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Abstract

In cardiac rehabilitation, high-intensity interval training (HIIT) is safe and effective, but it is not adapted to individual needs. Therefore, HRV-based training is a
novel approach. The aim was to analyse the effect of HRV-based training on functional capacity and quality of life in cardiac patients. It was an 8-week randomised
controlled trial with an experimental group that trained based on HRV (HRV_G) and a control group that followed HIIT training (HIIT_G). Functional capacity was
assessed through three specific tests from the Senior Fitness Test; quality of life using the MacNew QLMI Questionnaire; body composition variables and minutes of
work at high and low intensity. Jamovi 2.3 software was used. There were significant differences between groups in hip circumference (p =.010), as well as in minutes
of work at high (p =.012) and low intensity (p = .026). However, both groups improved functional capacity but only HRV_G increased self-perceived quality of life (p =
.037). HRV-based training achieves the same benefits as HIIT with respect to functionality and quality of life with less work volume at high intensity, thus optimising
the exercise dose. However, the duration of cardiac rehabilitation programmes would need to be extended.
Keywords: Heart rate variability, cardiac rehabilitation, functional capacity, quality of life, HIIT.

Resumen

En rehabilitacién cardiaca, el entrenamiento basado en alta intensidad (HIIT) es seguro y eficaz, sin embargo no se adapta a las necesidades individuales. Por ello, el
entrenamiento basado en HRV es una apuesta novedosa. El objetivo fue analizar el efecto del entrenamiento basado en HRV sobre la capacidad funcional y calidad
de vida en pacientes cardiacos. Fue un ensayo controlado aleatorizado de 8 semanas con un grupo experimental que entrend basandose en el HRV (HRV_G) y un
grupo de control que siguié un entrenamiento de HIIT (HIIT_G). Se valoré la capacidad funcional mediante 3 pruebas del Senior Fitness Test; calidad de vida median-
te el Cuestionario MacNew QLMI; variables de composicién corporal y minutos de trabajo a alta y baja intensidad. Se utilizé el software Jamovi 2.3. Hubo diferencias
significativas entre grupos, en el perimetro de cadera (p = .010), asi como en los minutos de trabajo a alta (p =.012) y baja intensidad (p = .026). Sin embargo, ambos
grupos mejoraron la capacidad funcional pero solo en HRV_G aument? la autopercepcion de calidad de vida (p = .037). El entrenamiento basado en HRV consigue
los mismos beneficios que el HIIT con respecto a la funcionalidad y la calidad de vida con menos volumen de trabajo a alta intensidad, optimizando asi la dosis de
ejercicio. Sin embargo, seria necesario prolongar la duracion de los programas de rehabilitacion cardiaca.
Palabras clave: Variabilidad de la frecuencia cardiaca, rehabilitacién cardiaca, capacidad funcional, calidad de vida, HIIT.

Introduction

Cardiovascular diseases kill 17.9 million people every year (WHO, 2023). There are many risk factors that can increase the
likelihood of suffering cardiovascular disease that are fundamentally related to lifestyle (Mozaffarian et al., 2008), such as
eating habits, physical inactivity and smoking. These can cause other risk factors to appear like excess adipose tissue and
endothelial and metabolic dysfunction, which in turn favor the appearance of subclinical diseases such as dyslipidemia,
hypertension, diabetes, inflammatory processes, thrombosis or arrhythmias, ultimately resulting in clinical cardiovascular
pathologies. Age also plays an important role in cardiovascular diseases, with elderly people being the main victims of most
cardiopathies (Fundacion Espafiola del Corazén, 2024). This is due to progressive deterioration in functional capacity, which
is associated with a higher number of cardiovascular events and all-cause mortality (De Oliveira-Brito et al., 2014).
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At the same time, having suffered a cardiovascular disease and having been treated does not ensure that these risk
factors stop having an effect. These patients can experience diverse physical and emotional symptoms such as fatigue,
edema, difficulty sleeping and limitations in daily physical and social activities (Konstam et al., 1996), all of which translate
into a poor quality of life and a higher rate of hospitalization and mortality (Zambroski et al., 2005). Consequently, the
needs and circumstances of patients with cardiovascular diseases require an individualized approach different from the
current way the medical system functions (Schwartz et al., 2019). Controlling the cardiovascular disease solely through
pharmacological treatment does not seem enough to ensure a good recovery and to enjoy a good quality of life (Goyal et
al., 2019). For this reason, physical exercise has become part of the cardiac rehabilitation process over the last few years
(Mehra et al., 2020). There are diverse studies demonstrating that physical exercise and activity are safe and beneficial tools
for improving functional capacity and all the clinical variables of patients with cardiovascular diseases (Beckers et al., 2008;
O'Connor et al., 2009; Bozkurt et al., 2021).

