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ABSTRACT ARTICLE DETAILS

Introduction: Women with heart failure (HF) tend to experience a greater symptom burden and  Published On:
lower quality of life, possibly due to phenotypic differences and unique gender-associated risk 13 March 2024
factors. Despite evidence on the effects of cardiac rehabilitation programs (CRP) in the general

population, there is underrepresentation of women in these programs. Additionally, the impact of

CRP on cardiorespiratory variables obtained through cardiopulmonary exercise testing (CPET)

and health-related quality of life (HRQoL) in women with HF remains unknown.

Objective: To assess the impact of a CRP on cardiorespiratory fitness (CRF) in cardiorespiratory

variables obtained through CPET and HRQoL in women with HF.

Methods: A quasi-experimental study included HF patients who completed a CRP from June

2019 to December 2023. The CRP involved nutritional assessment, psychosocial evaluation,

educational sessions, and concurrent training. It comprised 30 minutes of aerobic resistance

training at 65-80% of heart rate reserve (HRR) and 30 minutes of strength training at 30-50% of

1-repetition maximum (1RM), with a frequency of 3 sessions per week for 4 to 6 weeks. CPET

was conducted at the beginning and end of the program, analyzing cardiorespiratory variables.

HRQoL was assessed using the SF-36 questionnaire. Gains in CRF and HRQoL at the end of the

program in both men and women were analyzed.

Results: Out of 217 included patients, 29.9% were women. At the program's onset, women

showed lower exercise tolerance than men (workload 5.4+2.57 METS vs. 6.62+2.53 METS) and

worse HRQoL (62.03%+18.37 vs. 68.38%+18.37). However, post-intervention, they optimized

their CRF (%predicted VO2 [%V02p] initial 56.62%+20.11 vs final 80.12%+30.32, p=<0.001).

Significant improvements in cardiorespiratory variables were observed in both cases: delta METs-

load 3.02, p=<0.001, delta peak oxygen consumption (VOzpeak) 1.83 ml/kg/min, p=<0.001, delta

oxygen pulse (PO,) 1.21, p=0.021, delta cardiac power output (CPO) 1917, p=0.004, with a

rightward shift in ventilatory thresholds and improvement in HRQoL (62.03%+18.37 vs.

78.81%+12.9, p=<0.001) post-CRP. The only variable with no significant changes in either case

was VE/VCO; slope (delta -0.51, p=0.736). Additionally, in women with reduced left ventricular

ejection fraction (<50%), variables with no significant improvement included CPO (delta 959.22,

p=0.283) and time to recovery of VO, kinetics (TRCVO?2) (delta -0.74, p=0.957). In patients with

preserved left ventricular ejection fraction (>50%), variables with no significant change included

PO; (delta 1.08, p=0.173), TRCVO:; (delta 26.82, p=0.099), and the first ventilatory threshold

(VT1) (delta 0.09, p=0.504). Program attendance was 87.5% in both groups.

Conclusion: Implementing a CRP in women with HF resulted in significant improvements in all

evaluated cardiorespiratory variables (except for VE/VCO; slope) and quality of life. These

findings support the importance of ensuring women's access and participation in cardiac

rehabilitation programs. Addressing existing barriers is crucial to maximize the long-term benefits

of CRP in the female population with HF.

KEYWORDS: cardiac rehabilitation, women, cardiopulmonary exercise test, cardiorespiratory  Available on:
fitness, health-related quality of life. https://ijmscr.org/
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INTRODUCTION

Heart failure (HF) is a multifactorial syndrome affecting
various aspects of an individual, with high incidence and
prevalence, currently considered a pandemic. It poses a
challenge for any healthcare system due to the morbidity,
mortality burden, and associated costs. It is estimated that its
prevalence will exceed 8 million in the United States
population by 2030 (1). In women, from 2015 to 2018, HF
represented the leading cause of hospitalization, morbidity,
and mortality, with up to 44,958 deaths attributed to HF in
2020 in the United States (2,3). HF can be classified based on
ventricular function as reduced (HFrEF, <40%), mildly
reduced (HFmrEF, 41-49%), or preserved (HFpEF, >50%)
(4,5).

