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Abstract

Objective: To examine the autonomic function using HRV measures in ap-
parently healthy individuals undergoing exercise stress test (EST) and de-
monstrating slow HRR response. Methods: HRV was measured with 12 lead
ECGs during graded EST and analyzed via a post-processing method. Auto-
nomic function was determined by Power Spectral Analysis of the very low
frequency (VLF), low frequency (LF), high frequency (HF), and the ratio of
LF/HF. We correlated HRV indices with resting, exercise, and recovery data.
Results: No differences were found in anthropometric measurements, peak
EST HR, and METS between individuals with slow HRR (below 18 b/min)
compared with controls (HRR > 18 b/min). Only the VLF component of the
HRYV indices was statistically different (p = 0.03) at one-minute post-exercise
compared with controls. Additionally, a significant correlation between HRR
and resting LF and HF indices was found in the individuals with slow HRR
but not in the controls. Conclusion: In apparently healthy individuals with
slow HRR post-EST, autonomic function did not demonstrate any differ-
ences at any phase of the EST, including at one minute of recovery. Howev-
er, a significant correlation was found between resting LF and HF powers
and HRR in individuals with slow vagal reactivation post-exercise. The clin-
ical and prognostic implications of such observation deserve further investi-
gation.
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1. Introduction

Heart rate recovery (HRR) is defined as the difference in heart rate (HR) from
peak effort to that record at a 1-minute post-exercise stress test (EST) [1] [2].
Normally, a cutoff point above 18 b/min measured during active recovery and a
cutoff point of 12 b/min measured during a passive recovery period are catego-
rized as normal HRR responses [3] [4]. Low HRR (<18 b/min) correlates with a
high risk of mortality [5] and could be detected by measuring HR variability
(HRV) indices during EST [6] [7].

Autonomic function plays a significant role in the physiological changes asso-
ciated with exercise in general and during EST in particular. During the recovery
period from an EST, parasympathetic/vagal tone reactivates, and sympathetic
tone is gradually withdrawn [8] [9]. These changes can be measured using HRV
indices. The sympathovagal balance is reflected by the very low frequency (VLF)
domain, the overall sympathetic activity is reflected by the low frequencies (LF)
domain, and the parasympathetic tone is reflected by the high frequency (HF)
domain, and by the ratio between the LF/HF [10] [11] [12] [13]. HRR and HRV
are used to evaluate, among other things, post-exercise autonomic, sympathetic,
and parasympathetic functions [14]. These indices have also been used to indi-
cate physical performance and recovery, mostly in normal activities, and com-
petitive athletes [15].

The vagal nerve activity increases the HF and VLF powers during recovery
following exercise and decreases the LF/HF ratio [10]. Nunan ef a/ 2010 have
shown that HRV consistently differs between healthy individuals based on their
HRR. Individuals who demonstrated slow HRR had a significantly lower total
power of HF, suggesting that a greater modulation in vagal activity is essential
for a better HRR [16]. Chen et al 2011 demonstrated a significant correlation
between HRR and short-term HRV frequency domains, presented by the total
power of LF and HF, during the recovery period [17].

In the current study, we aimed to examine autonomic function using HRV
measures, in apparently healthy individuals undergoing EST and demonstrating

slow HRR response.

2. Methods

The protocol was approved by the local IRB Committee in Sheba Medical Center
(approval No. SMC-9871-12). The study included healthy inactive volunteers
that approved their participation by signing the informed consent form.

The EST's were carried out at the Institute for Medical Screening, Sheba Med-
ical Center, Tel Hashomer. EST was performed on a running treadmill by a
highly professional technician, using the Bruce protocol. 12-lead ECG was rec-
orded at rest, during each exercise stage, and during the entire 5 min recovery
period. The test was stopped when the participant reached HR > 85% of
age-predicted HRmax. Individual characteristics and ESTs’ data were analyzed.

HRR was determined based on a cut-off point of 18 b/min measured during the
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first min of active recovery.