Among the different types of physical exercise that can be carried out, aerobic exercise is the cornerstone of cardiac
rehabilitation, providing multiple benefits (Haykowsky et al., 2007). Continuous moderate-intensity aerobic training is the
most studied and most used modality, since it is effective, safe and well-tolerated by patients (O’Connor et al., 2009).
However, more recent studies have proposed high-intensity interval training (HIIT) as a more effective alternative for
cardiac rehabilitation (Ballesta-Garcia et al., 2019). HIIT has proven to be just as safe as continuous moderate-intensity
training and to offer greater benefits in terms of cardiorespiratory capacity and improved VO2mayx, in addition to improving
the physiological state, quality of life, and functional capacity of patients with cardiovascular diseases (Bozkurt et al., 2021;
Wislaff et al., 2007).

However, using a standardized exercise program for the same group can lead to a wide range of reactions in terms
of performance and physiological adaptations (Hautala et al., 2006). Exercise recommendations should be individually
tailored to each person'’s capabilities, precautions, and goals (Galloza et al., 2017). This has led to a recent and novel line
of research based on training control using heart rate variability (HRV). HRV is the result of the interaction between the
Autonomic Nervous System (ANS) and the Cardiovascular System. It is defined as “the oscillation in the interval between
consecutive heart beats as well as the oscillations between consecutive instantaneous heart rates” (Task Force, 1996). A low
HRV value is related to worse adaptability, cardiovascular disease, aging and stress (Rodas et al., 2008). Therefore, there
is a clear relationship between HRV and cardiovascular pathology, and it is considered a powerful predictor of mortality
following acute myocardial infarction (Hadaya and Ardell, 2020).

HRV-based training is a non-invasive, reliable and efficient option for programming daily training loads in patients
with cardiac pathologies, promoting the principle of training individualization even when working in a group (Carrasco-
Poyatos et al., 2022). It has been shown that taking HRV into account is a suitable way to distinguish between varying
physiological demands during endurance exercise and is useful for monitoring responses to different exercise intensities
and durations (Gronwald and Hoos, 2020). In fact, in the recent study by McGregor et al. (2023) recommended shorter HIIT
interval training in patients with cardiac pathologies due to the difficult adaptability to high intensity training that they have
demonstrated and its possible relationship with adverse events. This methodology has been used in cardiac rehabilitation
programs (Carrasco-Poyatos et al., 2024; Manresa-Rocamora et al., 2022) resulting in a more beneficial outcome in terms
of cardiorespiratory capacity than the standardized HIIT-type programs. It has also been used with professional cyclists and
runners (Carrasco-Poyatos et al., 2022; Javaloyes et al., 2019). Nonetheless, its effect on functional capacity and the quality
of life of people with cardiac pathologies remains unclear.

In summary, and with the intention of highlighting the objectives of the present project, although HIIT has been shown
to be a reliable training in cardiac rehabilitation, there are gaps about how to effectively individualize training in vulnerable
patients, so HRV-based training is a novel aspect to test and consider in cardiac rehabilitation and future research. For all
the above reasons, the objectives set out in the present study were as follows: (i) to analyze the effect of HRV-based training
on functional capacity, quality of life and parameters related to body composition in patients who have suffered ischemic
cardiopathy, comparing the results with a standardized HlIT-based training program; (ii) to determine the high and low-
intensity training volume of both groups; and (iii) to analyze the relationships between the study variables.

