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Abstract

Purpose To verify the influence of different volumes and intensities of aerobic exercise on cardiac autonomic function
(CAF) through heart rate variability (HRV) analysis as well the influence of 2 adrenergic receptor (ADRB2) variants in
overweight/obese individuals.

Methods 70 physically inactive adults were randomly allocated into the following 16-week training: 1-high-intensity interval
training (HIIT) (n =25, 1 X4 min bout at 85-95%HR peak, 3x/week), 4-HIIT (n=26, 4 X4 min bouts at 85-95%HR peak,
interspersed with 3 min of recovery at 50-70%HR peak, 3x/week), and moderate continuous training (MCT) (n=19, 30 min
at 60-70%HR peak, 5x/week). Before and after the exercise training, anthropometric, BP, cardiorespiratory fitness, and
HRYV measures were evaluated. R-R intervals recorded for 10 min in a supine position at pre- and post-intervention were
used to analyze HRV in the plot-Poincare indexes (SD1, SD2), and frequency-domain (LF, HF, LF/HF). Full blood samples
were used for genotyping.

Results 4-HIIT and MCT showed positive outcomes for almost all variables while 1-HIIT had a positive influence only on
SBP and SD2 index. No associations were observed between isolated ADRB?2 variants and changes in HRV. In the analysis
of the interaction genotypes, all groups responded positively for the SD1 index of HRV and only the H1 (GG and CC) and
H2 (GG and CG + GG) groups presented increases in the RMSSD index. Furthermore, there was an increase in the LF index
only in the H3 (CC and AA + AG) and H4 (AA + AG and CG + GG) groups.

Conclusions ADRB?2 variants and aerobic exercise training are important interacting variables to improve autonomic func-
tion and other health variables outcomes in overweight or obese individuals.

Keywords Genotypes - Haplotype analysis - High-intensity interval training - Autonomic modulation
Abbreviations

ACSM  American College of Sports Medicine
ADRB2 (2 Adrenergic receptor

Communicated by Keith Phillip George.

P4 Jhennyfer Aline Lima Rodrigues
jhennyrodrigues @usp.br

School of Nursing of Ribeirao Preto, University of Sdo
Paulo (USP), Bandeirantes Avenue 3900, Ribeirao Preto,
SP 14040-907, Brazil

Department of Physics and Chemistry, Faculty

of Pharmaceutical Sciences of Ribeirdo Preto, University
of Sdo Paulo (USP), Bandeirantes Avenue 3900,
Ribeirdo Preto, SP 14040-903, Brazil

Ribeirao Preto Medical School, Department of Medical
Clinic, University of Sdo Paulo (USP), Bandeirantes Avenue
3900, Ribeirdo Preto, SP 14040-907, Brazil

K.G. Jebsen Center of Exercise in Medicine at Department
of Circulation and Medical Imaging, Faculty of Medicine,
Norwegian University of Science and Technology,
Trondheim, Norway

Ribeirao Preto Medical School, Exercise Physiology
Laboratory, Department of Health Science, University of Sao
Paulo (USP), Bandeirantes Avenue, 3900Vila Monte Alegre,
Ribeirao Preto, SP 14049-900, Brazil

Laboratory of Physiology and Metabolism, School

of Physical Education and Sport of Ribeirdo Preto, University
of Sao Paulo, Bandeirantes AvenueCEP 14.040-907,
Ribeirao Preto, SP 3900, Brazil

@ Springer


http://orcid.org/0000-0002-4728-1925
http://crossmark.crossref.org/dialog/?doi=10.1007/s00421-020-04301-z&domain=pdf

European Journal of Applied Physiology (2020) 120:613-624

614

BMI Body mass index

CAD Coronary artery disease

CAF Cardiac autonomic function
DBP Diastolic blood pressure

ES Effect size

FFT Fast Fourier Transform

HF High frequency

HIIT High-intensity interval training
HR Heart rate

HRV Heart rate variability

LF Low frequency

LF/HF  Low frequency high frequency ratio
MCT Moderate continuous training
RPE Perceived exertion

SBP Systolic blood pressure

SD Standard deviation

VLF Very low frequency

WwC Waist circumference
Introduction

Cardiovascular disease is a major public health problem
and a worldwide leading cause of mortality and morbidity
(Ramos et al. 2017). Impaired cardiac autonomic function
(CAF), characterized by an imbalance between sympa-
thetic and parasympathetic nervous activity, is considered
an important marker of cardiovascular health (Ramos et al.
2017; Matsunaga et al. 2007). Analysis of the heart rate vari-
ability (HRV) is used as an index to measure CAF. Increased
HRYV reflects the ability of the autonomic nervous system
and sinoatrial node to dynamically respond to environmen-
tal changes, generally indicating a healthy heart, whereas
reduced HRV has been associated with poorer cardiovascu-
lar health (Kerr et al. 2017).

