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Abstract

The purpose of the present study is two-fold. First, we evaluated
whether 8-weeks of combined training (high-intensity intermit-
tent plus strength training) may change brain derived neurotropic
factor (BDNF) and lipid parameters (triacylglycerol, HDL-c and
non-HDL) in a fasted state. Second, we investigated the effect of
an acute session of high-intensity intermittent exercise followed
by strength training on systemic BDNF and lipid parameters pre-
and post 8-weeks of training. Twenty-one healthy and physically
active men were divided into two groups: high-intensity intermit-
tent exercise combined with strength training (HSG; n = 11) and
control (CG; n=10). The HSG exercised for one minute at 100%
of speedVO2max (sVO2max) interspersed with one minute of
passive recovery followed by strength training (8 exercises with
8-12 repetition maximum loads) for 8-weeks. Heart rate variabil-
ity, blood pressure, lipid profile, and BDNF concentrations were
measured in the fasted state pre- and post-exercise and before and
after the 8-week training period. After 8-weeks of exercise train-
ing, there was an increase in spectral high frequency component
(ms?) and RR interval (p < 0.05), a decreased spectral low fre-
quency component (nu) and heart rate values (p < 0.05), an in-
crease in HDL-c (p <0.001), and lower BDNF concentrations (p
<0.001). These results suggest that 8-weeks of high-intensity in-
termittent exercise combined with strength exercise is an effec-
tive protective cardio-metabolic strategy capable of increasing
HDL-c and BDNF concentrations after an acute exercise session.
In the long-term, the modulation on BDNF and HDL-c concen-
trations may be a determining factor for protection against neuro-
logical and cardiovascular diseases.
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Introduction

A sedentary lifestyle has been shown to be a precursor for
an increase in diseases such as obesity, dyslipidemia, and
cardiovascular disease (CVD) (NCD, 2017; Halcox and
Misra, 2015). Low levels of physical activity and poor eat-
ing habits (e.g. diets rich in simple carbohydrates and sat-
urated lipids) significantly contribute to the development
of diseases related to metabolic disorders typically associ-
ated with low concentrations of high lipoprotein density
cholesterol (HDL-c) and high concentrations of low den-
sity lipoprotein cholesterol (LDL-c), triacylglycerol, and

fasting blood glucose (Kessler et al., 2012).

Disorders related to lipid metabolism have been
shown to modify the functionality of the cardiovascular
system and to affect heart rate variability (HRV), heart rate
(HR), blood pressure (BP), and endothelial dysfunction
(Helkin et al., 2016; Pistorio et al., 2011). In addition, front
CVD, endothelial morphology and metabolism are signifi-
cantly altered in response to elevated lipids concentrations,
particularly LDL-c and oxidized LDL, promoting a de-
crease in nitric oxide bioavailability and an increase in ath-
erogenic markers associated with CVD (Halcox and Misra,
2015; Vanhoutte, 2013).

Furthermore, the cytokine brain derived neurotropic
factor (BDNF), which is usually linked to brain health,
cognition and mood parameters, has also been shown to
have a protective effect against CVD and cardiovascular
risk (Zembron-Lacny et al., 2016; Kaess et al., 2015). This
protein has also been associated with cardiorespiratorry fit-
ness and maximal oxygen uptake (Santos et al., 2016; Ba-
baei et al., 2014) and recently, our group demonstrated that
high-intensity intermittent exercise (HIIE) increased
BDNF concentrations (Cabral-Santos et al., 2016). During
an acute bout of exercise, BDNF supports metabolic re-
sponses mainly related to energy metabolism by increasing
insulin sensitivity and lipid oxidation in skeletal muscle.
Chronically, BDNF has been shown to be neuroprotective
and promote neurogenesis and to be directly associated
with development, regeneration, survival, and maintenance
of neurons (Marosi and Mattson, 2014).

Regular exercise practice has also been shown to
decrease LDL-c and triacylglycerol concentrations and in-
crease HDL-c reducing the probability of atheroma plaque
development and adhesion (Marques et al., 2018; Lira et
al., 2010; Lira et al., 2009). Several training protocols have
been suggested as a strategy to treat and prevent cardio-
metabolic risks with respect to anti-inflammatory and anti-
atherogenic effects, including high intensity training (Swift
et al., 2018; Delgado-Floody et al., 2018; Ramirez-Vélez
et al., 2017; Antunes et al., 2016). Additionally, HIIE in
combination with strength training has been shown to be
effective in increasing HDL-c (Rossi et al., 2016).

