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Abstract
This investigation aimed to determine if groupings based upon sum of skinfold thickness (SF) would reflect the
differences in heart rate variability (HRV) measured for up to 30-minutes following maximal exercise, and to
determine the extent in variation in post-exercise HRV that could be accounted for between the following
independent variables: SF, body mass index (BMI) and maximal oxygen consumption (VO2max). SF and BMI
measurements were performed on fifty-four men who completed maximal exercise testing to determine VO2max.
HRV was evaluated for five-minutes before (Pre), at 0-5 minutes post- (Post1) and 25-30 minutes post-exercise
(Post2), and analyzed by frequency domain [high frequency (HF) power, and HF to low frequency power ratio
(LF:HF)). Two groups were formed based on being above or below the sample mean value of SF. HF and LF:HF
were significantly higher and lower, respectively, at Pre and Post 2 in Group 1 compared to Group 2 (p < 0.05),
which remained after controlling for VO2max and BMI. Furthermore, there was a significant trend toward baseline
in post-exercise HRV in Group 1 (p < 0.05) but not in Group 2 (p > 0.05). In addition, SF was the only variable to
significantly relate to the post-exercise HRV parameters (p < 0.05). The findings of this investigation suggest greater
SF is related to a delayed return of HRV toward baseline from maximal exercise. The association between SF and
HRV is independent of VO2max and BMI.
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Acute physical exertion is considered a physiological stressor with substantial effects on cardiac autonomic modulation (Hautala et al., 2001). Due to the shift in autonomic
balance from parasympathetic to sympathetic dominance,
it has been suggested that the heart is vulnerable to dysrhythmias and fatal events during and recovery from exercise compared to rest (Paterson, 1996; Singer et al., 1988).
Furthermore, a prolonged decrease in parasympathetic
tone following exercise has been associated with incomplete physical recovery (Mourot et al., 2004). Therefore,
activities that accelerate parasympathetic rebound following exercise should be encouraged.
Heart rate variability (HRV) is widely used as a noninvasive measure of cardio-vascular autonomic control
and is specifically predictive of cardiac dysrhythmias and
sudden mortality.
(Task Force, 1996). Higher HRV has been suggested as
being cardio-protective (Task Force, 1996). Indeed, spectral
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analysis of HRV has provided investigators a method to delineate autonomic disturbance after exercise cessation and
into later stages of recovery (Hautala et al., 2001; Parekh &
Lee, 2005). However, most investigations have focused on
the effects of different components of exercise prescription,
such as intensity (Hautala et al., 2001), modality (Heffernan
et al., 2006), and duration (Parekh & Lee, 2005). To date,
there is very little scientific exploration of the association
of various individual physical fitness parameters on the
kinetics of HRV following acute exertion.
Though resting HRV and the immediate vagal-induced
heart rate recovery (HRR) following exercise appear to
be related to maximal oxygen uptake (VO2max) and
body composition (Aubert et al., 2003; Byrne et al., 1996;
Millis et al., 2010; Molfino et al., 2009), the latter may
hold an independent link to overall cardiac-autonomic
control (Campos et al., 2012; Esco et al., 2011). Recently,
Esco et al. (2011) showed that between selected body
composition parameters and VO2max, the simplistic
measure of total skinfold thickness (SF) was the strongest predictor of resting HRV and HRR when analyzed
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via stepwise regression. However, cardiac-autonomic activity was not measured into later stages of recovery, i.e.,
beyond 2-minutes (2011).
This investigation aimed to determine if groupings
based upon SF would reflect the differences in HRV
measured for up to 30-minutes following maximal exercise, independent of other selected markers of physical
fitness, in young men. The secondary purpose of this investigation was to determine the extent in variation in
post-exercise HRV that could be accounted for between
the following independent variables: SF, body mass index
(BMI) and VO2max. It was hypothesized that the group
with the lowest SF measures would have a faster return
of HRV following exercise, and that between the independent variables, SF would hold the strongest relationship with post-exercise HRV.

