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ABSTRACT Objective: This study aimed to compare changes in cardiopul-
monary exercise test (CPET) parameters between coronary artery disease (CAD)
patients who completed <18 sessions and those who completed >18 sessions of
exercise-based cardiac rehabilitation (CR). Material and Methods: A retro-
spective analysis was conducted on 54 CAD patients. Participants were divided
into 2 groups: Group 1 (<18 sessions, n=27) and Group 2 (>18 sessions, n=27).
Records of CPET assessments performed before and after CR were analyzed. Re-
sults: No significant differences were observed between the groups in baseline
characteristics. Both groups showed improvements in peak oxygen uptake (VO,),
peak respiratory exchange ratio, VO, at anaerobic threshold, and 1-min heart rate
recovery. Significant increase in the oxygen uptake efficiency slope (OUES)
(p<0.001) and reduction in ventilatory equivalent for carbon dioxide (VE/VCO,)
slope (p=0.003) were found only in Group 2. Between-group comparisons re-
vealed that Group 2 showed greater improvements in OUES (p=0.008) and
VE/VCO, slope (p=0.027). A positive correlation was found between the num-
ber of sessions and the increase in OUES (rho=0.286; p=0.038), while a negative
correlation was found with the decrease in VE/VCO, slope (rho=-0.317;
p=0.021). Conclusion: Longer CR programs lead to greater improvements in
ventilatory efficiency, as indicated by OUES and VE/VCO, slope, compared with
shorter programs. These findings highlight the importance of the number of ses-
sions in optimizing the aerobic capacity and ventilatory response in CAD pa-
tients.
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OZET Amag: Bu calisma, <18 seans ve >18 seanslik egzersiz temelli kardiyak
rehabilitasyonu (KR) tamamlamis koroner arter hastalar: (KAH) arasinda kardi-
yopulmoner egzersiz testi (KPET) parametrelerindeki degisiklikleri karsilastir-
may1 amagladi. Gere¢ ve Yontemler: KAH hastaligina sahip 54 kisi lizerinde
retrospektif bir analiz yapilmustir. Katilimeilar 2 gruba ayrildi: Grup 1 (<18 seans,
n=27) ve Grup 2 (=18 seans, n=27). KR &ncesi ve sonrasi uygulanmis KPET so-
nuglari analiz edildi. Bulgular: Gruplar arasinda baslangig¢ 6zelliklerinde anlaml
bir fark bulunmadi. Her iki grup da zirve oksijen tiiketimi (VO,), zirve solunum
degisim orani, anaerobik esikteki VO, ve 1 dk’lik kalp hizi toparlanmasi artti.
Oksijen tiiketim verimlilik egimi [oxygen uptake efficiency slope (OUES)] artis1
(p<0.001) ve karbondioksit solunum eslenigi (VE/VCO,) egimindeki azalma
(p=0.003) yalnmzca Grup 2’de istatistiksel olarak anlamli bulundu. Gruplar arasi
karsilastirmalar, Grup 2’nin OUES’de daha biiyiik bir artis (p=0.008) ve
VE/VCO, egiminde daha fazla azalma (p=0.027) gosterdigini ortaya koydu.
Seans sayist ile OUES artis1 arasinda pozitif (rho=0.286; p=0.038), VE/VCO,
egimindeki azalma ile ise negatif bir iligki bulundu (tho=-0.317; p=0.021). Sonug¢:
Daha uzun siireli KR programlart OUES ve VE/VCO, egimi ile gdsterilen ven-
tilasyon verimliliginde kisa programlara kiyasla daha belirgin iyilesmeler sagla-
maktadir. Bu bulgular, KAH’ta aerobik kapasite ve ventilator yanitin optimize
edilmesinde seans sayisinin 6nemini vurgulamaktadir.
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Exercise-based cardiac rehabilitation (CR) is a
crucial component of coronary artery disease (CAD)
management.' Despite strong recommendations, par-
ticipation and adherence rates in CR programs remain
suboptimal worldwide. Phase 2 CR is commonly rec-
ommended to include 36 sessions of exercise train-
ing over a 12-week period.? In Tiirkiye, CR following
CAD is covered by the social security institution for
up to 30 sessions per year. Early initiation of CR im-
proves patient outcomes however, long program du-
rations often result in waiting lists, delaying
rehabilitation.> Additionally, dropout rates in CR pro-
grams have been reported to reach as high as 75%
within the 12-week period.* Barriers to CR include
vocational restrictions, family responsibilities, trans-
portation difficulties, and logistical challenges related
to rehabilitation services.’ In this context, it remains
unclear whether short-term programs with fewer ses-
sions, which could reach more patients in the early
period, are sufficiently effective.®