The genetic variability may be a potentially relevant con-
tributor to CAF. Experimental studies with healthy individu-
als have demonstrated that adrenergic receptors mediate an
important role in modulating vascular tonus (Dessy et al.
2004). A common variant of the p2 adrenergic receptor
(ADRB2) occurs at codon16, where the adenine nucleo-
tide is substituted by guanine, resulting in glycine instead
of arginine (Arg16Gly). Another common variant occurs at
codon 27 where the nucleotide cytosine is substituted by
guanine, changing a glutamic acid residue to a glutamine
(GIn27Glu) (Hoit et al. 2000). In the general population,
the frequency of the wild-type Gly16 variant of Argl6Gly
polymorphism represents 52.44% while the wild-type Gln27
variant of GIn27Glu polymorphism represents 20.43% (Kerr
et al. 2017). Those polymorphisms might promote vasodila-
tation, changes in nitric oxide, lipolysis and energy balance
and therefore cardiovascular remodelling (Hoit et al. 2000).
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Although previous studies have investigated the ADRB2
gene, the results remain inconsistent. Since ADRB2 is an
important target for many drugs and management of hyper-
tension and obesity, these variations in the frequency of
ADRB? genotypes may have directly influence in the aerobic
exercise responses. Recently, it was demonstrated that indi-
viduals who carry the G allele in the GIn27Glu position may
have an advantage in reducing body mass (Szendrei et al.
2016), while others studies reported no association between
the GIn27Glu or Argl16Gly variant with obesity (Kawamura
et al. 2001; Zhang et al. 2014). In fact, the heritability of
training responses suggests the possibility that genomic
factors may partly determine whether adaptations become
more notable (Yang et al. 2011). Despite the fact that in a
transversal study was demonstrated that homozygous for the
ADRB? Argl6 allele presented a lower resting HR, higher
vagal modulation, and higher baroreflex sensitivity than car-
riers of the Gly16 allele, without the influence of GIn27Glu
genotypes (Atala et al. 2015). Another study showed that in
women and men between 40 and 65 years old that the variant
genotype for both polymorphisms had a higher BMI at base-
line and accentuated advantage to decrease it after adjust-
ment for physical activity level (Meirhaeghe et al. 2001).

Furthermore, it is well established that exercise train-
ing improves autonomic balance in humans (Ramos et al.
2017; Goit et al. 2017) and reverses autonomic dysfunc-
tion and hypertension in rats (Sordi et al. 2017). However,
controversy remains regarding which modalities induce the
greatest magnitude of change. The current guidelines of the
American College of Sports Medicine (ACSM) for main-
tenance and improvement of cardiorespiratory fitness and
health recommend the practice of aerobic exercise 5—7 days
per week, totaling at least 150 min at moderate intensity,
such as 60-75% of maximal heart rate (HRmax) or 75 min
at vigorous intensity, such as 80-95% of HRmax, or a
combination of both, to achieve a total energy expenditure
of > 500-1000 MET-min-week™''°. However, “lack of time”
is one of the most commonly cited barriers to regular par-
ticipation in physical activity programs (Gibala et al. 2012).
Therefore, a modified exercise protocol that is time-efficient
and has similar or better effects on cardiovascular health
may increase the number of participants in physical activity
programs (Alansare et al. 2018).

In the other hand, some studies have shown that high-
intensity interval training (HIIT), which consists of repeated
exercises at high intensity separated by short recovery peri-
ods, is a more effective stimulus for improving cardiores-
piratory fitness compared to moderate continuous training
(MCT) in individuals with metabolic syndrome (Tjgnna
et al. 2008), coronary artery disease (CAD) (Rognmo et al.
2004) and hypertension (Molmen-Hansen et al. 2011). How-
ever, the superiority of HIIT has not been demonstrated for
CAF (Ramos et al. 2017).
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In this case, we do not know whether there is a relation-
ship between ADRB2 genetic variants influence on CAF
after aerobic exercise training. Therefore, in this study, as a
primary outcome we investigated the influence of ADRB?2
genetic variants and their interaction on CAF in response to
different volumes of HIIT and MCT in overweight or obese
individuals. As a secondary outcome, we investigated the
effects of HIIT and MCT in health parameters in overweight
or obese individuals.

