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Abstract — Aim: To verify the on and off heart rate (HR) and HR variability (HRV) kinetics during a high-load
aerobic exercise and a low-load aerobic exercise, with and without blood flow restriction (BFR). Methods: Fourteen
healthy male subjects performed three randomly assigned experimental sessions: 1) 10 minutes walking at 40% of
maximal aerobic speed (MAS) (40LL); 2) 10 minutes walking at 40% of MAS with BFR (40LL+BFR); and 3) 10
minutes running at 70% of MAS (70HL). The HR and HRV measurements were taken at rest, during exercise and
the recovery period after constant load sessions. Results: The HR on- and off- kinetics, and HRV on-kinetics were
faster in 40LL than in 40LL +BFR and 70HL (p < 0.05). The time constant (to) of HR on-kinetics was faster in
40LL+BFR than in 70HL (23.4 + 9.5 s vs 42 + 9.5 s, respectively, p < 0.01), and was accompanied by faster HRV
on-kinetics (12.4 £ 9.6 s vs 20.3 £ 13.7 s, respectively, p < 0.01). Although HR off-kinetics was not different between
40LL+BFR and 70HL, the recovery of time and frequency HRV indices were delayed in 70HL when compared to
40LL and 40LL+BFR (p < 0.05). Conclusions: These findings indicate that 40LL promoted faster cardiac adjustments
compared to 40LL+BFR and 70HL sessions. Additionally, 40LL+BFR promoted faster cardiac adjustment and better
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HRYV recovery compared to the 70HL session.
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Introduction

Monitoring heart rate (HR) and HR variability (HRV) permit
verification of the autonomic nervous system response (ANS)
to different conditions, such as rest, exercise, and post-exercise
recovery!. The changes in cardiac autonomic modulation
from rest to exercise (on-transient) and from exercise to rest,
during post-exercise recovery (off-transient), are important to
maintaining homeostasis**. The abrupt increase in HR at the
onset of exercise can be attributed to parasympathetic activity
withdrawal, followed by an increase in sympathetic activity*.
During passive recovery, parasympathetic reactivation occurs,
which is followed by progressive sympathetic withdrawal®.
Mathematical models such as HR on- and off-kinetics are
used to verify cardiac autonomic responses during and after
exercise'*. In addition, it has been suggested that slow HRV
on-kinetics, as evidenced by the root-mean-square difference
in successive normal RR intervals (RMSSD), could be related
to lower vagal withdrawal at the beginning of the exercise,
and reflects an inadequate autonomic response to exercise!'.
Thus, vagal withdrawal and an increase in sympathetic activity
influence the HR and HRV on-kinetics. On the other hand,

HR off-kinetics has been related to cardiac parasympathetic
reactivation after exercise* Moreover, some indices of HRV
recovery (e.g. RMSSDeos) can be used to assess parasympathetic
reactivation following exercise®.

Cardiac adjustment at the beginning of exercise guarantees
adequates oxygen supply to active muscles’®. Abnormally
slower HR on-kinetics might promote inadequate blood
supply to working muscles, which could increase the rating of
perceived exertion (RPE) and consequently lead to premature
fatigue?. Similarly, HR off-kinetics has been related to cardiac
parasympathetic reactivation after exercise; therefore, negative
changes in ANS (e.g. metabolic syndrome, aging process) cause
slower HR off-kinetics>?. It has also been proposed that a slower
return of cardiovascular parameters to resting values after
exercise is related to increased cardiovascular risk and mortality*.

An interesting and new approach consists of combining
aerobic training with blood flow restriction (BFR). It has been
reported that combining BFR with aerobic exercise improves
VOuma”!? and promotes similar gains in muscle strength and
hypertrophy to high-load exercise in young healthy men''.
Furthermore, several studies compared the acute responses of
HR and RPE during resistance'>"* and aerobic exercise'* and
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verified equal or lower hemodynamic responses during or after
exercise when performed with BFR compared to high-load
exercise without BFR. Additionally, in the study of Ferreira,
et al.’’, lower hemodynamic responses and improvement in
time and frequency domain indices of HRV were verified during
recovery from low-load aerobic exercise with BFR compared to a
high-load session in elderly participants. However, these authors
did not investigate the HR and HRV responses during exercise.
Thus, it is not clear whether aerobic exercise with BFR could
affect cardiovascular responses during and after exercise. This
knowledge is important to better understand the cardiovascular
adjustments during on and off transitions in aerobic exercise
combined with BFR, to demonstrate whether this protocol could
promote lower cardiovascular stress than high-load aerobic
exercise, decreasing the risk of cardiovascular events'®.