One of the main goals of exercise-based CR 1is to
improve aerobic capacity, also referred to as car-
diorespiratory fitness (CRF).* Exercise enhances
CRF by inducing physiological adaptations in the res-
piratory, circulatory, and musculoskeletal systems.
The cardiopulmonary exercise test (CPET) is the
gold-standard method for assessing the aerobic ca-
pacity (maximal oxygen consumption) and evaluat-
ing the physiological responses to exercise. However,
a significant proportion of cardiac patients cannot
achieve maximal exertion during exercise testing,
leading to the use of peak oxygen uptake (VO,) rather
than maximal VO,. CPET also provides insight into
submaximal fitness levels, offering parameters such
as the anaerobic threshold (AT), the ventilatory
equivalent for carbon dioxide (VE/VCOQO,), and the
oxygen uptake efficiency slope (OUES). While
VE/VCO, slope primarily reflects ventilatory effi-
ciency, OUES is considered a broader indicator of
cardiopulmonary function and aerobic capacity.” No-
tably, OUES has been identified as an effort-inde-
pendent marker of aerobic capacity in patients with
CAD and heart failure.®!® While peak VO, is a well-
established independent predictor, emerging evidence
highlights the predictive value of OUES for cardio-
vascular events and mortality.!!:!2
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Although exercise at various intensities and du-
rations has been shown to improve both maximal and
submaximal CPET parameters in patients with CAD,
the effect of the number of exercise sessions on these
parameters remains unclear.!* While the general con-
sensus suggests that more sessions lead to greater
benefits, few studies have examined the effectiveness
of shorter CR programs (e.g., 4-6 weeks).!*!> One
study found that CAD patients who completed more
than 24 CR sessions had a 68% lower risk of major
adverse cardiac events over a 4-year follow-up com-
pared to those who attended fewer than 12 sessions.'®
A better understanding of the relationship between
the number of sessions and CPET parameter changes
could provide deeper insights into the physiological
effects of therapeutic exercise on CRF components.
Additionally, understanding expected changes with
long- versus short-duration CR programs could help
establish patient-specific goals and contribute to the
development of individualized CR strategies.

Therefore, this study aimed to compare CPET
parameter changes in patients with CAD who under-
went exercise-based CR for fewer than 6 weeks (<18
sessions) versus those who participated for more than
6 weeks (=18 sessions). Given that the standard rec-
ommendation for phase 2 CR is 36 sessions over 12
weeks, we categorized patients based on whether they
completed less or more than half of the recommended
duration and session count.

I MATERIAL AND METHODS
PATIENTS

This retrospective study was conducted using the
records of patients who participated in CR at the Car-
diopulmonary Rehabilitation Unit of the Gazi Uni-
versity Faculty of Medicine, Department of Physical
Medicine and Rehabilitation, between January 2022-
December 2024.

