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Background:Heart rate variability (HRV) has proven to be a powerful non-invasive tool to investigate cardiac au-
tonomic control and, seems to be influenced by nutritional status and exercise practice. However, the acute ef-
fects of fed or fasting states on HRV and blood pressure (BP) during low-to-moderate intensity aerobic
exercise are currently unknown. Therefore, we investigated the baseline values and behavior of HRV, BP, and
heart rate (HR) before and after low-to-moderate intensity aerobic exercise in fed and fasted states in healthy
adults.
Methods: 12 healthy individualswithmean age (SD) 59.0 (9.1) years performed two tests on a treadmill at 80% of
themean velocity of the 6-minwalking test separated by 48 h: 12 h fasted (FST) or 1 h fed (FED). HRV, BP andHR
were analyzed at rest, posttest, and at the third, fifth, and seventh minutes of recovery.
Results: HRV and HR presented no significant alterations between nutritional conditions. HR at baseline was not
different between nutritional conditions. Diastolic blood pressure was increased during the fasted baseline state.
Conclusions: The results of the current study provide that 12 h overnight fasting does not seem to be enough to
affect significant changes in the autonomicmodulation in healthy adults submitted to low-to-moderate intensity
aerobic exercise.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Heart rate and blood pressure are carefully regulated by the auto-
nomic nervous system. Heart rate variability is a non-invasive method
used to assess the effects of the autonomic nervous system [1] and is re-
lated to lifestyle in adults [2]. Beat-to-beat variation in heart rate vari-
ability is considered a non-invasive measurement of the autonomic
nervous system balance, providing a quantitative evaluation of
neuroautonomic function [1].

Regular physical exercise, smoking, caloric restriction, and disturbed
sleeping patterns can present significant effects on heart rate variability
in adults. It was reported that reduced dietary fat intake increased para-
sympathetic activity in women [3] and reduced blood pressure in
dMetabolism (LAFEM), EEFERP,
o Preto, SP, Brazil.
ues).
ability and freedom from bias of

. This is an open access article under
individuals with abdominal obesity [4]. Additionally, effects of 12 h of
fasting on heart rate variability and blood pressure during themenstrual
phases in women were previously demonstrated [5]. Furthermore, de
Jonge et al. [6] reported, in overweight individuals, improved vagal ac-
tivity and reduced sympathetic activity after six months of caloric re-
striction combined with exercise, despite weight loss comparable to
caloric restriction only.

Regarding the massive speculation about the potential benefits of
exercise training in the fasting condition, our hypothesis is that cardiac
autonomic parameters might be influenced by nutritional states. Aero-
bic exercise performed at low-to-moderate intensity may be a useful
strategy to induce a significant increase in fat oxidation while exercise
is being performed in the fasted state compared to the fed state [7].
The anti-stress effects of fasting were demonstrated in men, whereby
short-term fasting (12 h) increased parasympathetic domain activity
while meal intake activated sympathetic domain activity [8]. However,
there is no study comparing the acute effects of the fed and fasted states
on heart rate variability and blood pressure during low-to-moderate in-
tensity aerobic exercise. Thus, the aims of the current study were to
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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compare the baseline values and behavior of heart rate variability, blood
pressure, and heart rate before and after low-to-moderate intensity aer-
obic exercise in the fed and fasted states in healthy adults individuals.

2. Materials and methods

2.1. Participants

Twelve healthy participants (five men and seven post-menopausal
women) with mean age (SD) 59.0 (9.1) years, body mass index 27.5
(3.0) kg/m2, and height: 1.61 (0.1) m participated in this study. The
study was conducted according to the guidelines laid down in the Dec-
laration of Helsinki and all procedures were approved by the Ethics
Committee of the University (code 37519014.5.0000.5659). All partici-
pants provided written informed consent prior to participation in the
study. The participants reported performing aerobic exercise at least
150 min per week for at least six months being considered physically
active. In this study participants using beta-blocker medication or with
any known illness that alters heart rhythm were excluded [1].

2.2. General design

Participants attended three visits. During the first visit, maximal
walking distance performed in 6 min was assessed (i.e., six min walk
test; 6MWT) [9], allowing determination ofmean speed. On the remain-
ing two visits, after 48 h interval between each visit, participants per-
formed a 15-min effort at 80% of the mean speed observed during the
first visit, in a fed state (FED) or fasted state (FST). The condition of
the second visit was randomized and counterbalanced at the third
visit (Fig. 1).