Subjects and methods

This study was approved by the Ethics Committee of the
School of Physical Education and Sports of Ribeirdo Preto of
the University of Sao Paulo (CAEE 37573114.6.0000.5659).
All participants provided written informed consent prior
to participation in this study. The inclusion criteria were
age > 18 years, body mass index (BMI) >25 kg/m?, and
waist circumference (WC) >80 cm for women and >90 cm
for men. Exclusion criteria were planned operations during
the research period, drug or alcohol abuse, use of any medi-
cation that alters autonomic modulation, or participation in
a parallel study. Inclusion of participants started in January
2014 to August 2018 by phone, emails, and at the university
hospital.

Participants

The study was conducted with 70 participants [47 females
with a mean age (SD) of 52.0 (5.8); 23 males with a mean
age (SD) of 35.6 (4.2)] years, who were considered seden-
tary according to the International Physical Activity Ques-
tionnaire (Hallal et al. 2010) at the beginning of the inter-
vention. All 47 females’ participants were post-menopausal
women.

Anthropometric measures

Weight (kg) was measured with a tetrapolar bioimpedance
analyzer (model HBF-510 W, Brazil) (Hasnan et al. 2014)
and height (m) using a Welmy stadiometer (model W110
H). BMI was calculated as follows: BMI=weight/height?.
Waist circumference was determined using a measuring tape
placed around the abdomen at the level of the umbilical scar,
while standing relaxed (Fryar et al. 2012).

Blood pressure

Noninvasive systolic (SBP) and diastolic (DBP) blood
pressure were measured in the upper arm using a digital
manometer (OMRON, HEM-7113, Brazil) after sitting for
five minutes at rest (Malachias et al. 2016). Accordingly,

the Brazilian guideline for hypertension recommend lower
systolic blood pressure of 160 mmHg and diastolic blood
pressure under 100 mmHg to begin a physical exercise. In
this sense, if the participants arrived to perform the test or
the training session with high values of blood pressure, they
were oriented to avoid exercise at that time.

Heart rate variability

The heart rate variability (HRV) was obtained using the RR
intervals (RR) from the Polar Team? heart rate (HR) trans-
mitter, (Polar Electro Oy, Kempele, Finland) and recorded
at a sampling frequency of 1000 Hz. The data were recorded
and stored for further analysis. Prior to all tests, subjects
were advised to abstain from drinking any beverages con-
taining caffeine for at least 12 h.

Data collection was performed before of the cardiopul-
monary test in a quiet room with a controlled temperature
(23 + 1 °C) during the morning (7:00-10:00 a.m.). The par-
ticipants were instructed to remain in the supine position for
approximately 15 min to stabilize cardiovascular parameters
while breathing spontaneously (Rodrigues et al. 2017). The
HRYV analyses were performed using custom computer soft-
ware (CardioSeries v2.0, https://sites.google.com/site/cardi
oseries) developed by Dias, DPM of the University of Sao
Paulo, Brazil. The RR values were redesigned in 3 Hz cubic
spline interpolation, to normalize time interval between the
beats. The interpolated RR series were divided into half-
overlapping sets of 256 data points, overlapping 50% (Welch
Protocol). The stationary segment was visually inspected
and those with artifacts or transients were excluded. Each
RR stationary segment was submitted to the spectral analy-
sis by Fast Fourier Transform (FFT), after Hanning win-
dow. The RR time series were integrated in bands of low
frequency (LF 0.04-0.15 Hz) and high frequency (HF
0.15-0.5 Hz) and the results are expressed in absolute val-
ues (ms?) and normalized units (nu). Furthermore, each RR
stationary segment was used to calculate the plot-Poincare
and RMSSD indexes.

The HRV normalized values were obtained by calcu-
lating the percentage of LF and HF power related to the
total power of spectrum minus the very low frequency band
(VLF; <0.2 Hz). In addition, the normalization procedure
was performed to minimize variations of total power in LF
and HF absolute value. To assess sympathovagal balance,
LF/HF ratio of RR variability was also calculated.

