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Post-aerobic-exercise autonomic responses
in hypertensives — a randomized
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Abstract

Background. Heart rate variability (HRV) response to an exercise bout may provide useful insight into autonomic
stress reactivity. Considering that cardiovascular responses to a stressor may be predictive of certain diseases, it be-
comes critical to understand if high blood pressure can influence the autonomic nervous system response to acute
exercise. We, therefore, undertook a study to investigate the effect of a single bout of acrobic exercise on autonomic
responses in hypertensives.

Material and methods. Twenty hypertensives were randomly assigned to one of the two experimental groups [con-
trol (CG) or exercise (EG)]. The exercise session was conducted on a treadmill and consisted of 40 min of running/
Iwalking at 60-70% HRreserve. In the control session, the participants remained seated in a quiet room for 40 min.
After the exercise/control sessions, the HRV was recorded continuously for 60 min.

Results. The EG presented an increase with a large effect size for LF [1.0 (post-30) and 1.0 (post-60)] and LF/HF
(0.8 (post-30) and 1.1 (post-60)]. Additionally, a reduction with a large effect was observed for HF [-1.0 (post-30)
and —1.0 (post-60)].

Conclusion. There is a considerable reduction in post-acrobic-exercise parasympathetic activity and an increase in
sympathetic activity. Therefore, a single bout of acrobic exercise is not able to quickly improve the cardiac autonomic
regulation.
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Introduction

Heart rate variability (HRV) reflects beat-to-beat
changes in RR intervals, which are related to the
ongoing interplay between the parasympathetic and
sympathetic arms of the autonomic nervous system
[1]. Heart rate variability analysis provides a nonin-
vasive and simple method to assess autonomic func-
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tion. As such, it has been employed in the most di-
verse areas of clinical research [2].

Measures of HRV analysis may also offer promising
electrical biomarkers for predicting cardiac mortality
and would be appropriate to be evaluated in well-de-
signed prognostic studies [3]. Hypertension is a chronic
condition that can lead to heart disease, stroke, and
other diseases that can result in premature death [4],
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Figure 1. Study design

added to which high HRV is associated with lower mor-
bidity and mortality in patients with hypertension [5].

It is well known that exercise training can increase
total HRV in normal older adults [6], athletes [7],
and young adults [8]. Additionally, an acute physical
exercise session could improve cardiac autonomic
modulation in older normotensive, hypertensive
treated, and hypertensive untreated subjects [9].

Unlike normotensives, hypertensives present a re-
duced HRV associated with a predominance of the
sympathetic component [10] and other studies have
proposed a relationship between HRV and blood
pressure levels [9]. This scenario suggests that HRV is
likely to be influenced by numerous factors, includ-
ing the stage of hypertension.

This knowledge could be of clinical relevance
since it is known that these patients present im-
pairments in autonomic modulation and physical
exercise is widely indicated as part of hypertension
management. Furthermore, it is important to estab-
lish whether high blood pressure can influence the
autonomic Nervous system response to acute exercise,
as understanding aspects of the exercise response are
crucial to perform safe non-pharmacological treat-
ment for hypertension. Thus, the present study was
designed to analyze post-aerobic exercise autonomic
responses in hypertensive subjects.

Material and methods

Participants
After sample size calculation (see statistical analysis
session), 20 hypertensive, sedentary (less than 150
minutes per week of moderate physical activities)
individuals participated in the study. Volunteers were
women or men, adults, without osteoarticular dis-
abilities, and with medical authorization to exer-
cise. Participants were recruited from the university
community. The study followed the Declaration of
Helsinki and was approved by the Institution Eth-

ics Committee (78697617.4.0000.0108). All par-
ticipants were informed about the methods before
giving written informed consent.

Study design
This was an acute, randomized, parallel-groups clini-
cal trial (Fig. 1) to evaluate the effects of a single bout
of aerobic exercise on HRV in hypertensive individu-
als. The participants were randomly allocated (using
a random number table — https://www.random.
org/) into two different experimental groups: Con-
trol Group (CG) and Exercise Group (EG). Partici-
pants were not taking beta-blockers and were asked
to refrain from caffeine and alcohol for 24 h before
the experimental session and advised not to make
changes to their regular lifestyles other than the as-
signed interventions. Anthropometric measures were
taken before the rest period. The exercise session
was conducted on a treadmill and consisted of: a 5
min warm-up (50-65% HRreserve); 40 min of run-
ning/walking at 60-70% HRreserve; and a 5 min
progressive cool down. In the control session, the
participants remained seated in a quiet room for 40
min. After the exercise/control sessions, the HRV
was recorded continuously for 60 min. Testing was
conducted in the morning at the same time of day
9:00 am (z 1 h) in a quiet, temperature-controlled

room (23°C + 1°C).