Materials and Methods
Study Design

A randomized controlled trial by groups (clusters) was designed lasting 8 weeks. Patients were placed in the cardiac
rehabilitation groups by professional health workers, randomly assigning them the treatment of said groups. In total, four
groups were considered, two of them comprising the experimental group (HRV_G) and the other two comprising the control
group (HIIT_G). The trial protocol was approved by the University and Hospital Bioethics Committees and registered on an
official website. The research was conducted in accordance with the World Medical Association’s Declaration of Helsinki
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and the Consolidated Standards of Reporting Trials (CONSORT) for studies controlled and randomized by cluster (Campbell
et al., 2012).

Participants

The sample consisted of hospital patients affected by ischemic cardiomyopathy. The following participants were recruited:
patients who obtained the approval of the cardiology specialists and who fulfilled the following inclusion and exclusion
criteria proposed in the protocol by Carrasco-Poyatos et al. (2022). The inclusion criteria were: (i) people with cardiovascular
pathologies classified by the cardiology specialist as having a low or moderate risk of acute myocardial infarction or
ischemic cardiopathy, (ii) that said patients would require cardiac rehabilitation, and (iii) that they were adults. Conversely,
the exclusion criteria were: (i) having a left ejection fraction of less than 30%, (ii) the presence of contraindications, absolute
or relative to the performance of the stress test indicated by the Spanish Society of Cardiology (Ar6s et al., 2000), including
but not limited to: a recent heart attack (less than 3 days), unstable angina, uncontrolled arrhythmia, non-stabilized heart
failure, severe arterial hypertension (SBP > 200 and/or DBP > 110 mmhg); (iii) taking medication for other pathologies that
prevent them carrying out the exercise program (e.g., fibromyalgia, depression, etc.); (iv) absence of medication to control
the cardiac pathology or modification thereof during the intervention, (v) people who are participating or have participated
in other similar exercise programs in the previous three months, (vi) attending less than 90% of the exercise sessions, and
(vii) failure to sign the informed consent. Subsequently, an informative meeting was held between the physical-health
professionals and the participants at which the intervention was explained and the informed consent signed.

Intervention

The 8-week protocol was divided into 2 weeks of familiarization followed by 6 weeks of intervention. The two-week
familiarization consisted of continuous work at a moderate intensity of between 65 and 75% maximum heart rate
(HRmax); this was the same for both groups. In the following 6 weeks of intervention, the HIIT_G group followed a
standardized interval HIIT protocol with an intensity range of 85% to 100% HRmax. In total, 8 intervals were performed
at a density of 0.5. In contrast, the HRV_G group followed a training regimen based on the daily baseline value of their
pre-training HRV. The training load was determined following the scheme designed by Kiviniemi et al. (2007). According
to this author, when the pre-training measurement value was within or above the individual normal ranges, the patient
performed high-intensity interval training, following the same program as the HIIT_G group. However, if the HRV value
was below normal, the patient performed continuous low-intensity training at 50-60% HRmax. Figure 1 shows an example
of the training record. Both groups trained three days a week, with sessions lasting one hour. The session was divided
into a 10-15-minute warm-up, focused on the preparation and mobility of large muscle groups and lower body work. The
main part of the session corresponded to the interventions of each group, and this was followed by a cool-down recovery
period. The warm-up and cool-down were the same for both groups. The entire intervention was based on the protocol
proposed by Carrasco- Poyatos et al. (2022).

Figure 1
Example of Daily HRV Values for a Patient in the HRV_G Group

BANCD

Note. The columns refer to each of the daily HRV measurements; the orange line corresponds to the lower limit and the
purple line to the upper limit of their normal range.
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Variables

The primary outcome measure was functional capacity, while the secondary outcomes were (i) quality of life, (ii) body
composition, and (iii) training volume. The variables were assessed during the first and last intervention sessions, except
for the minutes of high and low-intensity work, which were measured daily.