While the aforementioned studies have investigated
variables during rest (pre- vs. post-training), it is still not
clear how the combination of HIIE and strength exercise
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training can modulate the autonomic, haemodynamic, and
anti-atherogenic variables. Thus, the purpose of the present
study was to evaluate the effects of 8-weeks of HIIE com-
bined with strength training on autonomic, haemodynamic
and anti-atherogenic responses at rest and in response to an
acute exercise session pre- and post-training in healthy
men. We hypothesized that BDNF, HDL-c, and HRV val-
ues would increase after an acute bout of HIIE plus strength
exercise due to the imposed metabolic demand; however,
chronically, these responses would be attenuated in re-
sponse to an adaptation imposed by the training period.

Methods

Participants and procedures

Twenty-one men between the ages of 18 to 35 years,
healthy and physically active were included in this study
(Table 1). The subjects were divided into two groups: high
intensity intermittent exercise combined with strength
training (HSG; n=11) and control group (CG; n=10). Vol-
unteers were informed about the procedures, risks and ben-
efits, and signed a consent form. The University Ethics
Committee (22793414.7.0000.5402) approved this study.

Experimental design

Participants visited the laboratory on three separate occa-
sions at the same time of the day for screening as follows:
1) body composition measurements; maximal incremental
test on the treadmill, and familiarization with one-repeti-
tion maximum strength test (IRM) of the half-squat; 2)
1RM test of the half-squat; 3) experimental session with
blood draw, haemodynamic, and autonomic evaluations.
The third visit started with participants in a fasted state,
followed by HIIE plus strength exercise for the HSG (acute
exercise session) while CG performed only fasted meas-
urements. Haemodynamic and autonomic responses to ex-

ercise (autonomic assessment, heart rate, and blood pres-
sure) were measured at rest and recovery (30-minutes post-
exercise) and anti-atherogenic parameters (BDNF and lipid
profile) were evaluated at rest, during exercise (pre-post
HIIE, pre-post strength exercises and during recovery at
30- and 60-minutes post-exercise) for the HSG and only at
rest for CG. Participants were re-tested at completion of the
8-week exercise training program (Figure 1). The control
group was instructed to keep usual activities without per-
forming training protocols.

Table 1. Anthropometric markers of volunteers.

HSG (n=11) CG (n=10)
BMI (kg'm?) 239+25 20.7+1.1
Age (years) 245+3.7 202+2.1
Height (m) 1.78 £ 6.5 1.78 £ 6.5
Body mass (kg) 74.7+£7.6 66.8 + 5.1
5 km (min) 42+4
Mean workload (km/h) 7.0+ 0.6

Mean + standard deviation. HSG = high intensity aerobic exercise
combined with strength group; CG = control group; ; BMI = body
mass index; kg = kilogram; 5 km (min) = time in minutes to run
Skm.

Maximal incremental test

For determination of maximal aerobic fitness, subjects per-
formed a maximal incremental test to exhaustion on a
treadmill with 1% incline (Inbramed-ATL) to determine
maximum oxygen uptake (VOamax) by gas analyzer (Model
Quark PFT Ergo — Cosmed — Rome; VO,). Each stage was
2-minutes with 1 km/h increments at the end of each stage;
the initial speed was set at 8km/h. The average of the last
30 seconds of the test was defined as the VOapay. The max-
imal velocity reached in the test was defined as the
speedVOamax (SVO2max). In case the subject was not able to
finish the 2-minute stage, the speed was expressed accord-
ing to the permanence time in the last stage, determined as
the following: sVOamax = velocity of penultimate stage +
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Figure 1. Schematic showing the study design.
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[(time, in seconds, remaining in the last stage multiplied by
1km/h)/120s] (Kuipers et al., 1985). In addition, a heart
rate monitor and subjective effort scale (Borg scale 6-20)
were used (Polar Vantage NV, Electro Oy, Finland) and the
values expressed integrated to the gas analysis system.

