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Abstract - Aim: This study evaluated the association between heart rate recovery (HRR) and cardiac parasympathetic
reactivation following a submaximal exercise test with resting heart rate (RHR) in the supine and orthostatic positions.
Methods: The heart rate (HR), HRR, relative HRR (A% HRR), and cardiac parasympathetic reactivation (--MSSD)
values during passive orthostatic recovery at the 1%, 3™ and 5™ min following the submaximal exercise test were corre-
lated with RHR in both the supine (RHR,,) and orthostatic (RHR,,) positions in 24 physically active men. The statis-
tical analysis employed Pearson and Spearman correlation tests with a two-tailed p-value set at < 0.05. Results: At the
1*" min, HR was significantly correlated with RHR (r = 0.40; p = 0.05). HR, HRR, and A% HRR at the 3" and 5" min
were significantly correlated with RHR (r = from -0.67 to 0.73; p < 0.02; R? = 32-53%)), independent of the body posi-
tion at rest. At the 3™ and 5™ min, the -MSSD was significantly correlated with RHRy,, (r=-0.60, -0.46; p < 0.02). At
the 3™ min, the -MSSD was significantly correlated with RHR . (r = -0.46; p = 0.02). Conclusion: Faster HRR and
parasympathetic reactivation on the 3™ and 5" minute after the submaximal exercise test were associated with low RHR
in the supine and orthostatic positions in active young men.
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variability.

Introduction

Heart rate (HR) recording is often used in clinical and
experimental studies, which indirectly infer the influences
of sympathetic and parasympathetic balance on the sinus
node'. The monitoring of the resting heart rate (RHR) is a
low-cost, noninvasive measure, and there is recording fea-
sibility across a wide range of settings, with the technique
offering a way to individually screen for risk factors with
unfavorable prognoses, such as increased cardiovascular
morbimortality and sudden death®”.

Based on this, RHR is frequently assessed in distinct
postures (supine, seated, or standing) because body posi-
tion influences cardiac autonomic drive in humans™*>. This
analysis demonstrates the shift in cardiac autonomic bal-
ance, which may provide valuable information about car-
diac autonomic adjustments during rest*®.

After an incremental exercise test, heart rate recov-
ery (HRR) has been proposed in several studies as an
important prognostic and mortality index in individuals

with distinct clinical and functional conditions’'’. Fol-
lowing exercise testing during the first minute (the fast
phase), the short-term HR adjustment responds to rapid
parasympathetic reactivation; from the third minute
onwards (the slow phase), it is more dependent on para-
sympathetic reactivation with simultaneous sympathetic
deactivation'""'?. In addition, most studies on HRR have
focused on recovery in the first minute after exercise, and
few have examined both early and late HRR. Additionally,
different implications of exercise physiology can be
appreciated with a comprehensive analysis of HRR
beyond the first minute (5 min), which can indicate a cru-
cial determinant of heart rate decline.

In this scenario, when considering that slow HRR
following incremental exercise test is a marker of
impaired cardiac parasympathetic reactivation’”, as well
as the fact that an increased RHR is a marker of reduced
parasympathetic activity™*'?, it is reasonable to expect
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that these chronotropic adjustments over the post-exercise
recovery phase and at rest may be interrelated.

Some studies have shown that faster HRR immedi-
ately after maximal treadmill exercise testing was posi-
tively associated with parasympathetic reactivity
(reduction) after a postural change from supine to standing
positions'*'>. Some studies have focused only on the
association between resting parasympathetic activity in
supine or seated positions and HRR after submaximal
exercise tests in the same positions'®!'”. Other studies
have examined this relationship by considering para-
sympathetic activity, as evaluated by heart rate variability
(HRV), and analyzing it only before exercise in the supine
position, as well as the use of HRR in the standing posi-
tion after the maximal treadmill test'®.