Methods
Participants

Sixty men (age = 22.6 +/- 3.2 years, height = 181.8 +/7.6 cm, weight = 83.0 +/- 10.7 kg) volunteered for this
study. Data was collected on each subject after a 10 hour
fasting period. Strenuous exercise was avoided for 24
hours prior to data collection. After receiving detailed
instruction about the investigation and potential risks,
each subject provided appropriate written informed consent and was informed that they could withdraw from
the study at any time. Health-history questionnaires
were completed. All participants that were apparently
healthy, free from cardiopulmonary, metabolic, and/or
orthopedic disorders, and currently not taking any prescription or over-the-counter medications were included
in the study. This study was approved by the University’s
Institutional Review Board for research involving human
subjects.
Body composition parameters

Height was measured with a wall-mounted stadiometer
(SECA; Seca Instruments Ltd, Hamburg, Germany) and
recorded to the nearest 0.5 cm. Weight was measured
with a calibrated digital scale (Tanita BWB-800A, Tanita
Corp, Tokyo, Japan) and recorded to the nearest 0.5 kg.
Body mass index (BMI) was calculated as weight in kg divided by height in meters squared (kg.m-2) and rounded
to the nearest 0.1 kg.m-2.
Skinfold measurements were obtained for each subject
by the same trained technician with the use of calibrated
skinfold calipers (Harpenden; Baty International, West
Sussex, UnitedKingdom). For this individual, intraclass
correlation coefficient within each skinfold measurement
was r = 0.99. Skinfolds were measured from the following seven sites following the appropriate guidelines
of the American College of Sports Medicine (2009):
pectoralis major; triceps; subscapularis; mid-axillary line;
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abdomen; suprailliac; and thigh. All of the sites were
measured in rotating order. At least two measurements
were performed. If the readings were not within 2 mm
of each other, a third measurement was completed. The
average of the measures was calculated and rounded to
the nearest 0.5 mm. The sum total of all 7 sites was
recorded as SF.
VO2max and heart rate recovery

Each subject performed a maximal graded exercise test
on a Trackmaster treadmill (Full Vision, Inc., Carrollton,
TX). The Bruce protocol was employed, which involved
progressions in work rate (speed and grade) every three
minutes until maximal oxygen consumption (VO2max)
was reached. Expired gas fractions (oxygen and carbon
dioxide) were collected at the mouth in a continuous
manner, utilizing a mixing chamber and gas analyzers
from a ParvoMedics TrueOne® 2400 metabolic cart
(Sandy, UT, USA). Maximal oxygen uptake was reached
if there was a plateau in oxygen consumption despite an
increased work, respiratory exchange ratio of > 1.10, and
a heart rate within 10 beats of age-predicted maximum
(220-age). After the cessation of exercise, a 3 minute
period with the treadmill workload decreased to 2.5
mph and 1.5% grade served as the cool-down. The heart
rate that corresponded to VO2max was recorded as
maximal heart rate (MHR). The heart rates at 1- and 2minutes post-exercise were subtracted from MHR and
recorded as HRR 1-minute (HRR1) and 2-minutes
(HRR2), respectively.
Heart rate variability

Each subject was instructed to lay supine on an athletic
training table in a dimly lit laboratory for a 10-minute
period before the exercise test. Immediately following
the maximal exercise protocol, the subjects were allowed
a 3-minute period to transition from the treadmill before
comfortably assuming the supine position again on the
athletic training table. The post-exercise period lasted
for 30-minutes. Breathing pattern was not controlled for,
as previous literature suggests that paced breathing rate
masks the relationship between HRV and body fat percentage (Millis et al., 2010). The subject’s heart rate and
rhythm was assessed via electrocardiogram (ECG) with
surface electrodes placed across the subject’s chest in
a Lead II arrangement. The electrode leads were
connected to a Biopac MP100 data acquisition system
(Goletta, CA, USA). All data was stored in a Dell PC.
For HRV analysis, the ECG tracings were divided into
three 5-minute segments as follows: the last 5 minutes
of the 10-minute pre-exercise period (Pre), and at 0 to 5
minutes (Post1) post- and 25 to 30-minutes (Post2)
post-exercise. For each 5-minute segment, the ECG recordings were visually inspected and any non-sinus beats
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were removed and replaced by the adjacent normal cycle.
If three or more ectopic beats were found within any ECG
segment, the subject was excluded from analysis.
Each 5-minute ECG recording was converted to a
power spectrum by applying a Hanning window with a
fast Fourier transformation via specialized HRV software
(Nevrokard version11.0.2, Izola, Slovenia). From the
power spectrum, HRV was separated into high frequency
(HF) power (0.15-0.40 Hz) and low frequency (LF)
power (0.04 – 0.15 Hz), which were both normalized to
account for the influence of total power of the entire
wave and the very low frequency band (0.0033 – 0.04
Hz). Parasympathetic-autonomic influence was considered to be represented by HF (Task Force, 1996). The
LF:HF ratio was measured and recorded to indicate
sympathovagal balance (Task Force, 1996). The HRV parameters were analyzed during the Pre (HFpre and LF:
HFpre), Post1 (HFpost1 and LF:HFpost1), and Post 2
(HFpost2 and LF:HFpost2) time segments.
To quantify HRV kinetics in the post-exercise period
(i.e., 0-5 minutes post to 25-30 minutes post), the difference in each post time point for all HRV variables were
determined. The following equations were performed:
1: Post-exercise HF (HFP-E) = HFpost2 – HFpost1
2: Post-exercise LF:HF (LF:HFP-E) = LF:HFpost2 – LF:
HFpost1
Statistical analyses