To assess functional capacity, three tests were used from the Senior Fitness Test proposed by Rikli and Jones (2013).
To measure cardiorespiratory fitness, the 6-Minute-Walk Test (6MWT) was employed, which consisted of walking the
maximum possible distance for 6 minutes at a speed that could be maintained continuously. Agility and dynamic balance
were assessed using the Timed-Up and Go (TUG) test, which measures the time it takes the participant to get up from a
chair, walk 3 meters, go around a cone, and sit back down as quickly as possible, both on the right and left side. To assess
walking speed, the time it took to walk 30 meters at the maximum possible speed was recorded.

Quality of life was measured using the MacNew QLMI (Valenti et al., 1996) self-perception quality-of-life questionnaire,
translated into Spanish by Brotons-Cuixart et al. (2000). The questionnaire was designed to measure the physical and
emotional consequences of a myocardial infarction. It consists of 27 items grouped into three levels: emotional, physical,
and social. The overall score of the questionnaire is calculated by the linear average of all the items. For the body composition
variables, the following were recorded: the weight and height of each participant, using a Seca 756 weighing scale with a
height meter. Subsequently, the BMI was calculated using the formula BMI = kg/m?2. The waist and hip circumferences were
measured with a tape measure to obtain the WHR (WHR = the Waist-to-Hip Ratio). The relative fat mass (RFM) was obtained
using the formula proposed by Woolcott and Bergman (2018) (64 - (20 x (height / waist circumference))).

Sample Size and Power

To calculate the sample size and statistical power, the TUG was taken as the reference variable, being the most used
functional capacity variable found in the literature. To determine a valid sample size, the formula n = CI2-d2/SD2 was used,
where (/ is the confidence interval, d is the estimated error, and SD is the standard deviation of the reference studies. The
SD from the article by Kamalakannan et al. (2024) was used as the reference, namely 1.5 s. According to this calculation, the
valid sample size for an estimated error (d) of 0.61 was 23 subjects. This sample size (n = 23) yielded a statistical power of
91% considering a variance of 1. These calculations were performed using RStudio 3.15.0 software. The significance level
was set at p <.05.

Randomization and Blinding

The participants were assigned to the cardiac rehabilitation program according to the cardiologist's diagnosis, becoming
part of a group. Hence, these could not be randomized to the treatment. It was therefore decided to randomize the
treatment to the groups using the cluster model. Regardless of this, the participants were blinded to treatment since
everyone's HRV was measured prior to training. Data treatment and the group randomization process was carried out by
the data analysis team. Informed consent was obtained individually prior to randomization.

Statistical Analysis

Statistical analysis was performed using Jamovi Version 2.3 software. Prior to data analysis, the distribution (normality)
of the variables was determined using the Kolmogorov-Smirnov test. From the results, parametric tests were applied
for variables with a normal distribution and non-parametric tests for variables with a non-normal distribution. First, a
descriptive analysis of the sample variables was performed, and presented as the mean, standard deviation (SD), and
range. Since this was a randomized controlled trial, the intention-to-treat technique was used to eliminate experimental
death bias. Initially, they found statistically significant differences between the two study groups in the age and quality-of-
life variables, so these were used as co-variables in the inter-group post-test analysis using one-way ANCOVA. Intra-group
changes were determined with Student's t test or the Mann-Whitney U test. In all cases, the 95% confidence interval and
the standardized mean difference (Cohen’s d) were included to determine the effect magnitude (Hopkins et al., 2009),
considering 0.20 to 0.49 a small effect, 0.50 to 0.79 a moderate effect, and 0.80 to 1 a large effect. Pearson’s bivariate
correlation (r) test was used to assess the relationships between variables. The correlation thresholds were as follows: 0.1,
small; 0.3, moderate; 0.5, large; 0.7, very large; and 0.9, almost perfect (Hopkins et al., 2009). The significance level was set
at p <£0.05 and all the p values were 2-tailed.