Regardless of ventricular function, women with HF often
experience a higher symptom burden, worse health status, and
lower quality of life. This may be attributed to unique gender-
associated risk factors such as adverse outcomes in pregnancy
and early menopause, linked to a high risk of HF (6,7), as well
as endothelial dysfunction due to altered nitric oxide
signaling (6). Additionally, genotypic differences contribute
to women having a phenotype with a higher percentage of fat
and lower lean muscle mass, leading to increased
symptomatic burden related to HF and reduced exercise
tolerance due to peripheral limitations (8,9). Moreover, the
clinical presentation of HF in women may differ from men,
exhibiting a more pronounced clinical expression despite
later onset, better left ventricular function, lower prevalence
of ischemic origin (6), and worse prognosis compared to the
male population (7).

Regarding HF treatment, there is a deficiency in discerning if
women respond similarly to men, mainly due to the limited
number of women included in large clinical trials (10).
Recently, CRP have been considered as an additional pillar in
HF management alongside pharmacological treatment (11).
This consideration is based on evidence showing a significant
improvement in exercise tolerance, a reduction in
hospitalizations, an improvement in quality of life, and a
trend, though not statistically significant so far, in reducing
mortality (12-15).

Despite being cost-effective, CRP, especially in the female
population, are underutilized (16,17) due to various barriers
in the referral system, program entry, adherence, and
completion (18,19).

In response to these challenges, efforts have been made to
facilitate specific access for women to CRP, aiming to
improve cardiac functional capacity, leading to better clinical
outcomes and improved functional status reflecting a higher
quality of life (18-20). While studies have analyzed adaptive
gains in workload (METS) and %VO2p in female populations
compared to males (21,22), the effect of CRP on all variables
of CRF in women is still unknown.

METHODS

A quasi-experimental study was conducted, including
patients diagnosed with chronic heart failure who underwent
a cardiac rehabilitation program at Centro Médico Nacional
"20 de Noviembre" from June 2019 to December 2023.
Inclusion criteria were age over 18 years and a diagnosis of
HF, both with reduced and preserved ejection fraction,
according to American and European guidelines. Patients
who did not complete the cardiac rehabilitation program or
were in a decompensated state, had significant left ventricular
outflow tract obstruction, acute infectious clinical states, and
those without determination of cardiorespiratory variables for
functional capacity assessment were excluded.

Program of Cardiac Rehabilitation

The outpatient phase Il of the CRP included supervised
physical training, nutritional and psychological assessment,
and educational sessions on disease and cardiovascular risk
factors. CPET was conducted at program entry and
completion, using ramp protocols. The criteria for maximal
effort during CPET were achieving > 85% of the expected
maximal heart rate and a respiratory exchange ratio (RER)
>1.15.

Supervised concurrent training sessions were scheduled for 4
to 6 weeks, with 3 sessions per week, each lasting 60 minutes.
Aerobic resistance training sessions included a 5-minute
warm-up, a 20-minute main phase at 65-80% of HRR, and a
5-minute cooldown. For strength training, intensity was set at
30-50% of 1RM, with 5-minute warm-up and cooldown
periods, in addition to physical qualities enhancement.
Patients were instructed for virtual risk management sessions,
exercise techniques, adherence strategies, psychosocial
support, and received individual sessions on nutrition and
respiratory retraining.

The primary outcome was the gains in cardiorespiratory
variables obtained through CPET at the end of the program,
including workload (expressed in METS), VOgpeak, %V02p,
VE/VCO?2 slope, PO, CPO, and ventilatory thresholds: VT1,
aerobic-anaerobic threshold (VAT), and second ventilatory
threshold (VT2). Improvement in HRQoL after CRP was
assessed using the SF-36 questionnaire. The secondary
objective evaluated gains in patients based on left ventricular
ejection fraction (EF), both with preserved (=50%) and
reduced (<50%) EF.

