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ABSTRACT

Background: Exercise has been shown to improve heart rate variability (HRV) at rest in healthy subjects. HRV response during
and immediately after acute exercise in obese individuals following aerobic exercise training has not been evaluated. The
purpose of this study was to examine the effect of 12 weeks of moderate intensity aerobic exercise training on HRV during
acute exercise and active postexercise recovery in obese individuals.

Methods: Eleven obese individuals (5 men, 6 women; body mass index = 39.2 + 6.3 kg-m 2] underwent 12 weeks of exercise
training at 60% of predicted VO,  , determined via a submaximal treadmill test. Body composition was assessed with dual-
energy x-ray absorptiometry. HRV was measured during the final minute in each exercise stage and in recovery and analyzed
with Kubios HRV software.

Results: Predicted VO, (baseline: 28.2 + 3.5 mL-kg™'-min™' and posttraining: 27.4 mL-kg™'-min"', P> 0.05) was unchanged
and body fat % decreased (46.2% = 2.2 vs 45.5% + 7.2, respectively). Initial stage heart rate and postexercise recovery heart
rate was lower after training. The high frequency component was greater during the initial exercise stage after training. The low
frequency component and the standard deviation of instantaneous beat-to-beat variability were greater during the final exercise
stage after training. During cooldown, the root-mean-square of differences between adjacent RR intervals and high frequency
normalized units were greater after training.

Conclusion: HRV markers were improved during acute exercise stage and active recovery in obese individuals following 12
weeks of moderate intensity exercise training. These results suggest improvements in autonomic function can be seen with
reductions in adiposity, independent of cardiorespiratory fitness changes in obese adults. Journal of Clinical Exercise Physiol-
ogy. 2021;10(1):12—19.
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INTRODUCTION disease are complex and multifaceted. One such mecha-
nism is obesity-induced hypertension (2). It is estimated
that 65% to 75% of essential hypertension is due to obesity

2.3).

As 0f 2020, an estimated 38% of American adults are clas-
sified as obese (1). Obesity is a well-known independent

risk factor for the development of metabolic disease,
obstructive sleep apnea, dyslipidemia, cardiovascular dis-
ease (CVD), among many other metabolic disorders (1).
The physiological mechanisms linking obesity to chronic

One potential pathway in which obesity leads to hyper-
tension, and ultimately to the development of CVD, is
through autonomic nervous system (ANS) dysregulation
(3,4). Evidence suggests that excess adiposity increases
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sympathetic nervous system (SNS) activation to several
areas including the kidneys, muscles, and vascular endothe-
lium (4—6). Heart rate variability (HRV) is the beat-to-beat
variation in time between consecutive heartbeats and is a
noninvasive method to assess ANS function (7). A decrease
in HRV indicates that there is either a decrease in parasym-
pathetic nervous system activation or an increase in SNS
activation and is associated with an increased risk of CVD,
acute coronary events such as myocardial infarction and
sudden cardiac death, and all-cause mortality (8,9). Obese
individuals have decreased HRV at rest because of an
increase in SNS activity (10-12).

Exercise improves HRV during rest in healthy subjects
by increasing parasympathetic nervous system activity (13—
17). Additionally, improvements in HRV are measured at
rest in obese individuals following moderate-to-vigorous
intensity exercise training (18,19). What has not been exam-
ined is the HRV response during and immediately after acute
exercise in obese individuals following aerobic exercise
training. The use of graded exercise testing and the acute
exercise response is an established tool for the diagnosis and
prognosis of CVD (3,13,17-24). The prognostic value of
heart rate drop at 1 and 2 minutes after acute exercise is
established (22,24), but the HRV response during and imme-
diately after exercise is not. Studies examining postexercise
HRYV after aerobic exercise training in nonobese individuals
have equivocal results (13,25-27). Therefore, the purpose of
this study was to examine the effect of 12 weeks of moderate
intensity aerobic exercise training on autonomic function
during acute exercise and immediately postexercise, as mea-
sured by HRV in obese individuals. We hypothesized that
HRYV measures would be increased following exercise train-
ing during acute exercise and active recovery, particularly
those related to parasympathetic function, as regular physi-
cal activity increases vagal influence on the heart rate (28).