The inclusion criteria were as follows: (1) aged
18 years and older; (2) a diagnosis of CAD (myocar-
dial infarction, coronary artery bypass surgery, per-
cutaneous coronary intervention, stable angina
pectoris with medical management); (3) at least 4
weeks of participation in CR, with 3 sessions of mod-
erate-intensity aerobic exercise per week.
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The exclusion criteria were as follows: (1) con-
comitant chronic pulmonary disease; (2) symptoms re-
lated to heart failure with an ejection fraction <50%
and/or proBNP >300 pg/ml; (3) severe valvular steno-
sis or insufficiency; (4) presence of heart valve surgery
or pacemaker; (5) termination of CPET due to my-
ocardial ischemia or arrhythmias affecting hemody-
namics; (6) termination of the CR program due to a
medical condition that compromised exercise training.

The number of CR sessions completed by the
patients was recorded, and they were categorized into
2 groups: Group 1 (18 sessions) and Group 2 (18 or
more sessions). Based on a 0.7 correlation between
the dependent groups, a 5% error margin, and 90%
power, the required sample size for each group to de-
tect a statistically significant change in peak VO, was
determined to be 24 participants.'®

Because the study had a retrospective design, it
was exempted from informed consent requirements.
The study was conducted in accordance with the prin-
ciples of the Helsinki Declaration, and personal data
obtained from medical records were not shared with
third parties. The study protocol was approved by the
Gazi University Ethics Committee under number 06;
date: April 15, 2025.

INTERVENTION

All patients underwent a warm-up and cool-down pe-
riod, with 30-35 minutes of moderate-intensity aero-
bic (treadmill with
electrocardiography monitoring) 3 times a week. In
addition, progressive resistance strengthening exer-
cises for the upper and lower extremity proximal

exercise walking

muscles were performed.!” The aerobic exercise in-
tensity was determined via the target heart rate range
corresponding to 60-80% of the peak VO, obtained
from the initial CPET. The exercise intensity was
gradually increased during the weekly visits to
achieve the target heart rate range.

Outcome Measures

The demographic and clinical data of the participants
were obtained from the detailed pre-CR evaluation
and CPET records. All participants underwent symp-
tom-limited maximal CPET using the Modified
Bruce Protocol on a treadmill in the week before CR
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and the week following the completion of CR by the
same researcher (L.K.). Ergometric measurements
were obtained using a Quark CPET ergospirometry
device (Cosmed, Rome, Italy) with a breath-by-
breath gas analysis system via a face mask. Partici-
pants were instructed to continue the exercise test
until they reached an exertion level where they could
not continue (Borg scale >17). Maximal exertion was
defined as when participants reached >85% of their
age-predicted maximum heart rate [Expected (maxi-
mum heart rate “MaxHR”)=220 age] and a respira-
tory exchange ratio (RER=VCO,/ VO,) >1.1."

The primary outcome measure was the change
in the peak VO,. Secondary outcomes included
changes in peak RER, peak O2 pulse (VO,/HR), VO2
at AT, VE/VCO, slope, OUES, resting HR, age-ad-
justed peak HR (%) calculated as 100 x (achieved
peak HR/age-predicted MaxHR), peak double prod-
uct (HRxsystolic blood pressure), and HR recovery in
I min (HRR-1-min).

VO, at AT, VE/VCO, slope, and OUES were
considered submaximal parameters of the CRF. VO,
at AT was determined using the V-slope method and
confirmed by the corresponding inflections in the
end-tidal PO, and VE/VO, traces while VE/VCO, re-
mained stable (Figure 1)."

The VE/VCO, slope is a prognostic parameter
that indicates respiratory efficiency during submaxi-
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FIGURE 1: Determination of anaerobic threshold using the V-slope method
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mal and maximal exercise tests. It is usually less than
30 in healthy individuals. An increase in this slope
was associated with deconditioning, increased dead
space ventilation, and an increased ventilatory re-
sponse to exercise. In our study, the VE/VCO, slope
was measured from exercise onset to the 2" ventila-
tory threshold and during the entire exercise for pa-
tients who did not reach the second ventilatory
threshold (Figure 2).2°

OUES is a parameter that evaluates the relation-
ship between VO, and VE, providing a comprehen-
sive indicator of cardiovascular and pulmonary
function during both submaximal and maximal exer-
cise. It has been shown that OUES is a reliable pa-
rameter for assessing CRF and is strongly correlated
with peak VO,.?! In our study, OUES was calculated
using the equation VO,=OUESxlog(VE)+b during
the peak exercise segment (Figure 2).