Statistical Analyses

Continuous variables were expressed as means and standard
deviations, and categorical variables were expressed in
absolute values and percentages. Mann-Whitney test and chi-
square test were used for comparative evaluation of
continuous and non-paired data, respectively. Normality of
distribution was assessed using the Kolmogorov-Smirnov
test, considering p<0.05 as statistically significant. All
analyses were performed using SPSS Statistics version 27

468 VVolume 04 Issue 03 March 2024

Corresponding Author: Erik E. Bricefio-Gémez



Optimization of Cardiorespiratory Fitness and Quality of Life in Women with Chronic Heart Failure after a Cardiac
Rehabilitation Program

(IBM) and Prism version 9.0 for Windows (GraphPad men. Regarding cardiovascular history, men entering the
Software). CRP more frequently presented with chronic coronary

syndrome. The average ventricular function was below 50%
RESULTS in both groups, and it was higher in women than in men
A total of 217 patients were included in the study, of which (49.4% vs. 43.6%). For pharmacological treatment, men
65 (29.9%) were women. Significant differences were found significantly had higher use of beta-blockers, statins, and
in weight and height, both of which were higher in men. antiplatelets compared to women. Patient characteristics are
Additionally, tobacco consumption was more frequent in reported in Table 1.

Table 1. Study population characterization

Women Men
n= 65 (29.9%) n=152 (70.0%o)

Age (years) 60

4 60.1 0.88

I
64.8 78 <0001
155 1.67 <0.001
13 (20%) 45 (29%) 011
15 (23%) 70 (46%) <0.001
25 (38%) 65 (42%) 053
35 (53%) 103 (74%) 0.051
Dyslipidemia 23 (35%) 71 (46%) 0.11
26 (40%) 117 (76%) <0.001
23 (35%) 42 (271%) 0.27
7 (10.7%) 10 (6.5%) 0.33
4(6.1%) 3 (2%) 049
3 (4.6%) 12 (7%) 033
7 (10.7%) 24 (15%) 0.30
49.4% 43.6% 0.017
38 (58.5%) 48 (31.5%)
27 (41.5%) 104 (68.4%)
15 (23%) 47 (30%) 0.22
ARB 23 (35%) 65 (42%) 0.30
10 (15%) 27 (17%) 0.66
42 (64%) 127 (83%) 0.005
12 (18%) 31 (20%) 0.74
10 (15%) 36 (23%) 0.56
32 (49%) 110 (72%) 0.001
42 (64%) 142 (93%) <0.001
10 (15%) 25 (16%) 0.84
25 (38%) 57 (37%) 0.89

Abbreviations: ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin Il receptor blockers; ARNI: neprilisin
inhibitors; CCB=calcium-channel blockers; CCS=chronic coronary syndrome; LVEF= left ventricule ejection fraction;
PAD=periphereal artery disease; TEEMVR= transcatheter edge-to-edge mitral valve repair; TAVR=transcatheter aortic valve
replacement.

The training volume in women was 443.5 + 170.6 METs- 664.1 + 239.2 kcal/week (Table 2). Attendance at CRP was
min/week and 470 + 238.6 kcal/week, which was lower than 87.5% in both groups.
in the male population with 513 + 171.2 METs-min/week and
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Table 2. Comparison between men and women of cardiorespiratory variables and quality of life at the beginning and end of
the cardiac rehabilitation program.
Men Women
A p value A p value
87.50%

Attendance 87.50%
Training volumen
METs-min/week 513+ 171.2
kcal/week 644.1 £ 239.3
Cardiorespiratory variables

INICIAL
Workload (METS) RNyA=ax;

443.5 + 170.6
470 + 238.6

FINAL INICIAL FINAL
10.34 £2.71 3.73 <0.001 540+257 8.43+259 3.02 <0.001

VOzpeak METSs 5.39+1.98 6.98 +£2.49 1.59 <0.001 4.46+1.53 6.29+2.27 1.83 <0.001

%VO2p 67.83+24.89 87.5+30.97 19.75 <0.001 56.62 + 80.12 + 23.50 <0.001
20.11 30.32

VE/VCO: slope 38.53+7.12 40.51+26.00 2.23 0.367 3958 + 39.07 = -051 0.736
9.39 0.77

