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ABSTRACT
BACKGROUND: Heart rate variability (HRV) is an efficient non-invasive method to
represent the autonomic nervous system (ANS) activity. In clinical settings, HRV has been
demonstrated to be a prognostic indicator related to cardiovascular diseases (CVD). A common
approach for measuring HRV is to record within an isolated condition. However, HRV varies
from day to day, hence an isolated measurement is often not suitable for reflecting a true change
in ANS status. According to previous research utilizing isolated HRV recordings, both aerobic
fitness and body mass index (BMI) are correlated with HRV. Yet, the extent to which aerobic
fitness and BMI independently relate to HRV is less clear, especially when HRV is expressed as
an average over time or as the coefficient of variation (CV) of multiple measures. Furthermore,
our understanding of these relationships among young adult women subjects is limited as the
majority of HRV research has involved men. PURPOSE: To determine if HRV collected over a
period of days is associated with aerobic fitness and BMI in young adult women. METHODS:
Healthy, untrained young adult women (n = 30; 20.6 ± 1.2 yr) who were overweight (26.9 ± 7.1
kg/m2) participated in this study. HRV was measured for three consecutive days at the same time
in the early morning and averaged (3dayM). A maximal graded exercise test on the treadmill was
performed to evaluate the peak oxygen consumption (VO 2peak) after 3-day HRV data collection.
BMI was calculated using subjects’ height and weight. Independent associations between HRV
(i.e., 3dayM and corresponding CV [3dayCV]) and aerobic fitness and BMI were evaluated using
correlations. RESULTS: Aerobic fitness (VO2peak) was not correlated with any of the HRV
parameters for the 3dayM and 3dayCV values (all P > 0.05). BMI was not correlated with any of

ii

the HRV parameters for the 3dayM values (all P > 0.05), however, BMI was correlated with all
but one HRV parameter (HFCV, p > 0.05) for 3dayCV: SDNNCV (r = 0.471, p = 0.009), RMSSDCV
(r = 0.396, p = 0.030), LFCV (r = 0.499, p = 0.005), SD1CV (r = 0.394, p = 0.031), and SD2CV (r =
0.426, p = 0.019). CONCLUSION: The results of this study showed that HRVCV values were
significantly correlated to BMI among 30 healthy, untrained women subjects over 3-day
measurement.
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INTRODUCTION
Autonomic nervous system (ANS) is the portion of peripheral nervous system that
modulates the activity of the internal organs, such as the heart rate, blood pressure, body
temperature and digestive system. The two branches of ANS: sympathetic and parasympathetic
nervous system, act accordingly to initiate specific internal responses. Concerning the heart, the
sympathetic nervous system has been suggested to be excitatory, while parasympathetic nervous
is inhibitory. For instance, during exercise, sympathetic activity increases while parasympathetic
activity decreases to increase heart rate and stroke volume [Perini, et al. 2003]. Following
exercise, parasympathetic activity returns while sympathetic influence decreases to return the
heart toward a resting state. Thus, cardiac activity is the result of the balance between the
sympathetic and parasympathetic branches of the ANS.
Heart rate variability (HRV), which refers to the variation of consecutive normal-tonormal heart beats, has been suggested to be an efficient non-invasive marker of ANS activity
[Sztajzel, et al. 2004; Buchheit, et al. 2014]. A high HRV suggests parasympathetic activity is
dominate, while reduced HRV is indicative of sympathetic overdrive [Sztajzel, et al. 2004].
Resting HRV is often measured in applied and clinical settings for numerous applications. Lower
resting HRV may represent a dysfunction of ANS activity and appears to be associated with
mortality from cardiovascular disorders in patients and the general population [Thayer, et al.
2010; Rajendra Acharya, et al. 2006; Tsuji, et al. 1996]. For athletes training, HRV has been
shown to be a predictor of adaptation and overtraining [Halson, et al. 2004; Plews. et al. 2013].
Furthermore, for untrained people, HRV is an efficient method to improve exercise performance.
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For example, subjects in HRV-based training group showed more improvement on 5 km running
performance than traditional training group in an 8-week training program [da Silva, et al. 2017].
The advanced technology of mobile HRV devices such as smartphone applications [Flatt, et al.
2013] and heart rate monitors [Esco, et al. 2017] further increases the popularity of HRV
monitoring, allowing for convenient measures among any population.
HRV is assessed with time domain, frequency domain and non-linear parameters. The
standard deviation of RR intervals (SDNN) and root square of the mean of the sum of differences
between RR intervals (RMSSD) appear to be the most common time domain parameters for
HRV analysis. The frequency domain involves a more complex calculation by using numerous
mathematical algorithms that transform the electrocardiogram (ECG) data from time to
frequency analysis to form the power spectrum [Rajendra Acharya, et al. 2006]. The low
frequency (LF, 0.04 to 0.15 Hz), and high frequency (HF, 0.15 to 0.40 Hz) powers are regularly
used frequency domain parameters. The Poincare method is a non-linear approach measures
HRV by using a graph that plots each RR interval against the next RR interval. The graph
provides a dispersion of points perpendicular to (SD1) or along (SD2) the line-of-identity.