Due to the previous finding of SF serving as a significant
predictor of HRR independent of BMI or VO2max (Esco
et al., 2011), the sample was divided into two groups as being either below (Group 1) are above (Group 2) the mean
of SF for the entire sample. Means and standard deviations
(SD) were determined for all the studied variables. Group
differences were determined for HRR1 and HRR2 with
one-way ANOVAs. To adjust for the possible independent
influences of BMI and VO2max, analysis of covariance
(ANCOVA) procedures were used as follow-up tests. The
difference in HF and LF:HF between each measured time
point (i.e., Pre, Post1, and Post2) was examined with a 2
(group) × 3 (time) repeated measures analysis of variance.
Paired- and Independent-Samples T-Tests were used to
further explore the time and group differences. Follow-up
ANCOVAs were also used to control for potential confounders. Pearson product correlations evaluated the

relationship between the selected body composition variables (i.e., BMI, and SF [as a continuous variable]),
VO2max, resting HRV (i.e., HFpre, and LF:HFpre) and the
post-exercise cardiac-autonomic variables (i.e., HRR1,
HRR2, HFP-E, HF:LFC-E). Stepwise regression procedures
were also used to determine which of the independent variables accounted for the greatest variation in each postexercise cardiac-autonomic variable. Statistical significance
was set at p < 0.05. Statistical analyses were performed
using SPSS/PASW software (version 18.0). Data normality
for all tested parameters was evaluated with a ShipiroWilk test. The assumption of normality was not violated
for any variable.

Results
The amount of ectopic beats exceeding the exclusion
criteria were found in six subjects. Therefore, fifty-four
subjects were included in data analyses. Descriptive statistics for the participants are shown in Table 1. The
mean SF was 84.7 ± 30.2 mm, and thus, the two groups
were divided below (Group 1, n = 27) and above (Group
2, n = 27) this value. There were statistically significant
differences found between the two groups in body
weight, BMI, and SF (p < 0.05). There were no statistically significant differences found in age, height, or
VO2max (p > 0.05).
Group 1 had a mean (± SD) HRR1 of 21.2 (± 6.0)
beats.min-1, while Group 2 had a mean (±SD) HRR1 of
18.0 (± 6.3) beats.min-1 (p > 0.05). Group 1 had a mean
(± SD) HRR2 of 46.9 (± 7.7) beats.min-1, while Group 2
had a mean (±SD) HRR2 of 38.5 (± 7.9) beats.min-1,
which was significantly different (p < 0.05).
There were significant group × time interactions for
HF, which is represented in Figure 1 and values being
shown in Table 2. HFpre was significantly greater in
Group 1 compared to Group 2 (p < 0.05). HFpost1 and
HFpost2 were significantly lower compared to the HFpre
values in both groups. There were no significant group
differences (p > 0.05) in HFpost1, whereas HFpost2 was
significantly greater in Group 1 compared to Group 2
(p < 0.05). Furthermore, HFpost2 was significantly higher
than HFpost1 in Group 1 (p < 0.05), but not in Group 2
(p > 0.05). The group x time interactions remained after
controlling for VO2max and BMI (p <0.05).
There were significant group × time interactions for
LF:HF, which is represented in Figure 2 and values being

