received
stable doses of HF medications during that period.

Exclusion criteria included recent cardiac device implantation
(more than 6 weeks) or planned device/heart transplant within

12 months; acute coronary syndrome within 6 weeks; severe
hypertrophic cardiomyopathy; acute myocarditis or pericarditis;
intracardiac thrombus; primary pulmonary, perinatal, or thyroid-
related cardiomyopathy; uncontrolled hypertension (systolic blood
pressure.[SBP] > 200 mmHg or diastolic blood pressure (DBP) >
110 mmHg); significant arrhythmias (e.g., ventricular tachycardia,
frequent premature ventricular contractions (PVCs), atrioventricular
(AV) block, QT prolongation); ischemia at <2 metabolic equivalents
(METs); recent worsening dyspnea or exercise intolerance; or
cognitive impairment.

Thirty-two patients diagnosed with compensated HF and
functional capacity NYHA 2-3 were included in the study.
Participants underwent a CPET to determine the VO, max aerobic
capacity for exercise prescriptions. The treatment responses of the
patients were evaluated with CPET, which determines the cardiac-
pulmonary responses to exercise together. Two participants
withdrew from the study.

Demographic data of thirty patients were interviewed regarding
age, sex, height, weight, educational level, occupation, marital
status, systemic diseases, smoking and alcohol consumption, prior
surgeries, and current medications. 6-Minute Walk Test (6MWT)
for functional exercise capacity, the short form-36 health survey
(SF-36) scale to assess quality of life, handgrip strength using a
dynamometer for muscle strength, and the Hospital Anxiety and
Depression Scale (HADS) to evaluate depression and anxiety levels
were applied to participants.

Cardiopulmonary Exercise Test (CPET) Application and Parameters
Cardiopulmonary exercise testing is an objective method that
measures maximum oxygen consumption by analyzing inhaled and
exhaled gases through a mask. This test can provide a number
of physiological parameters, including respiratory, hemodynamic,
and metabolic responses to exercise, which may reflect the
mechanisms underlying exertional dyspnea, angina pectoris, and
fatigue in patients with cardiovascular disorders.?

CPET exercise protocol to be applied is determined according
to the patient’s functional capacity, depending on the specific
characteristics of the patient. A continuously incrementing ramp
protocol with minute-by-minute increments of 10 W/min with
bicycle ergometer exercise. This offers the advantage of a short
protocol with low initial work rate and a brief duration of high-
intensity cardiopulmonary exercise. The optimum duration for the
CPET testis 8-12 minutes. Blood pressure, pulse, electrocardiogram,
symptoms, spirometry, gas exchange, and ventilatory responses
are monitored in the exercise test.'?

Cardiopulmonary exercise testing was performed using a cycle
ergometer and gas exchange analyzer. Data were evaluated
using the standardized 9-panel graphical display, which facilitates
integrated interpretation of ventilatory, cardiovascular, and
metabolic responses to exercise.

VO.max

An indicator of functional capacity and represents the highest
rate at which an individual can consume oxygen during exercise,
reflecting their integrated capacity for oxygen uptake, transport,
and utilization. In patients with heart failure, VO, max is a valuable
measure for assessing prognosis and treatment response.’

Oxygen Pulse (O Pulse)

0. pulse refers to the volume of oxygen expelled from the ventricles
with each heartbeat. Values greater than 80% of the patient’s
expected value are considered normal. In heart failure patients,
oxygen pulse may be low due to a decrease in stroke volume.™

Minute Ventilation (VE)

It is determined as the product of the respiratory rate by the volume
of air exhaled at every cycle (tidal volume). Ventilation increases
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continuously during progressive effort on CPET and undergoes
additional increases influenced by the anaerobic metabolism
resulting from the accumulation of lactic acid, well defined as the
first and second ventilatory thresholds. Increases are seen in rates
due to insufficient effective respiration.'®

Ventilatory Equivalents for Oxygen (VE/VO;) and for Carbon
Dioxide (VE/VCO;)

These are the ratios between pulmonary ventilation and O
consumption (VE/VO,) or CO, production (VE/VCO,). The VE/VO,
reflects the ventilatory need for a certain O, consumption level.
Patients with an inadequate ratio between pulmonary ventilation
and pulmonary perfusionventilate inefficiently and have high VE/
VO values (pulmonary disease and HF)."* VE/VCO, represents the
ventilatory need to eliminate a certain amount of CO, produced by
active tissues, being influenced by the partial pressure of carbon
dioxide (PaCO,). It relates to changes in the ventilation-perfusion
relationship or hyperventilation. The VE/VCO, slope reflects the
severity and prognosis of patients with HF.'®

PETCO;

PETCO; reflects ventilation-perfusion matching in the lungs and
provides an indirect indication of cardiac function.” Its normal
range is 36 to 42 mmHg. Abnormal PETCO, values can indicate the
severity of HF in patients.