Conversely, other studies have not shown an asso-
ciation between parasympathetic activity at rest and HRR,
or between parasympathetic activity after maximal exer-
cise tests'®?%. Therefore, excluding analysis of resting
parasympathetic activity in the standing position may lead
to conflicting results because of discrepancies in evaluat-
ing the relationship between HRR and resting para-
sympathetic activity across positions. Additionally,
autonomic activity is different in the supine and standing
positions, and the exercise test is performed in the stand-
ing position, with HRR being measured in this condition.

Therefore, it is essential to evaluate the relationship
between both functional phenomena when considering the
different resting autonomic statuses in supine and standing
positions related to the submaximal exercise protocol. To
the best of our knowledge, no studies have shown infor-
mation on the relationship between HRR and para-
sympathetic activity after submaximal exercise testing and
RHR in different postures. Thus, this analysis may provide
helpful information as a preliminary decision-making tool
for health care professionals, disseminating essential and
complementary information on individuals' cardiac auto-
nomic capacities without the expense of clinical exercise
tests or the maximal/near-maximal effort required for
recovery analysis.

Thus, this study explored the relationship between
heart rate recovery and parasympathetic reactivation after
a submaximal exercise test, with resting heart rate mea-
sured in supine and standing postures, in young active
men.

Methods

Participants

We conducted an analytical cross-sectional study
enrolling 24 young and physically active males aged 26.5
(23.7-30.0) years with a body mass index of 23.9 (23.3-
28.5) kg/m?. Participants were eligible for inclusion if
they were men, physically active (= 150 min of moderate-

vigorous physical activity per week, according to the
International Physical Activity Questionnaire [IPAQ])*,
nonathletes, healthy (no medical restrictions or known
disease), and aged between 20 and 40 years old. Volun-
teers underwent exercise testing at 2h after breakfast
(between 8:00 and 10:00 a.m.) and were previously
instructed to abstain from stimulants and alcoholic bev-
erages and physical activity for at least 24h before the
evaluation. This study involving human participants was
reviewed and approved by the Ethical Committee on
Human Research of the University Center Euro-Amer-
icano (UNIEURO, approval number: 006/2011) in agree-
ment with the Declaration of Helsinki. The participants
provided written informed consent to participate in this
study, and each participant signed a written informed con-
sent form.

Study design

Initially, we collected basic clinical physiological
data (RHR, blood pressure, and respiratory rate), anthro-
pometrical measurements, and information on lifestyle
habits. Consequently, in a quiet exercise physiology
laboratory room at an ambient temperature between 22-
24 °C and a relative humidity of 50-60%, continuous HR
was recorded according to a previously described standar-
dized protocol to obtain the R-R interval series'*'>*. In
summary, a valid five-minute RR series of HR was first
obtained following 10 min of rest in the supine position.
Afterward, the participants were asked to actively adopt
the orthostatic posture at the bedside. Two minutes after
this postural change, the blood pressure was measured to
verify the absence of significant postural hypotension, and
an additional five minutes of RR series of HR was recor-
ded. Blood pressure was measured by using the ausculta-
tory method”™ via a sphygmomanometer and stethoscope
(Premium®, Brazil).

The submaximal treadmill exercise test was immedi-
ately applied after the two 5-minute RR series of HR (in
the supine and orthostatic postures), and data were recor-
ded. Soon after the interruption of the exercise test, the
participants proceeded to the post-exercise passive ortho-
static position for a cool-down stage”.

Heart rate and heart rate variability analysis

The HR and R-R interval series were recorded by
using a valid and reliable heart rate monitor known as
Polar® (model RS800CX, Polar ™  Kempele, Finland)
with a sample rate of 1,000 Hz***”. Subsequently, each R-
R interval series file was transferred to a computer for off-
line data processing and analysis of HR and the variability
of the R-R interval by utilizing the Polar Pro Trainer 5
software and the Kubios HRV software (version 2.2, Kuo-
pio, Finland), respectively”®.