Table 1 Descriptive statistics of the participants
Group 1 (n = 27)

Age (yr)

Height (cm)

Weight (kg)*

BMI (kg.m-2)*

SF (mm)*

VO2max (ml.kg-1.min-1)

22.3 ± 3.1

182.8 ± 7.3

78.6 ± 8.3

23.6 ± 1.9

62.3 ± 9.5

46.1 ± 6.6

Group 2 (n = 27)

23.0 ± 3.3

180.9 ± 7.8

87.3 ± 11.3

26.7 ± 3.1

107.1 ± 26.9

43.2 ± 7.9

Total (n = 54)

22.6 ± 3.2

181.8 ± 7.6

83.0 ± 10.7

25.1 ± 3.0

84.7 ± 30.2

44.7 ± 7.4

BMI = body mass index, SF = sum total of skinfold thicknesses, VO2max = maximal oxygen consumption. *Significantly different between the two groups (p < 0.05).
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Figure 1 Group × time interactions for HF. *Significantly greater than HFpost1 and HFpost2 (p < 0.05). †Significantly greater in Group 1
compared to Group 2 (p > 0.05). ‡HFpost2 was significantly greater compared to HFpost1 in Group 1 (p > 0.05). Error bars not included for clarity.

shown in Table 2. LF:HFpre was significantly lower in
Group 1 compared to Group 2 (p < 0.05). LF:HF was significantly higher at Post1 and Post2 compared to Pre
values in both groups (p < 0.05). There was no significant
group difference (p > 0.05) in LF:HFpost1, whereas LF:
HFpost2 was significantly lower in Group 1 compared to
Group 2 (p < 0.05). Furthermore, LF:HFpost2 was significantly lower compared to LF:HFpost1 in Group1 (p <
0.05), but not in Group 2 (p > 0.05). The group × time
interactions remained after controlling for VO2max and
BMI (p <0.05).
Table 3 represents the zero-order correlation coefficients between the independent and dependent variables.
There were significant correlations found between SF
and HRR2 (r = - 0.35, p < 0.05), HFpre (r = -0.28, p <
0.05), HFP-E (r = -0.35, p < 0.05), and LF:HFP-E (r = 0.35,
p < 0.05). Neither VO2max nor BMI significantly correlated with any HRR or HRV variable (p > 0.05). In
addition, there were no significant correlations found between the independent variables and HRR1 or LF:HFpre
(p > 0.05). The results of the stepwise regression procedures showed that SF accounted for the greatest variation

in HRR2 (R2 = 0.12, p < 0.05), HFP-E (R2 = 0.12, p < 0.05),
and LF:HFP-E (R2 = 0.12, p < 0.05). Neither VO2max nor
BMI added statistical significance to the regression
models, above and beyond that of SF.

Discussion
The results of this study suggest that SF, but not
VO2max or BMI, is significantly related to cardiacautonomic regulation at rest and post-exercise. The finding of a relationship between SF and resting HRV and
HRR is in agreement with previous research (Esco et al.,
2011). In addition, Campos et al. (2012) showed that
HRR was linked to body fat percentage, but not
VO2max, which also concurs with our findings since the
SF technique is commonly used to predict body fat percentage in field settings (ACSM, 2009). The most important finding from the current study extends previous
research, showing a significant and independent association between SF and HRV that was measured up to 30minutes following exercise.
The study’s sample was cross-sectionally divided into
two groups based upon being either below (i.e., Group 1)

Table 2 Pre and post-exercise HRV (HF and LF:HF) values (means ± SD) between groups
HFpre (%)

HFpost1 (%)

HFpost2 (%)

LF:HFpre

LF:HFpost1

LF:HFpost2

Group 1 (n = 27)

42.6 ± 16.2*†

13.5 ± 6.7

29.1 ± 18.1†‡

1.58 ± 1.06*†

7.45 ± 5.11

3.71 ± 3.37†‡

Group 2 (n = 27)