Maximum dynamic strength test

Seventy-two hours after the maximal incremental test, sub-
jects performed the one-repetition maximum (1RM) half-
squat on a guided bar. For this, subjects followed recom-
mendations of the American Society of Exercise Physiol-
ogy (Brown and Weir, 2001). Before performing the IRM
test, subjects were familiarized with the 1RM half-squat, in
which they executed two sets of 15-20 repetitions; the first
set was kept unloaded while loads for the second set varied
between 10 and 15 kilograms.

Before the test, subjects warmed-up for five
minutes at 50% sVOoumax. Subsequently, subjects per-
formed a series of eight repetitions of the estimated inten-
sity at 50%1RM, followed by another set of three repeti-
tions of the estimated 80% 1RM trial to establish the IRM
were executed with progressively heavier weights to voli-
tional fatigue. The rest interval was kept between three to
five minutes with no more than five attempts. The highest
load lifted during the test was regarded as the 1RM value.

For better control of the 1RM test procedures, each
subject had their body position and foot placement in the
half-squat exercise recorded and reproduced throughout
the study. In addition, a wooden seat with adjustable
heights was placed behind the subject in order to keep the
bar displacement and knee angle (~90°) constant on each
half-squat repetition.

Autonomic evaluation

For autonomic evaluation, the heart rate beat-to-beat inter-
vals that were obtained were used to calculate the HRV in-
dexes. Before data collection, subjects were instructed to
avoid physical exercise, and not to consume alcohol and/or
stimulants (e.g. coffee, tea, chocolates, soft drinks) 24-
hours prior to the test.

A heart rate monitor was used to record heart rate
(Polar® S8101, Finland), which contained a recording strap
positioned on the distal third of the sternum of the individ-
ual, and a receiver placed on the handle of the treadmill
(Vanderlei et al., 2008). After placement of the strap and
receiver, heart rate was recorded for 30 minutes while par-
ticipants were in a supine position. This measure was re-
peated for the HSG after the exercise protocol (high inten-
sity and strength). The RR interval series were analyzed in
the following periods: after 5 minutes of rest for both
groups, and immediately after the exercise protocol which
was divided into 6 periods of 5 minutes each (recovery).

Heart rate variability was analyzed at 1,000 Hz and
further filtered to eliminate premature ectopic beats and ar-
tifacts, and only the series with more than 95% of sinus
beats were included. Heart rate variability time and fre-
quency domains were analyzed using Kubios HRV soft-
ware (Kubios HRV Analysis Software 2.0, Kuopio, Fin-
land (Tarvainen, 2014).

For time domain, SDNN, RMSSD, RR, and HR
mean indices were calculated. The SDNN index represents
the standard deviation of all RR intervals and RMSSD is
the square root of the square mean of the differences be-
tween adjacent normal RR intervals (Vanderlei et al.,
2009). The RR and HR refer to mean RR intervals and
heart rate respectively. For the analysis of HRV in the fre-
quency domain, spectral high frequency components were
analyzed (HF, 0.15 to 0.4 Hz) and low frequency (LF, 0.04
to 0.15 Hz) in ms? and normalized units (nu), and the ratio
of these components (LF/HF ratio). Spectral analysis was
calculated using the Fourier Transform algorithm (Vander-
lei et al., 2009).

Blood pressure measurement

Participants’ blood pressure was measured in the supine
position in the morning, following a minimum twelve-hour
period of alcohol and caffeine abstention. After resting for
5- to 10-minutes in a quiet environment, the measurement
was performed on the right arm with the cuff placed above
the antecubital fossa on top of the brachial artery. An
OMRON HEM-7200 automatic blood pressure monitor
was used to evaluate the measurement before and after
training.

Training Protocol — HIIE plus strength exercise

Subjects performed a warm-up consisting of running at
50% sV Oomax for five minutes on a treadmill (with inclina-
tion fixed at 1%). The HIIE was performed intermittently
with subjects running on a treadmill for one minute at
100% sVOamax, interspersed by one minute of passive re-
covery (without exercise) until the completion of 5 km.
Upon completion, subjects rested for 10-minutes before
moving to the strength exercise component of training.
Strength exercise consisted of the half-squat, bench press,
knee extension, back handle, knee flexion, elbow flexion
(curl), ankle flexion and elbow extension on the pulley.
Subjects performed three sets, with 8-12 repetition maxi-
mum (RM), and 90 seconds rest interval between sets.
Loads were re-adjusted as necessary to maintain the inten-
sity zone at 8-12 RM as suggested by Campos et al. (2002).