Therefore, this study aimed to investigate the HR on- and
off-kinetics, HRV on-kinetics, and HRV recovery during
high-load aerobic exercise and low-load aerobic exercise,
with and without BFR.

Methods
Participants

Fourteen male subjects, physically active, took part in this
study (Table 1). The subjects were considered physically active
according to the American College of Sports Medicine!”. The
inclusion criteria were: (a) not having any previous experience
in blood flow restriction training, (b) the absence of any kind
of cardiovascular or metabolic disease, (c) no articular or bone
injury, and (d) not using any medication that could influence
cardiovascular response. All participants were aware of the
procedures and risks of the experimental protocol and signed an
informed consent. The study was approved by the local Ethics
Committee (number protocol approved 2.130.924/2017) and
performed in accordance with the ethical standards.

Table 1. Sample characteristics (n = 14)

Age (years) 24.1+4.8
Height (cm) 1752 +6.5
Weight (kg) 76.8+13.4
Body mass index (kg/m?) 25.1+3.8
Heart rate (bpm) 70.2 £ 13.1
Systolic blood pressure (mmHg) 1158+ 6.4
Diastolic blood pressure (mmHg) 72.1+6.7
Maximal aerobic speed (km/h) 169+ 1.9

Experimental Design

Data collection was performed on four non-consecutive days.
On the first day, anthropometric and resting HRV measurements
were taken. Moreover, the participants underwent a maximal
incremental test on a treadmill (Inbramed Millennium, model
ATL, Porto Alegre) to determine maximal aerobic speed (MAS).
The test started at 4 km/h, with increments of 1 km/h every

1 min and a constant slope of 1%, until voluntary exhaustion.
The MAS was defined as the final completed stage achieved by
subjects in the incremental test.

On the remaining visits, the participants returned to the
laboratory on different days to perform 10 minutes walking at
40% of MAS with and without BFR (40LL +BFR and 40LL,
respectively) and 10 minutes running at 70% of MAS without
BFR (70HL). All the subjects performed the three randomly
assigned experimental sessions (40LL, 40LL+BFR and 70HL).
The subjects were instructed not to ingest alcohol or caffeinated
beverages and not to perform vigorous physical activity 24 h prior
to any visit to the laboratory. All the sessions were conducted
in the same period of the day to avoid circadian effects on the
main outcomes.

A schematic representation of the experimental design is
presented in Figure 1.

| First day | # Experimental sessions Recovery |
Anthropometric 48-72h |40LL ” 40LL+BFR ” 70HL) HR and HRV assessment
HRV (10 min)

RPE
Incremental test Randomly Assigned

HR and HRV assessment during all sessions
(10 min)

Experimental sessions

40LL- 40% of maximal aerobic speed without BFR
40LL+BFR-40% of maximal aerobic speed with BFR
70HL- 70% of maximal aerobic speed without BFR

The interval between sessions was 48-72 hours

Figure 1. Schematic representation of the experimental design.

Experimental sessions

The subjects underwent constant load tests on the same
treadmill with a slope of 1%. The RR intervals were continuously
recorded during 3 min standing at rest, during the entire exercise
and during 10 min of recovery standing on the treadmill using a
portable heart rate monitor (Polar V800, Kempele, Finland) with
a belt fastened around the chest. In the 40LL+BFR session, a
standard nylon blood pressure cuft (18 cm (width) 80 cm (length))
was attached in the inguinal fold region of the participant’s thigh
only during exercise. The pressure adopted was 100 mmHg,
based on Laurentino, et al.'s, this pressure is approximately
80% of the pressure that causes total restriction of blood flow
to the tibial artery.

The rating of perceived exertion (RPE) was measured at the
end of each session using a 15-point Borg scale'®.