Cardiorespiratory fitness
The procedure to measure cardiorespiratory fitness has been
described previously (Rognmo et al. 2004). Briefly, cardi-

orespiratory fitness was measured as the relative (mL/kg/
min) peak oxygen uptake during an incremental treadmill
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exercise test at Imbramed Super ATL (Porto Alegre, Brazil).
Before the test, the Polar Team sensor that records the HRV
data was placed at the height of the mesosternal point. The
participants performed 10 min of warm-up with the speed
individually adjusted to a fast walking speed. Thereafter,
the treadmill inclination was increased 2° every minute
until voluntary exhaustion, maintaining the selected fast
walking speed (Tjgnna et al. 2008). A leveling-off of oxy-
gen uptake despite increased work load and a respiratory
exchange ratio > 1.05 were used as criteria for reaching the
true VO,max, and both were achieved in all individuals in
the present study. After achieving voluntary exhaustion,
all participants spent at least 2 min in a cool-down period
standing on the treadmill. This period was considered the
recovery period. The value for the recovery of heart rate
was defined as the reduction in heart rate from the rate at
peak exercise to the rate 1 min after the cessation of exercise
(Lindemberg et al. 2014).

Training protocol

After the 3 days of baseline evaluations, participants were
randomized 1:1:1 using the Random Allocation Software
(Saghei 2004) into 16 weeks of aerobic exercise of either
(1) 1 bout of high-intensity training (1-HIIT), (2) 4 bouts
of high-intensity interval training (4-HIIT), or (3) MCT.
The MCT group trained five times per week whilst the
HIIT groups trained three times a week, with at least 1 day
between sessions. An exercise physiologist supervised two
of the prescribed MCT and HIIT sessions in an exercise lab-
oratory at the University of Sao Paulo. The residual exercise
sessions were undertaken in an unsupervised environment.
HR and rate of perceived exertion (RPE) were monitored
and recorded during the course of the exercise program
using an HR monitor (Polar Team?, Kempele, Finland) and
the Borg 6-20 scale (Borg and Noble 1974). Supervised
sessions were administered on a treadmill or a cycle ergom-
eter, according to the participants’ orthopedic limitations
or preference.

The protocols for each exercise intervention have been
previously described (Ramos et al. 2017; Tjgnna et al. 2018).
Briefly, the MCT sessions were 30 min in duration at a target
intensity of 60-70% HRmax or RPE of 11-13. Both HIIT
groups were preceded by a 10 min warm-up and termi-
nated with a 5 min cool-down. The 4-HIIT group trained
for 40 min per session, consisting of four bouts of 4 min
intervals at 85-95% HRmax or RPE of 15-17, separated
by 3 min of active recovery at 50-70% HRmax or RPE of
13. The 1-HIIT group completed only one 4-min exercise
bout at 85-95% HRmax or RPE of 15-17 (19 min/session).
All participants were instructed to reach the target intensity
(HR or RPE) within the first 2 min of the 4-min interval. All
individuals performed at least 75% of all training sessions.
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The distribution of men and women in the training groups
was as follows:1-HIIT (16 women and 9 men); 4-HIIT (19
women and 7 men); MCT (12 women and 7 men). For the
analysis of the interaction of the ADRB2 gene, the HIIT and
moderate exercise groups were merged.

Genotyping

On the second day of baseline evaluations, peripheral blood
samples were drawn for genotyping. Genomic DNA was
extracted by salting out (Lahiri and Nurnberger 1991). The
purity and DNA concentration of the sample were evalu-
ated by spectrophotometry (BioDroppulite PC). The ratios
260/280 and 260/230 were evaluated, and the level of purity
adopted as a satisfactory minimum was 1.8 and a range of
2.0-2.2, respectively. Briefly, Argl6Gly variants at the
position 46G > A (rs1042713) and GIn27Glu at the position
79C> G (rs1042714) were determined by real-time PCR
(qPCR). The reaction was carried out using Custom TagMan
allele discrimination assays C 208476420 and C 208476520,
respectively (Thermo Fisher, USA) and TagMan genotyping
master mix (Applied Biosystems, USA). Preparation of the
reactions was performed according to the manufacturer’s
specifications for each sample. The real-time PCR was per-
formed on StepOnePlus equipment (Applied Biosystems,
USA). For the polymorphism Argl6Gly rs1042713 the
genotypes were identified in 97.1% of the samples while for
the genotyping of the polymorphism GIn27Glu rs1042714
it was identified in 94.2% of the samples.