METHODS
Experimental Procedures

Obese individuals were recruited to undergo 12 weeks of
aerobic exercise training, 3 days per week, at a moderate
intensity. Prior to participation, all subjects provided their
written informed consent. All study procedures were approved
by the Institutional Review Board of James Madison Univer-
sity. Prior to the exercise intervention, subjects underwent
body composition analysis, a fasting blood draw, and a cardio-
respiratory fitness test. Upon completion of the exercise inter-
vention, subjects repeated the same assessments.

Subjects

Sixteen obese individuals volunteered to participate in the
study. Inclusion criteria was a body mass index (BMI) > 30
kg-m™2. Exclusion criteria included any orthopedic limita-
tion precluding participation in regular exercise, women
who were pregnant, or any health condition that did not clear
them for exercise according to the American College of
Sports Medicine (ACSM) (20).

Body Composition

Body weight and height were measured on a Med Vue
Detecto Medical Weight Analyzer (Detecto, Webb City,
Missouri) with minimal clothing and no shoes and were
recorded to the nearest 0.1 kg and 0.1 cm. Waist circumfer-
ence was measured with a cloth tape measure with a spring-
loaded handle, following ACSM guidelines. Percent body
fat, fat-free mass, and fat mass were determined via total
body dual-energy x-ray absorptiometry (Norland at Swiss-
ray [lluminatus DXA, Fort Atkinson, Wisconsin).

Blood Analysis

A blood sample was obtained following an 8 to 10 hour fast
via venipuncture and analyzed for total cholesterol, low-
density lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglycerides, and glucose via the Chemwell
2910 (Awareness Technology, Inc., Palm City, Florida) using
manufacturer’s standards of analysis.

Cardiorespiratory Fithess Assessment

Subjects underwent a submaximal graded exercise test on a
treadmill (Tuff Tread HS Elite, Tuff Tread, Conroe, Texas)
using a modified Balke treadmill test protocol (20). All sub-
jects completed the same initial exercise stage during the
submaximal graded exercise treadmill test (2.0 mph and 0%
grade). Each subsequent stage was personalized according
to individual ability. Gas exchange measurements were
obtained continuously via the Parvo Trueone 2400 Meta-
bolic Measurement System (ProvoMedics, Sandy, Utah),
which uses a high efficiency mixing chamber. Resting heart
rate (HR) was obtained prior to exercise, and exercise HR
was continuously monitored via Polar RS800CX watch and
Polar H10 HR strap (Polar Electro Inc., Bethpage, New
York). Blood pressure and ratings of perceived exertion
were obtained every 2 minutes. The test was terminated
when the subject achieved 85% of age-predicted HR max or
experienced any adverse signs or symptoms, following
ACSM guidelines (20). All subjects completed an active
cooldown at 2.0 mph and 0% grade.

To calculate the predicted VO, for each test, the slope
of the HR and VO, relationship was determined by using the
VO, values obtained during the final 30 seconds of each exer-
cise stage, and the HR values obtained at the end each stage.
Two stages in which the HR values were between 110 and
150 b-m™ were used. The slope was calculated with the fol-
lowing equation: slope = ([VO,2 — VO,1] / [HR2 — HR1]),
where VO, 1 is the submaximal VO, from stage 1, VO,2 is the
submaximal VO, from stage 2, HR1 is the HR from stage 1,
and HR2 is the HR from stage 2. Predicted VO, __ was then
calculated fromthe followingequation: VO, (mL-kg "min™")
= slope (Predicted HR __—HR2) + VO,2. This procedure was
conducted following ACSM recommendations (29).