HR and HRYV kinetics measurements

The HR (on- and off- transients) and HRV (on-transient)
kinetics were calculated through the software Origin 8. For
the assessment of the HR on-transient, we used the method
described by D’Agosto, et al.' and Javorka, Zila, Balharek,
Javorka®. Initially, HR values were calculated at a given time
from RR intervals (HR=60/RR intervals). Next, the first 300 s
of the exercise HR curve was fitted by a first-order exponential
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function, described by the equation: HR®» = HRo + Aon
{1 — exp [— (t= ton)/ Ton]}. Where HR@ represents the HR at a
given time of the exercise; HRo corresponding to the asymptotic
portion of the curve; Ao, is the amplitude of the HR response;
ton 18 the time of the exercise onset; and Tox is the time constant
of the HR response.

For the HR off-transient, we utilized the method
described by Javorka, Zila, Balharek, Javorka*. The first 300
seconds of the HR values of the recovery onset period were
considered to calculate the fitting curve through the equation:
HR@® = HRmin + Aogx exp [— (t — tos)/ To]. Where HR represents
the HR at a given time of the recovery; HRmin is the hypothetical
HR level to which the computed exponential curve approaches
asymptotically; Aoy is the amplitude of the HR response; tor
is the time of the recovery onset; and toy is the time constant
of the HR response.

We used the method described by D’ Agosto, etal.! for the HRV
on-transient. Initially, the RMSSD was calculated in consecutive
and overlapped 15 s segments throughout the 300 s of exercise
using the software SinusCor. The calculation was performed with
a 1 s step between segments, resulting in 286 RMSSD values that
were fitted by the equation: RMSSD15k=RMSSD150+ Ao X exp
[— t/ Ton]. Where RMSSD15¢ is the RMSSD value during a
given time of the exercise; RMSSD150 is the RMSSD value
for the asymptotic portion of the curve; Ao is the amplitude of
the RMSSD response; t is the independent variable (time); and
ton is the time constant for the RMSSD response.

Heart rate variability and blood pressure assessment
during recovery

On the first day, all participants remained seated in a chair
during 10 minutes for HRV recording and blood pressure
assessment through an automated blood pressure cuff (Omron
HEM-631 INT, Digital BP monitor, Omron Healthcare, The
Netherlands). Moreover, the HRV was collected during the
10-min recovery after each experimental session, in a standing
position. In both cases, the final 5 min was used to analyze
the time- and frequency-domains of HRV. The time-domain
variables calculated were: RRi (RR intervals), SDNN (standard
deviation of consecutive RR intervals), and RMSSD (root mean
square successive differences between adjacent normal RRi).
The frequency-domain parameters were obtained through fast
Fourier transform (FFT), using Kubios HRV software (version
3.0). High-frequency (HF, 0.15-0.50 Hz) and low-frequency
(LF, 0.04-0.15 Hz) components were expressed in both absolute
and normalized units and the LF/HF ratio was calculated®. The
time-varying vagal-related index (RMSSD on subsequent 30 s
non-overlapped segments - RMSSD30s) was calculated only
during the entire 10 min of the recovery period. According to
Pecanha, Bartels, Brito, Paula-Ribeiro, Oliveira, Goldberger®,
this method is reliable to verify the parasympathetic reactivation
after exercise. Thus, it was not considered RMSSD30s in the
rest period to compare with the constant load sessions.

The blood pressure was also measured at 5 and 10" minute
of recovery after constant load tests.
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Statistical analysis

The data are presented as mean = SD. The Gaussian
distribution was observed by the Shapiro-Wilk test. Depending
on the distribution of the data, repeated-measures ANOVA was
used followed by the Bonferroni post-hoc test or Friedman test
and then by the Wilcoxon test to compare the HR and HRV
kinetics, HRV indices, blood pressure values and ratings of
perceived exertion. All analyses were performed using the
software IBM SPSS Statistics (version 21). The significance
level was set at p < 0.05.

Results

The average heart rate during exercise in 70HL (162 + 10 bpm)
was higher than in 40LL+BFR (123 + 12 bpm; p < 0.001) and
40LL (108 = 10 bpm; p <0.001). Furthermore, the heart rate in
40LL+BFR was significantly higher than in 40LL (p < 0.01).

The HR and HRV kinetics parameters are summarized in
Table 2. In HR on-transient kinetics, it was observed that 70HL
showed higher values of time constant (tox) and amplitude (Aon)
when compared to 40LL and 40LL+BFR (p <0.01). In addition,
Ton was lower in 40LL when compared to 40LL+BFR (p <0.05).

