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Abstract High-intensity interval training is the gold
standard for cardiac rehabilitation although current
revascularization therapy focuses on the recovery of
autonomic nervous system balance through heart rate
variability (HRV). The main objective was to ana-
lyze the effect of HRV-guided training versus high-
intensity interval training on cardiorespiratory fitness,
heart rate variability, quality of life, and training vol-
ume at high intensity, as well as exercise adherence,

Maria Carrasco-Poyatos and Rut Lépez-Osca contributed
equally to this work.

Key points

What is known about the topic?

- HIIT-guided training is safe and feasible in cardiac
rehabilitation but standardized training programs provoke
varying physiological responses among patients.

- HRV is a powerful health and mortality predictor

post myocardial infarction as it is an indicator of the
interaction between the autonomous nervous system and
the cardiovascular system. It could be used as a tool for
training individualization.

What does the study add?

- Both HRV-guided training and HIIT traditional training
improved cardiorespiratory fitness (VO,max and METS)
in cardiomyopathy patients, although HRV-guided training
showed a more beneficial effect on blood pressure and
heart rate parameters.

- The age was an interfering factor for HRV domains.

- Both training programs are safe and feasible for cardiac
rehabilitation.

- Lower volumes of high-intensity training present a better
cardioprotective effect than a standardized HIIT training
program.

safety, and feasibility in ischemic patients. This is an
8-week cluster randomized controlled trial with an
HRV-based training group (HRV-G) and a traditional
HIIT group (HIIT-G). Maximal oxygen consumption,
heart rate, and blood pressure were measured during
the Bruce protocol treadmill test. HRV was measured
with the HRV4Training application, and quality of
life with the MacNew QLMI. The repeated measures
ANCOVA was used with the age and the baseline
scores as covariables. Forty-six patients (mean age 55
+ 11.03 years) were randomized and assigned either
to HRV-G (n = 23) or HIIT-G (n = 23). Both groups
improved maximal oxygen consumption and METS
(P > .05). However, the resting systolic blood pres-
sure was lower in HRV-G (4.3 + 1.2 mmHg, P = .05).
In HRV-G, the resting diastolic, maximal diastolic,
and systolic blood pressure decreased (5.4 + 5.96
mmHg, P =.007; 11.4 + 12.46 mmHg, P = .005; and
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5 + 5.98 mmHg, P = .013, respectively) whereas the
recovery heart rate increased significantly (—21.5 +
23.16 beats/min, P = .003). The LntMSSDcv ([LnrM
SSDgp/LnrMSSDypan] X 100) was lower in HRV-G
(1.23 +£ 0.91 mmHg, P = .03) while the training vol-
ume at high intensity was higher in HIIT-G (31.4 +
29.2 min, P = .024). HRV-guided training presents a
better cardioprotective effect than HIIT-G at a lower
high-intensity training volume.

Keywords Heart rate variability - High-
intensity interval training - Cardiac rehabilitation -
Autonomous nervous system - VO,max - LnrMSSD

Introduction

Ischemic heart disease (IHD) is the leading cause of
death and one of the main causes of disability [1],
resulting in increased health system costs. Ischemic
cardiopathology has been associated either with ath-
erosclerosis and the factors involved in the atheroscle-
rotic process or with the left ventricular dysfunction
[2]. According to Shaffer, McCraty, and Zerr [3],
this left ventricular failure depends on the integration
between efferent heart regulation by the cardiovascu-
lar center and afferent signals sent to the brain from
the heart’s intrinsic nervous system, which contribute
to beat-to-beat changes. Consequently, heart function
depends on the balance between sympathetic and par-
asympathetic outflow. This highlights the relevance
of autonomic nervous system (ANS) function in regu-
lating the heart as an additional factor that increases
the risk of relapse or death in IHD.

In this regard, heart rate variability (HRV) is
being used as a measure of neurocardiac function
that reflects the heart-brain interactions and the ANS
dynamics [3]. HRV is defined as the fluctuation in the
interval between consecutive heartbeats and the fluc-
tuation between consecutive instantaneous heart rates
[4]. According to Rodas, Pedret-Carballido, Ramos,
and Capdevila [4], HRV is inversely correlated with
the heart rate and therefore, with the sympathetic
branch of the ANS, in such a way that the higher the
heart rate and the sympathetic nervous activation,
the lower the HRV. This is a key aspect in cardiac
rehabilitation since cardiovascular diseases increase
sympathetic system predominance, which is reflected
in a high resting heart rate and low HRV [5], thus
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manifesting worse cardiovascular system adaptation
and a negative state of health. For all these factors,
HRYV should be considered as an essential outcome
to control in cardiac rehabilitation programs together
with the heart rate, maximal oxygen consumption
(VO,max), and blood pressure.