Breakfast

Subsequently, after a fasting blood draw, a standard break-
fast consisting of toast, yogurt, and cottage cheese was of-
fered with energy intake amount determined by body com-
position (approximately 25% of the individual daily energy
intake), energy values were distributed between carbohy-
drates, proteins, lipids, and fiber (Mifflin et al., 1990).

Blood analyses

Approximately 20 mL of blood sample was collected in the
morning (between 7:00 and 8:00 am) into tubes containing
EDTA and anti-coagulant gel to separate serum and
plasma. Blood samples for HSG were collected in the fol-
lowing periods: 1) overnight fast (12-hours); 2) pre-HIIE;
3) immediately after HIIE; 4) pre-strength; 5) immediately
after strength; 6) 30-minutes after completion of training;
7) 60-minutes after completion of training. For CG blood
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samples were collected in the same time condition at rest
pre and post 8-weeks. Blood samples were centrifuged at
3.000 rpm for 15-minutes at 4°C. Posteriorly, the superna-
tant rates of serum and plasma were stored in plastic Ep-
pendorfs tubes, and stored at -80°C for further analysis. Li-
pid analysis (triacylglycerol (TAG), total cholesterol (TC)
and HDL-c) was performed using the colorimetric method,
obtained from Labtest® (Sao Paulo, Brazil) and non-HDL
indirectly estimated (TC — HDL-c). The BDNF concentra-
tion was analysed according to the manufacturer’s guide-
lines by enzyme-linked immunosorbent assay (ELISA) us-
ing kits from R&D System (Minneapolis, USA) (Cabral-
Santos et al., 2016).

Statistical analysis

All analyses were performed using SAS software. Data
were reported as means and standard deviation (SD). A
two-way analysis of variance (group and training) was con-
ducted to compare variables related to heart rate variability,
lipid profile and BDNF in the fasted state. A two-way anal-
ysis of variance [training period (pre- versus post-) and
time of measurement (pre-HIIE, immediately post-HIIE,
pre-strength exercise, immediately post-strength exercise,
30-minutes post-exercise session and 60-minutes post-ex-
ercise session, before and after 8-weeks training)] was con-
ducted to compare lipid profile and BDNF in HSG. A two-
way analysis of variance [training period (pre- and post-)
and time of measurement (0-5, 5-10, 10-15, 15-20, 20-25
and 25-30 minutes)] was conducted to compare variables
related to heart rate variability. When a significant differ-
ence was observed, a Tukey post-hoc test was applied. Sta-
tistical significance was set at p <0.05.

Results

An interaction between group and training period was
shown for HRV time domain mean RR intervals (p =0.01,
Table 2). Post-hoc test showed a tendency for higher values
post- compared to pre-training period in HSG (p = 0.07).
Correspondingly, HR (p = 0.01) also showed lower values
for post- compared to pre-training in HSG (p = 0.05). There
was also a group main effect for frequency domain meas-
urements of HRV for LF (p =0.01) and HF (p =0.01), with
lower values in CG compared with HSG for LF (p = 0.01)
and higher values for CG compared with HSG for HF (p =
0.01). No significant differences were found for other var-
iables related to HRV and blood pressure at rest.

Lipid profile showed an interaction for HDL-c dur-
ing the fasted state between groups and training period (p
= 0.001) with lower values post- compared to pre-training
in CG (p=0.001) and pre-training values in CG higher than
pre-training values in HSG (p = 0.02). There was also
group main effect for TAG (p < 0.001) with higher values
in CG compared to HSG (p <0.001) (Table 3). A trend was
observed for group main effect (p = 0.06) with lower values
in CG compared to HSG (p = 0.06).