Among these metrics, RMSSD, HF, and SD1 are markers of parasympathetic nerve system
activity, while SDNN is a marker of total variability of ANS, LF and SD2 are comprised of a
mix of parasympathetic and sympathetic nerve system activity.
A common approach for measuring HRV is to record within an isolated condition, on a
single day under tightly controlled laboratory conditions. This is the procedure undertaken by
most research. However, HRV can be influenced by many of the internal and external factors
that perturb homeostasis [Rajendra Acharya, et al. 2006]. Thus, HRV varies from day to day
hence making an isolated measurement often not suitable for reflecting a true change in ANS
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status [Plews, et al. 2014]. Alternatively, it has been recently suggested to measure HRV over a
period of days at consistent times, preferably immediately upon wakening, and then calculating
an average value [Plews, et al. 2014]. The average value is said to represent overall ANS control
of the cardiovascular system [Buchheit, et al. 2014, Buchheit, et al. 2010]. Furthermore,
acquiring the daily perturbation in ANS homeostasis can be performed by calculating the
coefficient of variation (CV) over the recorded days [Nakamura, et al. 2017]. Apparently, the
minimum number of days needed to calculate both the mean and CV for reflecting ANS changes
in response to training is a 3-day period [Plews, et al. 2014].
According to previous research, both aerobic fitness and BMI may correlate to HRV. For
instance, HRV has been shown to correlate to both maximal oxygen consumption (VO2max)
[Alderman, et al. 2014] and BMI [Koenig, et al. 2014, Molfino, et al. 2009] among healthy
people. Alderman et al. (2014) reported that VO2max was significantly positively associated with
parasympathetic markers of HRV. In addition, the CV of RMSSD has been shown to either
positively [Esco, et al. 2016; Boullosa, et al. 2013] or negatively [Flatt, et al. 2017; Buchheit, et
al. 2010] correlate with laboratory (r values ranged between 0.57 to 0.61) and field (r values
ranged between 0.65 to 0.898) tests of aerobic fitness. Concerning BMI, higher values were
related to lower HRV, suggesting a link to ANS dysfunction with elevated adiposity [Koenig, et
al. 2014, Molfino, et al. 2009]. However, the correlation between BMI and VO2max is significant
and negative [Radovanovic, et al. 2014]. Yet the extent to which aerobic fitness and BMI relate
to HRV, independently from the other, is currently unknown especially when considering HRV
expressed in averaged or CV values. This is an important area of research since aerobic fitness
and BMI are both individual cardiovascular diseases (CVD) risk factors linked to ANS control.
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In addition, the research is especially lacking in young adult women subjects. Most of the
research regarding the relationship between HRV and either BMI or aerobic fitness have studied
either men only [Boullosa, et al. 2013, Buchheit, et al. 2010] or have grouped men and women
together without stratifying for sex [Koenig, et al. 2014, Molfino, et al. 2009]. Please refer to
Table 1 for a summary of selected studies. Compared to men, women have been shown to have
significantly higher level of estrogen before menopausal than men [Sookan, et al. 2012]. This
hormone is cardiovascular protective and can increase vagal tone and suppress sympathetic
modulation [Sookan, et al. 2012] perhaps independent of body mass level. Furthermore, young
women tend to distribute adiposity in a gynoidal pattern. This fat distribution pattern does not
negatively impact cardiovascular health as much as the android fat characteristic in men
[Wiklund, et al. 2008]. Thus, further research is needed specifically in a female cohort to better
understand how HRV can be used as an objective measure to gauge ANS changes linked with
CVD. The purpose of this study was to determine if HRV collected over a period of days is
associated with aerobic fitness and BMI in young adult women. The hypothesis was that both
aerobic fitness and BMI will be related to all HRV parameters, expressed as the mean and CV
across the 3-day period.
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METHODS
1. Participants
According to a G*power (version 3.0.1) analysis, a sample of at least 26 was required
when based on detecting a large correlation (r = 0.50) between two variables (i.e., VO 2max or
BMI [independently] and one HRV parameter [RMSSD]) at an alpha level of 0.05 and a power
of 80%. Therefore, 30 women were recruited for this study. All the participants completed the
health-history questionnaire before data collection and were apparently healthy, free from
cardiopulmonary and metabolic disorders. All participants finished Online Screening Assessment
questionnaire before involved in the study. Furthermore, The Participants were told to avoid
vigorous exercise and refrain from consuming stimulants (e.g., caffeine) or depressants (e.g.,
alcohol) for 24 hours prior to fitness testing. On the testing day, participants were asked to avoid
food or fluid after waking. Compliance to pre-testing instructions were confirmed upon arrival to
the laboratory with a 24-hr recall. Whether participants experienced a stressful morning or event
as well as the number of hours they slept (and whether this was more or less than usual) were
also quantified in the 24-hr recall.