Results

In total, 85 patients were considered and examined, resulting in 46 participants being randomly divided into the HRV_G
(n = 23) and HIIT_G (n = 23) groups. After the intervention, and taking into account the inclusion and exclusion criteria,
21 participants remained in HRV_G and 16 participants in HIIT_G. The reasons for the follow-up loss and this process are
presented in Figure 2.
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Figure 2
Flowchart
I Assessed for eligibility (n = B5)
Excluded (n = 39)
L] Mot meet ng inclusion criteria
Randomized [n = 46) — ™ in = 5]
. Declined to participate (n = 14)
Y
' Allocation I
¥ L
HRV intervention (n = 23] HIT intervention (n = 23)
l Follow-Up
Y
Last to follow-up (n = 2): Los to follow-up (n = 7):
'] Medication change(n = 1) - Medication change (n = 2)
] Discontinued intervention [n = 1) - Discontinued intersention (n = 2)
*  Another disease (n = 3)
Analysis
T "
Completer sample (n=21) Completer sample (n = 16)
ITT sample [n = 23) ITT sample (n = 23]
4
Table 1 and 2 describes the initial values for each variable and group. It also indicates the significant differences between E
groups found pre-intervention in the MacNew questionnaire for quality of life (p =.012) and age (p = .011). Specifically, the x
HIIT_G group was younger and presented better quality-of-life scores that the HRV_G group. Hence, and as indicated in the §
methodology, both variables were used as covariates in the subsequent analysis. g
2
Table 1 m
Descriptive Statistics of the Variables and the pre-intervention Differences Between the Groups =
o
>
Variables Group n (ITT) n (complete) Mean SD Minimum Maximum 'é
2
Age (years) HIT_G 23 16 50.74 * 10.61 23.00 72.00 g
2
HRV_G 23 21 58.83 9.93 41.00 77.00 N
E
Weight (kg) HIIT_G 23 16 88.44 14.16 52.50 115.10 2
o
HRV_G 23 21 80.28 11.24 60.20 103.40 §
<
Height (m) HIT_G 23 16 1.74 0.07 1.61 1.85 3
HRV_G 23 21 1.71 0.09 1.42 1.85 E
=]
BMI (kg/m?) HIIT_G 23 16 29.15 3.82 20.25 35.41 =
o
HRV_G 23 21 27.40 3.29 20.92 32.63 g
Waist (cm) HIT_G 23 16 100.97 11.67 78.00 121.20 %
HRV_G 23 21 99.07 8.54 80.90 114.10 E
Hip (cm) HIT_G 23 16 104.96 8.18 88.50 120.50 3
>
HRV_G 23 21 102.24 5.99 92.10 116.50 5
o
WHR HIT_G 23 16 0.96 0.07 0.77 1.07 é
HRV_G 23 21 0.97 0.04 0.87 1.04 E
<
RFM HIT_G 23 16 29.15 3.89 22.65 34.82 e
HRV_G 23 21 29.20 3.59 18.26 33.28 E
]
Note: BMI = body mass index; RFM = relative fat mass; WHR = waist-hip ratio. *= there are statistically significant differences 2
(p < .05) between the groups. s
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In the post-test, significant differences were found between groups in the variables weight (p = .031), hip circumference (p
=.010), minutes of work at high intensity (p = .012) and minutes of work at low intensity (p = .026). If we consider the effects
between groups adjusted for the variables age and MacNew, there were significant differences in the variables BMI (X, =
1.85+.65; p = .040; d = .096), hip circumference (X = 13.47 £ 21.22; p =.008; d = .156), and minutes of work at high intensity (X =
26.6 £ 17.1; p = .047; d = .091). Table 3 shows the differences between groups, both adjusted and unadjusted for covariates.