Respiratory Exchange Ratio (RER)

The respiratory exchange ratio, also termed the respiratory
coefficient, represents the quotient of carbon dioxide production
(VCO,) to oxygen consumption (VO2). It is currently considered
the most reliable non-invasive marker for assessing maximal or
near-maximal exercise intensity. RER values = 1.10 are specifically
sought in CPET and are accepted as a parameter indicative of
exhaustion or near-exhaustion.'

The patients were enrolled in a continuous, moderate-intensity
lower extremities cycling ergometry exercise program. Exercise
intensity was prescribed to be between 60% and 70% of their VO,
max as determined by CPET. A 10-week exercise program was
administered three days per week, with each session lasting 40
minutes (comprising a 5-minute warm-up, 30 minutes of exercise
training, and a 5-minute cool-down).

Six-minute walking tests (6MWT) were administered to all the
patients, and a corridor with a length of about 60 m was selected.
The best effort to walk back and forth in the corridor was tested,
and the patient’s vital signs and walking distance were recorded
after 6 min. A change of 14 meters in the 6MWT has been
determined to be clinically significant.'®

Ethical Approval
The study was approved by the Ethics Committee of Ankara City
Hospital (Date: 14.05.2025, Decision No: TABED 2-25-1203).

Statistical Analysis

Statistical analyses were performed using SPSS version 25.0
(SPSS Inc., Chicago, IL, USA). The Shapiro-Wilk test was used to
assess the normality of continuous variables. Descriptive statistics
were presented as n (%) for categorical variables, mean + standard
deviation for normally distributed continuous variables, and median
(interquartile range) for non-normally distributed and ordinal
variables. Paired comparisons were conducted using either the
paired samples t-test or the Wilcoxon signed-rank test, depending
on the distribution of the data. A P value < 0.05 was considered
statistically significant.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

The study included 30 patients, 85.7% of whom were male, and the

mean age of the patients was 52.8. Ischemic cardiomyopathy was
found in 66.7% of the patients, and the mean ejection fraction of
the patients was 29.3%. Demographic and clinical characteristics
of patients were given in Table 1.

The CPET results before and after rehabilitation revealed
improvements in all parameters, only PETCO, (P = .018) and resting
systolic blood pressure (P = .007) indicated statistically significant
changes. The results of the cardiopulmonary exercise test summary
brief table were given in Table 2. There were no significant
differences in the VO.max, VE/VCO, slope (EQCO.), O, pulse, or
heart rate recovery (HRR) levels after treatment assessment.
These results are shown in Supplementary Table 1. In functional
evaluation, handgrip strength (HGS) was significantly increased (P
=.001). Although the improvement in 6MWT was not statistically
significant (P = .253), the change was clinically important (>14 m).
Functional scores, quality of life parameters, and psychological
assessment scores summary brief table were given in Table 3.
The energy/fatigue and social functioning subgroups of the SF-36
measure were better after rehabilitation than before (P = .032 and

Table 1. Demographic and clinical characteristics of patients

Age, year 52.8 +12.1
Gender, n (%)

Female 4 (13.3)

Male 26 (86.7)
BMI, kg/m? 283 +42
Diagnosis, n (%)

Ischemic Cardiomyopathy 20 (66.7)

Non-ischemic Cardiomyopathy 10 (33.3)
Functional capacity, n (%)

1 10 (33.3)

2 17 (56.7)

3 3(10)
EF (%) 293+3

Data are given as n (%) or Mean+Standard deviation. BMI; body mass
index, EF; ejection fraction

Table 2. The results of cardiopulmonary exercise testing

Pre-treatment  Post-treatment P
PETCO2 29.1 £ 3.7 305+34 018
BR.sys. rest 40354198 948+ 18 007
(mmHg)

Data are given as Mean+Standard deviation or median (interquartile
range). Statistically significant values are marked in bold.

Table 3. Functional, Quality of Life and Psychological Assessments

Pre-treatment Post-treatment P
Handgrip
strength (kg) 289 + 6.6 32.1 +9.1 .001
SF-36
Eno.?rgy/ 55 (15-75) 55 (35-80) .032
fatigue
Ene?rgy/ 55 (15-75) 55 (35-80) .032
fatigue

Data are given as Mean+Standard deviation or median (interquartile
range). Statistically significant values are marked in bold.
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P = .024, respectively). These results were given in Supplementary
Table 2. There was no difference in anxiety or depression
assessments (both P > .05).

Discussion

In our study evaluating the impact of cardiac rehabilitation programs
incorporating moderate-intensity exercise training on functional
capacity in patients with HF, although all CPET parameters showed
trends of improvement post-rehabilitation, only PETCO, and resting
systolic blood pressure changes reached statistical significance. In
the study conducted by Guazzi and colleagues evaluating ventilatory
efficiency in patients with heart failure, increases in PETCO- levels
were interpreted as indicators of improved ventilatory efficiency
and enhanced alveolar perfusion. This finding was considered a
recognized marker of appropriate cardiac output adaptations and
reduced pulmonary ventilation-perfusion mismatch in individuals
with heart failure.'”” Similarly, the observed reduction in resting
systolic blood pressure aligns with previous studies indicating
that regular aerobic exercise contributes to improved vascular
endothelial function and reduced systemic vascular resistance,
ultimately lowering blood pressure in HF populations.'®™

In our study, no significant changes were observed in VO,max, VE/
VCO; slope, O, pulse, or HRR, consistent with the findings reported
by Smart et al.?° Goulart et al have shown that CPET can improve
patients’ cardiac function injuries, guide rehabilitation exercises
to improve the adaptability of cardiac function in CHF patients
and play an important role in promoting the rehabilitation of
CHF patients.?! Clear and proven improvements of VO, max after
rehabilitation training are not reported in the literature, and our
study confirms that the VO, max performance at the CPET does not
change significantly over time.