HRV Assessment

For HRV assessment, RR interval (RRi) data was obtained
with the Polar RS800CX (Polar Electro Oy, Kempele,
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Finland), which has previously been validated relative to
electrocardiography-obtained RRi data (21,30-32). The
final 1 minute of RRi data during the initial 2-minute exer-
cise stage, when all subjects were at the same speed and
grade on the treadmill, the final 1 minute of the final exercise
stage before recovery, when all subjects were at 85% of their
age-predicted maximal HR, and the final 1 minute of active
recovery, when all subjects were again at the same speed and
grade on the treadmill, were used for HRV analysis (30,33).
The RRi data was uploaded using Polar Pro Trainer 5% soft-
ware. HRV analysis was performed using Kubios Standard
software (version 3.1.0.1, Biosignal Analysis and Medical
Imaging Group, Kuopio, Finland) (34).

Time and frequency domains were used for HRV analy-
sis. Time domain measures were HR (beats-min), the stan-
dard deviation of the normal-to-normal intervals (between
adjacent heartbeats) time series (SDNN [ms]), and the square
root of the mean squared differences of successive normal-
to-normal intervals (RMSSD [ms]). The frequency domain
measures, using the fast Fourier Transformation, were low
frequency (LF [ms?], 0.04 — 0.15 Hz), high frequency (HF
[ms?], 0.15 — 0.40 Hz) and low frequency-to-high frequency
ratio (LF/HF). Normalized units of LF and HF were also
calculated, as well as log transforming LF and HF measures
for analysis because of nonnormal distribution.

The time domain measures of SDNN and RMSSD
assess overall autonomic function, as they cannot distinguish
between changes in HRV due to sympathetic or vagal tone
(35). For the frequency domain variables, traditionally LF is
considered a marker of sympathetic modulation, while HF
represents parasympathetic control (7). In more recent years,
however, it is suggested that LF is due to both sympathetic
and parasympathetic control (33,35). And the LF/HF ratio is
considered a measure of sympathovagal balance (7,35).

Exercise Intervention

All subjects performed walking on a treadmill for the dura-
tion of the 12-week intervention. All subjects completed a
5-minute warm-up, a 20-minute exercise session, and a
5-minute cooldown, 3 times per week. For the initial 2 weeks
of training, the exercise intensity was set at 50% of HR
reserve. Weeks 3 to 6, the training intensity was increased to
60% of HR reserve, and for weeks 7 to 12, the training inten-
sity was 65% of HR reserve. Predicted maximal HR and
measured HR were used to calculate training intensities.
During each exercise session, HR was monitored continu-
ously via Polar watch and chest strap to ensure that subjects
were adhering to the prescribed training intensity. All exer-
cise sessions were monitored by study staff. The goal for
exercise adherence was to attend at least 85% of all exercise
sessions.

Statistical Analysis

All analyses were performed using SPSS (IBM SPSS ver-
sion 25.0, IBM Corporation, Armonk, New York). The dis-
tribution normality of all variables was assessed using a
Shapiro-Wilk test. Those variables that deviated from

normality were log transformed for statistical analysis. Data
are presented as mean = SD. Paired sample ¢ tests were used
to compare cardiorespiratory fitness, body composition,
blood lipids, and HRV variables between pretraining and
posttraining. HR, VO, and HRV data from the initial exer-
cise stage of the submaximal treadmill test was used as the
early exercise stage, as all subjects performed the identical
workload. HR, VO,, and HRV data from the last stage of
exercise prior to test termination were used as the late exer-
cise stage, as all subjects were at/near 85% of age-predicted
maximal HR. Pearson correlation coefficients were calcu-
lated for body composition and HRV variables. Statistical
significance for all analyses was set at an alpha of 0.05.

RESULTS

Of the 16 subjects who volunteered for the study and began
training, 5 subjects dropped out. One subject dropped out
because of an injury that occurred separate from the exercise
intervention, 3 dropped out because of scheduling conflicts,
and 1 dropped out because of contracting mumps. There was
no significant difference between the subjects who dropped
out compared to those who did not for age, weight, BMI, or
waist circumference. Only | subject who dropped out under-
went baseline predicted VO, assessment, so a comparison
could not be made on this variable. Mean adherence for the
11 subjects who completed exercise training was 92%, with
a range of 86% to 100%. Figure 1 shows the mean exercise
intensity achieved each week of exercise training as a func-
tion of HR reserve.