Table 2
Post- intervention Differences Between the Groups
Variables Group n (ITT) n (complete) Mean SD Lower Upper
McNew HIT_G 23 16 5.75* 0.70 3.92 6.98
HRV_G 23 21 4.73 1.39 1.07 6.40
TUG (s) HIT_G 23 16 5.844 1.04 4.04 7.54
HRV_G 23 21 6.41 1.53 5.04 12.08
Wspeed (s) HIIT_G 23 16 15.22 1.89 11.90 21.25
HRV_G 23 21 15.44 2.65 10.48 25.43
6MWT (m) HIIT_G 23 16 550.45 57.65 433.90 654.00
HRV_G 23 21 537.10 112.09 235.50 730.00

Note: McNew = quality of life questionnaire; TUG = Timed Up and Go; Wspeed = walking speed; 6MWT= 6 Minutes Walk
Test. * = there are statistically significant differences (p < .05) between the groups.

Regarding the intra-group differences, both groups (HIIT_G and HRV_G) significantly improved the waist circumference
(HIIT_G,A=0.95+0.82cm, p=.012; HRV_G,A=1.14+0.71 cm, p =.028), the WHR (HIIT_G, A=0.01 £ 0.0 cm, p =.031; HRV_G,
A=0.01+0.0cm, p=.043), the RFM (HIIT_G, A = 0.28 £ 0.17 %, p = .018; HRV_G, A = 0.45 + 0.19 %, p = .016) and the three
Senior Fitness Test elements: TUG (HIIT_G,A=0.43+£0.12s, p=.004; HRV_G,A=0.8 £0.22 s, p <.001), Vmar (HIIT_G, A= 0.83
+0.44s,p=.011;HRV_G,A=1.39+0.46 s, p=<.001) and 6MWT (HIIT_G, A=-58 £35.73 m, p=.003; HRV_G, A=-78.14 + 36.97
m, p =.002). However, only the HRV_G group had an increased (improved) score in the McNew quality-of-life questionnaire
(A=-0.58 £ 0.25 points, p =.037). This can be seen in tables 3 and 4.

Regarding the relationships between variables in the sample as a whole, a significant and direct correlation was found
between the Timed Up and Go test and the minutes of high intensity work (p =.007, r = 0.391, r2=0.153).

Table 3
Intra-group Differences (i)
Pre - intervention  Post - intervention Unadjusted intra-group effects
. n n 95% Cl for Mean
variables 17) (complete) Mean  SD  Mean sD p Difforence. Cohen'sd
Lower Upper
Weight (kg)
HIT_G 23 16 88.44 14.16 88.64 14.32 482 -0.56 0.26 -0.15
HRV_G 23 21 80.28 11.24 80.20 11.10 754  -0.34 0.47 0.07
Body mass index (kg/m?)
HIT_G 23 16 29.15 3.82 29.22 3.91 481 -0.56 0.26 -0.15
HRV_G 23 21 27.40 3.29 27.37 3.26 757 -0.34 0.47 0.07
Waist circumference (cm)
HIT_G 23 16 100.97 11.67 100.02 10.85 .012* 0.12 1.01 0.57
HRV_G 23 21 99.07 8.54 97.93 9.25 .028* 0.05 0.92 0.49
Hip circumference (cm)
HIT_G 23 16 104.96 8.18 105.34 8.07 356 -0.61 0.22 -0.20
HRV_G 23 21 102.24 5.99 91.87 29.29 .082  -0.05 0.80 0.38
Waist-hip ratio (cm)
HIT_G 23 16 0.96 0.07 0.95 0.07 .031* 0.04 0.91 0.48
HRV_G 23 21 0.97 0.04 0.98 0.04 .043* -0.87 -0.01 -0.45
Relative fat mass (%)

HIT_G 23 16 29.15 3.89 28.87 3.72 .018* 0.09 0.96 0.53
HRV_G 23 21 29.20 3.59 28.75 3.78 .016* 0.10 0.98 0.55

Note: * = there are statistically significant differences (p < .05) between the groups.
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Table 4
Intra-group Differences (11)