Data analysis

Continuous data are expressed as mean (standard devia-
tion—SD). Linear mixed-effects models (when dependent
variables were repeated measures) were performed to ver-
ify the associations between the exercise intervention and
genetic variants. The sample size of at least ten in each group
presented an 80% power to detect a difference between HF
power means of 1 ms with a significance level of 0.05 (two-
tailed), based on an SD of 0.78 ms obtained from time HRV
recordings in a previous cohort of healthy female subjects
(Mazurak et al. 2013). The genotypes were assessed accord-
ing to the recessive genetic model, comprised as follows: the
combined group of variant homozygotes and heterozygotes
versus wild-type homozygotes. Furthermore, the both geno-
types and haplotype analyses were adjusted by gender, age
and type of training. Thus, it is possible to verify the effect
of the haplotypes on the variables investigated by consid-
ering the following groups: H1 (all ancestral alleles), H2
(GG and CG+GG), H3 (CC and AA + AG) and H4 group
(AA + AG and CG + GG). Within-group effect sizes of the
exercise interventions were calculated using Cohen’s d
effect size, interpreted as follows: Cohen’s d effect size (ES),
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Fig. 1 Differences in HRV for the plot-Poincare and time-domain
after 16 weeks of training for Argl6Gly genotype groups. RMSSD
root mean square of successive differences, SD/ standard deviation of

small effect (0.20); small-to-medium effect (0.20-0.50); and
medium-to-large effect (0.50-0.80). Differences were con-
sidered statistically significant at a p value <0.05. The statis-
tical analyses were performed using the Statistical Package
for Social Sciences (SPSS 23.0 for Windows).

Results

There were no significant differences between the exercise
groups for anthropometric measures, BP, or cardiorespi-
ratory fitness at baseline, except between the 1-HIIT and
MCT for HR (Table 1). In addition, the 4-HIIT and MCT
presented reduced BMI and WC after the intervention. Only
the 1-HIIT presented reduced SBP after 16 weeks of training
(ES=0.35). In addition, the 4-HIIT demonstrated improved
oxygen uptake in the economy of effort (ES=0.76) and
reduced HRy,, (ES =0.73), while the MCT presented
increased peak oxygen uptake (ES=0.83) and reduced
HRg. (ES=0.73).

Differences in the HRV for plot-Poincare and time-
domain indexes after 16 weeks of training considering the
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instantaneous beat-to-beat variability, SD2 long-term standard devia-
tion of continuous RR intervals. *Significantly different from before
within the group, p <0.05. Linear mixed-effects models

Argl6Gly genotypes are presented in Fig. 1. There was an
improved in cardiac autonomic function through increases in
RMSSD, SD1, and SD2 indexes after 16 weeks of exercise
intervention. Figure 2 shows that there were no significant
differences between the groups compared to the baseline
condition considering the Argl6Gly genotypes in the fre-
quency-domain analysis of HRV (p>0.05).

Figure 3 presented improved parasympathetic activity
after the exercise intervention in all groups through increases
in RMSSD, SDI1, and SD2 indexes considering GIn27Glu
polymorphism. However, considering frequency-domain,
there were no significant differences between the groups
compared to the baseline condition (p > 0.05) (Fig. 4).

The influence of ADRB?2 interaction (H1-H4) on health
parameters and HRV after 16 weeks of training is presented
in Table 2. All groups (H1-H4) demonstrated reduced WC.
In addition, the H1, H2, and H3 groups presented reduced
DBP after the intervention (Table 2). All groups (H1-H4)
improved VOyg., VO,p, and HRg,. Only the H4 group
showed reduced HRp o, after the intervention. Further-
more, all groups presented significant increases in the SD1
index of HRV. The H1 group (all ancestral alleles) and H2
group (GG and CG + GG) showed increases in the RMSSD
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Fig. 2 Differences in HRV frequency domain after 16 weeks of training for Argl6Gly genotype groups. LF low frequency, HF high frequency,
LF/HF low frequency and high frequency ratio. *Significantly different from before within the group, p <0.05. Linear mixed-effects models

index (ES=0.49 and ES =0.69, respectively), which is asso-
ciated with parasympathetic tonus. Only the H1 group dem-
onstrated increases in the LF/HF ratio (ES =0.36). Finally,
the H3 group (CC and AA + AG) and H4 group (AA+AG
and CG + GG) presented increases in the LF index of HRV
(ES=0.50 and ES =0.25, respectively), which is associated
with sympathetic tonus.