Anthropometry

Weight was measured using a digital anthropometric
scale (Urano, OS 180A, Canoas, Brazil), with an
accuracy of 0.1kg and height was measured by a sta-
diometer with an accuracy of 0.1cm, in accordance
with the procedures described by Gordon et al [11].
The body mass index (BMI) was defined as the body
mass (kg) divided by the square of the body height.

Heart rate variability measures
Heart rate variability was monitored during the
rest periods (Fig. 1) using a cardiac monitor (Polar
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RS800CX, Kempele, Finland), previously validated
[12]. The participants remained seated in a calm,
quiet, and thermoneutral (22°C to 24°C) environ-
ment during monitoring. The recorded R-R intervals
were transferred to a computer using specific soft-
ware (Polar Pro-Trainer software, Kempele, Finland).
Fast Fourier Transform was applied to quantify the
low (LF) and high (HF) frequencies into normalized
units, in accordance with the Task Force of the Euro-
pean Society of Cardiology and the North American
Society of Pacing and Electrophysiology [1].

The time-domain analysis was obtained through
the SDNN (standard deviation of the NN intervals),
RMSSD (the square root of the mean of the sum of
the squares of differences between adjacent NN in-
tervals), and pNN50 indices (NN50 count divided
by the total number of all NN intervals). The range
interval analysis (Fig. 1) was 10 min (rest, before
exercise), and 30 min (post-exercise) using Kubios
HRYV, version 2.2 (Kuopio, Finland).

Blood pressure

The BP measurements were taken with an oscil-
lometric device (Omron MX3 Plus, Bannockburn,
USA) previously validated for clinical measures in
adules [13]. The participants remained seated (rest
period — Fig. 1) in a calm, quiet, and thermoneu-
tral (22°C to 24°C) environment for 20 min. Blood
pressure was measured three times during the rest
period (at 10 min, 15 min, and 20 min). The resting
BP value was considered as the average of these three
measurements. The BP measurements were taken
according to the American Heart Association recom-
mendations [14].

Statistical analysis
Assuming a standard deviation of 6 normalized units
[15] for the LF,, an alpha of 5%, and a desired
statistical power of 95%, to detect 2 minimum dif-
ference of 20 normalized units [15], 6 subjects were
required in each group.

Box plots, which provide a spatial representation of
the spread of concentration distributions, were used to
identify anomalous values among the global popula-
tion of measurements for each HRV index. In each
plot, the box represented the interquartile range and
whiskers delineated the region occupied by + 1.5 times
the interquartile range beyond the box boundaries.
For this study, points plotted above or below the whis-
kers were identified as potential outliers. Histograms
were also examined to confirm that these points were
located at distribution extremes for each dataset.

The data are reported as mean and standard de-
viation. A non-parametric Levene’s test was used to

verify the equality of variances in the samples (homo-
geneity of variance). Then, an independent samples
t-test was used to compare mean characteristics be-
tween CG and EG.

To compare the absolute values between ex-
perimental groups, firstly, the Mauchly’s test of
sphericity was applied and the Greenhouse-Geisser
correction if necessary. Next, these data were com-
pared with a one-factor repeated measures general
linear model (GLM). Fisher multiple comparisons
were employed to examine differences between
pairs of trials.

Effect size from the paired two-sample t-test was
calculated (4 = mean/SD) between “pre” vs. “post-
30” and “post-60” for all HRV indices (d-effects:
small > 0.2, medium > 0.50, large > 0.80).

The pooled Z-score for each period (“pre”, “post-
307, and “post-60”) was calculated. A non-paramet-
ric Levene’s test was used to verify the equality of
variances in the samples (homogeneity of variance).
Then, an independent samples t-test was used to
compare the mean z-scores between groups.

Statistical significance was defined as p < 0.05. The
statistical analysis was generated using SPSS (New
York, USA), version 20, for windows.

Results

The characteristics of the participants are shown in
Table 1. The four experimental groups were not dif-
ferent regarding age, weight, height, body mass in-
dex, waist circumference, and systolic/diastolic rest-
ing BP.