HSG also showed a main effect for HDL-c (p <
0.001) with higher values post- compared with pre-training
(p <0.001), and a main effect for time of measurement of
HDL (p < 0.001) with post greater than pre-HIIE (p =
0.001); post-HIIE higher than post- 30- and 60-minutes of

acute exercise session (p <0.001 and p = 0.04 respectively)
and higher values immediately post-strength exercise com-
pared with 30-minutes post-acute exercise session (Figure

2).

Table 2. Mean and standard deviation of HRV indexes and
blood pressure (BP) at baseline before and after 8-weeks of
HIIE plus strength exercise.

Variables HSG (n=11) CG (n=10)
Mean RR Pre 907.9 £ 106.4 969.3 +£159.4
Post 978.8 £ 115.7 * 937.7+129.2
Mean HR Pre 67.3+7.5 63.8+9.6
(beat/min) Post 62.5+75* 65.5+8.4
SDNN (ms)  Pre 71.3+£26.9 82.0+33.6
Post 79.6 £21.5 80.8 +£29.0
RMSSD Pre 41.4+204 62.4+26.7
(ms) Post 474+17.6 57.6+25.0
Pre 625+ 15.6 469+ 114
LF (nu) Post 64.5+10.1 534£155
Pre 374 +15.6 529+114
LE1 (g Post 3542101 % 46.5+ 155
LF (ms?) Pre 1023.1 £ 821.7 1261.8 + 881.1
Post 1396.6 + 942.8 1046.4 + 899.6
HF (ms?) Pre 743.9 £ 937.2 1063.6 £ 744.2
Post 788.1 +615.9 1182.2 +728.1
Pre 1.3+0.8 1.1+1.1
LF/HF Post 17£15 0.8+1.2
SBP Pre 122.8+11.3 1249+ 6.8
(mmHg) Post 118.7£9.4 1252 £5.9
DBP Pre 62.3+£5.6 65.0+£6.6
(mmHg) Post 629+54 67.1+5.8

Mean =+ standard deviation. Mean HR = mean hear rate; Mean RR = mean
RR intervals; SDNN = standard deviation of all normal RR intervals writ-
ten in milliseconds; RMSSD = square root of the square mean of the dif-
ferences of the adjacent normal RR intervals, in milliseconds; LF ms? =
low-frequency component in milliseconds squared; LF nu = low fre-
quency component in unit of measurement; HF ms? = high-frequency
component in milliseconds squared; HF nu = high-frequency component
in unit of measurement; LF/HF = balance between the low and high fre-
quency component; beat/min = beat per minute; SBP = systolic blood
pressure; DBP = diastolic blood pressure; mmHg = millimetres of mer-
cury; HSG = high intensity aerobic exercise combined strength group; CG
= control group; Pre = pre-training; Post = post-training; * = significant
difference compared with the pre-training moment (p < 0.05); 1 = signif-
icant difference compared with the control group (p < 0.05).

Table 3. Mean and standard deviation of anti-atherogenic
variables at baseline before and after 8-weeks, with (HSG)
and without (CG) training.

HSG (n=11) | CG (n=10)
HDL-c (mmol/L) Pre 0.8+0.17F 1.7+£0.1
Post 09=+0.1 09+0.1*
TAG (mmol/L) Pre 1.1+02 7% 14+02
Post 1.1+0.1 1.3+0.2
Non HDL (mmol/L) | Pre 3.5+£0.7 2.8+0.6
Post 3.7+£1.3 29+0.7
Pre 108.8 £ 56.7 66.1 +£40.2
BDNF (ngml-) 4 0061159 | 67.1243.9

Mean =+ standard deviation. HDL-c = high density lipoprotein; TAG=
triacylglycerol; Non HDL= non high density lipoprotein; BDNF= brain
derived neurotropic factor; mmol/L = millimole per liter; ng-mL-' = nano-
grams per milliliter; HSG = high intensity aerobic exercise combined
strength group; CG = control group; * = significant difference compared
with the pre-training moment (p < 0.05); 1 = significant difference com-
pared with the control group (p < 0.05).

TAG showed a main effect for time of measurement
(p <0.001) with values pre-session lower than post-HIIE (p
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=0.001), pre-strength exercise (p = 0.001) and immediately
post-strength exercise (p = 0.005), and post-HIIE higher
than 30-minutes post-acute exercise session (p = 0.005).
BDNF showed a main effect for training period (p < 0.001)
with lower values post- compared to pre-training (p <
0.001) (Figure 2).