33.2 ± 12.3*

13.5 ± 9.9

15.6 ± 11.8

2.52 ± 2.16*

7.29 ± 4.52

7.80 ± 5.28

HFpre = High frequency (HF) HRV before exercise, HFpost1 = HF HRV 0 to 5 minutes post-exercise, HFpost2 = HF HRV 25 to 30 minutes post-exercise, LF:HFpre =
Low frequency to HF power HRV before exercise, LF:HFpost1 = LF:HF HRV 0 to 5 minutes post-exercise, LF:HFpost2 = LF:HF HRV 25 to 30 minutes post-exercise.
*Significantly different compared to the post1 and post2 values. †Significantly different compared to Group 1 (p < 0.05). ‡Significantly different compared to post1
values (p < 0.05).
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Figure 2 Group × time interactions for LF:HF. *Significantly lower in Group 1 compared to Group 2 (p > 0.05). †Significantly greater in Group 1
compared to Group 2 (p < 0.05). ‡LF:HFpost2 was significantly lower compared to LF:HFpost1 in Group 1 (p > 0.05). Error bars not included
for clarity.

or above (Group 2) the mean SF. Group 1 had a significant trend toward baseline in all of the post-exercise HRV
markers, as HFpost2 and LF:HFpost2 were significantly
different from HFpost1, and LF:HFpost1, respectively. In
contrast, Group 2 did not have a significant trend toward
baseline in the frequency domain parameters, as there
were no significant differences in the Post1 and Post2
values. The group differences in the post-exercise HRV
values remained after controlling for BMI and VO2max,
showing the independent effect of the SF groups. These
findings suggest a faster post-exercise return of HRV in
the leaner group of men. Thus, the first hypothesis of the
study was supported.
In addition, the relationship between SF (as a continuous variable), BMI, VO2max, and the cardiac-autonomic
Table 3 Zero-order correlation coefficients (r) showing
the relationship between the variables
HRR1 (beats.min-1)

VO2max

BMI

SF

−0.02

−0.02

−0.16

HRR2 (beats.min-1)

0.15

−0.15

−0.35*

HFP-E

−0.06

−0.16

−0.35*

LF:HFP-E

−0.23

0.12

0.35*

VO2max = maximal oxygen consumption; BMI = body mass index; SF = sum of
skinfold thickness; HRR1 = heart rate recovery 1-minute post-exercise; HRR2 =
heart rate recovery 2-minutes post-exercise; HFP-E = high-frequency power (HF)
heart rate variability (HRV) 25 to 30 minutes post-exercise minus HF HRV 0 to
5 minutes post-exercise (i.e., HFpost2 – HFpost 1); LF:HFP-E = HF to low
frequency power (LF) HRV ratio 25 to 30 minutes post-exercise minus HF to LF
ratio 0 to 5 minutes post-exercise. *Significantly related, p < 0.05.

measures was also determined. It was found that SF was
the best predictor of resting HRV and HRR which. Most
importantly, however, SF was the only variable to relate
to the return toward baseline in HRV from immediate to
30-minutes post-exercise (i.e., Post2 minus Post1: HFP-E
and LF:HFP-E). In other words, SF significantly and independently explained 12% of the variation in HFP-E and
11% of the variation in LF:HFP-E. Neither BMI nor
VO2max were related to the post-exercise HRV values.
Thus, the findings support the second hypothesis that
SF is independently associated with post-exercise HRV.
Physical exertion acutely increases cardiac output and
results in a redistribution of blood flow to meet the metabolic demands of active skeletal muscle. After exercise,
there is a prompt decrease in cardiac output as physiological activity returns towards resting conditions. Specialized afferent receptors, such as metaboreceptors and
baroreceptors, are highly involved with the changes in
cardiovascular-autonomic modulation during and after exercise. However, increased intramuscular fat reduces skeletal muscle uptake of glucose and attenuates acidosis
during exercise (Sherman et al., 1988), and therefore,
could lower the activation of the metaboreceptors (Dipla
et al., 2012). Furthermore, reduced baroreflex sensitivity
following brisk walking has been reported in obese compared to lean women (Figueroa et al., 2007a). Consequently, it appears that the afferent feedback mechanisms
that normally result in an appropriate autonomic adjustment of the cardiovascular system during and following