Body composition and blood lipid data and cardiorespi-
ratory fitness data from before and after aerobic training are
presented in Table 1. There was a small but significant
decrease in percent body fat after aerobic training. Body-
weight, BMI, lean body mass, fat mass, blood lipids, and
glucose did not change following training. Additionally,
predicted VO, did not change with aerobic training when
assessed relative to total body weight or to lean body mass.

From before exercise training to after training, initial
exercise stage VO, values (10.6 £ 2.5 vs 10.1 + 1.1
mL-kg™"-min”', P = 0.56) and final exercise stage VO, val-
ues (20.1 £ 2.9 vs 20.2 + 3.3 mL-kg"'min”!, P = 0.96) did
not differ. Resting, exercise, and cooldown HR data is pre-
sented in Figure 2. Following exercise training, there was a
trend (P = 0.07) for resting HR to be lower (Figure 2A).
Initial exercise stage HR was lower following exercise train-
ing (P = 0.002, Figure 2B), as was the percent of HR max
with the initial exercise stage (65.0% + 7.9 vs 59.6% + 7.3,
P =0.002). The final exercise stage HR did not differ (P =
0.26, Figure 2C), nor did percent of HR max (84.6% + 2.5 vs
82.6 £ 6.1, P = 0.32). The 2-minute, active cooldown HR
was lower following exercise training (P = 0.02) (Figure
2D), as was the percent of HR max during cooldown (69.8%
+ 5.1 vs 64.9% + 6.7, P < 0.01). The difference between
peak HR achieved and the 2-minute recovery HR was not
significantly different after training. (24.7 = 11.6 vs 27.7 £
7.4; P=0.2).
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FIGURE 1. Mean exercise intensity achieved during each week of exercise training, as a function of heart rate reserve.

TABLE 1. Subject characteristics (N = 11) before and after aerobic training.

Before After

Age (yr) 41.1+98 —
Height (cm) 1723+ 11.3 —
Weight (kg) 113.8 + 26.1 113.6 + 25.1
Body mass index (kg-m?) 39.3+6.3 39.2+59
% fat 46.2+2.2 455+ 7.2*
Fat mass (kg) 55.3+17.0 54.3+£16.5
Lean body mass (kg) 63.4+15.1 64.1+14.2
Total cholesterol (mg-dL-") 2125+325 207.5+30.2
LDL cholesterol (mg-dL"") 134.4 +35.6 131.6 +34.6
HDL cholesterol (mg-dL-") 475+12.0 46.0+9.8
Triglycerides (mg-dL-") 153.4 £ 92.6 149.7 £ 97.7
Glucose (mmol-L-") 56+1.0 58+1.4
Predicted VO, body mass (mL-kg-"-min-") 28.2+3.5 27.4+£45
Predicted VO,__ lean body mass (mL-kg~'-min-') 49875 493+7.4

HDL = high-density lipoprotein; LDL = low-density lipoprotein. Data are given as mean + standard deviation
*P =0.02 compared to before
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FIGURE 2. Pretraining and posttraining heart rates in obese individuals A) at rest, B) during initial stage exercise, C) during final stage of
exercise, and D) during the active recovery period. * indicates P < 0.05 from pretraining to posttraining.

HRYV data during exercise and cooldown from the sub-
maximal treadmill tests from before and after exercise train-
ing are presented in Table 2. After exercise training, HF was
significantly increased during the initial exercise stage.
There was a trend for SDNN and RMSSD to increase, but
they did not reach statistical significance (P = 0.07 for each).
No other HRV variable was different following exercise
training during this initial stage. For the final exercise stage
of the submaximal treadmill tests, LF increased after train-
ing. During active cooldown, RMSSD and normalized units
of HF were significantly increased, while SDNN showed a
trend toward an increase (P = 0.06 for each). No other HRV
variable during cooldown differed following exercise
training.