National and international heart societies have
developed general cardiac rehabilitation guidelines
[6] for the treatment of IHD based on a multidisci-
plinary program including physical exercise, psycho-
logical and nutritional control, risk factors revision,
and educational trends implemented together with
pharmacological treatment. However, the response
to certain pharmacological therapies do not give
the expected results [7], and the cardiac rehabilita-
tion programs are not followed as they should be [8]
owing to limited political or economic support, and
a lack of knowledge or interest by healthcare pro-
fessionals or patients. Nevertheless, exercise pro-
grams have developed over recent years that show
the greater effectiveness of high-intensity interval
training (HIIT) over moderate-intensity continuous
training in improving the maximal oxygen consump-
tion (VO,max), left ventricular ejection fraction, end-
diastolic volume, quality of life, blood parameters,
and functionality in patients with IHD [9, 10]. HIIT-
based training is thus the recommended exercise pro-
gram nowadays for cardiac rehabilitation. Regardless
of this, there is still insufficient evidence from high-
quality, large-sample, multicenter RCTs to reach any
consistent conclusion [10-12] because of the wide
range of HIIT-training methodologies used. Moreo-
ver, although HIIT is a promising tool for improving
the HRV in healthy individuals and patients with met-
abolic syndrome [13], there is still little evidence with
regard to cardiomyopathy [14, 15], due to it has been
included in the research for a few years now.

HRYV analysis has also been established as a use-
ful method for assessing the heart’s ability to adapt to
both endogenous and exogenous loads [16], hence it
can be used for assessment of individual responses to
training loads. This is particularly useful when con-
sidering that an individual’s cardiovascular system
can be affected by IHD to varying degrees [2]. There-
fore, the exercise dose given to each patient should
be closely controlled and individualized, avoiding
overstimulation of the cardiovascular system during
training while increasing safety and efficiency. None-
theless, serious adverse events still occur in cardiac
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rehabilitation [17] perhaps because such training is
often carried out in groups, and it is recognized that
group training using the same standardized training
program can result in a wide range of reactions in
terms of performance and physiological adaptations
[18]. Consequently, HRV has recently been used as a
biomarker of the autonomic nervous system to help
design an individualized day-to-day training session
that optimizes the physiological response to work-
loads. This has been the case in several studies carried
out with elite or amateur athletes [19] and with cancer
survivors [20]. However, there is scant evidence that
HRV-guided training results in better cardiac rehabili-
tation outcomes than other pre-determined exercise
[21, 22].

HRYV can be influenced by several factors such as
circadian rhythms, core body temperature, metabo-
lism, hormones, intrinsic rhythms generated by the
heart, the body position, or mental and physical stress
[3, 23] which create a dynamic physiological con-
trol system that is never static. Therefore, research-
ers should be aware of methodological issues related
to HRV measurements so that the studies could be
compared around the world. Even so, HRV meas-
urements have become more accessible nowadays
owing to the progress in technology and computer
science. Electrocardiography and photoplethysmog-
raphy can be used to detect the interbeat interval, and
short recording periods (e.g., 60 s) can be employed
with the same reliability as longer ones. This is the
case with validated heart rate monitors, such as Polar
110, or low-cost smartphone applications, such as
HRV4Training. Considering all the above, the main
objective of this study was to analyze changes in
VO,max in cardiac rehabilitation patients follow-
ing an HRV-guided training program versus a HIIT
training program. The secondary objectives were (i)
to assess changes in other cardiovascular parameters,
heart rate variability, quality of life, the training vol-
ume at high intensity, exercise adherence, safety,
and feasibility after each exercise program, and (ii)
to determine the relationship between the variables
measured. The hypotheses were that both groups
would have improved VO,max, blood pressure, heart
rate parameters, HRV, and quality of life, but that the
HRV-guided training would be safer and more fea-
sible because program individualization would result
in less high-intensity training volume.

Materials and methods
Trial design

This study consisted of an 8-week cluster-randomized
controlled trial in which the patients who enrolled in
a cardiac rehabilitation program were assigned to an
HRV-based training group (HRV-G) or a traditional
high-intensity training group (HIIT-G). The trial pro-
tocol was approved by the University of Almeria’s
Bioethics Committee (UALBIO2019/026) and was
prospectively registered with ClinicalTrials.gov:
NCT04150952. The protocol was also published prior
to the study [19]. The study was conducted according
to the World Medical Association Declaration of Hel-
sinki and reported following the Consolidated Stand-
ards of Reporting Trials (CONSORT) guidelines [24].

Participants

The sample comprised patients affected by ischemic
cardiopathology and treated at University Hospital
Torrecardenas in Almeria, Spain. Details relating to
the eligibility criteria, recorded patient information,
and the consent form are available elsewhere [19].

Interventions

The 8-week interventions were divided into two
phases: the familiarization period (the first 2 weeks)
and the training period (the subsequent 6 weeks), in
which the HIIT-G followed a predefined, high-inten-
sity short training program, while the HRV-G trained
according to their individual and daily HRV scores.
The schema suggested by Kiviniemi et al. [25] was
followed and Fig. 1 shows the HRV fluctuations dur-
ing the training period in the HRV-G. For both train-
ing groups, high intensity was considered >85% of
the peak heart rate. The groups trained 3 days/week
for 1 h/day (24 training sessions). The total training
period went from October 2021 to July 2022. All the
intervention details can be found in the Carrasco-Poy-
atos et al. [19] trial protocol.