PO2 11.77 £ 3.50 13.69 £ 3.15 1.93 <0.001 8.19+329 9.40+265 1.21 0.021

(ml/kg/min)/bpm

TRCVO: (s) 173.73 £65.90 149.39 + -2435 <0001 177.04 =+ 16167 = -1536  0.162
44.64 68.28 55.77

CPO 8322.64 + 10466.52 + 214388 <0.001 837415 + 10291.26+ 1917.10 0.004
3736.52 4662.02 3479.13 4052.31

292+1.16
3.86+1.70

4.09+2.45

3.33£1.10 0.42 0.002 255119 3.00+x096 0.44 0.020
494 +1.76 1.08 <0.001 337+196 459+169 122 <0.001

6.03 +2.39 1.96 <0.001 284+265 4.98+235 214 <0.001

VT1 (METS)
VAT (METs)
VT2 (METs)
HRQoL (%) 69.38+18.37 80.93+12.94 1155 <0.001 6203 <+ 7881 = 16.77 <0.001
18.37 12.90

Abbreviations: VOypeak=peak oxygen comsumption, %V0O.p=% of predicted VO,, PO,= oxygen pulse, CPO= cardiac power
output, HRQoL= health-related quality of life; TRCVO,= time to recovery of VO, kinetics, VT 1= first ventilatory threshold, VAT=
aerobic-anaerobic threshold VT2= second ventilatory threshold.

Exercise capacity at the time of entry to CRP was lower in
women (workload: 5.4+2.57 METs and VOgpeak: 4.46+1.53
METs) than in men (workload: 6.62+2.53 METs and
VO2max: 5.39+1.98 METS). Except for the VE/VCO; slope
and TRCVO,, significant gains were obtained in all
cardiorespiratory variables (workload, VOjpeak, %V0O2p,
PO,, CPO, and ventilatory thresholds) in women after CRP.
In men, significant gains were not observed only in the

VE/VCO, slope. HRQoL significantly improved in both
groups (Table 2).

When assessing patients with EF <50%, in women, the CRF
variables that did not show significant improvement were the
VE/VCO:; slope, TRCVO,, and CPO. For men, significant
improvement was maintained in all CRF variables, except for
the VE/VCO; slope. Significant improvement in the quality
of life was maintained in this subgroup, regardless of gender
(Table 3).

Table 3. Comparison between men and women with EF <50% of cardiorespiratory variables and quality of life at the
beginning and end of the cardiac rehabilitation program.
Men

A
Attendance 87.22%
Training volumen

METs-min/week 515.82 + 178.26

kcal/week 658.51 + 251.93

Women

p value A p value
88.58%%

437.55 + 164.54
454.74 + 138.70
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Cardiorespiratory variables

[ INiciAL FINAL INICIAL  FINAL

IS0 634+245 1023265 389  <0.001  4.95+221 7.99+263 3.04 <0.001

MPACISE 522+203  687+263 165 <0001 430+170 615+251 185  0.003

%VO2p 63.88+24.83 83.62+31.25 19.75  <0.001 5387 * 77.90  + 24.03 0.001
17.96 29.99

VE/VCOzslope 39.13+£7.86  41.64+31.12 289 0427 3869 + 3885+367 017 0907
6.38

NGO 11.83+3.72  1356+441 173 0003  7.98+227 939+154 141 0011

TRCVO: (5) 183.69£71.89 15130  + -32.39 <0.001 17359 + 17433 + -0.74 0.957

48.40 47.75 52.40
CPO 763590  + 994255 & 2306.65 <0.001 788451 + 884374 + 9592 0.283
3550.93 4715.75 321651  3284.85 2

VT1 (METs) 276+119  335+112 062  <0.001 210+139 3.051+102 095 0.006

VAT (METs) 379+178  490+178 111 <0001 302+229 454%161 152  0.007

VT2 (METs) 422+246  604+244 187 <0001 254+278 516+224 262  <0.001

HRQoL (%) 68.31+18.20 80.56+13.13 12.25 <0.001 63.66 + 78.33 + 14.67 0.001
16.51 13.86

Abbreviations: VO,peak=peak oxygen comsumption, %VO,p=% of predicted VO, PO,= oxygen pulse, CPO= cardiac power
output, HRQoL= health-related quality of life; TRCVO,= time to recovery of VO, kinetics, VT 1= first ventilatory threshold, VAT=
aerobic-anaerobic threshold VVT2= second ventilatory threshold.

improvement in PO, TRCVO,, and VT1. In both cases,
HRQoL improved significantly, but women did not reach the
predicted improvement in HRQoL (Table 4).