Esco and Williford SpringerPlus 2013, 2:389
http://www.springerplus.com/content/2/1/389

exercise is impaired with a higher amount of body fat
(Dipla et al., 2012), which help to explain the results of the
current study.
The finding of no relationship between BMI and any
autonomic parameter was expected. Though BMI is moderately related to chronic disease risk factors, body fat percentage appears to be overall a better predictor of such
conditions (Zeng et al., 2012). The primary reason for this
is due to the disadvantage of BMI failing to distinguish between lean and fat tissues (Nevill et al., 2006; Zeng et al.,
2012). Furthermore, previous research has shown significant associations between resting HRV and markers of
body fat percentage, but not BMI (Esco et al., 2011; Millis
et al., 2010), which support the current findings.
The finding of no association between VO2max and
post-exercise HRV is perplexing, since an improvement in
resting vagal tone usually occurs with endurance training
(Shin et al., 1997). However, this is in agreement with
Cornelissen et al., (2010) who showed no change in postexercise HRV following 10-weeks of exercise, though
VO2max increased. Yamamoto et al. (2001) showed an
improvement in post-exercise HRV after only 1-week of
endurance training, though no changes were found between weeks 2 and 6. Therefore, endurance training may
result in a minimal enhancement of post-exercise HRV.
Other improvements in physical fitness, compared to just
aerobic conditioning, could also play an important and
additive role.
Changes in body composition have been shown to enhance autonomic tone at rest and in response to stress
(Ashida et al., 2007; Blumenthal et al., 2010; de Jonge
et al., 2010; Figueroa et al., 2007b; Grassi et al., 1998;
Tonacio et al., 2006; Trombetta et al., 2003). Diet induced
weight loss improved baroreceptor sensitivity and metaboreflex in obese subjects (Grassi et al., 1998; Trombetta
et al., 2003). In addition, Tonacio et al. (2006) showed a
significantly greater improvement in forearm vascular
conductance following mental stress in a group of obese
women who lost weight from a diet-plus-exercise intervention compared to a group who lost a similar amount of
weight from a diet-only intervention. Other investigators
have shown an improvement in autonomic regulation with
weight loss from caloric reduction (Ashida et al., 2007),
and an even greater effect with the addition of exercise
(Blumenthal et al., 2010; de Jonge et al., 2010). Furthermore, 16 weeks of endurance exercise training improved
post-exercise HRV, baroreflex sensitivity, and peak maximal oxygen consumption in obese women, without a
concomitant significant change in body composition
(Figueroa et al., 2007a). Therefore, it is reasonable to consider that lifestyle interventions designed to influence both
aerobic fitness and body composition could result in the
greatest enhancement of autonomic control of heart rate.
Research determining the effects of chronic exercise
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training with and without a reduction in body fat on resting and post-exercise cardiac-autonomic modulation is
needed.
Unfortunately, the cross-sectional and correlational
design of the study limits the ability to determine causeand-effect. Furthermore, the current study only included
young-adult men. Therefore, it is difficult to extrapolate
the findings to consider women and older subjects.
Cardiac-autonomic control has been shown to be different between sexes and influenced by aging (Vandeput
et al., 2012). In addition, the sample was grouped based
on whether they were above or below the mean skinfold.
The main emphasis within public health is place in
the extremes of the distribution; i.e., with significantly
underweight or obese. However, the novel finding of the
current study provides an important first step for future
research in subjects with clinical weight-related issues.