For RR there was a time of measurement main ef-
fect (p < 0.001), with values at rest being higher than all
other time of measurement (p <0 .001 for all comparisons);
S-minutes post-exercise session lower than 20-, 25-, and
30-minutes post-exercise session (p <0.001 for all compar-
isons); 10-minutes post-exercise session lower than 20 and
30-minutes post-exercise session (p < 0.001 for both com-
parisons), and 20-minutes post-exercise session lower than
25- and 30-minutes post-exercise session (p = 0.01 and p
=0.001 respectively). There was also a training period and
time of measurement interaction (p <0.001) with all values
higher post- versus pre-training (p <0.001 for all compari-
sons) except in the first 5-minutes of recovery where the
values did not differ with 8-weeks of training (Figure 3).

For HR there was time of measurement main effect
(p <0 .001) with values at rest being lower than all other
times of measurement (p < 0.001 for all comparisons), post
S-minutes exercise session greater than post 25- and 30-
minutes post-exercise session (p < 0.001 for both compar-

isons), post 10-minutes exercise session greater than 25-
and 30-minutes post-exercise session (p < 0.001 for both
comparisons), and finally 20-minutes post-exercise session
greater than post 30-minutes post-exercise session (p =
0.02). There was also training period and time of measure-
ment interaction (p < 0.001), with values at 5-, 10-, 20- and
30- minutes post-exercise session lower in post than pre-
training (p = 0.01; p = 0.003; p =0.011; and p = 0.01 re-
spectively) (Figure 3). For SDNN there was time of meas-
urement main effect (p < 0.001) with values at rest higher
than 5- (p = 0.004), 10- (p = 0.004) and 20-minutes post-
exercise session (p = 0.02) (Figure 3). No significant dif-
ference were found for RMSSD variable (Figure 3).

For LF (nu) there was a time of measurement main
effect (p = 0.03) with values post 30-minutes of acute ex-
ercise session lower than post 10- and 20-minutes of exer-
cise session (p = 0.04 and p = 0.03 respectively) (Figure 4).
For HF (ms?) there was time of measurement main effect
(p =0.02) with post 20-minutes exercise session lower than
post 30-minutes exercise session (p = 0.03). For HF (nu)
there was also time of measurement main effect (p = 0.01)
with values at post 30-minutes exercise session greater than
post 10-, 20-, and 25-minutes post-exercise session (p =
0.03, p=0.02 and p = 0.03, respectively) (Figure 4).
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Discussion

The aim of the present study was to investigate the effects
of an acute bout of combined aerobic and strength training
and the influence of 8-weeks of the same exercise protocol
on the cardio-metabolic indexes (autonomic, haemody-
namic and anti-atherogenic parameters) in healthy physi-
cally active men. The present study showed that 8-weeks
of HIIE combined with strength exercise increased mean
RR intervals as well as decreased HR during the fasted
state while no alterations in CG were observed. In agree-
ment with the outcomes from the acute exercise session, 8-
weeks of HIIE combined with strength exercise induced a
faster parasympathetic reactivation post- compared with
pre-training due to higher mean RR intervals and lower HR
post-acute exercise session and post-training intervention.
Moreover, HDL-c increased and BDNF decreased post-
compared with pre-training values, also in agreement with
the acute exercise session outcomes. There was also an in-
crease in HDL-c and TAG after an acute exercise bout.
Regarding the modifications to HRV post-training,
the mean RR intervals increased, and HR values decreased
at baseline in the fasted condition. These changes suggest
that the training protocol was effective in increasing car-
diac parasympathetic modulation at rest, suggesting lower
cardiac stress evidenced by the reduction of HR. In addi-
tion, although not statistically significant, the RMSSD par-

asympathetic index showed an increase after 8-weeks of
training in contrast to the control group that decreased. The
increase in the parasympathetic modulation reflects a better
autonomic adaptation in response to training. The HRV is
an effective and practical method to evaluate the neurocar-
diac function, the increase of its values has been shown to
relate to lower cardiovascular risks and greater autonomic
function (Vanderlei et al., 2009).