Pre - intervention Post - intervention Unadjusted intra-group effects
. n n
Variables (ITT) (complete) Mean sb Mean SD p 9592:%’5,:::,:0" Cohen’s d
Lower Upper
Timed Up and Go Test (s)
HIIT_G 23 16 5.844 1.04 5.41 0.92 .004 * 0.21 1.12 0.67
HRV_G 23 21 6.41 1.53 5.61 1.75 <.001 * 0.61 1.67 1.15
Walking speed test (s)
HIT_G 23 16 15.22 1.89 14.39 2.33 011 * 0.13 1.01 0.58
HRV_G 23 21 15.44 2.65 14.05 3.11 <.001 * 0.41 1.39 0.91
6 Minutes Walk Test (m)
HIIT_G 23 16 550.45 57.65 608 93.38 .003 * -1.16 -0.25 -0.71
HRV_G 23 21 537.10 112.09 615.24 75.12 .002 * -1.18 -0.26 -0.73
MacNew QLMI questionnaire
HIT_G 23 16 5.75 0.70 5.79 0.74 .835 -0.45 0.37 -0.04
HRV_G 23 21 4.73 1.39 5.31 1.14 .037 * -0.89 -0.03 -0.46
Discussion

This study aimed to analyse the effect of an HRV-based cardiac rehabilitation program on functional capacity, quality of
life, and body composition parameters after ischemic cardiopathy, comparing the results with a standardized HIIT-type
program and determining the influence of high- or low-intensity training volume on the results. After the training programs,
both groups showed significant improvements in their functional capacity tests, as well as in the waist circumference,
WHR, and RFM variables. In no case were these changes influenced by age or quality of life. Furthermore, the HRV_G
group showed a significant improvement in self-perceived quality of life. However, no statistically significant differences
were found between the groups in these variables despite eliminating the effect of the covariates (age and quality of
life). Nonetheless, the high-intensity training volume was statistically higher in the HIIT_G group, and this correlated with
improved agility across the entire sample.

Both the HIIT_G and the HRV_G groups had significantly improved intra-group functional capacity. Several cardiac
rehabilitation studies have analysed training at different intensities over 12 weeks with regard to functional capacity,
obtaining improvements in all groups in the 6-minute walk test (Chen et al., 2018; Reed et al., 2022), demonstrating, as
indicated by Reed et al. (2022), that all the exercise programs were beneficial, well monitored and safe. Even in other
types of rehabilitation, such as musculoskeletal injuries, HIIT and moderate-intensity training have been compared for 6
weeks, demonstrating a significant improvement in the Timed Up and Go Test for the group that trained at high intensity
(Kamalakannan et al., 2024). In light of the results from the different studies, one can evaluate to what extent high and
moderate intensities as well as different training volumes can generate functional capacity benefits in people with cardiac
pathologies, as one also can in other population types. However, no statistically significant differences were found in
functional capacity among the training groups, so one cannot determine whether one training methodology was more
beneficial than the other. Following Lorenz and Morrison (2015), longer cardiac rehabilitation programs would be necessary
with progressive overloading, periodization and manipulation of the training variables to provoke specific adaptations and
thus obtain more robust results for the highlighted goals.

In this regard, itis interesting to note that our study found a statistically significant difference in the number of minutes
of high-intensity training, with the HIIT_G group achieving the greatest high-intensity volume overall. Similar results were
also obtained in other studies on professional athletes comparing the HRV-based training methodology with a traditional
training methodology (Javaloyes et al., 2019; Carrasco-Poyatos et al., 2022). Nevertheless, we cannot compare it with the
study by Manresa-Rocamora et al. (2022) conducted on patients with ischemic pathology, as they did not provide such
data. This provides relevant support for the results found, given that both groups improved their functional capacity,
even though one of them (HRV_G) trained for fewer minutes at high intensity. The literature on the subject has concluded
that high-intensity training is safe and effective for improving functional capacity in patients with chronic diseases and
cardiovascular pathologies (Dun et al., 2019; Ross et al., 2016; Taylor et al., 2020); however, training individualization is
highlighted in the recommendations of the latest research on cardiac rehabilitation (Li et al. 2021; McGregor et al. 2023),
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which point out that one of the aspects for improving interventions and optimizing their effect is to adapt the loads to
each patient’s individual capacities. According to our study results, and in accordance with Behrens et al. (2015), HRV can
serve as a tool for individualizing training. All of this underscores the importance of the principle of load individualization
since, adapting the exercise intensity to the patient’s level of physical condition and their basal physiological state will
influence their recovery (Seiler et al., 2007) and, as Ross et al. (2015) indicate, it is essential to achieve success in the
individual exercise prescribed. Furthermore, if we consider the correlation found between the Timed Up and Go test
and the minutes of high-intensity work, where the more high-intensity work minutes, the better the agility, the need for
high-intensity work becomes more evident. This, together with the importance of using HRV as a control variable and
training individualization suggests that cardiac rehabilitation programs should be longer than 8 weeks to guarantee
optimal results.