In our study, we also evaluated the respiratory parameters along
with the cardiovascular, ventilatory, and gas exchange responses
of our patients based on their CPET results, both before and after
the treatment. In line with observations reported in the literature
for patients with heart failure and reduced ejection fraction, the
majority of patients also presented with EQCO; levels exceeding
36." In our study, similar to the literature, the mean EQCO; levels
of the patients were above 35. In patients with CHF, an elevated
VE/VCO; slope points to increased anaerobic metabolism, which in
turn compromises cardiac function. Prior research indicates that
the diminished heart function observed in CHF patients is primarily
linked to impaired vasodilation and reduced pulmonary oxygen
content, resulting from a decline in the blood’s oxygen-carrying
capacity.??

In our current study, functional assessment of HGS improved
significantly after rehabilitation. Similarly, Tyni Lenne and
colleagues demonstrated that skeletal muscle dysfunction is a
well-known contributor to exercise intolerance in HF 36. Although
the increase in 6-minute walk test (6MWT) distance did not reach
statistical significance, the clinically meaningful improvement (>14
m) observed in our cohort is in line with established minimal clinically
important differences for this test in HF patients.?®* These gains
may translate into better daily functional capacity and autonomy.

Regarding QOL outcomes, the SF-36 energy/fatigue and social
functioning domains improved significantly after rehabilitation,
corroborating prior evidence that exercise-based interventions can
positively impact psychosocial and fatigue-related aspects of living
with HF.2#

Our study confirms that aerobic exercise-based rehabilitation
can yield meaningful improvements in ventilatory efficiency,
blood pressure regulation, muscle strength, and QOL domains in
HF patients. While maximal exercise capacity parameters did not

change significantly, the overall functional gains and subjective
improvements underscore the value of integrating structured
aerobic exercise into HF management. Future studies with larger
sample sizes, longer intervention periods, and combined exercise
modalities may further elucidate the potential for comprehensive
benefits in this population.

Limitations

This study has several limitations that should be acknowledged.
First, the sample size was relatively small, which may have
limited the statistical power to detect changes in some CPET
parameters, particularly VO,max and VE/VCO; slope. Second, the
duration of the intervention was moderate; it is possible that
longer training periods or higher exercise intensities could elicit
more pronounced cardiopulmonary adaptations. Third, the study
lacked a control group, which limits the ability to attribute all
observed improvements solely to the exercise intervention. Finally,
psychological outcomes such as anxiety and depression may
require multimodal interventions beyond aerobic exercise alone to
achieve significant improvements.

Conclusion

This study demonstrates that a structured rehabilitation program
based on continuous moderate-intensity aerobic exercise leads to
clinically meaningful improvements in ventilatory efficiency, blood
pressure control, peripheral muscle strength, and selected domains
of QOL in patients with heart failure. Although maximal exercise
capacity parameters did not significantly improve, the observed
functional and psychosocial gains underscore the value of
incorporating moderate aerobic exercise into routine heart failure
management. These findings support the growing evidence that
tailored, safe, and accessible aerobic interventions can enhance
both the physiological and QOL outcomes for patients living with
heart failure.
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6MWT: 6-minute walk test
AV: Atrioventricular

BMI: Body mass index
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CPET: Cardiopulmonary exercise testing

CR: Cardiac rehabilitation

DBP: Diastolic blood pressure

ET: Exercise training

HF: Heart failure

HFrEF: Heart failure with reduced ejection fraction
HFpEF: Heart failure with preserved ejection fraction
HGS: Handgrip strength

HRR: Heart rate recovery

LLMs: Large language models

LVEF: Left ventricular ejection fraction

METs: Metabolic equivalents

NYHA: New York Heart Association

02: Oxygen

0. pulse: Oxygen pulse

PaCO;: Partial pressure of carbon dioxide
PETCO.: End-tidal carbon dioxide pressure

PVCs: Premature ventricular contractions

QOL: Quality of life

RCP: Respiratory compensation point

RER: Respiratory exchange ratio

SBP: Systolic blood pressure

SF-36: Short Form-36 Health Survey

VCO,: Carbon dioxide production

VE: Minute ventilation

VE/VCO;: Ventilatory equivalent for carbon dioxide
VE/NVO;: Ventilatory equivalent for oxygen

VO_: Oxygen consumption

VO2max: Maximal oxygen consumption
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