Changes in catecholamine plasmatic concentrations
(Vlcek et al., 2008), excitatory and inhibitory pathway reg-
ulation of the paraventricular nucleus by nitric oxide
(Zheng et al., 2005), and the action of BDNF on the activity
of cholinergic neurons (Marosi et al., 2014) are some of the
proposed physiological mechanisms that contribute to
changes in autonomic modulation. Studies in populations
with autonomic dysfunction and healthy individuals have
shown that aerobic exercise performed at moderate and
high intensities are sound strategies to increase autonomic
modulation, by regulation of sympatho-vagal balance (de
Sousa et al., 2018; Besnier et al., 2017). On the other hand,
strength training has been linked to minimal improvements
in cardiac autonomic control in healthy individuals, pre-
senting greater expression in diseased individuals (Bhati et
al., 2018). Thus, a combination of these two modalities
with distinct characteristics and action under autonomic
modulation was effective to increase cardiac protection of
healthy individuals after 8-weeks.
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Figure 4. A and B: HF before (o) and after (m) 8-weeks of HIIE plus strength exercise. a = lower than 30-min post exercise session; b
= higher than 10-, 20- and 30-min post exercise session. C and D: LF before (m) and after (o) 8-weeks of HIIE plus strength exercise. a
= lower than 10 and 20-min post exercise session. E: Behavior of LF/HF ratio before (m) and after (o) 8-weeks of HIIE plus strength

exercise.

As for the lipid profile and BDNF, the training pe-
riod did not provide changes in serum resting concentra-
tions of these variables in the HSG. However, CG showed
a reduction in HDL-c concentrations after 8-weeks, thus,
we suggest that HIIE plus strength exercise can prevent any
reduction in HDL-c concentrations and consequently pro-
mote the maintenance of cardio-metabolic health. Regard-
ing modifications to the lipid profile, HDL-c concentra-
tions increased in response to an acute HIIE plus strength
exercise session after the training period, with higher val-
ues in HSG. These data suggest that this training model
provides influence over the lipid profile, and consequently,
on the cardio-metabolic parameters through improvements
in lipid metabolism. Physical exercise, mainly aerobic pro-
tocols, are an efficient tool for anti-inflammatory and anti-
atherogenic responses since it has been shown to activate
the Lecithin-cholesterol acyltransferase (L-CAT) and Cho-
lesteryl ester transfer protein (CETP) modulation increase-

ing reverse cholesterol transport by transferring cholesterol
ester of other lipoproteins to HDL-c (Marques et al., 2018).

Another possible mechanism related to the increase
in HDL-c is the hydrolysis of the TAG from VLDL by Lip-
oprotein Lipase (LPL), activated during exercise, which
may result in parts on the HDL-c particles (Magkos et al.,
2008). This modulation generated in response to exercise
may explain the lower TAG concentration 30-minutes
post- HIIE plus strength exercise. In addition, Magkos et
al. (2008) investigated the effects of a single resistance (3
sets of 10 repetitions for 12 exercises at 80% of peak torque
production) or endurance (90-minutes at > 30% of peak ox-
ygen consumption) exercise session on the kinetics of
VLDL/TAG of seven healthy subjects in the post-absorp-
tive period (morning after) and found that only resistance
exercise lowered fasting plasma VLDL-TG concentration
(p =0.034), besides increasing the plasma clearance rate (p
= 0.003) and shortening the mean residence time (p =
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0.016). On the other hand, Tsekouras et al. (2008) demon-
strated that a short period of high-intensity interval training
(3 sessions/week; running at 60 and 90% of peak oxygen
consumption in 4-minutes intervals for a total of 32-
minutes) lowered the rate of VLDL-TG secretion by the
liver in previously sedentary men. These findings may ex-
plain the results observed in this study that found changes
in the lipid profile, especially in the HDL-c and TAG, fa-
voring a protective condition with respect to the cardiovas-
cular system and associated risk factors.