Autonomic function indices were measured using “Embletta Gold” (Embla
USA), by HR recording and signal sampling at 200 Hz and analyzing ECG
records offline. Power spectral measurements, with a standard available impor-
ter, were calculated using software HC1000P—HypnoCore Ltd. Israel. HRV
measurements included monitoring of the average power; at the first minute of
resting in a supine position (all maintained their normal breathing patterns),
during each phase of the EST until peak exercise, and during the first minute of
active recovery. HRV indices were analyzed by frequency domains method and
included “very low frequency” (VLF, 0 - 0.03 Hz; an index of the overall activity
of slow mechanisms of sympathetic function including respiration and the sym-
pathovagal balance), “low frequency” (LF, 0.04 - 0.15 Hz; an index of sympa-
thetic activity), “high frequency” (HF, 0.15 - 0.40 Hz; an indicator of vagal activ-
ity), and the ratio between the “LF to HF power” (LF/HF; a reflection of sympa-
thovagal balance), as previously reported [18] [19]. The analysis was based on
the recorded ECG signals sampled, and the location of R peaks was detected us-
ing the peak detection algorithm offline. The R-R interval series transformed in-
to a consistently HRV signal valid for estimating the power spectral algorithms.
Spectral analysis was performed on each frequency; VLF, LF, HF, and the ratio
between the LF/HF on each EST stage. Irregular R-R intervals point event series
was automatically or visually removed to reduce artifacts. Data of the individuals
demonstrating slow HRR response (those individuals having HRR below 18
b/min) was compared with controls demonstrating HRR above 18 b/min.

3. Statistical Analyses

Statistical analyses included comparisons for all study outcomes; at rest, peak
exercise, and at first-minute of recovery using Graph-Pad Prism (version 9.2).
All HRV indices were log-transformed (In), and are presented by the absolute
integral (In) power values of the VLF, LF, HF, and the LF/HF ratio, as we pre-
viously performed [20], and were normally distributed according to D’Agostino
& Pearson omnibus normality test [21].

Parametric Independent t-test was performed for all anthropometrics data,
HR at rest, peak exercise and recovery, maximal METs, and HRV indices in-
cluding the VLF, LF, HF, and the LF/HF ratio during all ESTs phases, and LF/HF
at rest. A non-parametric Mann-Whitney test was performed for the total number
of ESTs and maximal HR age-predicted (%), according to D’Agostino & Pearson
omnibus normality test [21]. Pearson correlations were also performed to ana-
lyze the relationship between resting HRV indices and HRR. Data are presented

as Mean * SD. A p-value < 0.05 considered significant.

4. Results

All individuals were apparently healthy, with no medications while undergoing
the annual checkups. They had normal EST with no clinical symptoms or signs

of ischemia, hypertension, or arrhythmia. Demographic characteristics, medical

DOI: 10.4236/wjcd.2022.126028

289 World Journal of Cardiovascular Diseases


https://doi.org/10.4236/wjcd.2022.126028

I. Goldfarb et al.

history, and health-related habits, including regular physical activity, were sub-
jectively reported without any differences during the previous 3 years.

Anthropometric data, blood, and lipid profile of the slow HRR response (n =
11) were not different from controls (n = 17) and were all within the normal
range, Table 1.

4.1. ESTs Results

Significantly, higher absolute resting HR and HR at one-minute post-EST were
found in individuals with slow HRR compared with controls (p = 0.03 and p <
0.001, respectively). The HRR, as expected, in the slow HRR response was below
18 b/min and significantly lower compared with control (p < 0.0001). Neverthe-
less, no significant differences were found in peak-exercise HR (p = 0.90) and
maximal METS achieved in the ESTs’ between both slow and fast HRR res-
ponses, (p = 0.83). The EST results demonstrated similar physiological exercise
parameters presented both in the slow HRR response and control, Table 2.

4.2. HRV Indices

Despite a significantly higher power of VLF found at one-minute post-exercise
in individuals with slow HRR compared with control (p = 0.03), and borderline
higher values at peak exercise, p = 0.08, there was non-significant HF power at
rest and at one-minute post-exercise (p = 0.06 and p = 0.07, respectively). Addi-
tional, no significant differences were found in all other HRV measures (VLF,
HF, LF, and LF/HF ratio) during all ESTs’ phases; rest, peak exercise, and during
one minute of recovery, between both, slow and fast HRR response, p > 0.05,
Table 3.

Table 1. Anthropometric characteristics.