2.3. Blood analysis

All tests were performed in the morning (7:00–8:30 am) after 12 h
overnight fasting or 1 h after a regular breakfast (bread, butter, orange
juice). Prior to all tests, subjects were advised to abstain from drinking
any beverages containing caffeine for at least 12 h. Before the tests all
volunteers remained seated for approximately 5 min after which a ve-
nous blood sample was performed to verify serum glucose level. The
analysis was performed in the clinical laboratory of the Faculty of Phar-
maceutical Sciences of Ribeirão Preto (University of São Paulo), by
means of an enzymatic analysis kit (Wiener Lab, Argentina) on an auto-
matic device (Konelab 600i, Wiener Lab, Argentina).

2.4. Six minute walk test and exercise sessions

Aerobic capacity was evaluated using the six-minute walk test
(6MWT) that consisted ofwalking as quickly as possible in a rectangular
area (45.7 m) for 6 min, with every 4.57 m demarcated by a cone. This
test is specific for older and elderly adults, validated andwith normative
reference values. The total number of laps was counted and when the
time ended, the participants remained standing in their finishing posi-
tion to measure the total distance performed [9–11].
Fig. 1. Experimental design. 6MWT: six minutes' walk test; FST: after 12 h of overnight
fasting condition; FED: after 1 h after a regular breakfast; HRV: heart rate variability; BP:
blood pressure; HR: heart rate.
After the 6MWT, each participant performed two efforts separated
by 48 h, in the FED or FST condition, using a calibrated treadmill
(Imbramed Super ATL; Porto Alegre, Brasil). The effort had a duration
of 15 min, with a constant load, corresponding to 80% of the mean
speed observed in the 6MWT [9]. This mean velocity was chosen to
characterize the exercise of low-to- moderate intensity. Before the
test, immediately after, and during recovery (i.e. third, fifth, and seventh
minutes), blood pressure (BP) and heart rate (HR) were measured.
Heart rate variability (HRV) was measured continuously from 5 min
preceding the efforts until the seventh minute of recovery (Polar
Team [2], Finland).

2.5. Cardiovascular responses

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 5min at rest [12,13]. Participants remained
seated in a chair with eyes open and directed toward the wall, not
speaking, while the measurements were performed under appropriate
lighting and a comfortable temperature [14].

2.6. Heart rate variability

Heart rate variability analysis was carried out based on the guide-
lines of the Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology [1] in sponta-
neously breathing patients. In a quiet room at a comfortable tempera-
ture, participants were equipped with a strap around the chest with a
Polar Team [2] heart rate transmitter (Polar Electro Oy, Kempele,
Finland) and then rested in the sitting position for approximately
15min formeasurement in the baseline conditions. Time and frequency
domain parameters of heart rate variability were obtained from 10min
recordings of R-R intervals, discarding the initial 5min [14]. For analysis
of R-R intervals during the exercise was used the 15 min of the test pe-
riod. In the recovery,wasused the7min of the consecutive R-R intervals
after the interruption of the low-to-moderate intensity aerobic exercise
with the participants in the sitting position.

The register was performed using custom computer software
(CardioSeries v2.0, http://sites.google.com/site/cardioseries) developed
by Dias, DPM of the University of São Paulo, Brazil [15]. 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 analysis by Fast Fourier Transform
(FFT), after Hanning window. 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 values (ms2)
and normalized units (nu).

2.7. Statistics

Data normality was tested and confirmed by the Kolmogorov-
Smirnov test, allowing the description of values as mean (standard de-
viation). Mauchly's test confirmed the sphericity of data, enabling the
use of parametric statistics for comparisons. Thus, responses during ex-
ercise and recovery periods were compared between the FED and FST
conditions using a mixed model for repeated measurements. Sidaks's
test was applied to determine the differences between conditions and
time points. Considering our mixed sample and the range of partici-
pants' age, the gender and the total years were considered as covariates
in these analyses. The sample size of at least 10 in each group presented
an 80% power to detect a difference between HF power means of 1 ms
with a 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

http://sites.google.com/site/cardioseries


Fig. 2. Heart rate response at baseline, after exercise and during recovery. Closed symbols
represent the fed condition, while open symbols represent the fasted condition.
*Significant difference from baseline (p b 0.05).
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subjects [17]. The Statistical Package for Social Science software, version
17.0 (SPSS Inc., Chicago, Illinois) was used and the level of significance
was set at p-value b0.05.

3. Results

Table 1 shows the baseline, exercise, and recovery data for heart rate
variability in the participants in the FST and FED conditions. In both con-
ditions, during the exercise and recovery, very low frequency (VLF) pre-
sented lower values than baseline (p b 0.05). During the exercise the
values of low frequency (LF) and high frequency (HF) were decreased
(p b 0.05), while the standard deviation of normal to normal R-R inter-
vals (SDNN) values increase significantly (p b 0.05). No differenceswere
observed between conditions (p N 0.05). In addition, no changes were
found between the FED 508 (71) m or FST 498 (49) conditions for the
traveled distance on the 6MWT.