Physical fitness is associated with anti-atherogenic
factors like BDNF; however, the response of this variable
might change when analyzed either chronically or acutely.
According to Babaei et al. (2014), chronic exercise pro-
motes an inverse relationship between serum BDNF and
VOomax. Furthermore, improvements in cardiovascular fit-
ness promotes beneficial cardio-metabolic adaptations, and
consequently, less concentrations of this biomarker due to
greater BDNF sensitivity and efficiency (Babaei et al.,
2014; Numakawa et al., 2009). Other studies reinforce
these findings showing a negative correlation between se-
rum BDNF and total energy expenditure (r= -0.507; p <
0.05), movement-related energy expenditure (r=-0.503; p
< 0.05), and step count (r=-0.480; p < 0.05) (Nofuji et al.,
2008). Our findings are in agreement with these studies,
since the condition effect for BDNF during the acute HIIE
and strength exercise session were also shown. Thus, HIIE
and strength exercise were both efficient in increasing se-
rum BDNF synthesis and uptake after the 8-week interven-
tion resulting in lower acute serum concentrations. Clini-
cally, the efficiency of resting BDNF uptake favors neuro-
genesis and neuroprotection, on the other hand, increased
uptake during exercise may potentiate lipid oxidation and
insulin sensitivity (Marosi and Mattson, 2014).

In relation to the autonomic modulation before and
after 8-weeks of HIIE and strength exercise, frequency do-
main HRV variables showed a time of measurement main
effect. It is important to note that immediately after train-
ing, HF (ms?) significantly increased and LF decreased in
the 30" minute of recovery. This may represent a more ef-
fective parasympathetic recovery after 8-weeks of HIIE
plus strength exercises than before training, which could be
indicative of an acute cardio-protective situation (Cy-
gankiewicz and Zareba, 2013). To reinforce this finding,
we also found that both the HR and mean RR intervals
were affected by the training intervention with lower and
higher values displayed post-training, respectively. In ad-
dition, there was an increase in the values of RMSSD after
8-weeks (although not significant). Due to experimental
design, we were not able to determine HRV recovery for a
longer time, which could have shown differences in long-
term HRV recovery.

In general, HRV decreased during exercise
(paraympathetic withdrawal and sympathetic activation)
according to exercise intensity, modality, and volume (Ca-
bral-Santos et al., 2016; Seiler et al., 2007). To our
knowledge, this is the first study to analyze HRV after
HIIE combined with strength exercise, and the effect of 8-
weeks of training on HRV recovery after an acute exercise
bout. HRV recovery may influence training prescription ei-
ther for trained (Seiler et al., 2007) or physically active

subjects (Cabral-Santos et al., 2016). Our data shows that,
the same acute session after 8-weeks of training (i.e. with
similar relative intensity), might induce dissimilar HRV re-
covery in active subjects, indicating a positive autonomic
modulation and consequently lower cardiovascular stress
after training.

It is important to highlight that the fixed volume of
5 km in the HIIE session provided different running times
and consequently different energy expenditure among the
volunteers. It is already well established that energy ex-
penditure is an important variable for metabolic adapta-
tions to physical exercise (Pontzer et al., 2016; Lira et al.,
2009). Thus, future studies that address isocaloric HIIE
sessions are needed to better elucidate the influence of this
protocol combined with strength exercise on cardio-meta-
bolic parameters. In addition, a limitation of the present
study is the lack of one exercise session pre- and post 8-
weeks for the CG, aiming to evaluate possible acute
changes in the evaluated parameters.

Conclusion

In summary, we suggest that 8-weeks of HIIE combined
with strength exercise is an effective protective cardio-met-
abolic strategy capable of modifying HDL-c and BDNF
concentration after an acute exercise session. In the long-
term, the modulation of BDNF and HDL-c concentrations
may be a determining factor for protection against neuro-
logical and cardiovascular diseases. In addition, 8-weeks
of HIIE and strength exercise appear to affect HRV recov-
ery after similar intensity exercise sessions and decrease
HR with a concomitant increase in RR at rest.
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Key points

e The combination of these two modalities in the same
exercise session is often used by athletes, recreation-
ally active individuals, and coaches.

e Present knowledge about the combination of aerobic
and strength exercise and the influence of intensity on
the physiological parameters is insufficient, especially
in relation to the practice of high intensity exercise
and the higher organic stress imposed.

o The results of this investigation will allow health pro-
fessionals to use this protocol in an objective and safe
way for the purpose of exercise prescription.
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