Outcomes

The study’s primary outcome was the VO,max. The
secondary outcomes were: (i) the resting, maximal
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Fig. 1 HRV fluctuations
during TR period in HRV-G
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and recovery blood pressure and heart rate, and meta-
bolic equivalents (METS); (ii) heart rate variability;
(iii) quality of life; (iv) training volume at high inten-
sity; and (v) exercise adherence, safety, and feasibil-
ity. The outcomes were recorded during the first and
the last intervention weeks of the program, except for
exercise adherence, feasibility, and safety, which were
recorded daily.

As recommended for heart disease patients [21,
26], the Bruce protocol treadmill test was used to
assess the VO,max, heart rate, and blood pressure.
The VO,max was calculated using the formula
described by McConnell and Clark [VO,max =
2.282(time) + 8.545] [27]. In this way, METS were
calculated using the equivalence of 1 MET = 3.5
ml/kg/min. Electrocardiograms were taken at rest,
during the test, and 2 min after the test to record the
resting, maximal, and recovery heart rate. Systolic
and diastolic blood pressure was also measured at
the same time. It was considered a good test if the
peak heart rate was >85% of that predicted and the
rate of perceived exertion (RPE) > 18 [28].

Heart rate variability was recorded prior and after
the training program following the procedure used
in other sport contexts [29]. The HRV4Training
smartphone application, validated by Plews et al.
[30], was used for the purpose. The measure was 60
s long and was taken in a seated position just before
starting the first and the last training session of the
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program. The temporal-domain variables recorded
were the standard deviation of al R-R intervals
(SDNN), the root mean square of successive dif-
ferences (rMSSD), and the percentage of succes-
sive normal sinus RR intervals >50 ms (pNNS50),
while the frequency-domain ones were low fre-
quencies (LF) and high frequencies (HF) because
of their relationship to parasympathetic activation
[31]. To assume a normal distribution, the Napie-
rian logarithm of the variable rMSSD (LnrMSSD)
was calculated together with its coefficient of vari-
ation (LnrMSSD-y = [LnrMSSDgn /| LnrMSSD-
mean] X 100), as this appears to be more sensitive
to training changes [32]. For the frequency-domain
variables, the LF/HF quotient was also calculated to
determine the sympathetic-parasympathetic balance
[33]. A pre-session LnrMSSD of the familiarization
period was used to obtain the individual normality
range for the exercise prescribed in the HRV-G, fol-
lowing the Plews, Laursen, Kilding, and Buchheit
procedure [34].

Quality of life was measured with the validated
Spanish version of the MacNew QLMI [35] which
comprises the physical, emotional, and social dimen-
sions. The high-intensity training volume was deter-
mined by the minutes that the training heart rate was
85-100% of the peak heart rate. Adherence was deter-
mined by the number of sessions attended. Safety was
measured as the number of adverse events, recorded
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as low, moderate, or severe [36], together with their
relationship to the exercise program. Feasibility was
recorded as the attendance to the session periodiza-
tion according to the heart rate reached and the RPE
score. These variables were recorded by the multi-
disciplinary group (a physician, a physiotherapist, a
nurse, and a physical-exercise graduate) during each
exercise session.

Sample size and power

Assuming a standard deviation of 6.6 ml/kg/min
for the VO,max [37] and an estimated error (d)
of 2.7, a total of twenty-three subjects would be a
valid sample size for each arm, providing a 95%
confidence interval (CI) (n = CI* x d*/SD?). Thus,
the final sample sizes for the HRV-G (n = 22) and
HIIT-G (n = 19) provide a power of 90% and 85%,
respectively, if between and within a variance of 1.
The calculations to establish the sample size were
performed using RStudio 3.15.0 software. The sig-
nificance level was set at P < 0.05.

Randomization and blinding

Participants were randomly allocated to each group
using a block randomization method, which was
implemented through a central telephone registra-
tion system. The treatment was randomly assigned
to the groups via a coin toss. The block size was
determined according to the statistical power pro-
vided. Both the participants and the research staff
were blinded. Only the multidisciplinary group
knew about the interventions so that they could
adapt, where appropriate, the training sessions or
respond to an adverse event. An excel sheet was
used to implement the patients’ randomization pro-
cess as well as to record the data. This process was
carried out by the principal researcher.