The blood glucose levelswere significantly reduced in the FST condi-
tion at baseline compared to the FED condition 3.96 (0.67) versus 5.83
(1.92 mmol/L) (p b 0.05), respectively, which was expected to prove
the fasting state.

The heart rate response is shown in Fig. 2. A significant increase from
baseline were observed after exercise (p b 0.05), which lasted until
3 min of recovery (p b 0.05), independently of condition. No differences
were observed between conditions for heart rate values (p N 0.05).

The systolic blood pressure increased after exercise, as expected, al-
though not statistically significant difference between the nutritional
condition (p N 0.05) (Fig. 3). Diastolic blood pressure was different at
baseline between conditions, increasing after exercise from baseline
(p b 0.05), only at the FST condition, without a clinical significant
change. No effects of exercise were observed at FED condition (p N

0.05) (Fig. 4).

4. Discussion

This study aimed to investigate the differences between FED and FST
conditions in heart rate variability, heart rate, and blood pressure in
healthy adults submitted to low-to-moderate intensity aerobic exercise.
The main results were as follows: [1] heart rate variability parameters
were unchanged between conditions; [2] diastolic blood pressure was
increased at baseline in the fasted state, however, without a clinical sig-
nificant change.
Table 1
Heart rate variability parameters in 12 healthy adults in fasting and fed conditions.

FED FST

Baseline Exercise Recovery Baseline Exercise Recovery

Frequency domain
List indices

VLF
(ms2)

273.8
(174.1)

8.8
(6.3)a

103.3
(96.0)a

395.4
(230.0)

9.3
(5.5)a

123.3
(100.2)a

LF (ms2) 176.3
(128.5)

14.0
(12.0)a

132.8
(117.5)

179.9
(113.4)

12.5
(12.7)a

179.9
(216.6)

HF
(ms2)

103.8
(99.3)

18.2
(25.1)a

185.2
(252.4)

110.4
(78.6)

15.3
(20.8)a

194.7
(308.9)

LF/HF (a.
u.)

3.2 (3.9) 1.5 (1.0) 2.2 (2.4) 3.0 (2.8) 2.0 (2.3) 2.2 (2.1)

Time domain
List indices

RMSSD
(ms)

16.0 (8.6) 6.9 (3.5) 17.6
(14.4)

16.4 (6.5) 7.1 (5.3) 17.6
(12.8)

SDNN
(ms)

17.6
(14.4)

80.7
(35.7)a

24.7 (9.9) 31.0
(15.0)

85.2
(44.6)a

25.6
(13.8)

FST: fasting condition; FED: fed condition; VLF: very low frequency; LF: low frequency;HF:
high frequency; LF/HF: low-to-high frequency ratio; RMSSD: root mean square of succes-
sive differences; SDNN: standard deviation of intervals;Mean (SD).Mixedmodel analysis,
p b 0.05.

a Difference from baseline at the same situation.
Our results showed that the 12 h fasted state does not induce signif-
icant improvement in cardiac autonomic modulation in healthy adults
(Table 1). Previously, Mazurak et al. [16] reported the influence of
48 h of total fasting on autonomic regulation of heart rhythmmeasured
through heart rate variability and on salivary cortisol levels in healthy
non-obese women mean age: 21.4 (2.1 years). The authors suggested
a decrease in total heart rate variability aswell as a decrease in parasym-
pathetic and baroreceptor regulation of heart rhythm under baseline
conditions as a result of fasting. Interestingly, Cansel et al. [17] demon-
strated increased heart rate variability parameters in the fasting
month of Ramadan. Fasting during Ramadan is a radical change in life-
style for the period of a lunar month. In summer months, the fasting
can last up to 18 h or more. The authors reported increased heart rate
variability in 40 healthy individuals mean age: 29.3 (5.9 years). In addi-
tion, Kuwahara et al. [8] reported that in male subjects mean age: 23.0
(0.9 years) 12 h of fasting resulted in dominance of parasympathetic ac-
tivity compared with food intake groups, one of which ingested a high
energy/high fat meal and the other a moderate energy/high carbohy-
drate meal.

The results of unchanged heart rate variability in the present study
might be related to the different ages of participants compared with
Fig. 3. Systolic blood pressure at baseline, after exercise and during recovery. Closed
symbols represent the fed condition, while open symbols represent the fasted condition.