STATISTICAL ANALYSIS

Data analysis was conducted using IBM SPSS Statis-
tics for Windows, Version 28.0. Armonk, NY: IBM
Corp. Nominal variables were examined as frequen-
cies and percentages, while continuous variables

FIGURE 2: Measurements of VE/VCO, slope (A) and oxygen uptake efficiency
slope-OUES (B)
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were examined as means and standard deviations (or
median and interquartile range). The normality of the
continuous variables was assessed using analytical
(Kolmogorov-Smirnov/Shapiro-Wilk tests) and vi-
sual (histogram) methods. Fisher’s exact test was ap-
plied to compare the frequencies of the nominal
variables. Student’s t-test and Mann-Whitney U test
were used to compare baseline clinical characteris-
tics between the groups. Within-group changes in the
primary and secondary outcome measures were eval-
uated using paired t-tests and Wilcoxon signed-rank
tests. Between-group comparisons of within-group
changes were performed using the Student’s t-test
and Mann-Whitney U test. The relationship between
the number of sessions and changes in CPET param-
eters was examined using Pearson and Spearman cor-
relation analyses. A p value <0.05 was considered
statistically significant.

I RESULTS

The study flowchart is presented in Figure 3. A total
of 54 patients were included, with 27 patients in each
group (16 males in Group 1 and 22 males in Group
2). The clinical and demographic characteristics of
the patients are summarized in Table 1. No signifi-
cant differences were observed between the groups

65 eligible patients 11 patients excluded
COPD (n=4)
HF (n=5)
Missing data (n=1)
Sessions <12 (n=1)

54 patients included

Baseline measurements

Group 1
(n=27)

Group 2
(n=27)

( )

4-6 weeks of CR 6-12 weeks of CR
(<18 sessions) (>18 sessions)

\/

| Post-CR measurements |

FIGURE 3: Study flowchart
COPD: Chronic obstructive pulmonary disease; HF: Heart failure;
CR: Cardiac rehabilitation



Levent KARATAS, et al.

JPMR Sci. 2025;28(3):308-15

TABLE 1: Demographic and clinical characteristics of patients

Gender Female n (%)
Male n (%)

Age (X+SD)

BMI (X+SD)

Referral diagnosis n (%) Myocardial infarction

Coronary artery bypass surgery

Stable angina pectoris
Beta-blockers

ACE inhibitors

ARBs

CCBs

Statins
Antiplatelets/anticoagulants
Yes n (%)

No n (%)

Primary or secondary education

Medications n (%)

Regular exercise or walking history

Education level n (%)
High school education
University degree or higher

Completed exercise sessions median (minimum-maximum)

Percutaneous coronary intervention

Group 1 (n=27) Group 2 (n=27) p value
11 (40) 5(19) 0.135°
16 (60) 22 (81)

56.3+6.4 60.7+10.8 0.073°
27.3+4.7 28.8+4.9 0.261°
15 (55.6) 11 (40.7) 0.0812
1(3.7) 6(22.2)
4(14.8) 7(25.9)
7(25.9) 3(11.1)
25 (93) 22 (82) 0.420°
11 (41) 7(26) 0.387¢
9(33) 8 (30) 1.0°
2(7) 6(22) 0.250°
26 (96) 25 (93) 1.0°
27 (100) 27 (100) 1.0°
14 (52) 14 (52) 1.00°
13 (48) 13 (48)
8 (30) 5(19) 0.692°
8 (30) 9 (33)
11 (40) 13 (48)
14 (12-17) 23 (18-29) <0.001°