Statistical methods

Prior to data analysis, the Kolmogorov-Smirnov test
was used to determine the normal distribution of
the variables. Levene’s test was also performed to
determine the homogeneity of variance. An unpaired
two-tailed r-test was employed to compare groups

at baseline for the continuous variables, while the
Fisher exact test was utilized for categorical data.
Differences between groups were found in age, so
the repeated measures ANCOVA was used with the
age and the baseline scores as covariables. Treat-
ment effects are presented as adjusted and unadjusted
between group differences. The standardized mean
differences (Cohen’s effect size) were calculated
together with the 95% confidence intervals to deter-
mine the treatment magnitude. An effect size value of
0.20 indicates a small effect, 0.50 a moderate effect,
and 0.8 a large effect [38]. A bivariate Pearson and
Spearman correlation was utilized to assess the rela-
tionships between the variables. The correlation
thresholds were 0.1, small; 0.3, moderate; 0.5, large;
0.7, very large; and 0.9, nearly perfect [38]. Statistical
analyses were performed using SPSS Statistics ver-
sion 25 (IBM). The level of significance was set at P
< 0.05 and all P values were 2-tailed.

Results

Eighty-five patients were screened from April to Sep-
tember 2021, of which 46 were randomized and allo-
cated to HRV-G (n = 23) or HIIT-G (n = 23). The
total training period was from October 2021 to July
2022, which was undertaken in a phased manner
every 8 weeks. At the end of the intervention, 22 and
19 cases, respectively, were included in the statisti-
cal analysis. The participant flow is detailed in Fig. 2.
The baseline demographic and clinical characteristics
of each group are shown in Table 1. Both groups were
similar in all aspects measured except for the age,
with HRV-G being statistically older than HIIT-G (X
+ SDp; = +7.4 years, t = 2.25 [.75, 14.1], P = .03).
Therefore, age was used as a covariable.

The results for the main objective indicate a large
effect in the VO,max and METS increment after both
training interventions (HRV-G = —6.96 + 8.35 ml/
kg/min; HIIT-G = —4.57 + 6.53 ml/kg/min) although
there were no intra- or inter-group differences when
adjusting for age.

With respect to the secondary objectives, in the
inter-group analysis, HRV-G presented lower resting
systolic blood pressure than HIIT-G (X + SDygy.g =
1154 + 5.96 mmHg, X + SDyy.g = 119.7 £ 7.16
mmHg, F = 4.024, P = .05, d = .096). Moreover,
the resting diastolic blood pressure and the maximal

@ Springer



2098

GeroScience (2024) 46:2093-2106

[ Enrollment ]

Assessed for eligibility (n= 85)

Excluded (n=29)

A 4

+ Not meeting inclusion criteria (n= 15)
+ Declined to participate (n= 14)

Randomized (n= 46)

) [

Allocation ]

A4

Allocated to HRV group (n= 23)

Allocated to HIIT group (n=23)

[ Follow-Up ]

A 4

Lost to follow-up (give reasons) (n= 1)
+ Discontinued intervention (n= 1)

h 4

Lost to follow-up (give reasons) (h=4)
+ Discontinued intervention (n= 1)

¢ Changes in medication (n= 2)

¢ Lack oftime (n=1)

[ Analysis ]

A 4

Analysed (n=22)

Fig. 2 Participant flow diagram

diastolic and systolic blood pressure decreased by 5.4
+ 5.96 mmHg, 11.4 + 12.46 mmHg, and 5 + 5-98
mmHg, respectively, in the HRV group. The recov-
ery heart rate was higher in both exercise groups, but
was only statistically significant in HRV-G (-21.5 +
23.16 beats/min) (Table 2).

There were also statistical differences in the
LnrMSSDcv between groups, which was lower in the
HRV-G than in the HIIT-G (X + SDyry.g = 13.17 +
5.35 mmHg, X + SDyyr.g = 144 + 444 mmHg, F =
5.075, P = .03, d = .118) but the baseline scores and
the age were conditioning this result statistically (F =
7.12, P = .011, d = .283). However, the LnrMSSDcv
increased in both groups in the intra-group analy-
sis (Table 2), and this change was also significantly
affected by the covariates (F = 6.357, P = .016, d =
.143). There were no significant inter-group differ-
ences in the quality of life.

Furthermore, the HRV-G group accomplished
159.3 + 53.82 out of 432.7 + 156.18 min at an
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intensity >85% heart rate peak (HRPeak), meaning
36.81% of the total training time. In contrast, the
HIIT-G group trained at high intensity for 190.7 +
24.64 out of 417 + 69.76 min, meaning 45.73% of
the total training time. These results were statisti-
cally different, favoring HIIT-G (X + SDp;; = 31.4
+ 29.2 min; P = .024; d = 42.89 [-58.63, —4.29])
(Fig. 3).