Conclusions
The findings of this investigation suggest greater SF is related to a delayed return of HRV toward baseline from
maximal exercise. Therefore, healthy body fat percentage
could be cardio protective during the post-exercise period,
when the heart is at an immediate risk of an unfavorable
event. Practitioners may need to consider targeting a reduction in body fat percentage with lifestyle interventions
when attempting to enhance cardiac-autonomic control.
Competing interests
On behalf of all authors, the corresponding author states that there is no
conflict of interests.
Authors’ contributions
MRE collected data and wrote the manuscript. HNW assisted with the data
collection, statistical analysis, and writing. Both authors read and approved
the final manuscript.
Received: 28 June 2013 Accepted: 15 August 2013
Published: 19 August 2013
References
American College of Sports Medicine (2009) ACSM’s guidelines for exercise
testing and prescription, 8th edn. Lippincott Williams and Williams,
Philadelphia, PA, pp 66–68
Ashida T, Ono C, Sugiyama T (2007) Effects of short-term hypocaloric diet on
sympatho-vagal interaction assessed by spectral analysis of heart rate and
blood pressure variability during stress tests in obese hypertensive patients.
Hypertens Res 30:1199–1203. doi:10.1291/hypres.30.1199.
Aubert A, Seps B, Beckers F (2003) Heart rate variability in athletes. Sports Med
33:889–919. doi:10.2165/00007256-200333120-00003.
Blumenthal JA, Babyak MA, Hinderliter A, Watkins LL, Craighead L, Lin PH, Caccia
C, Johnson J, Waugh R, Sherwood A (2010) Effects of the DASH diet alone
and in combination with exercise and weight loss on blood pressure and
cardiovascular biomarkers in men and women with high blood pressure:
the ENCORE study. Arch Intern Med 170:126–135. doi:10.1001/
archinternmed.2009.470.
Byrne EA, Fleg JL, Vaitkevicius PV, Wright J, Porges SW (1996) Role of aerobic
capacity and body mass index in the age associated decline in heart rate
variability. J Appl Physiol 81:743–750.
Campos EZ, Bastos FN, Papoti M, Freitas Junior IF, Gobatto CA, Balikian JP (2012)
The effects of physical fitness and body composition on oxygen
consumption and heart rate recovery after high-intensity exercise.
Int J Sports Med 33:621–626. doi:10.1055/s-0031-1295442.

Esco and Williford SpringerPlus 2013, 2:389
http://www.springerplus.com/content/2/1/389

Cornelissen VA, Verheyden B, Aubert AE, Fagard RH (2010) Effects of aerobic
training intensity on resting, exercise and post-exercise blood pressure, heart
rate, and heart-rate variability. J Hum Hypertens 24:175–182.
doi:10.1038/jhh.2009.51.
de Jonge L, Moreira EA, Martin CK, Ravussin E (2010) Impact of 6-month caloric
restriction on autonomic nervous system activity in healthy, overweight
individuals. Obesity 18:414–416. doi:10.1038/oby.2009.408.
Dipla K, Nassis GP, Vrabas IS (2012) Blood pressure control at rest and during
exercise in obese children and adults. J Obes 147385.
doi:10.1155/2012/147385.
Esco MR, Williford HN, Olson MS (2011) Skinfold thickness is related to
cardiovascular autonomic control as assessed by heart rate variability and
heart rate recovery. J Strength Cond Res 25:2304–2310.
doi:10.1519/JSC.0b013e3181f90174.
Figueroa A, Baynard T, Fernhall B, Carhart R, Kanaley JA (2007a) Impaired
postexercise cardiovascular autonomic modulation in middle-aged women
with type 2 diabetes. Eur J Cardiovasc Prev Rehabil 14:237–243.
doi:10.1097/HJR.0b013e32801da10d.
Figueroa A, Baynard T, Fernhall B, Carhart R, Kanaley JA (2007b) Endurance
training improves post-exercise cardiac autonomic modulation in obese
women with and without type 2 diabetes. Eur J Appl Physiol 100:437–444.
doi:10.1007/s00421-007-0446-3.
Grassi G, Seravalle G, Colombo M, Bolla G, Cattaneo BM, Cavagnini F, Mancia G
(1998) Body weight reduction, sympathetic nerve traffic, and arterial
baroreflex in obese normotensive humans. Circulation 97:2037–2042.
doi:10.1161/01.CIR.97.20.2037.
Hautala A, Tulppo MP, Makikallio TH, Laukkanen R, Nissila S, Huikuri HV (2001)
Changes in cardiac autonomic regulation after prolonged maximal exercise.
Clin Physiol 21:238–245. doi:10.1046/j.1365-2281.2001.00309.x.
Heffernan KS, Kelly EE, Collier SR, Fernhall B (2006) Cardiac autonomic modulation
during recovery from acute endurance versus resistance exercise. Eur J
Cardiovasc Prev Rehabil 13:80–86. doi:10.1097/01.hjr.0000197470.74070.46.
Millis RM, Austin RE, Hatcher MD, Bond V, Faruque MU, Goring KL, Hickey BM, De
Meersman RE (2010) Association of body fat percentage and heart rate
variability measures of sympathovagal balance. Life Sci 86:153–157.
doi:10.1016/j.lfs.2009.11.018.
Molfino A, Fiorentini A, Tubani L, Martuscelli M, Rossi-Fanelli F, Laviano A (2009)
Body mass index is related to autonomic nervous system activity as
measured by heart rate variability. Eur J Clin Nutr 63:1263–1265.
doi:10.1038/ejcn.2009.35.
Mourot L, Bouhaddi M, Perrey S, Cappelle S, Henriet MT, Wolf JP, Rouillon JD,
Regnard J (2004) Decrease in heart rate variability with overtraining:
Assessment by the Poincare´ plot analysis. Clin Physiol Funct Imaging
24:10–18. doi:10.1046/j.1475- 0961.2003.00523.
Nevill AM, Stewart AD, Olds T, Holder R (2006) Relationship between adiposity
and body size reveals limitations of BMI. Am J Phys Anthropol 129:151–156.
doi:10.1002/ajpa.20262.
Parekh A, Lee CM (2005) Heart rate variability after isocaloric exercise bouts of
different intensities. Med Sci Sports Exerc 37:599–605. doi:10.1249/01.
MSS.0000159139.29220.9A.
Paterson DJ (1996) Antiarrhythmic mechanisms during exercise. J Appl Physiol
80:1853–1862
Sherman WM, Katz AL, Cutler CL, Withers RT, Ivy JI (1988) Glucose transport: locus
of muscle insulin resistance in obese Zucker rats. Am J Physiol
255:E374–E382
Shin K, Minamitani H, Onishi S, Yamazaki H, Lee M (1997) Autonomic differences
between athletes and nonathletes: Spectral analysis approach. Med Sci
Sports Exerc 29:1482–1490. doi:10.1097/00005768-199711000-00015.
Singer DH, Martin GJ, Magid N, Weiss JS, Schaad JW, Kehoe R, Zheutlin T, Fintel
DJ, Hsieh AM, Lesch M (1988) Low heart rate variability and sudden cardiac
death. J Electrocardiol 21:S46–S55. doi:10.1016/0022-0736(88)90055-6.
Task Force of the European Society of Cardiology, The North American Society of
Pacing, Electrophysiology (1996) Heart rate variability: standards of
measurement, physiological interpretation, and clinical use. Circulation
93:1043–1065. doi:10.1161/01.CIR.93.5.1043.
Tonacio AC, Trombetta IC, Rondon MU, Batalha LT, Kuniyoshi FH, Laterza MC,
Suzuki PH, Gowdak MM, Barretto AC, Halpern A, Villares SM, Negrão CE
(2006) Effects of diet and exercise training on neurovascular control during
mental stress in obese women. Braz J Med Biol Res 39:53–62.
doi:10.1590/S0100-879X2006000100006.