Anthropometrics data: Controls slow HRR response
(n=17) (n=11)
Age (years) 57.7 + 8.5 (39 - 67) 51.5+11.2 (27 - 70)
Weight (kg) 80.8 + 18.3 80.6 % 16.6
Height (cm) 173.6 £ 8.6 175.6 + 8.8
BMI (kg/cm?) 26.6 +4.2 259439
Hb (g/dL) 14.1+12 140+ 1.3
HbA1C (%) 54+0.6 5.7+0.7
TG (d/L) 101.8 £ 33.5 114.6 + 26.2
LDL (mmol/L) 1152 +25.6 119.0 £20.8
HDL (mmol/L) 48.7 +12.1 50.6 + 11.5

Controls; HRR > 18 b/min; male (n = 11); 65%, female (n = 6); 35%. Slow HRR response
< 18 b/min; male (n = 9); 82%, Female (n = 2); 18%). Hb; Hemoglobin concentration.
HbA1C; Hemoglobin A1C. TG; Triglycerides. LDL; Low Density Lipoprotein Cholesterol.
HDL; High Density Lipoprotein Cholesterol. Data are presented as Mean + SD. No dif-
ferences were found between groups.
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Table 2. Resting, exercise, and recovery data of both groups (n = 28).

Controls slow HRR response
ESTs results (mean + SD) (n=17) (n= 11)p
Resting SBP (mmHg) 130.6 £ 18.9 127.3 £12.7
Resting DBP (mmHg) 80.0 + 10.6 79.8 +7.6
Resting HR (b/min) 75.0+7.4 *81.9+7.8
Maximal HR (b/min) 1582+ 7.4 158.7 £ 14.5
Maximal HR age predicted (%) 98.1 +5.8 93.7+7.1
Maximal METs (ml/kg/min) 12.1+1.5 122 +2.3
Maximal SBP (mmHg) 165.2 +23.0 171.8 £20.5
Maximal DBP (mmHg) 77.3 6.8 798 +7.6
HR at 1 min post exercise (b/min) 129.4+7.9 **148.2 + 13.8
HRR (Delta; b/min) 288+7.0 10,5 + 3.1

ESTs; individuals’ last exercise stress tests (n = 28). Data are presented as Mean + SD. *
Denote significant differences between groups using an unpaired t-test (* p = 0.03, ** p <
0.001, *** p < 0.0001).

Table 3. Differences in HRV indices at rest, maximal exercise, and during the 1-min re-
covery period.

BST phases Controks - slow KR response
Rest

In (VLF) 7.02 = 0.69 7.07 £0.79

In (LF) 6.99 = 1.07 7.44 = 1.41

In (HF) 7.50 + 1.48 8.57+1.14
LF/HF (ratio) 0.81 +1.08 1.26 + 0.57

Maximal exercise

In (VLF) 9.20 £0.75 9.66 + 0.39

In (LF) 11.65 +0.59 11.47 +1.31

In (HF) 11.38 + 1.06 11.18 +1.48
LF/HF (ratio) 0.27 £ 0.69 0.29 £ 0.61

One minute post-exercise

In (VLF) 8.85+0.73 '9.40 £ 0.42

In (LF) 10.58 + 0.56 11.03 +0.89

In (HF) 11.18 +0.73 11.88 +1.08
LF/HF (ratio) 0.60 = 1.10 0.85+0.84

HRR; Heart rate recovery; HRR > 18 b/min (groupl; n = 13); HRR >< 18 b/min (group 2;
n = 11). All HRV indices were log-transformed (In), and are presented by the absolute
integral (In) power values of the VLF, LF, HF, and the LF/HF ratio [20]. Data are pre-
sented as Mean + SD. * Denote significant differences between groups using an unpaired
t-test, p = 0.03.
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4.3. Correlations between Resting HRV and Post-Exercise HRR

Resting LF and HF powers were positively correlated to HRR only in the slow
HRR response. However, the resting VLF did not correlate with HRR in the slow
HRR response, yet did significantly correlate in the controls. No correlations
were found between resting LF and HF and HRR in the controls, nor in the
resting LF/HF ratio and HRR in both groups, Table 4.

5. Discussion

The present study aimed to examine autonomic function in apparently healthy indi-
viduals who demonstrated slow HRR response during the first-minute post-active
recovery following EST using HRV indices. We found that despite the slow HRR
response, there were no significant differences in the spectral measures of HRV
presented by the absolute values of the LF, HF, and the LF/HF ratio at rest, peak
exercise, and recovery between individuals having slow HRR response compared
with controls. Furthermore, only the slow HRR group presented a correlation
between the resting LF and HF indices and HRR, which was not found in the
controls, despite having a fast HRR response.