Regarding the R-R interval series analysis, all the R-
R segments were visually analyzed, and occasional arti-
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facts were automatically removed (< 1% of recordings)?’.
The automated artifact identification and removal were
performed by using the threshold method, which consists
of selecting R-R intervals that were larger or smaller than
0.45 s (very low), 0.35 s (low), 0.25 s (medium), 0.15 s
(strong), or 0.05 s (very strong) compared to average R-R
intervals®™. We used the medium threshold that only
removed the visually observed ectopic points, if the tra-
cing did not lose the physiological pattern, and the
removal did not exceed 1% of the recording.

The HR measurements in the supine (RHRg,,) and
orthostatic (RHR,,;) positions were recorded as previously
described under resting conditions. During the sub-
maximal treadmill exercise test, HR recording was imme-
diately initiated before the start of the exercise test
(HR;pitia1) and was stopped when participants reached 85%
of their maximum HR (HR;.y), as predicted by Tanaka
et al.’°. During passive recovery, HR was recorded at the
1%, 3" and 5™ minute over the recovery phase, and the
absolute and relative values of HRR were calculated by
subtracting HR at the 1%, 3™ and 5™ minute over the
recovery phase from HRpeak7.

The time-domain indices that we measured were (a)
the mean of the R-R interval (RRi) series (which is an
index of the global cardiac autonomic activity) and (b) the
square root of the mean of the square of successive adja-
cent R-R interval differences (r-MSSD), which reflects the
parasympathetic activity associated with respiratory sinus
arrhythmia®'.

Post-exercise autonomic recovery was assessed by
using two different methods. We recorded the short-term
HRV measurements (i.e., five min) and the ultrashort-term
HRYV measurements that were analyzed in each segment of
one minute throughout the passive recovery phase (i.e., the
1, 3™ and 5™ minutes). These quantitative analysis
methods are based on the notion of different temporal
effects of changes in parasympathetic modulation on the
heart (without a requirement for the stationarity of the
data)®'.

Treadmill submaximal exercise testing

All the participants performed submaximal exercise
testing on a conventional treadmill (Centurion - Micro-
med, Brazil). The use of submaximal exercise testing was
based on the risk level to the volunteers and the avail-
ability of appropriate equipment and personnel and was
used to determine the HR and HRV responses to one
determined submaximal work rate®?.

The exercise protocol started at a speed of 3.0 km/h
and a grade of 2.5%; the grade remained constant
throughout the test. After two minutes at this initial speed,
the speed was increased by 1.0 km/h every minute until
participants reached HR,. After achieving this sub-
maximal intensity (85% of their maximum HR), the exer-
cise test was interrupted, and a 5-minute passive recovery

period was immediately initiated with volunteers in the
standing position, as previously described**~>. We adop-
ted this protocol to avoid the potential influence of move-

ment on parasympathetic reactivation®*.

Statistical analysis

The statistical analysis employed Prism® 8 for Win-
dows software (GraphPad Software, Inc., USA, 2019) and
IBM SPSS Statistics 23 (SPSS Software, Inc., USA,
2015). The observed power (OP) was calculated by using
post hoc power analyses for each correlated variable via
G*Power 3.1.9.7 for Windows software®*.

The normality of the distribution of the variables
was verified by using the Shapiro-Wilk test and by using a
visual Q-Q plot analysis, and scores greater than 1.5 times
the interquartile range outside of the boxplot were con-
sidered to be outliers®>~°. We verified linearity via a scat-
ter plot and homoscedasticity via plots of standardized
residuals against predicted values. We used the median
and quartiles (25% and 75%) as descriptive statistics.

The paired t-test was used to compare HR at rest,
during exercise, and during recovery. The correlation ana-
lysis was performed by using the Pearson correlation test
when compliance with normality, linearity, homo-
scedasticity, and the absence of outlier assumptions was
verified. The Spearman correlation test was conducted
when normality assumptions were not met. We adopted
the following criteria for the interpretation of the correla-
tion coefficient: < 0.1: none; > 0.1 < 0.3: poor; > 0.3
< 0.6: fair; > 0.6 < 0.8: moderate; > 0.8 < 0.9: very
strong; and = 1.0: perfect *”. The two-tailed level of statis-
tical significance was set at p < 0.05. A Pearson's coeffi-
cient 95% confidence interval was calculated, whereas the
Spearman's coefficient was estimated by using an approx-
imation due to a sample size > 10°%.