There was no association between body composition
and any HRV variable at baseline. However, following exer-
cise training, percent body fat was inversely associated with
RMSSD (r = —0.67, P = 0.02), normalized units of HF (r =
—0.67, P=0.02), SD1 (r =—0.67, P = 0.02), and positively
associated with normalized units of LF (r = 0.67, P = 0.02)
during the cooldown phase. There was no association
between body composition and HRV during the initial or
final exercise stage.

DISCUSSION

The current study found that measures of HRV were
improved following 12 weeks of moderate aerobic exercise
training in obese individuals during the acute exercise and
active recovery, independent of changes in cardiorespiratory
fitness. Further, we observed a small but significant improve-
ment in percent fat, suggesting a potential link between adi-
posity and autonomic function. The benefits of exercise
training, independent of body fat, could play a role in
improvements in autonomic function (25,36). The mecha-
nisms behind such have yet to be elucidated, and further
investigation is needed. To our knowledge, this is the first
study to examine the effect of training on exercise and
immediate postexercise HRV.

We observed improved HRV during the initial stage of
exercise primarily, with some changes in HRV during the
final stage of the exercise bout. Little research has examined
the effect of aerobic training on HRV during exercise. Perini
et al. conducted an 8-week progressive interval-based aero-
bic training program and found no changes in exercising
HRV following training in older adults (27). Perini et al.
started participants cycling at 40% of their pretraining max
workrate in 2 to 4 minute stages totaling 30 minutes of
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TABLE 2. Exercise HRV parameters before and after aerobic
training.

Before After
Initial exercise stage
SDNN (ms) 78+38 10.4+6.4
RMSSD (ms) 6.6 £ 3.7 8.7+52
LF (ms?) 30.7+£25.3 51.3+47.4
LF (nu) 60.0 £22.9 55.0 £ 23.3
HF (ms?)? 28.4 £ 30.0 83.1+162.7*
HF (nu) 39.6 £22.9 449+233
LF/HF ratio 4.1+6.7 1.8+15
Final exercise stage
SDNN (ms)? 25+05 26+1.3
RMSSD (ms)? 3.3+0.9 3.3+1.1
LF (ms?) 1.3+1.1 1.7 £3.5*
LF (nu) 55.3 +£26.0 493+273
HF (ms?)? 0.9%0.8 26+6.8
HF (nu) 253+7.6 27182
LF/HF ratio® 4.0+1.2 24+07
Cooldown stage
SDNN (ms) 54+23 83+53
RMSSD (ms)? 52+22 8.3+6.1*
LF (ms?) 346+728 28.3+47.8
LF (nu) 60.9 +£15.8 59.2 +19.5
HF (ms?)? 20.6 +33.2 20.3+21.6
HF (nu)? 38.7+15.7 41.5+19.7*
LF/HF ratio® 21+16 1.9+1.1

HF = high frequency; LF = low frequency; nu = normalized units;
RMSSD = square root of the mean squared differences of
successive normal-to-normal intervals; SDNN = standard
deviation of the normal-to-normal intervals. Data are given as
mean + standard deviation

“Log transformed for analysis, raw data presented

*P < 0.05 compared with Before

exercise. Over 8 weeks the resistance was gradually
increased from 40% to 60% up to 80% to 100% of pretrain-
ing maximal work rate with participants cycling for 36 min-
utes each session. Differences in these findings compared to
ours could be because of differences in participant age and
body composition, or because of the length of training as our
study employed 4 additional weeks of training. The Perini et
al. study examined an older population (70-80 years old),
and their highest BMI was less than 30 kg-m™ whereas in
the present study participants were aged 41.1 + 9.8 years, all
with a BMI > 30 kg-m™. Autonomic dysfunction increases
with age (37), however, the mechanisms between the age-
related and obesity-related decline in ANS modulation are
not the same. Therefore, exercise training may only impact
the mechanisms related to excess adiposity. The present

study observed improvements in HRV primarily during the
first stage of exercise, with less impact on the final stage.
This difference is likely because of increases in metabolic
demand and upregulation of sympathetic control and para-
sympathetic withdrawal, as is expected (38,39). We did,
however, see an improvement in LF variable, which is influ-
enced by both the sympathetic and parasympathetic systems
).