Table 2 presents the absolute HRV changes in the
different experimental groups. Considering the CG,
a significant increase in SDNN [80% (post-60)] and
pNN50 [150% (post-30) and 200% (post-60)] were
identified when compared with the “pre”. In the
EG, significant increases in LF [27% (post-30) and
23% (post-60)] and LF/HF [141% (post-30) and
65% (post-60)] were identified (vs. “pre”). On the
other hand, the EG showed a significant decrease
in HF [-45% (post-30) and —37% (post-60)]. No
significant differences were found between experi-
mental groups.

Table 3 presents the effect sizes from the paired
t-test (rest vs. post-30 and post-60) for each group.
Considering the CG, increases with a large effect
were observed in SDNN (post-60), RMSSD (post-
30 and post-60), and pNN50 (post-30 and post-
60). On the other hand, the EG presented increases
with a large effect for LF (post-30 and post-60) and
LF/HF (post-30 and post-60). Finally, a reduction
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Table 1. Characteristics of participants

CG EG . ,
Mean SD Mean SD
Age [years] 62.3 18.7 52.0 15.3 1.347 0.195
Weight [kg] 71.2 16.5 79.7 17.1 -0.332 0.744
Height [m] 1.65 0.11 1.61 0.08 1.033 0.315
BMI [kg/m’] 21.9 4.3 30.8 6.5 -1.161 0.261
WC [cm] 98.2 9.9 98.5 14.9 -0.053 0.958
SBP [mm Hg] 140 19 137 12 0.465 0.648
DBP [mm Hg] 82 5 86 1 -0.809 0.433
€G — control-group; EG — exercise-group; SD — standard deviation; BMI — body mass index; WC — waist circumference; SBP — systolic blood pressure; DBP — diastolic blood pressure
Table 2. Heart rate variability component variations
CG EG
Pre Post-30 Post-60 Pre Post-30 Post-60
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
SDNN [ms] 54 26 70 58 97 7 72 24 97 37 61 19'
RMSSD [ms] 24 9 30 9 41 26 34 9 30 33 54 64
pNN50 (%) 4 4 10 10 12 1" 17 16 (Al 18 14 15
LFnu 69 19 70 10 62 17 62 19 79 12 76 9
HFnu 31 19 29 1" 38 17 38 19 21 12 24 9
LF/HF 2.8 1.8 2.3 0.8 1.6 1.1 1.7 1.1 4.1 25 2.8 0.9

CG — control-group; EG — exercise-group; SD — standard deviation; SDNN — standard deviation of the NN intervals; RMSSD — the square root of the mean of the sum of the squares of differences between adjacent
NN intervals), pNN50 — NN50 count divided by the total number of all NN intervals; LF — low frequencies; HF — high frequencies; *significantly different from pre-intervention (p < 0.05); 'significantly different from

post-30 (p < 0.05); *significantly different from control (p < 0.05)

Table 3. Effect size for paired t-test [vs. pre (d = mean/SD)]

CG EG
Post-30 Post-60 Post-30 Post-60
ES p ES p ES p ES p
SDNN [ms] 0.4 0.243 0.8 0.032 0.8 0.052 -0.7 0.132
RMSSD [ms] 0.8 0.049 0.8 0.067 -0.1 0.816 0.3 0.442
pNN50 (%) 0.9 0.026 1.1 0.008 -0.6 0.072 -0.2 0.519
LFnu 0.1 0.829 -0.3 0.394 1.0 0.014 1.0 0.013
HFnu -0.1 0.756 0.3 0.394 -1.0 0.014 -1.0 0.013
LF/HF -0.4 0.264 -0.5 0.163 0.8 0.028 1.1 0.018

CG — control-group; EG — exercise-group; SD — standard deviation; SDNN — standard deviation of the NN intervals; RMSSD — the square root of the mean of the sum of the squares of differences between adjacent
NN intervals), pNN50 — NN50 count divided by the total number of all NN intervals; LF — low frequencies; HF — high frequencies

with a large effect was found for HF (post-30 and
post-60).

The pooled (CG, and EG) z-scores for time
(panel A) and frequency (panel B) HRV domains
are presented in Figures 2 (pre), 3 (post-30), and
4 (post-60). No significant differences were found
in “pre” and “post-60” for any time or frequency
components.