Regarding adherence and feasibility, 69.1%
(n = 15) of the HRV-G and 68.3% (n = 13) of
the HIITG attended > 80% of the sessions. The
remaining percentage attended > 70% of the ses-
sions. Only one participant in HRV-G withdrew
from the training session. During the intervention,
there were 12 adverse events (Table 3) — ten of
these occurred in the HRV-G (7 of low level and
3 of moderate level) and two in the HIIT-G (1 of
low level and 1 of moderate level). None of them
required hospitalization. Taking into account the
age, there were no significant differences between



GeroScience (2024) 46:2093-2106 2099
Table 1 Baseline Variables HRV-G (1 = 22) HIIT-G (n = 19) P value
demographic and clinical
characteristics for each Age (years) 58.4 + 9.95 51+11.13 03
group Sex
Male 22 (100) 16 (84.2) .053
Female 0 (0) 3(15.8) .053
Height (m) 1.7+ .06 1.7+ .06 723
Weight (kg) 81.2+10.6 86.4 + 14.8 .198
BMI (kg/m?) 273 £332 28.6+3.9 234
Resting blood pressure
Systolic (mmHg) 120.9 +9.59 122.1 +7.69 665
Diastolic (mmHg) 66.8 + 5.68 63.7 +7.69 .069
Resting heart rate (beats/min) 72.7 +14.32 71.8 + 14.51 813
Resting heart rate variability
SDNN (ms) 84.2 +61.01 68.8 +£61.61 428
LnrMSSD (ms) 1.9+ .29 1.8 +.28 443
LnrMSSDcv (ms) 11.74 £ 3.1 13.31 £5.35 248
pNNS50 (ms) 49.4 + 2341 44.4 +19.52 463
LF (Hz) .09 +.07 .06 +.07 27
HF (Hz) A5 +.17 .07 +.04 .062
LF/HF (Hz) 79 + .51 78 + .45 925
Diagnosis
ST-EMI 6 (27.3) 6 (31.6) 197
NST-EMI 4(18.2) 3(15.8) 248
Angina 12 (54.5) 10 (52.6) .099
Time since event 333+52 342 +49 .824
Comorbidities
Hypertension 9 (40.9) 10 (52.6) .689
Family history 10 (45.4) 9(47.4) 721
Diabetes 209.1) 1(5.3) 18
Current smoking 14.5) 0(0) 987
Mental health 1(4.5) 0(0) 785
Fibromyalgia 0(0) 1(5.2) .856
Lupus 0(0) 1(5.2) 963
Medications
Beta-blocker 12 (54.5) 10 (52.6) 112
Anti-hypertensive 10 (45.4) 9(47.4) 258
Antiplatelet 18 (81.2) 18 (94.7) 812
Statin 19 (86.4) 18 (94.7) 698
Anti-anginal 7 (31.8) 7 (36.8) 897
Diuretic 5(22.7) 6 (31.6) 657

groups (X + SD = .34 + .46 numbers, FF = 2.257, P

=.141, d = .056).

With respect to the relationship between vari-
ables, the maximal oxygen uptake and the METS

Data for continuous variables is presented as mean + SD, and for categorical variables as

mean (%). SDNN (ms), LarMSSD (ms), and pNN(50) are the temporal parameters used for
HRYV measurement. LF (Hz), HF (Hz), and LF/HF(Hz) are the frequency parameters used for
HRV measurement. ST-EMI, ST elevation myocardial infarction; NST-EMI, non-ST elevation

myocardial infraction

were statistically correlated with the McNew Physical
Score (r = .329, = .068 P = 0.036). Conversely,
the LnrMSSD.y was inversely correlated with the
McNew total score (r = —.328, ?=.018,P= 0.036).
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Table 2 Intra-group changes after the interventions

Variables n Pre-training Post-training Unadjusted intra-group effects Adjusted intra-group
effects
P 95% CI for mean  Cohen’sd Time*Group
difference
Mean SD Mean SD Lower  Upper F P ES n?

Cardiopulmonary

Resting systolic blood pressure (mmHg)
HRV-G 22 1209 9.59 115.4 596 .038 .34 10.57 11.54 449 507 012
HIT-G 19 122.1 7.69 119.7 7.16 .12 —-.67 5.41 6.32

Resting diastolic blood pressure (mmHg)
HRV-G 22 66.8 568 613 3.51 0003 281 8.1 5.96 8.185 .007 .177
HIT-G 19 63.7 7.69 642 507 667 =305 2 5.24

Resting heart rate (beats/min)
HRV-G 22 727 1432 674 11.03 .089 -9 11.81 14.33 1.655 206 .042
HIT-G 19 71.8 14.51 719 14.39 951 -3.63 342 7.32

Maximal systolic blood pressure (mmHg)
HRV-G 22 154.1 133 142.7 10.77 .0003 5.84 16.89 12.45 9.025 .005 .192
HIT-G 19 1413 1245 1447 1348 325 -10.52  3.67 14.72

Maximal diastolic blood pressure (mmHg)
HRV-G 22 759 5.1 70.9 294 001 235 7.65 5.98 6.767 .013 .151
HIIT-G 19 739 792 747 697 563 -3.6 2.02 5.84

Maximal heart rate (beats/min)
HRV-G 22 1332 1422 1309 8.8 412 =344 8.0l 13 609 44 016
HIT-G 19 138 12.37  140.8 1371 232 -7.38 1.91 9.64

Maximal oxygen uptake (ml/kg/min)
HRV-G 22 297 6.6 36.6 8.76  .001 -10.66 -325 835 782 382 .02
HIIT-G 19 336 9.01 38.2 747 007 =771 -142 653