Page 7 of 7

Trombetta IC, Batalha LT, Rondon MU, Laterza MC, Kuniyoshi FH, Gowdak MM,
Barretto AC, Halpern A, Villares SM, Negrão CE (2003) Weight loss improves
neurovascular and muscle metaboreflex control in obesity. Am J Physiol
Heart Circ Physiol 285:H974–H982. doi:10.1152/ajpheart.01090.2002.
Vandeput S, Verheyden B, Aubert AE, Van Huffel S (2012) Nonlinear heart rate
dynamics: circadian profile and influence of age and gender. Med Eng Phys
2012:108–117. doi:10.1016/j.medengphy.2011.07.004.
Yamamoto K, Miyachi M, Saitoh T, Yoshioka A, Onodera S (2001) Effects of
endurance training on resting and post-exercise cardiac autonomic control.
Med Sci Sports Exerc 33:1496–502. doi:10.1097/00005768-200109000-00012.
Zeng Q, Dong SY, Sun XN, Xie J, Cui Y (2012) Percent body fat is a better
predictor of cardiovascular risk factors than body mass index. Braz J Med Biol
Res 45:591–600. doi:10.1590/S0100-879X2012007500059.
doi:10.1186/2193-1801-2-389
Cite this article as: Esco and Williford: Relationship between postexercise heart rate variability and skinfold thickness. SpringerPlus
2013 2:389.

Submit your manuscript to a
journal and beneﬁt from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁeld
7 Retaining the copyright to your article

Submit your next manuscript at 7 springeropen.com