Table 2. Mean and SD of heart rate on- and off-transient kinetics and
heart rate variability on-transient kinetics during the constant load
aerobic exercise for each experimental condition.

40LL 40LL+BFR 70HL

HR kinetics
On-transient

Ton (8) 14.8 £9.6* 23.4+9.5%# 42+9.5

Aon (bpm) 26.8 + 6.4* 39.1+14.9*% 76.1+8
Off-transient

To (S) 31.9+21.1*%  51.1+£193# 71.7+253

Aoy (bpm) 30.6 + 6.4* 30+ 10*# 672+ 10
HRYV Kkinetics

Ton (8) 5.5+£5.1% 124+9.6%# 203 =+13.7

Aon (bpm) 11.2+10.9 16.5+15.5 8.8+ 13.1

Ton and Toy (time constant of exponential curve); Ao and Aoy
(amplitude of exponential curve). 40LL: 10 minutes of aerobic
exercise at 40% of maximal aerobic speed; 40LL+BFR: 10 minutes
of aerobic exercise at 40% of maximal aerobic speed with blood
flow restriction; 70HL: 10 minutes of aerobic exercise at 70% of
maximal aerobic speed.

* Significantly different from 70HL (p < 0.01)

# Significantly different from 40LL (p < 0.05)

In the transition from exercise to recovery, Toy was lower
in 40LL when compared to 40LL+BFR and 70HL (p < 0.05).
Moreover, there was no significant difference between
40LL+BFR and 70HL (p > 0.05). In relation to the Aoy
parameter, the 40LL presented significantly lower Aoy than
40LL+BFR and 70HL (p < 0.05) and the 70HL was higher
than 40LL+BFR (p < 0.01) (Table 2).

For HRV on-transient, to» was higher in 70HL compared to
40LL and 40LL +BFR (p < 0.01), and higher in 40LL +BFR
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compared to 40LL (p < 0.05). There were no significant
differences for Ao» in HRV on-transient when comparing the
experimental sessions (p > 0.05) (Table 2).

The time- and frequency-domain indices of HRV are
summarized in Table 3. The RRi, SDNN, and RMSSD were

all reduced post-exercise in all experimental conditions when
compared with rest (p < 0.05). In addition, RRi, SDNN,
and RMSSD were all lower in 70HL compared to 40LL and
40LL +BFR (p < 0.01) and the RRi index was significantly
lower in 40LL+BFR compared to 40LL (p < 0.05).

Table 3. Mean and SD of time and frequency domain indices of heart rate variability at rest and in the 5-10" min of recovery after constant load

aerobic exercise for each experimental condition.

Rest 40LL 40LL+BFR 70HL

RRi (ms) 915.4+153.5 726.6 £ 85.9** 680.6 + 86+ 583.8 £42.6*
SDNN (ms) 54.7+15.2 40.6 + 11.4* 38.2 + 14.6% 21.3+9.3*%
RMSSD (ms) 45.7+15.1 21.8 + 8*# 21.1 £9.5% 11.1 +£5.8%
LF (ms?) 2206.5 +1550.5 1650.7 + 1008.8* 1464.5 £ 1202.8** 440.7 +£292.5*
HF (ms?) 856.9 +£522.7 226.9 £ 175.5%" 248.3 £237.7** 57.9 +£48.5*
LF (nu) 70.5 £14.7 87.7+7.8*% 84.1 £ 13.1% 88.7 £ 6.2%*
HF (nu) 29.5+14.7 12.6 £7.8% 12.7 £ 8.7* 11.3+6.1%
LF/HF 3.1+£1.2 10+ 6.1%* 7.6 +4.8% 11.6 + 8.9*

40LL: 10 minutes of aerobic exercise at 40% of maximal aerobic speed; 40LL+BFR: 10 minutes of aerobic exercise at 40% of maximal aerobic
speed with blood flow restriction; 70HL: 10 minutes of aerobic exercise at 70% of maximal aerobic speed.