METS
HRV-G 22 85 1.89 10.5 25 .001 -3.05 -.93 2.39 784 382 .02
HIIT-G 19 9.59 2.58 10.9 214 .007 221 —41 1.87

Recovery systolic blood pressure (mmHg)
HRV-G 22 1473 18.1 142.3 12.32 178 —2.46 12.46 16.83 282 598 .007
HIT-G 19 146.8 1493 1442 1346 399 -376  9.03 13.27

Recovery diastolic blood pressure (mmHg)
HRV-G 22 732 6.46 704 3.75 083 -39 5.84 7.02 .004 948 .000
HIIT-G 19 745 797 732 749 399  —-1.88 451 6.63

Recovery heart rate (beats/min)
HRV-G 22 100.3 1945 1218 13.18 .0003 -31.82 -11.27 23.16 9.822 .003 .205
HIOT-G 19 1115 22.1 119.2 2135 .068 —1598 .62 17.22

Heart rate variability

SDNN (ms)
HRV-G 22 84.17 61.01 81.85 78.58 .873  -27.63 3227 67.55 155 .696 .001
HIT-G 19 6838 61.61 76.63 62.76 726  —54.04 38.38 95.87

LnrMSSD (ms)
HRV-G 22 191 3 1.86 32 443 -.08 .19 31 .035 873 .005
HIT-G 19 1.84 3 1.86 31 893 —0.25 22 48
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Table 2 (continued)

Variables n Pre-training Post-training Unadjusted intra-group effects Adjusted intra-group
effects
P 95% CI for mean  Cohen’sd Time*Group
difference
Mean SD Mean SD Lower  Upper F P ES 12
LnrMSSDy (ms)
HRV-G 22 11.74 3.1 13.17 271 .09 -3.1 24 3.78 636 .016 .032
HIT-G 19 13.31 53 144 444 329 -3.35 1.18 4.7
PNNS50 (ms)
HRV-G 22 4942 2341 4395 2495 .363 -6.77 17.72 27.61 226 337 .006
HIT-G 19 4439 19.52 4478 24.13 948 —12.87 12.08 25.89
LF (Hz)
HRV-G 22 .09 .07 .06 .05 .091 —0.005 .065 .08 1.393 245 .094
HIT-G 19 .06 .07 .09 .09 412 —0.08 .04 12
HF (Hz)
HRV-G 22 .15 17 .08 .53 .075 -0.008 .15 18 .0002 989 .107
HIT-G 19 .07 .04 12 A1 17 -0.11 .02 13
LF/HF (Hz)
HRV-G 22 .79 51 78 5 935 -032 34 74 .248 123 .009
HIT-G 19 .78 45 .84 71 -0.39 27 .68
Quality of life
McNew global score
HRV-G 22 438 134 53 1.18 .067 -1.13 13 1.43 1.883 178 .047
HIT-G 19 57 75 5.8 .8 446 —-0.49 .36 .88
McNew emotional score
HRV-G 22 45 1.08 5 1.07 .082 -1.06 .07 1.27 177 .677 .005
HIT-G 19 53 .83 5.5 74 .103 -0.64 .06 73
McNew physical score
HRV-G 22 438 146 53 1.27 191 -1.15 .23 1.56 2.85 1 .07
HIOT-G 19 59 .84 5.77 1.2 .636 -0.48 .66 1.18
McNew social score
HRV-G 22 5.1 1.61 5.7 1.3 .14 -1.23 .16 1.56 4456 125 .06l
HIOT-G 19 6 76 6 1.06 453 —-0.58 .59 1.22

HRV-G, HRV-guided training group; HIIT-G, HlIT-based training group; SDNN, the standard deviation of al R-R intervals;
LnrMSSD, the logarithm in a base 10 of the root mean square of successive differences; LnrMSSD, ., = ([LnrMSSDgy, / LnrMSSD-
mean] X 100; pNN50, the percentage of successive normal sinus RR intervals > 50 ms; LF, low frequencies; HF, high frequencies;
LF/HF, low frequencies/high frequencies. ANCOVA for repeated measures with covariates in the adjusted model: age and baseline

scores

Discussion

The study results show that both the HRV and HIIT
interventions generated a non-significant tendency to
improve the cardiorespiratory fitness (VO,max and
METS) of the cardiac rehabilitation patients, condi-
tioned by age. However, the resting diastolic blood
pressure and the maximal diastolic and systolic blood

pressure were only reduced in the HRV-G, while
the heart rate recovery statistically increased. In this
regard, the LnrMSSD.y was lower in the HRV-G
than in the HIIT-G, but age had a statistical influence
on this inter-group difference. On the other hand, the
interventions were not statistically different regard-
ing quality of life, adherence, safety, and feasibility,
but there were statistical correlations between the