Results

Table 1 shows the chronotropic response at rest,
exercise, and the 1%, 3™ and 5™ minute of the recovery
period after submaximal exercise testing, and the arterial
blood pressure at rest. The baseline physiological vari-
ables and chronotropic responses during and after exercise
were within the normal range in all the subjects.

Table 2 and Figure 1 describe the correlation coeffi-
cients between HRR and HRV with RHRy,, following
submaximal exercise testing. At the 1% minute, all the
HRR and HRV values throughout the post-exercise period
exhibited no correlations with RHRg,,. However, HR
values at the 3™ and 5™ min were positively correlated
(fair and moderate) with RHR,, (r = 0.60 and r = 0.57, p
< 0.002), which explained 32% to 36% of the variance in
HR at these time points during recovery. We observed a
negative/moderate correlation between HRR, A% HRR,
and RHR,, at the 3" and 5™ min of recovery (rs = -0.62 -
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Table 1 - Sample values of arterial blood pressure at HR at rest, during exercise test (initial and peak), and first, third, and fifth minutes of the recovery

period after submaximal exercise test (n = 24).

Rest period Exercise period Passive recovery period
Supine HR  Orthostatic HR Supine BP Orthostatic BP  Initial HR Peak HR 1*'min HR 3™ min HR 5™ min HR
Median 62 80%" 118/72 116/78 84 165" 126 102" 994" <*
Quartiles 57-66 76-88 113/69-120/78  110/75-118/80 78-89 163-166 122-132 93-109 91-104
Extremes 43-73 57-94 102/58-132/82  110/62-129/90 63-100 152-169 103-143 80-117 77-111

Heart rate (HR) in beats/min; Blood pressure (BP) in millimeters of mercury; 'p < 0.01; a: RHRy,, vs. RHRy; b: HRinitial VS. HRpeai; €2 HR; S in V.
( ) s p ( ) ry; p B sup orts initial peaks 1 min

rd .. st th v A rd th
HR3" nin; d: HR;™ i vs. HRs in; €2 HR3™ i vS. HRs i

Table 2 - Correlation between resting heart rate in supine position and cardiac autonomic function after a submaximal exercise test (n = 24).

Correlated variables

Post-exercise passive recovery period

1% min 3" min 5" min
CcC R? p op cC R? p op cC R? p op
HR (bpm) r=034 011 009 39% r=060 036  0.002° 93%  r=057 032 0003  90%
HRR (bpm) r=-033 010 010 37% r=-0.67 044 00001 98% r=-0.62 038 000" 95%
A%HRR (%) r=-034 011 010 39% r=-065 042 00001 97% r=-0.62 038 000" 95%
mean RRi (ms) re=-0.20 # 034  15%  r,=-059 # 0.002°  92%  r,=-0.49 # 001"  74%
-MSSD (ms) r,=-0.19 # 035 14%  r,=-0.60 # 0.002°  93%  r,=-0.46 # 0.02°  67%

RHR: resting heart rate; bpm: beats per minute; sup: supine position; HR: heart rate; HRR: heart rate recovery in absolute decrement; A%HRR: heart rate
recovery in relative decrement; min: minute; RRi: R-R interval; ms: milliseconds; CC: correlation coefficient; OP: observed power; r: Pearson's t; rg:

Spearman's rho; *p < 0.05.

-0.67, p < 0.001), in which RHRy,,;, explained 38% to 44%
of the HRR and A% HRR variance at these time points
during the postexercise period. A negative correlation (fair
to moderate) between HRV markers (mean RRi and r-
MSSD) and RHRg,,, was observed at the 3" and 5™ min of
recovery (rs =-0.46 - -0.60, p < 0.02).