Discussion

The purpose of this study was to analyze the post-
aerobic-exercise autonomic responses in hyperten-
sive subjects. Our results showed that there was
a considerable reduction in post-aerobic-exercise
parasympathetic activity and an increase in sympa-
thetic activity.
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Figure 2. Pooled z-score comparisons at Pre

The present study demonstrated that hypertensives
present an autonomic profile related to cardiovascular
disabilities. It is important to consider that monitor-
ing HRV responses to an “exercise challenge test” may
provide useful insight into autonomic stress reactiv-
ity. This is consistent with the “reactivity hypothesis®
[16], which proposes that cardiovascular responses to
a stressor may be predictive of certain diseases [17].

Although this relationship between hypertension
and an unfavorable HRV profile may exist, indica-

tors of adiposity are correlated with cardiac auto-
nomic modulation in individuals with excess body
mass, since higher levels of adipose mass are related
to major metabolic and inflammatory modifications
that can impair autonomic cardiac modulation [18].
For this reason, it is important to consider that in the
present study hypertensives presented excess body
mass. On the other hand, a recent study showed that
higher cardiorespiratory fitness and lower adiposity
are associated with higher HRV. Notably, although

www.ah.viamedica.pl



Juliano Casonatto et al. Autonomic responses in hypertensives

=]

SDNN-P80

Z-score

RMSSD-P60

Z-score
-
1
4

pPNN50-P60

Z-score

LF-P60
2-
A AA
14 - —“—
® ol....... apn® T 0
o —_—
o ]
N A
i N
-2 ad
-3
HF-P60
3_
1 5
@ 1 4
[=]
[+
A | ] TERE
N aal a A la
o T —a
a AA
.2
LF/HF-P80
4-
34 A
2
o
[&]
"]
N
cG EG

Figure 3. Pooled z-score comparisons at P30

the cardiorespiratory fitness associations remained
significant after adjusting for adiposity, the adipos-
ity associations were no longer significant after ad-
justing for cardiorespiratory fitness, suggesting that
cardiorespiratory fitness is a stronger determinant of
HRV [19].

The EG presented increases (large effect) for
LF and LF/HE It is worth highlighting that sym-
pathetic activity is a key contributor to LF and
sympathetic and parasympathetic activity/effects

operate reciprocally with linear interactions [20].
LF/HF is often employed as a measure of “sympa-
thovagal balance,” where supposedly an increase
indicates “sympathetic dominance” and a decrease
indicates “parasympathetic dominance” [20]. It is
well documented that hypertensive elderly patients
present absolute decreased HRV and decreased
parasympathetic modulation when compared to
normotensive individuals [21]. Additionally, inde-
pendently of blood pressure status, the majority
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Figure 4. Pooled z-score comparisons at P60

of HRV measures are substantially reduced dur-
ing exercise [20]. HRV indices associated with the
cardiac parasympathetic activity (e.g., RMSSD and
HF) usually reach a near-zero minimum at mod-
erate intensity (possibly associated with the first
ventilation/lactate threshold) [20].The autonomic
nervous system (ANS) has been implicated in hy-
pertension with elevated sympathetic nervous sys-
tem (SNS) activity and decreased parasympathetic
nervous system (PNS) activity associated with the

etiology, course, progression, and consequences of
hypertension [22]. Therefore, we standardized the
scores. No significant differences were found for
CG and EG, indicating that a single bout of aerobic
exercise is not able to quickly improve the cardiac
autonomic regulation. This fact is corroborated by
other researchers [23], who state that hypertensives
present greater autonomic dysfunction and slower
recovery, making them more susceptible to exercise
intolerance.
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Despite all methodological care, some aspects
should be considered. This was an acute experiment
conducted to analyze the post-aerobic exercise au-
tonomic responses in hypertensives. However, it
should not be assumed that underlying mechanisms
for chronic changes in HRV are identical to those
of acute responses [24]. Furthermore, interpretation
of HRV as reflecting certain aspects of cardiac auto-
nomic activity is complicated by the fact that rather
than being a direct measure of autonomic nerve
activity, HRV quantifies the modulation of the end-
organ response, i.c., the heart [20].

Conclusions

These results suggest that there is a considerable re-
duction in post-acrobic-exercise parasympathetic
activity and an increase in sympathetic activity for
hypertensives. Therefore, a single bout of acrobic
exercise is not able to quickly improve cardiac auto-
nomic regulation.
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