@ Springer



2102

GeroScience (2024) 46:2093-2106

Fig. 3 Training volume at

high intensity 000%
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Table 3 Adverse events
Event Group Type Severity Related to Remained in Reason for the event
exercise the study
Familiarization period (weeks 1 and 2)
#1 HRV-G Dizziness Moderate No Yes Cardiovascular disease
#2 HIIT-G Dizziness Moderate No No Cardiovascular disease
Training period (weeks 3-8)
#3 HRV-G Dizziness and fatigue Low Yes Yes Cardiovascular disease
#4 HRV-G Dizziness Low Yes Yes Cardiovascular disease
#5 HRV-G Fatigue and high heart rate Low No Yes Cardiovascular disease
#6 HRV-G Fatigue Low No Yes Low physical condition
#6 HRV-G Muscle overload Low No Yes Low physical condition
#7 HRV-G Chest pain Moderate No Yes Cardiovascular disease
#8 HRV-G Psychological Moderate No Yes Fear
#9 HRV-G Muscle overload Low No Yes Low physical condition
#10 HRV-G Dizziness Low No Yes Fatigue
#11 HIIT-G Dizziness Moderate Yes Yes Cardiovascular disease
#12 HIIT-G Chest pain Low No Yes Anxiety

McNew QLMI, the VO,max, the METS, and the
LnrMSSD¢y.

The VO,max and METSs increased significantly
with large effect sizes in both exercise groups; how-
ever, these increases were not significant when age
was used as a covariable. Moreover, the exercise
groups were not statistically different regarding these
cardiorespiratory variables. Our results are in line
with those obtained by Manresa-Rocamora et al. [22]
after implementing a similar 6-week training pro-
tocol (HRV-guided vs predefined HIIT training), or

@ Springer

Beherens et al. [21] in terms of improved VO,max
resulting from 4 weeks of HRV-guided training. It
appears that the duration of the interventions (4, 6, or
8 weeks) is not such a determinant when HRV-guided
training is employed, since in both the short-term
intervention and in the longer ones, the VO,max can
be significantly improved in ischemic patients. Never-
theless, the training intensity does appear to be a dif-
ferentiating factor.

Our results agree with the meta-analysis of Ball-
esta-Garcia et al. [9] and Li et al. [10] that it is the
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intensity of the parameter that produces greater car-
diovascular system adaptations, such as the increase
in the cross-sectional area of the muscle, adaptations
in the energy reserves, or the increased synchroniza-
tion of the motor units. Moreover, an increment in
the 2 METS following cardiac rehabilitation is asso-
ciated with lower rates of cardiovascular events, car-
diovascular hospitalizations, and unplanned coronary
angiographies [39]. However, considering the age of
the participants, the results are weak. Aging is associ-
ated with a progressive impairment of cardiovascular
functioning [40], which pre-determine the type, inten-
sity, and duration of the interventions.

In this regard, and in accordance with Manresa-
Rocamora et al. [22], our HRV-guided training
group spent significantly less time training at high
intensity (—31.4 + 29.2 min) while obtaining the
same results as the HIIT predefined training group.
Therefore, confirming that suggested by McGregor
et al. [11], high-intensity training is recommended
to improve VO,max and METS in cardiac rehabilita-
tion although, if the HIIT-training dose is given when
the patient is ready (ascertained by the basal HRV
scores), the same results are obtained with lower
HIIT training volumes, making HRV-guided training
the optimal option for this purpose. Nonetheless, in
future studies, the effect of age should be taken into
account among this population.

Regarding the other cardiovascular variables, fol-
lowing the interventions, a positive effect of the
HRV-guided training was observed in the resting and
maximal blood pressure, while the heart rate recovery
increased statistically. Even so, no significant changes
in these variables were obtained in HIIT-G. Focus-
ing on blood pressure, similar results were reported
by Taylor et al. [41] after a moderate-intensity pre-
defined cardiac rehabilitation program, while no sig-
nificant changes were shown in other studies [12, 15];
indeed, it is a missing parameter in other trials on this
population [24, 42]. A reduced resting heart rate and
blood pressure is linked to increased vagal activity [4]
and an improved chronotropic response to an exercise
stimulus, which in turn is associated with a decreased
risk for cardiovascular disease and mortality [4].
Consequently, we recommend the HRV-guided inter-
vention for cardiac rehabilitation.

These results appear to be controversial when
we allude to the increased heart rate at recov-
ery found in both exercise groups. Nevertheless,

our results are in line with those obtained in the
above-mentioned study [24], and with Villalebei-
tia-Jaureguizar et al. [36] after an 8-week HIIT vs
moderate predefined training, both of which were
with coronary artery disease patients. According
to Pecanha et al. [43], it is accepted that heart rate
recovery is predominantly promoted by vagal reac-
tivation immediately after exercise (i.e., 0-2 min),
whereas an interaction between vagal reactivation
and sympathetic withdrawal is behind the heart rate
recovery behavior from the second to the fifth min-
ute of recovery. As has been pointed out, autonomic
function is altered after suffering cardiovascular
disease [7, 43], with sympathetic activity becom-
ing predominant; this might explain the heart rate
recovery results in our sample during the fast phase
(0-2 min).