Only the HRV_G group had a significantly improved intra-group MacNew quality-of-life questionnaire score. Although
participation in cardiac rehabilitation programs, regardless of the training performed, has been shown to improve the
patients’ quality of life (Dibben et al., 2023; Ul-Haq et al., 2019), there is a clear relationship between quality of life,
depression, autonomic nervous system dysfunction and HRV, thus making HRV a strong predictor of mortality in cardiac
patients (Carney and Freedland, 2009). Therefore, HRV could explain a substantial part of the risk associated with poor
self-perception and depression in cardiovascular diseases (Carney and Freedland, 2009). Working according to the
baseline HRV value, the nervous system dysfunction associated with poor self-perception and quality of life would be
indirectly addressed; this in turn would explain why the HRV_G group obtained statistically significant improvements in
the quality-of-life questionnaire.

Regarding the body composition variables, both groups had improved intra-group waist circumference, waist-to-hip
ratio, and relative fat mass, but only presented significant differences between groups in hip circumference. Similar results
were obtained by Son et al. (2017), where they studied the effect of moderate-intensity aerobic training in women with
hypertension, being of a similar age and training 3 times a week. Another study carried out in 2023, analysed the effect
of a 4-week HIIT training program on cardiovascular disease risk factors in adolescents; they did not obtain significant
differences between groups in the body composition variable analysed, in this case, relative fat mass (Kranen et al., 2023).
All of these results are difficult to attribute to (and justify) solely in terms of the physical exercise intervention. Although it has
been shown that both moderate and high-intensity training can lead to similar effects on body composition (Wewege et al.,
2017), there are other factors such as diet, which considerably affect these body composition variables and cardiovascular
disease (Salehin et al., 2023). Therefore, a longer duration physical exercise program would be needed that included an
exhaustive control of other related variables to obtain more concrete results.

This study has several limitations. Firstly, it had a small sample size as it relied on cardiology ward referrals. The results
were also influenced for not controlling a series of other variables, such as diet, and particularly those related to body
composition variables. The equipment necessary to allow real-time HRV measurements of resting, reactivity, and recovery
(Laborde et al., 2018) was also lacking, in addition to being able to include graphs reflecting HR control in the training
intervals in future research. Future studies could consider a larger number of participants, taking into account the patients’
age and quality of life when assigning the exercise dose, last longer than 8 weeks, and analyse the effect of HRV-based
training in rehabilitation and training programs for patients with other pathology types, such as cancer patients.

Conclusions

HRV-based training results in improvements in functional capacity, quality of life and parameters related to body
composition in patients with ischemic heart disease, as does HlIT-based training. Nonetheless, these changes were achieved
over less time when working at high intensity in the HRV_G group and by individualizing the training according to each
patient's needs. Hence, it would not be necessary to work at a high exercise intensity in all the sessions to obtain benefits
and adaptations for health. On the other hand, the high-intensity training volume is related to improved agility, which
suggests training interventions of this type should be prolonged in patients with heart disease. Additionally, factors such
as age and perceived quality of life should be taken into account when designing a physical exercise intervention program
in patients who have had acute myocardial infarction as well as following the individualization principle when prescribing
physical exercise in cardiac rehabilitation.

This makes HRV-based training a reliable and valid tool to individualize training even when training in groups. Providing
a non-invasive tool for use in rehabilitation programs, training and rehabilitation centers and even at the educational level.
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