Discussion

The purpose of this study was to examine the influence of
ADRB? variants and their interaction on HRV in response
to different volumes and intensities of aerobic exercise
training in healthy individuals. The main findings were
as follows: (1) The HRV changes were not influenced by
the ADRB?2 variants after the intervention; (2) The inter-
action of the ADRB2 gene analysis demonstrated that all
groups responded positively for the SD1 index of HRV
and only the H1 and H2 groups presented increases in the
RMSSD index, which is associated with parasympathetic
tonus. Furthermore, there was an increase in the LF index,
which is associated with sympathetic tonus, only in the H3
and H4 groups.

With respect to the effect of exercise on HRYV, it was
reported that regular moderate-intensity exercise modu-
lates cardiac autonomic control by enhancing vagal tone
and lessening sympathetic influence in type 2 diabetes
(Goit et al. 2017). For physically inactive adults, some
studies have been suggested that the HIIT program is supe-
rior to MCT in improving HRV (Alansare et al. 2018)
while others reported no significant differences between
high-intensity and moderate-intensity exercise, although
the authors highlighted that a combination of higher exer-
cise intensity and volume (4-HIIT) had the greatest within
group effect after 16 weeks of training in HRV on meta-
bolic syndrome (Ramos et al. 2017).

The discrepancies among these studies may be caused
by several factors, including environmental and genetic
factors (Chen et al. 2015). In the circulatory system,
ADRB? is a major contributor to heart rate, myocardial
contractility, and peripheral vasodilation (Matsunaga
et al. 2007; Eisenach and Wittwer 2010). In this sense,
our results are in line with the reported previously (Ramos
et al. 2017), added to which the variant allele responded
positively to exercise training. Our results showed no
association between either ADRB2 variant, Argl6Gly
and GIn27Glu, in the plot-Poincare and time-domain of
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Fig.3 Differences in HRV for the plot-Poincare and time-domain
after 16 weeks of training for GIn27Glu genotype groups. RMSSD
root mean square of successive differences, SD/ standard deviation of

HRYV after 16 weeks of exercise training (Figs. 1 and 3). In
addition, no association with frequency-time of HRV was
found in the current study (Figs. 2 and 4). An increase in
the SDlindex means an increase in parasympathetic activ-
ity, while an increase in the SD2 index means a decrease
in sympathetic activity (Tulppo et al. 1996). Thus, for the
plot-Poincare and time domain analysis of HRV in the
current study showed increased parasympathetic activity
in healthy individuals after 16 weeks of exercise training.

In the interaction ADRB2 analysis in the present study,
16 weeks of different volumes of HIIT or MCT improved
oxygen uptake and HRV, and reduced BMI, WC, HRp,
and DBP (Table 2). An interaction analysis is a combi-
nation of alleles at multiple loci that tend to be inher-
ited together within a block of an individual chromosome
(Nielsen et al. 2016). Only the H4 group demonstrated
no significant difference in reduced DBP (Table 2). In
addition, all groups presented reduced BMI and WC
after exercise training (Table 2). Furthermore, all groups
showed increases in the SD1 index, but only the H1 (GG
and CC) and H2 (GG and CG + GG) groups presented
increases in the RMSSD index of HRYV, while the H3 (CC
and AA + AG) and H4 (AA + AG and CG + GG) groups

@ Springer

instantaneous beat-to-beat variability, SD2 long-term standard devia-
tion of continuous RR intervals. *Significantly different from before
within the group, p <0.05. Linear mixed-effects models