In patients with EF >50%, the CRF variables that did not
improve in men were the VE/VCO; slope, TRCVO,, and
VTL. In the case of women, there was no significant

Table 4. Comparison between men and women with EF >50% of cardiorespiratory variables and quality of life at the
beginning and end of the cardiac rehabilitation program.

Men Women
A p value A p value
Attendance 88.31% 86.73%

Training volume

METs-min/week 506.54 + 153.28 447.91 £ 151.62
Kcal/week 611.70 + 198.67 481.23 £161.20
Cardiorespiratory variables

INICIAL FINAL INICIAL FINAL

Workload (METS) 7.22 +2.64 10.59+285 337 <0.001 5.72+2.79 8.74 £ 2.56 3.02 <0.001
VOz2max (METS) 576 +1.84 7.22+215 145 <0.001 4.57+1.44 6.40 £2.12 1.82 <0.001

I
[Workioad (METs) ™|
[T TR ]

%VO2p 76.41+2299  96.16 + 197 <0.001 5858+2154 8170 + 2312 <0.001
37.23+540  38.05+6.41 082 0474 40.21+11.09 3922+979 -0.99 0.695
1163+301  1399+355 236 <0.001 8.33+3.88 941+£324 108 0173

TRCVO: (s) 152.16 +43.94 14525  + - 0401  179.50+80.30 15268  + 26.82 0.099

CPO 981058  + 11601.79 + 179 0.034 872205  + 11319.76 * 2597. 0.006

3730.69 4378.24 121 3656.20 4266.90 71
3.27+1.03 328+106 001 0810 288+091 297+093 009 0504
4.00 +1.53 502+173  1.02 0.002 3.61+168 462+176  1.01  0.009
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5.99+2.32 2.17 <0.001 3.05+257 4.85+2.44 1.80  0.002

VT2 (METs) 3.83 +2.44

QRQoL (%) 71.70+18.72  81.73 + 10.0 0.003 60.87+16.68 79.14 + 18.27 <0.001
12.50 3 13.24

Abbreviations: VOzpeak=peak oxygen comsumption, %V0O,p=% of predicted VO,, PO,= oxygen pulse, CPO= cardiac power
output, HRQoL= health-related quality of life; TRCVO,= time to recovery of VO kinetics, VT 1= first ventilatory threshold, VAT=
aerobic-anaerobic threshold VT2= second ventilatory threshold.

DISCUSSION

In this study of patients with HF who completed a CRP, gains
in CRF and HRQoL variables were obtained in both women
and men. Consistent with the literature, women had lower
tobacco consumption, lower ischemic etiology (40% vs.
76%), and better left ventricular function. Regarding
treatment, they had lower use of beta-blockers, statins, and
antiplatelets compared to men.

In a previous study, Matos et al assessed the effects of CRP
by gender in patients with ischemic HF (21). Their proportion
of included women was 19%, with better initial exercise
tolerance and higher ventricular function. They assessed
improvement in exercise capacity only with VO,peak and
%VO2p. Their absolute gains in these parameters were lower
than those obtained in our study, despite conducting a more
prolonged CRP; possibly due to the training volume
quantified in our center, where 90 minutes of weekly aerobic
resistance is monitored at sufficient intensity to generate
gains. Other CRF variables and changes in HRQoL were not
assessed. In our study, attendance in the program for women
was 87.5%, which did not differ from men, contrary to what
was described in previous reviews.

For the primary outcome, despite implementing a CRP with
less duration than recommended, and women presenting
lower exercise capacity during the initial CPET, as well as
lower training volume, significant improvement in exercise
capacity was achieved at the end of the program (workload
8.43+2.59 METs, VOgpeak 6.29+2.27 METSs), although
lower than that obtained in men (workload 10.34 + 2.71
METs, VOopeak 6.98 + 2.49 METS), it was sufficient for
women to optimize %VO2p
(56.62%+20.11vs80.12%+30.32), implying improvement in
clinical outcomes. Similar gains were made in PO,, CPO, and
ventilatory threshold displacements. The VE/VCO; slope, an
indicator of ventilatory efficiency, did not improve in any
case, as expected due to the short duration of the intervention
and the level of ventilatory inefficiency reached at the end of
the program when pushed to even higher intensity. This trend
persisted regardless of ventricular function.