The heart rate recovery increment was only sta-
tistically significant in HRV-G. This might be due
to the intensity and duration of the previously per-
formed exercise, as the HRV-G performed statisti-
cally less high-intensity minutes of total training
than did the HIIT-G (36.81% vs 45.73%, respec-
tively), thus conditioning the normalization of the
associated metabolic stress, as stated previously
[44]. According to authors such as Buchheit et al.
[45] or Al Haddad et al. [44], a lower volume of
HIIT training is associated with metabolite accu-
mulation in the blood, which favors the inhibition
of a postexercise parasympathetic effect caused by
elevated sympathetic activity. Other factors that
should be taken into account here are the higher
resting heart rate and the lower blood pressure in
HRV-G. As stated by Al Haddad et al. [44], both
factors also determine the impaired restoration of
parasympathetic activity following exercise. They
reported that complex interactions occur between
the sympathetic and vagal systems with respect to
HR regulation after exercise. In this regard, measur-
ing heart rate recovery after 2 min and after 5 min
in this population could clarify this result. Including
blood lactate or plasma epinephrine concentration
measurements is also recommended.

The results regarding heart rate variability indi-
cated that the HRV-guided training group had a
lower LnrMSSDcv than in the HIIT-G. However,
this result was statistically influenced by the base-
line LnrMSSDcv, which was lower (although non-
significant) in the HRV-G. Thus, a more interesting
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result found in our study was the significant marked
increase in this variable in both exercise groups,
which was significantly influenced by age. The
existing research offers both positive [24, 42] and
negative findings [15] in this regard; however, none
used age as a covariable. This LnrMSSDcv incre-
ment indicates greater a priori sympathetic activity
in both exercise groups at the end of the interven-
tion. This pattern is also seen in other time-domain
and frequency-domain outcomes, such as pNNS50,
HF, or LF/HF. Although the results were not statis-
tically significant, their tendency meant that by the
end of the intervention, the parasympathetic activa-
tion in the HRV-G was diminished whereas it was
maintained or increased in HIIT-G.

In other studies [44, 45], it has been stated that
HIIT training improves cardiac parasympathetic func-
tion. However, in our case, such results cannot be
attributed to the exercise programs but rather to the
participants’ age. As pointed out by Balasubramanian
et al. [46] and Grissler et al. [40], normal aging pro-
cesses cause impairment in autonomic cardiac control
and this manifest reduced parasympathetic modu-
lation of the cardiovascular system. Consequently,
long-term interventions are needed to achieve greater
autonomic nervous system balance in cardiovascular
rehabilitation. On the other hand, the lack of statisti-
cal changes in the frequency domains might be due
to the measuring time used (60 s) since a period of at
least 2 min [31] is recommended to ensure more reli-
able results. Therefore, standardization of the assess-
ment protocol should be encouraged.

Both training programs presented a safe exercise
modality and did not differ in terms of the frequency
or magnitude of adverse cardiovascular events, while
adherence was similar to that in other studies [24,
36, 41]. No differences in quality of life were found
within- or between-groups, according to other stud-
ies [12, 41]. However, the significant relationship
between quality of life, VO,max, METS, and HRV
suggests that these physiological improvements gen-
erate a better subjective perception of the patients’
physical, mental, and social ability to carry out day-
to-day activities.

Finally, there are certain limitations that should
be considered for future research. The heterogene-
ity of the sample in terms of age makes it difficult to
draw conclusions regarding some variables. There-
fore, a larger sample size and multicenter intervention

@ Springer

is recommended to minimize such bias obtaining
a higher sample size and homogenizing the data. A
standardized protocol to record heart rate recovery
and heart rate variability is suggested to investigate
clinical endpoints. In this regard, it is recommended
that the heart rate recovery is recorded in a supine
position in cardiomyopathy patients after 1°, 2’°, and
5’ in order to analyze the sympathetic withdrawal and
the heart rate variability. Moreover, a long-term inter-
vention (i.e., 12 weeks) is recommended to obtain
better results as well as a multi-factorial intervention
composed of individualized exercise training, nutri-
tional and psychological counseling, and cardiovascu-
lar risk factor management.

Conclusion

HRV-guided training and HIIT-based traditional
training had the same effect in improving VO,max
and METS in cardiomyopathy patients. However,
the HRV-guided training had a better effect on the
blood pressure and heart rate parameters, increas-
ing the vagal activation at rest and at maximal effort.
The heart rate variability decreased in both exercise
groups, but age was an interfering factor, so these
results are inconclusive. There were no significant
differences in quality of life, although it was associ-
ated with cardiorespiratory and autonomic improve-
ments. The HIIT-group trained for more minutes at
high intensity although both programs were safe and
feasible. In our study, we argue that preference should
be given to HRV-guided training in cardiac reha-
bilitation as it shows a better cardioprotective effect
with less high-intensity training volume. Nonethe-
less, longer training interventions are recommended
to achieve enhanced performance and age should be
considered as a fundamental parameter to include in
future research.
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