Fig. 4. Diastolic blood pressure at baseline, after exercise and during recovery. Closed
symbols represent the fed condition, while open symbols represent the fasted condition.
*Significant difference from baseline. #Significant difference from fed condition (p b 0.05).
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previous studies. It is known that agingmay decrease vagal modulation
[18–21] and possibly reduces the sensitivity to change. Gehart et al. [19]
demonstrated that in older women mean age: 59.0 (6.0 years) com-
pared to younger women mean age: 21.0 (2.0 years) submitted to
12weeks of resistance training therewasno significant effect on any au-
tonomic parameter. Recently we showed that the presence ofmetabolic
syndrome was not sufficient to induce changes in heart rate variability
at baseline, during a cardiopulmonary exercise test, or in recovery,
when patients were compared to healthy individuals mean age: 42.8
(10.7 years) [14]. In the current study we suggest that 12 h of fasting
may not have been a sufficient stimulus to alter heart rate variability
in healthy adults.

Additionally, aerobic exercise training promotes several cardiovas-
cular adjustments that are influenced by the central areas involved in
the output of the autonomic nervous system [22–24] and these adjust-
ments perhaps depend of the nutritional status. In the current study, we
showed that low-to-moderate aerobic exercise did not cause changes in
heart rate variability in either nutritional condition. In agreement with
our results, Lima-Silva et al. [25] demonstrated that low carbohydrate
availability altered heart rate variability parameters during severe, but
not moderate-intensity exercise. They studied six healthy males mean
age: 26.5 (6.7 years) undergoing moderate and high intensity exercise
in two different nutritional conditions, low availability and moderate
availability of carbohydrate. The results suggested that the respiratory
mechanics might affect sinus node activity, modifying the beat-to-beat
oscillations over time but without modification of the mean heart rate
during only severe-intensity exercise.

Moreover, there is an increase in plasma catecholamines levels in a
fasting condition that are known to influence the energy substrate mo-
bilization and use at rest and in response to exercise [26]. Solianik et al.
[27] reported the effects of a 48 h, zero-calorie diet on autonomic func-
tion, brain activity, cognition, and mood in nine amateur weight lifters
mean age: 25.9 (4.1 years). The authors observed that heart rate and
systolic blood pressure were reduced after fasting, whereas all 2 min
of the heart rate variability indices were unchanged. Nevertheless, Cao
et al. [28], demonstrated that sympathetic and vagal responses were
sex specific to both carbohydrate rich meal intake and postural stress
in healthy older men and women mean age: 65.0 (2.1 years) with nor-
mal insulin sensitivity. Following carbohydrate ingestion, a cardiac
vagal reduction was evident in apparently healthy older women, but
not in older men. The authors highlight that the precise mechanism by
which a carbohydrate diet mediates efferent vagal inhibition of cardio-
vascular risk remains to be determined.
In the present study,whichwas expected, the blood glucose levels in
the FST and FED conditions at baseline were different. It is noteworthy
that ketones are produced in response to a low glucose level [29] and
that the major ketone body, β-hydroxybutyrate, inhibits the sympa-
thetic nervous system [30]. Our results demonstrated that there was
no difference in heart rate in the FST group compared to the FED
group (Fig. 2) at baseline. After moderate intensity exercise, which
was expected, the heart rate increased in both conditions compared
from baseline and after 3 min of recovery the heart rate remained
high compared to baseline in both conditions. Furthermore, diastolic
blood pressure was increased in the FST group at baseline (Fig. 4) and
no difference for systolic blood pressure between the nutritional condi-
tions was found (Fig. 3). Blood pressure is a dynamic variable whose
values naturally change over time and within different regions of the
body [31]. Following 30 min of meal ingestion, there is a fall in splanch-
nic vascular resistance, which results in an overall fall in total peripheral
resistance [32] and this fact might explain the high diastolic blood pres-
sure in the FST state at baseline compared to the FED state, although this
change presents no clinical significance.

4.1. Limitations

Regarding the measurement instruments, it is difficult to compare
research findings due to the different methodologies used to evaluate
nutritional status. Finally, it is important to state that no individual ex-
perienced any discomfort throughout the intervention period. In addi-
tion, one of the limitations of the present study was the lack of control
of the water drinking volume during the fasting state and to ensure
the compliance of the participants.

5. Conclusions

The present study aimed for the first time to investigate heart rate
variability in different nutritional conditions in healthy adults submit-
ted to low-to-moderate intensity aerobic exercise. Regarding the bene-
fits of the practice of physical exercise in fasting, it is of significant
importance to know the influence of this nutritional pattern on the be-
havior of hemodynamic and cardiovascular variables before, during and
after physical exercise. Thus, despite the limited number of participants,
the current study adds important conclusions regarding this nutritional
practice, especially if HRV or HR is used for the prescription of physical
exercise for example. In conclusion, we observed that 12 h overnight
fasting does not seem to be enough to affect significant and clinical
changes in the autonomic nervous system activity in healthy adults sub-
mitted to low-to-moderate intensity aerobic exercise.
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