The present study observed improvements in autonomic
function during active recovery in obese individuals follow-
ing aerobic training and is the first study to examine this.
Previous exercise interventions in obese individuals have
found improvements in HRV at rest following training
(18,19). Amano et al. measured improved ANS activity at
rest in obese individuals following 12 weeks of acrobic exer-
cise training on a cycle ergometer (3 sessions per week, 20
minutes at ventilatory threshold) (19). Whereas a study by
Figueroa et al. found improvements in autonomic balance
during the 20-minute postexercise passive recovery period
without changes in resting HRV following a 16-week exer-
cise training in obese individuals with and without type 2
diabetes (36).

Studies on postexercise HRV following aerobic training
with nonobese individuals have shown inconsistent results
(13,25-27). Two studies examining middle-aged, healthy,
sedentary men showed no impact following aerobic training
(10 weeks and 1 year of training, respectively) at light-to-
moderate intensities on HRV variables (13,26). Perini et al.
examined both men and women and found no impact of 8
weeks of training on HRV variables (27). In contrast, 1 study
found that 14 weeks of low-intensity and high-intensity
training resulted in greater HRV in the frequency domain
variables of HRV during during acute exercise (25). They
did not report, however, body composition variables, so it is
not known whether a change in body composition occurred.
Studies in nonobese individuals that reported no change in
postexercise HRV following training also reported no sig-
nificant changes in body weight or mass (13,26,27). Con-
versely, the present study did not result in any changes in
body mass or weight but did note improvements in body fat
percentage and HRV during exercise and active recovery.
This suggests that changes in body adiposity play a role in
autonomic function.

Observations of ANS dysfunction in obese individuals
has been reported (4). A potential pathway in which obesity
influences ANS dysregulation is through elevated plasma
leptin concentrations (40—42). Leptin is an important regula-
tor in lipid metabolism and is released in proportion to body
fat concentration (37). Additionally, leptin upregulates cate-
cholamine activity in animal models and may directly
increase SNS activity in humans (23,41,43). Higher leptin
concentrations occur with elevated adiposity and, therefore,
would modulate autonomic function (40,42). It is important
to note that the present study did not measure leptin concen-
tration and therefore cannot conclude that this is the acting
mechanism of improved HRV. However, reductions in body
fat percentage were observed from pretraining to
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posttraining. This could have potentially led to a decreased
leptin and leptin-driven effects on SNS activity, thus improv-
ing ANS balance and HRV.

A potential limitation of the present study was the use of
individualized submaximal tests to predict VO, . This lim-
ited the ability to truly observe changes that may have
occurred in cardiorespiratory fitness from pretraining to
posttraining. This also limited the ability to draw compari-
sons in HRV at each workload during exercise, aside from
the initial and final stages of exercise because of the same
workload and relative intensity, respectively. However,
using an individualized submaximal protocol as opposed to
a maximal graded exercise test was safer in the population
being observed and allowed every participant to achieve
their submaximal goal. As previously discussed, the litera-
ture surrounding cardiac autonomic regulation during exer-
cise has found that from moderate to high intensities there is
decreased autonomic activity due to shifts from predomi-
nantly parasympathetic to sympathetic cardiac control to
meet metabolic demands (38,39). Because of this it is
unlikely that changes would have occurred in the subsequent
stages following the initial stage of the graded submaximal
exercise test because of increasing intensity. Additionally,
we did not measure HRV at rest. This limited our ability to
compare our findings to other studies that have examined
HRYV changes with training at rest. Our focus, however, was
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to explore changes during acute exercise and active recovery
with aerobic training.

CONCLUSIONS

In summary, the present study found that HRV during exer-
cise and an active recovery were improved following 12
weeks of moderate aerobic exercise training in obese indi-
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