Table 3 and Figure 1 describe the correlation coeffi-
cients between HRR and HRV following submaximal
exercise testing with RHR ;. We observed a fair/moderate
positive correlation between HR and RHR,,, from the 1*
to 5™ min of postexercise recovery (r = 0.40, r = 0.58, and
r=20.73, p <£0.05), with RHR,, explaining 16% to 53% of
the variance in HR at this time point during recovery. The
results showed a fair/moderate negative correlation
between HRR and A% HRR with RHR,, at the 3" and 5™
min postexercise (r = -0.57 to - -0.73, p < 0.004). More-
over, RHR; explained 32% to 53% of the HRR and A%
HRR variance at these time points during recovery.
Regarding the correlation between r-MSSD and RHR,,
we observed a fair negative correlation at the 3™ minute
postexercise (rs = -0.46, p = 0.02). Additionally, we
observed a fair/moderate negative correlation between the
mean RRi and RHR,, from the 1 to 5™ min of post-
exercise recovery (rg = -0.49 to - -0.63, p < 0.01). Further-
more, no correlation was found between HRR, A% HRR,
and r-MSSD with RHR,; at the 1** minute and r-MSSD at
the 5™ minute postexercise recovery.

Discussion

Our study observed new and relevant findings in the
relationship between the dynamics of HR and para-
sympathetic activity after submaximal exercise testing
with RHR in different postural positions (supine and
orthostatic) in active young men.

We observed that active young men with lower RHR
(independent of body position) showed faster HRR and
higher parasympathetic reactivation in the 3" and 5™ min
of recovery. Therefore, we observed that active young
men with lower RHR (independent of body position)
showed faster HRR and higher parasympathetic reactiva-
tion in the 3™ and 5™ min of recovery.

Although the evaluation of HR and parasympathetic
activity at rest and during the recovery phase after exercise
is practical, straightforward, and feasible, a comprehen-
sive understanding of the relationship between these mea-
sures could provide important clinical and functional
implications for research and exercise evaluation''=?. In
other words, clinical studies have shown that high RHR is
associated with reduced parasympathetic activity>>, and
delayed heart rate recovery (HRR) is associated with
impaired parasympathetic reactivation'®. Additionally,
this scenario is associated with unfavorable prognoses,
such as overtraining syndrome™’.

When considering the present outcomes, the RHR
analysis in different postural positions (supine and
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Figure 1 - Correlation Coefficient (r and rs) and 95% confidence interval between resting heart rate in supine position (panel A and B) and orthostatic
position (panel C and D) with cardiac autonomic function after a submaximal exercise test (n = 24).

Table 3 - Correlation between resting heart rate in orthostatic position and cardiac autonomic function after a submaximal exercise test (n = 24).

Correlated variables

Post-exercise passive recovery period

1° min 3" min 5" min
cC R? p op cC R? p op cC R? p op
HR (bpm) r=040 016 005 53%  r=058 033 0002 91% r=073 053 00001  99%
HRR (bpm) r=-031 009 013 33% r=-057 032 00004~ 90% r=-070 049  0.0001"  99%
A%HRR (%) r=-033 010 010 37% r=-058 033 0003 91% r=-0.73 053  0.0001"  99%
mean RRi (ms) 1, =-0.49 # 001  74%  r,=-0.60 # 0.002°  93%  r,=-0.63 # 0.01" 96%
-MSSD (ms) r,=-0.36 # 0.08  43%  r,=-0.46 # 0.02" 67%  1,=-0.23 # 0.26 19%

RHR: resting heart rate; bpm: beats per minute; ort: orthostatic position; HR: heart rate; HRR: heart rate recovery in absolute decrement; A%HRR: heart
rate recovery in relative decrement; min: minute; RRi: R-R interval; ms: milliseconds; CC: correlation coefficient; OP: observed power; r: Pearson's 1; r:

Spearman's rho; *p < 0.05.