* Significantly different from rest (p < 0.05)
# Significantly different from 70HL (p < 0.05)
+ Significantly different from 40LL (p < 0.05)

For the frequency domain analysis, LFnu and LF/HF
were increased, while HF (ms?) and HFnu reduced after all
exercises, compared with rest (p < 0.05). The LF (ms?) was
also decreased in 40LL+BFR and 70HL compared with rest
(p<0.05). Moreover, LF (ms?) and HF (ms?) indices were higher
in 40LL and 40LL+BFR than in 70HL (p < 0.01). There were
no significant differences between 40LL and 40LL+BFR for
any frequency-domain parameters (p > 0.05). The post-exercise
RMSSD30s is shown in Figure 2. The RMSSD30s was reduced
during the entire period in 70HL compared to 40LL and
40LL +BFR (p < 0.05). For the first 90 s, the RMSSD30s was
also reduced in 40LL +BFR compared to 40LL (p < 0.05).
Additionally, it was not observed differences for both systolic
and diastolic blood pressure measured at 5 and 10" minute of
recovery among the constant load sessions (p > 0.05) (Table 4).
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Figure 2. Mean and SD of root-mean-square of successive differences
inthe RR intervals measured in successive 30s segments (RMSSD30s)
during the 10 min recovery period after the constant load exercise for
each experimental condition.

* Significantly different from 40LL (p < 0.05)

# Significantly different from 40LL and 40LL+BFR (p <0.01)

Table 4. Mean and SD of systolic and diastolic blood pressure at Sth
and 10th min of recovery after constant load acrobic exercise for each
experimental condition.

40LL 40LL+BFR 70HL
SBP (mmHg)
5" minute 113.5+8.49 113.4+409 111.1+8.7
10™ minute 114.1+12.8 111.9+5.9 107.8 £ 6.4
DBP (mmHg)
5™ minute 69.9+9.6 71.5+7.1 68.1 £8.1
10" minute 72.2+£9.5 71.6+44 70.1£5.6

SBP: Systolic blood pressure; DBP: Diastolic blood pressure. 40LL:
10 minutes of aerobic exercise at 40% of maximal aerobic speed;
40LL+BFR: 10 minutes of aerobic exercise at 40% of maximal
aerobic speed with blood flow restriction; 70HL: 10 minutes of
aerobic exercise at 70% of maximal aerobic speed.

As expected, the RPE in 40LL was significantly lower
(p < 0.01) than 40LL+BFR and 70HL. Furthermore, no
differences were observed between 40LL+BFR and 70HL
(p > 0.05) (Table 5).

Table 5. Ratings of perceived exertion (RPE) at the constant load ses-
sions.

40LL 40LL+BFR 70HL
9.6 +1.4* 12723 147+24

* Significantly different from 40LL+BFR and 70HL (p < 0.01)

Discussion
The main results of the present study revealed that (1) both

HR on- and off-transient kinetics are delayed with BFR, (2)
only HR off-transient kinetics were similar to that found during
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a high-load exercise, and (3) the post-exercise vagal control
for the first 90s of the recovery, as represented by the RMSSD,
seems also to be impaired with BFR, but does not match with
post high-load exercise values.

To our knowledge, this is the first study to verify the HR
and HRV on-transient kinetics in low-load aerobic exercise
with BFR and compare this response with high-load aerobic
exercise. Slower and faster cardiovascular adjustments were
demonstrated for low-load exercise with BFR when compared
to low-load exercise without BFR and high-load exercise,
respectively. This is in accordance with previous studies
that investigated cardiovascular adjustments in different
intensities of aerobic exercise?!*2. From rest to exercise
transition, the skeletal muscle contractions promote a
parasympathetic withdrawal in the first few seconds via
muscle mechanoreflex? and gradual sympathetic activation
mediated principally via muscle metaboreflex?*. The higher
physiological disturbance during high exercise intensities
may contribute to the delayed achievement of a steady
state in HR?*, which might explain the higher ton value of
HR and HRV kinetics in 70HL. Additionally, it is believed
that exercise at low-load with BFR promotes larger muscle
metabolite [e.g. lactate, H'] accumulation provided by tissue
hypoxia and its inadequate removal caused by limited venous
return, and this condition activates the muscle metaboreflex,
which increases HR at the onset of exercise and during
low-load steady-state exercise?*?’. This might explain the
higher HR amplitude and slower adjustments of HR and
HRYV on-transient kinetics (higher t value) in 40LL+BFR,
compared to without BFR.