We questioned if the slow HRR response is due to inherited autonomic dys-
function and could be expressed by HRV indices at rest, peak exercise, or during
the recovery period post-exercise testing. Only the VLF power at one-minute
post-exercise was significantly higher in individuals who demonstrated a slow
HRR response compared with the individuals who demonstrated a fast HRR re-
sponse (p = 0.03), as previously discussed by Shaffer et al 2014, and which did
not differ at rest and peak-exercise [22].

The borderline higher VLF at peak exercise found in the slow HRR response
(p = 0.08), correlates with a normal and high exercise capacity as reported by Lu
et al. 2016 [23]. Furthermore, as previously reported [8] [10], the vagal nerve ac-
tivity increases the VLF band parallels an increase in the HF and a decrease in
the LF/HF ratio during peak exercise and recovery [20], as we also observed in
our current study. We assume that the significant differences in VLF (p = 0.03)
and the borderline higher HF (p = 0.07) during recovery might indicate a nor-
mal parasympathetic response in individuals who presented a slow HRR re-

sponse, despite their significantly lower HRR.

Table 4. Correlations between resting HRV and HRR in both study groups (n = 28).

Controls slow HRR response
(n=17) (n=11)
Resting VLF to HRR r =-0.53 r=048
Resting LF to HRR r=-0.10 r=0.56
Resting HF to HRR r=0.12 t = 0.62
Resting LF/HF to HRR r=0.37 r=-0.21

All HRV indices were log-transformed (In), and are presented by the absolute integral
(In) power values of the VLF, LF, HF, and the LF/HF ratio. HRR; Heart rate recovery
(b/min). * Denote significant correlation (p < 0.05).
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We also found a non-significant higher HF power at rest and during recovery
in individuals with slow HRR compared with fast HRR, which means that both
responses might represent a normal parasympathetic post-EST behavior.

Resting HRV reflects the ability to respond to physiological demands during
exercise [24] [25] [26]. A higher resting HRV indicates a higher parasympathetic
tone and therefore greater recovery status, while lower resting HRV values re-
flect an increase in sympathetic tone leading to a lower recovery status [7] [24].

Several studies highlighted a lack of significant correlations between resting
HRYV and HRR following a maximal EST on a treadmill, for example in well-trained
athletes [27], healthy population [28] [29], and normal college-age men [30].

Our results emphasized that despite having a slow HRR response, there was a
significant correlation to a higher resting HF. Nevertheless, the relationship be-
tween resting HRV and HRR has not been well established and remains contro-
versial. For example, Bechke ef a/ demonstrated a positive relationship between
resting HRV and HRR in apparently healthy females [13]. Cunha et al 2015, re-
ported that the parasympathetic reactivation following EST, (as assessed by
HRR), depends on exercise modality and cardiac autonomic control at rest [31].
HRR seems to be dependent on parasympathetic reactivation after almost total
withdrawal during exercise, different from parasympathetic modulation at rest
when both sympathetic and parasympathetic releases provide the natural varia-
tion of HR [7]. This paper shows, to the best of our knowledge, for the first time
the correlations between HRV and HRR in individuals with slow HR response
post-EST, and found a significant correlation with HF power.

The strength of the current study is the examination of a healthy population
demonstrating both fast and slow HRR, which presented a normal autonomic
function and a correlation to resting HRV only in the slow response individuals.
Therefore, it should be taken into account in the autonomic function evaluation
measured in a single EST.

One of the limitations relates to the small sample size (n = 28) and the fact
that only healthy individuals participated in the current study. The HRV results
are based on the current individuals’ ESTs with no follow-up over repeated ESTs.
We can assume that the autonomic function in the first-minute post-exercise might
have a large variation between individuals and therefore should be examined in
repeated ESTs. Further studies are needed to evaluate the relationship between
HRR and HRV indices post-ESTs in other populations.

6. Conclusion

Despite having slow HRR in a single EST, there were no significant differences
in the spectral measures of HRV presented by the absolute values of the LF, HF,
and the LF/HF ratio at rest, peak exercise, and recovery compared to individuals
with fast HRR. Additionally, a significant correlation was found between resting
HF power and HRR only in the slow HRR response, but not in the controls. This

data demonstrates that a slow HRR might not present an abnormal vagal reacti-
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vation following a single EST and might question the significant direct impact of
LF and HF indices on HRR post-EST. Further studies are needed to investigate
the relationship between HRV and HRR in non-healthy individuals.
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