*Fisher’s exact test; *Student's t-test; “Mann-Whitney U Test; SD: Standard deviation; BMI: Body mass index; ACE: angiotensin-converting enzyme;

ARBs: Angiotensin receptor blockers; CCB: Calcium channel blockers

in terms of gender, age, education level, prior regular
exercise history, body mass index, cardiac disease di-
agnosis, or medication use. The median number of ex-
ercise sessions completed was 14 (range: 12-17) for
Group 1 and 23 (range: 18-29) for Group 2 (p<0.001).

Regarding maximal effort, 54% of participants
(n=29) reached the peak HR threshold of >85% of the
age-predicted maximum before rehabilitation, which
increased to 67% at the end of the program. When
using a RER >1.1 as the criterion, 41% of partici-
pants (n=22) reached maximal effort at baseline,
which increased to 74% (n=40) post-rehabilitation.
In terms of pre-CR CPET parameters, the only sig-
nificant difference observed between the groups
was a lower HRR-1-min in Group 2 (p=0.017)
(Table 2). After the CR program, both groups
showed improvements in peak VO,, peak RER, VO,
at AT, and HRR-1-min. However, the increase in
OUES (p<0.001) and the decrease in the VE/VCO,
slope (p=0.003) were statistically significant only in
Group 2 (Table 3).
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TABLE 2: Comparison of CPET parameters before rehabilitation

Variables [X£SD] Group 1 (n=27) Group 2 (n=27) p value®
Peak VO, (ml/kg/min) 21.7¢4.3 19.845.5 0.152
Peak RER 1.09+0.07 1.07+0.09 0.272
Peak O, pulse (ml/kg/beat)  12.2+3.2 12.3+35 0.881
VO, at AT (ml/kg/min) 174434 16.5+4.3 0.404
QUES (ml/min/L) 2153+542 2052+632 0.527
VE/NVCO, slope 31.9+3.6 34.8+8 0.097
Resting HR (beat/min) 77.6£9.1 77.9+129 0.904
Age-adjusted peak HR (%) 86+8.9 84+10.6 0.408
Peak DP (mmHg-beat/min) 23116+3281 2217344359 0.374
HRR-1-min (beat/min) 17.348.1 121471 0.017

aStudent’s t-test; CPET: Cardiopulmonary exercise test; SD: Standard deviation;
RER: Respiratory exchange ratio; VO,: Oxygen uptake;

VE/NCO,: Ventilatory equivalent for carbon dioxide; AT: Anaerobic threshold;
OUES: Oxygen uptake efficiency slope; HR: Heart rate; DP: Double product;
HRR-1-min: 1-minute heart rate recovery

Between-group comparisons revealed that pa-
tients in Group 2 showed a greater increase in OUES
(p=0.008) and a more significant decrease in the
VE/VCO, slope (p=0.027) compared to those in
Group 1. Correlation analyses demonstrated a signif-
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TABLE 3: Analysis of changes in CPET parameters after rehabilitation

Group 1 (n=27)

Variables XSD or minimum-maximum p value XSD or minimum-maximum pvalue pvalue (Between groups A)

Peak VO, (ml/kg/min) Pre 21.744.3 0.0122 19.845.5 0.002° 0.131¢
Post 224+4.8 21.2¢5.5

Peak RER Pre 1.090.07 0.008* 1.07+0.09 0.014: 0.500°
Post 1.120.08 1.11£0.09

Peak O, pulse {ml/kg/beat) Pre 12.243.2 0.333° 12.3£3.5 0.052 0.309¢
Post 124434 12.843.3

V02 at AT (ml/kg/min) Pre 174434 0.008* 16.5+4.3 0.0132 0.643¢
Post 18.3+3.3 17.624.5