During exercise recovery there is faster parasympathetic
reactivation, leading to HR deceleration®; previous studies have
related the HR recovery to exercise intensity?**. For example,
Mann, Webster, Lamberts, Lambert*, reported slower HR
recovery after exercise performed at 80% compared to 60% of
VO2max. Despite the parasympathetic reactivation, the exercise-
induced an increase in sympathetic nervous system activation
at higher intensities, promoting slower sympathetic withdrawal
in post-exercise recovery®. Interestingly, no differences were
found between 40LL+BFR and 70HL for 1o, but the Aoy was
lower in 40LL+BFR. On the other hand, the lower Aoy during the
40LL+BFR suggests lower hemodynamic stress when compared
to 70HL".

The present study demonstrated similar values in time
and frequency domain indices between 40LL and 40LL+BFR
analyzed in the 5-10" min of recovery. However, for the first
90 s of the recovery, the RMSSD was higher in 40LL+BFR
than in 40LL but did not match values for 70HL. Few studies
have investigated HRV recovery after a BFR exercise.
Ferreira, et al.’> found similar HRV time- and frequency-
domain indices in 20 and 30 minutes of recovery after three
sessions of aerobic exercise (low-load, low-load with BFR,
and high-load). However, delayed HRV recovery was observed
in the study of Ferreira, et al.'> compared with the present
study, which may be explained due to some methodological
differences such as the time of exercise session (20 min) and
age of participants (older adults). In another study, Okuno,
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Pedro, Leicht, Ramos, Nakamura®' also demonstrated different
magnitudes of HRV recovery in resistance exercise sessions
with and without BFR. The higher demand for active muscles
in higher intensity exercises may induce higher metabolite
accumulation during exercise®? and higher HR values at the
cessation of exercise, promoting slower vagal tone recovery
and sympathetic withdrawal®. These factors could explain the
slower HRV recovery in 70HL than 40LL and 40LL+BFR.
Additionally, the cardiac autonomic changes promoted by
BFR at 40% of MAS persisted only in the two minutes of
recovery, as after this period no significant differences were
observed between 40LL and 40LL+BFR. The discrepancies
observed between time- and frequency-domain indices in
the present study probably occurred due to the absence of
controlled respiratory pattern. A reliable spectral analysis
for frequency-domain indices of HRV requires a controlled
breathing rate, while time domain indices (e.g. SD1, RMSSD)
is not affected significantly*.

The RPE was larger in 40LL+BFR than in 40LL but was
not different from 70HL. Similar results were obtained when
comparing high-load exercise with low-load exercise with
BFR'. However, in the study of May, Brandner, Warmington'*
lower RPE was observed when the exercise was performed with
BFR compared to a high-load session., The authors utilized an
intermittent protocol (4 sets of 2 minutes) and lower intensities
of walking (4 km/h). These discrepancies in methodology could
explain the differences in RPE.

Additionally, it has been suggested that BFR during exercise
causes muscle pain and discomfort®>3¢, which could reflect in
higher RPE!. Therefore, the combination of a greater BFR and
higher exercise intensity might have contributed to the higher
RPE values in 40LL+BFR when compared to 40LL.

The main limitations of the present study were healthy young
subjects recruited, which must not represent the safety of walking
with BFR in other populations (e.g. elderly and subjects with
cardiovascular disease); not measuring other hemodynamic
parameters, which could help us to better understand and explain
the responses of acrobic exercise with BFR; despite the use of
the same time frame during HRV analysis, the evaluator was not
blinded, knowing the protocol that each subject performed; and
the choice of using the same absolute pressure for all participants.
Notwithstanding, the use of absolute cuff pressure is easier
for practical application in dailylife, and this study helped to
increase understanding of cardiac autonomic response in aerobic
exercise with BFR.

Conclusion

The present data suggest that 40LL promoted faster
cardiovascular adjustment (on- and off- transient) when compared
to 40LL+BFR and 70HL sessions. In addition, the 40LL+BFR
promoted faster cardiac adjustment and better HRV recovery
compared to the 70HL session without post-exercise systolic
and diastolic blood pressure difference among the sessions.
These results indicate that walking with BRF promotes lower
cardiovascular stress than traditional high-load aerobic exercise
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and could be an alternative method for individuals who are
unable to perform high-load exercises.
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