Typically, in patients with HF, some may not show complete
ventilatory thresholds due to a combination of energy systems
or the predominance of the glycolytic system over the
oxidative. Regarding ventilatory thresholds, in our cohort at
the start of the program, not all patients reached the zone of
metabolic instability during the initial CPET, so the initial

average values of VT2 were lower than the VAT. Afterward,
however, the appearance of VT2 was observed in those
patients who did not initially present it, and in all cases,
ventilatory thresholds shifted, demonstrating greater
tolerance to metabolic instability and improvement in
oxidative capacity and buffering systems, ultimately resulting
in greater tolerance to submaximal efforts.

Despite gains in CRF in all patients, the results observed in
the population with EF <50% did not optimize %VO2p in
women at the end of CRP (77.9% + 29.99). Also, there was
no significant improvement in TRCVO, and CPO. In men,
the results were consistent with the general population. In the
EF >50% subgroup, women improved exercise tolerance,
reaching a %V0O2p >80%. However, they did not show
improvement in POz, TRCVO,, and VTL1. In men, TRCVO;
and VT1 were the CRF variables that did not show
improvement after CRP, possibly due to alterations in
ventricular filling in women with HF with preserved ejection
fraction.

Despite the multiple existing barriers to entry, adherence, and
completion of CRP in women(21,22), we achieved an
attendance >80%. It is noteworthy that the results obtained in
the primary outcome in women were achieved despite women
not reaching the minimum training volume recommended by
clinical guidelines (23). Thus, they showed significant
improvement in exercise tolerance assessed by workload and
VOzpeak, %V0O2p, PO, CPO, and ventilatory threshold
displacements. This may imply that if the recommended
minimum training volume is achieved, it could significantly
improve the cardiorespiratory variables that did not show
significant gains in women, as well as achieve a score >80%
in quality of life. We assume that the differences in training
volume between groups were due to lower intensity in
women, as the duration and frequency were the same in both
cases; so it would be worth exploring results with a higher
intensity, frequency of sessions or program duration to
achieve sufficient training volume to maximize gains in the
female population.

Results varied according to ventricular function, maintaining
significant improvements in exercise tolerance in all cases,
without reaching a %VO2p >80% in women with EF <50%.
Additionally, it is important to note that patients undergoing
structural interventional procedures, such as transcatheter
aortic valve implantation and edge-to-edge repair of the
mitral valve, were included. In these patients, the intervention
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was safe, with no device-related complications during CPET
or training sessions.

HRQoL, assessed by the SF-36 questionnaire, was lower in
women at the beginning of the program. Despite this, and
despite showing greater deltas (absolute gains) compared to
men, the predicted HRQoL at the end of CRP was lower for
women.

Our study has several limitations. Firstly, it was conducted at
a single center, and a small number of participants were
included. Changes in ventricular function at the end of CRP
were not assessed as part of the adaptations to physical
training. Like previous studies, the proportion of included
women was low, at 29.9% (21,22).

To our knowledge, this is the first study evaluating the effects
of a CRP on patients with HF based on gender and ventricular
function, assessing CRF with all cardiorespiratory variables
obtained through CPET and HRQoL. Significant gains were
found in all cardiorespiratory variables studied from CPET,
except for the VE/VCO; slope. This supports the need to
implement measures to ensure women's entry into and
completion of CRP; because, although gains in CRF are lower
compared to men, they are possibly sufficient to improve
outcomes, including increased survival and a lower rate of
long-term hospitalizations (24-26).

CONCLUSION

In female patients with HF, the implementation of a CRP
leads to significant gains in all cardiorespiratory variables,
achieving optimization of the %VOyp like the male
population. The exception to this improvement was the
VE/VCO; slope, which did not improve in any case,
regardless of ventricular function. The improvement in
HRQoL is greater in women, although it persists below target
levels. Therefore, efforts should be directed towards
measures that ensure the enrollment, adherence, and
completion of CRP in the female population.
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