standing positions) may be used as a preliminary tool
for decision-making, considering its potentially helpful
information related to the “flexibility” of everyone's car-
diac autonomic capacity without the expense of clinical
exercise tests that require effort to infer the para-
sympathetic activity sympathovagal balance response in
the heart. In this manner, our data preclude a causal

relationship, but our analysis demonstrated the direction
and magnitude of the relationship between these vari-
ables. Specifically, young men who presented with faster
HRR after a submaximal exercise test showed lower
RHR independent of body position, and RHR explained
between 16% and 53% of the variance in the HRR after
exercise.
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Our findings can aggregate knowledge on the chal-
lenging (and controversial) understanding of the interac-
tions between cardiac autonomic control at rest and during
post-exercise recovery following the exercise test. In this
context, some studies have addressed the relationship
between HRR and parasympathetic activity (as evaluated
by HRV) at rest and have observed no significant correla-
tions between these measures'” %2,

Of note, studies with similar exercise protocols have
addressed the correlation between markers of para-
sympathetic activity at rest with the HRR and HRV during
the recovery period after submaximal exercise testing'®'”.
For example, Evrengul et al.'’ observed a correlation
between HRV measures at rest and HRR in the 3™ minute
during passive recovery (in the supine position). More-
over, Danieli et al.'® observed a correlation between mar-
kers of cardiovagal activity at rest and HRR at 30s and at
the 1% and 2™ min during passive recovery (in the seated
position) in the same direction. In addition, Javorka
et al.zl, who are pioneers in the field, observed no correla-
tions between measures of HRV at rest with measures of
HRV and the A% HRR in the 1*" minute of recovery after
submaximal exercise. However, they observed a sig-
nificant correlation from the 5™ minute of recovery
onwards. The present study results partially agree with the
literature cited above, in which it was shown that there is a
correlation between the RHR (independent of the body
position) and cardiac parasympathetic reactivation at the
3" and 5™ min of orthostatic passive recovery.

These discordant results may be due to (a) inap-
propriate statistical analyses in some studies via uses of a
parametric correlation test with no normalization of the
variables, instead of the use of a nonparametric test
(because HRV indices are notoriously nonnormally dis-
tributed)'”; (b) a lack of sample size calculation*’; (c) dis-
tinctive age, gender, physical fitness and functional or
clinical conditions of the evaluated participants*’; (d) a
nonuniformity of the exercise protocols that were employ-
ed'*; (e) the fact that measurements of HRV and HR dur-
ing the recovery period were made in different postural
positions; (f) the use of different recovery phase protocols
and (g) the usage of different min during the recovery per-
iod.

Some limitations of this study included the sample
size, which may have restricted the analyses. However, the
significant correlation at the 3rd and 5th min, with a power
greater than 80% mitigated the risk of a type I error. Addi-
tionally, the characteristics of the results cannot be extra-
polated to women, athletes, and older adults. Although our
results cannot be precisely extrapolated to men in general,
we chose to prioritize the study's internal validity to over-
come some of the common heterogeneity that may explain
the controversy in the field. Consequently, we selected a
sample that was solely of young, physically active, and
healthy men in a narrow range of ages. Therefore, even

though this homogeneity between individuals may repre-
sent a limitation, it is also one of the strengths of our study
because it reinforces our findings due to its strong internal
validity.

As highlighted, our results are based on submaximal
treadmill exercise testing, which has been less commonly
used in research protocols but has important practical
implications due to its improved safety. Nevertheless, our
findings cannot be extrapolated to other workload exer-
cises or protocols, such as cycle or arm ergometry, in
which individuals are seated during rest. Additionally, the
participants performed the passive recovery phase in the
orthostatic position. Thus, the results cannot be extra-
polated to other recovery protocols, such as passive recov-
ery in the supine position or active cool-down stages.

Conclusion

In conclusion, our data support the hypothesis that
lower RHR (independent of body position [supine and
standing position]) demonstrated faster HRR (cardiac
parasympathetic reactivation) in the 3rd and 5th min after
submaximal exercise, and RHR explained between 16%
and 53% of the variance in the HRR after the submaximal
exercise test in young men.
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