QUES {ml/min/L) Pre 21534542 0.635° 20524632 <0.001° 0.008°
Post 2172570 2233647

VEIVCO; slope Pre 31.4 (26.8-42.8) 0.989° 33.3(16.1-54) 0.003 0.027¢
Post 31.1(26.9-38.3) 32+(17.9-54.6)

Resting HR {beat/min) Pre 77.649.1 0.981° 77.9+12.9 0.059° 0.396¢
Post 77.5¢10 74.9+9.9

Age-adjusted peak HR (%) Pre 88.9 (60.5-99.4) 0.052° 84.4+(56.6-98) 0.137° 0.723¢
Post 91.3 (67.7-107.6) 87.7 (60.2- 101.8)

Peak DP {mmHgsbeat/min) Pre 2311643281 0.485° 221734359 0.804° 0.497¢
Post 2343743190 22064+4403

HRR-1-min (beat/min) Pre 17.318.1 0.002: 12.147.1 <0.001* 0.817¢
Post 20.448.7 15.617.6

Group 2 (n=27)

“Paired sample T-test; ®Wilcoxon signed rank test; °Student’s t-test; Mann-Whitney U test; VO,: Oxygen uptake; VE/VCO,: Ventilatory equivalent for carbon dioxide;
CPET: Cardiopulmonary exercise test; SD: Standard deviation; RER: Respiratory exchange ratio; AT: Anaerobic threshold; OUES: Oxygen uptake efficiency slope; HR: Heart rate;

DP: Double product; HRR-1-min: 1-minute heart rate recovery

TABLE 4: Correlation between the number of sessions
completed and changes in CPET parameters

Variables Spearman’s rho  p value 95% CI
A Peak VO, 0.010 0.941 (-0.266, 0.283)
A Peak RER 0.065 0.642 (-0.211, 0.337)
A Peak O, pulse -0.010 0.944 (0.277, 0.262)
AVO, atAT -0.039 0.790 (-0.305, 0.236)
AQUES 0.286 0.038 {0.015, 0.516)
AVENCO, slope -0.317 0.021 (-0.551, -0.054)
A Resting HR -0.074 0.595 (0.345, 0.207)
AAge-adjusted peak HR ~ -0.071 0612  (-0.341,0.209)
A Peak DP -0.157 0.262 (0.412, 0.112)
A HRR-1-min 0.142 0.310 (-0.126, 0.399)

2Paired sample t-test; "Wilcoxon signed rank test; °Student's t-test;
Mann-Whitney U test. VO,: Oxygen uptake;

VE/CO,: Ventilatory equivalent for carbon dioxide; Cl: Confidence internal;
RER: Respiratory exchange ratio;

AT: Anaerobic threshold; OUES: Oxygen uptake efficiency slope; HR: Heart rate;
DP: Double product; HRR-1-min: 1-minute heart rate recovery

icant positive relationship between the number of ses-
sions and the increase in OUES (rho=0.286;
p=0.038), as well as a significant negative relation-
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ship between the number of sessions and the decrease
in VE/VCO, slope (tho=-0.317; p=0.021) (Table 4).

I DISCUSSION

This study aimed to evaluate and compare the changes
in maximal and submaximal CPET parameters result-
ing from longer versus shorter exercise-based CR pro-
grams in patients with CAD. Our findings
demonstrated that while both short- and long-term CR
programs led to improvements in peak VO,, peak RER,
VO, at AT, and HRR-1-min, significant enhancements
in OUES and reductions in VE/VCO, slope were ob-
served only in patients who completed more than 18
sessions. Furthermore, a positive correlation was found
between the number of sessions and OUES improve-
ment, whereas a negative correlation was observed with
VE/VCO, slope reduction. These results suggest that
although shorter CR programs may provide compara-
ble improvements in aerobic capacity, a greater number
of sessions may be necessary to achieve optimal venti-
latory efficiency gains.
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An important consideration in evaluating the
CPET results is the extent to which peak VO, accu-
rately reflects the true aerobic capacity. In our study,
approximately half of the patients could achieve max-
imal effort during the initial evaluation, with this pro-
portion increasing following exercise training. The
concurrent increase in peak VO, and RER suggests that
improvements may not solely reflect physiological
adaptations but also greater patient familiarity with ex-
ercise testing and the ability to exert higher effort lev-
els. Therefore, assessing submaximal parameters such
as AT, VE/VCO, slope, and OUES provides a more
comprehensive evaluation of CRF improvements.?
Both VE/VCO, slope and OUES are associated with
myocardial remodeling and neurohormonal changes in
ischemic heart disease, independent of peak VO,.?