presented increases in the sympathetic tonus through
increases in the LF index of HRV (Table 2). In line with
our results, previous studies also reported that in supine
rest, subjects homozygous for the ADRB2 Argl6 allele
demonstrated lower HRV sympathetic indices (LF [%],
LF/HF) and a higher HRV parasympathetic index (HF [%])
than carriers of the Gly16 allele. In addition, the BP indi-
ces were lower among ADRB2 Argl6 homozygous sub-
jects than among Gly16 carriers, and these effects of the
Argl6 homozygote on BP indices were also observed in
the ADRB2 diplotype—based analysis for the Arg16Gly and
the GIn27Glu variants (Matsunaga et al. 2007). Further-
more, in agreement with our data, other authors reported a
significant association of a common ADBR?2 variant, Arg-
16Gly, with a nonlinear HRV measure derived from the
information-based similarity method, indicating an impact
of this variant on acceleration/deceleration patterns of
heart rate oscillations. The authors found that homozygous
Argl6 carriers demonstrate lower sympathetic activity and
no statistical association was found between the ADRB?2
GIn27Glu genotype and HRV indices (Yang et al. 2011).
The ADRB2 gene has also been associated with obesity.
However, individual reports regarding genetic variants of
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Fig.4 Differences in HRV frequency domain after 16 weeks of training for GIn27Glu genotype groups. LF low frequency, HF high frequency,
LF/HF low frequency and high frequency ratio. *Significantly different from before within the group, p <0.05. Linear mixed-effects models

this gene with obesity have produced inconsistent results
(Zhang et al. 2014; Chen et al. 2015; Costa-Urrutia et al.
2017). In a recent meta-analysis, for example, it was dem-
onstrated that obesity susceptibility is associated with the
GIn27Glu variant of ADRB2 rather than the Argl6Gly
variant (Zhang et al. 2014). In the analysis of BMI, our
data showed the influence of the gene variants interaction
(Table 2). In the other hand, other study reported no effect
of GIn27Glu on BMI or percentage body fat at baseline
and the authors also reported that after supervised exer-
cise, men carrying the Glu27 allele lost more weight and
had a lower BMI than the GIn27GlIn group, suggesting
that supervised exercise and the Glu27 allele together in
men can be beneficial to losing more weight (Szendrei
et al. 2016). However, in the HERITAGE Study, for exam-
ple, the authors found that carriers of any Glu27 allele in
ADRB?2 lost less fat, through computed tomography, than
non-carriers following 20 weeks of endurance training
(Garenc et al. 2003). The discrepancy between studies is
unclear and may be due, in part, to differences in measure-
ment techniques, as well as race, sex, age, BMI, and the
intensity and duration of the intervention.

Furthermore, the data of the current study showed
improvements of +9.5%,+9.6%, and + 14.6% in VOy.,

for the 1-HIIT, 4-HIIT, and MCT, respectively (Table 1).
The improvements in VO, in healthy untrained men after
high-intensity and moderate-intensity exercise training (14%
and 7%, respectively) has been reported with an advantage
in the high-intensity group (Nybo et al. 2010). However, the
protocol considered “moderate intensity” by the researchers,
was performed at 80% of the maximal heart rate, an intensity
considered high by other groups (Heydari et al. 2013). In
this sense, others authors also reported that moderate and
high-intensity exercise were able to provide similar improve-
ments in cardiorespiratory fitness in 16 healthy adults. The
authors observed a 20% increase in VO, in the high-
intensity group and 15.1% in the moderate intensity group,
without statistical significance between them (Gaesser and
Rich 1984).

Our results showed that 4-HIIT and MCT are beneficial to
increase HRV and cardiorespiratory fitness and also reduce
anthropometric measures and blood pressure. The novelty of
the current study is the analysis of genetic variants and inter-
action derived from the ADBR?2 gene in response to exercise.
Although this was a novel attempt to explore this relation-
ship, the small sample size was an important limitation.

In conclusion, our data demonstrated a positive effect of
the aerobic exercise training on the studied health parameters

@ Springer
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and the response to improve cardiac autonomic function
through increased HRV, which seemed to be associated with
the interaction between both ADBR2 gene variants.

Perspective

Collectively, the findings from our study provide that
the adaptations of the cardiac autonomic nervous system
through heart rate variability analysis seems interacting with
B2 adrenergic receptor (ADRB2) variants following high-
intensity interval training (HIIT) or moderate continuous
exercise. In this sense, this study showed the influence of
genetic characteristics in response to exercise. The findings
of the current investigation have potential implications for
the practices and physiological understanding of individuals
undertaking long-term aerobic exercise. Future research in
this area is clearly warranted and the authors suggest that
the characteristics of genetics should be used to randomize
the participants. Variations in the ADRB2 gene can affect
responses to drug actions, thereby impacting diseases in
which ADRB?2 plays a role, such as obesity and hypertension.
The results of this study could therefore be of importance
for the clinical management of these diseases, including an
exercise program as a non-pharmacological treatment con-
sidering a customization based on genetic profile.
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