Improvements in HRR and heart rate variability
are key indicators of autonomic adaptations induced
by aerobic exercise training. Previous studies have
suggested that increased HRR in CAD patients typi-
cally occurs in programs exceeding 24 sessions.”
However, our findings indicate that HRR improved
independently of the number of sessions, aligning
with the findings of El Missiri et al., who reported
similar HRR improvements in both 6-week and 12-
week CR programs in myocardial infarction pa-
tients.?* This suggests that cardiac autonomic
adaptations may occur earlier during CR, regardless
of the program duration.

One of the key mechanisms underlying exercise
adaptations is the enhancement of mitochondrial bio-
genesis and metabolic flexibility in the peripheral
muscles. Regular exercise increases fat oxidation
while reducing carbohydrate utilization, delaying lac-
tate accumulation and elevating AT."” This improves
exercise tolerance and functional capacity, playing a
crucial role in the prognosis of conditions such as
heart failure and CAD.* Our findings suggest that
even CR programs with fewer than 18 sessions may
contribute to AT improvement. However, signifi-
cant improvements in VE/VCO, slope and OUES
were only observed in patients who completed
more than 18 sessions. Prado et al. suggested that
improvements in VE/VCO, slope and OUES with
exercise-based CR occur in parallel with increases
in aerobic capacity.® In contrast, Myers et al. re-
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ported that OUES may be more sensitive to CRF
enhancement than VE/VCO, slope in patients with

heart failure.?®

Despite these findings, there is lim-
ited evidence comparing the specific effects of
short- versus long-duration CR programs on these
parameters.'® Our results suggest that while pe-
ripheral metabolic adaptations, such as AT im-
provement, may occur earlier in CR, a longer
duration may be needed for significant ventilatory ef-

ficiency enhancements.

This study has several strengths, notably the
evaluation of both maximal and submaximal CPET
parameters and its investigation into the specific ef-
fects of CR session number on ventilatory efficiency.
The findings contribute to the limited literature on this
topic, providing insights into the differential impact of
short- versus long-duration CR programs. However,
some limitations should be acknowledged. The study’s
retrospective design may introduce selection bias, and
groups were formed based on a predefined cut-off
point rather than random allocation, leading to a rela-
tively wide range of session numbers within each
group. Additionally, we lacked data on the reasons
why patients discontinued CR prematurely, which
could provide further insights into adherence factors.
The relatively small sample size also precluded sub-
group analyses based on CAD diagnosis.

I CONCLUSION

Our findings suggest that while shorter CR programs
may be beneficial for improving aerobic capacity,
longer programs (=18 sessions) may be necessary to
optimize ventilatory efficiency. This highlights the
importance of tailoring CR programs to patient needs,
particularly for those at risk of an impaired ventila-
tory response to exercise. Future research should
focus on prospective, randomized studies comparing
different CR durations to better define the optimal
session number for improving both aerobic and ven-
tilatory parameters. Additionally, studies exploring
patient-specific predictors of CR adherence and re-
sponse would provide valuable insights for individu-
alized rehabilitation strategies. Investigating the
long-term effects of CR on ventilatory efficiency and
autonomic function would further enhance our un-
derstanding of its sustained benefits in CAD patients.
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