2. Heart rate variability
HRV was measured for 3 consecutive days at the same time of the day. Data collection
for all participants occurred in the early morning of each day (form 5 am to 8 am) to make sure
data collection was close to awaking from sleep. The data was collected in a quiet, dimly lit,
climate-controlled laboratory (temperature was set at 22ºC) to avoid the interference from sound,
light and temperature. An ECG with three Ag/AgCl surface electrodes organized in a modified
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Lead II arrangement was used to acquire heart rate data while the subjects assumed supine
position. The electrodes were connected to a Biopac MP100 data acquisition system (BIOPAC
Systems, inc. Goletta, CA, USA) that was interfaced with a Dell personal computer. According
to the recommendation from software guide, the ECG data was collected at a sampling rate of
2000 Hz by Acqknowledge 4.4 (BIOPAC Systems, inc. Goletta, CA, USA). Then the data was
transferred to Kubios HRV Standard (Kubios Oy. Kupio, Finland) for analysis. Kubios HRV is
an advanced software system that supports several input data formats and calculates multiple
HRV parameters. Task Force (1996) recommended standard HRV measurement is at least 5
minutes recording after a 5 minutes stabilization period. Thus, subjects were asked to lay on the
examination bed for 10 minutes. The last 5 minutes was used for HRV analysis [Task Force,
1996].
All ECG data was collected by Acqknowledge 4.4 software, then transferred ECG image
to digital format, which represents the time between consecutive normal-to-normal heart beats.
The digital data was saved as txt file for analysis, after which Kubios HRV analysis software was
used to convert the digital data in to RR images, and then used to calculate all HRV parameters.
Before analyzing, when the extremely high RR value was found, the artifact correction
(Threshold based) was performed using Kubios to correct each RR interval value according to
average RR value [Tarvainen, et al. 2014]. If a RR interval different from the average value more
than the specific threshold (in seconds), it was removed to correct the corrupted RR intervals and
the next RR interval was used. Furthermore, disturbing low frequency baseline trend component
was also removed by using smoothness priors method in Detrending options [Kubios HRV Users
Guide]. These trend components affect the time and frequency domain, and after removing,
better description for LF and HF was obtained. The smoothness of the removed component was
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adjusted by changing the Lambda value. The Lambda value determines the cutoff frequency
which removes frequency components below it. Since LF and HF were needed in this study
(with frequency higher than 0.04 Hz), Lambda value was set to 500.
After cleaning the raw HRV data, the following HRV parameters were assessed: SDNN,
RMSSD, LF, HF, SD1, and SD2. Both averaged (HRVM) and the CV (HRVCV) were calculated
for each variable. The HRVCV calculation used the following equation: CV = (SD/M) * 100,
where SD is the standard deviation of the HRV parameter and M is the mean of HRV parameter
for the 3-day period.
3. Body Mass Index and Maximum Oxygen Consumption
Body Mass Index was calculated by the equation: BMI = kg/m2, where kg is participants’
weight in kilograms and m2 is height in meter square. Participants’ height and weight were
measured by seca height scale and TANITA electronic weight scale, respectively. The BMI
levels of subjects were determined according to ACSM Guidelines for Exercise Testing and
Prescription (Ninth Edition), with a BMI of < 18.5 kg/m2 is Underweight, 18.5-24.9 is Normal,
25.0-29.9 is Overweight and ≥ 30 is Obese. In addition, all subjects’ physical activity status was
determined according to step-define sedentary lifestyle index (sedentary lifestyle: < 5000
steps/day; low active lifestyle: 5000 - 7499 steps/day; somewhat active lifestyle: 7500 - 9999
steps/day; active lifestyle: 10000 - 12499 steps/day; highly active lifestyle: ≥ 12500 steps/day).
The BMI and physical activity levels of all subjects were shown in Table 4&5.
After the 3-day HRV monitoring, each participant performed a maximal graded exercise
test on the TRACKMASTER treadmill (FULLVISION, inc. Newton, KS, USA). The gas
exchange was calculated by TrueOne 2000 Metabolic Measurement System (PARVO Medics,
inc. Sandy, UT, USA). The Bruce protocol was used which started at a work rate of 1.7mph at
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10% grade with increased in speed and grade every 3min until maximal oxygen consumption
(VO2max) was reached. The criteria for VO2max which is predetermined as 2 of the following: a
plateau in oxygen consumption despite an increased work (± 2ml/kg/min); respiratory exchange
ratio of >1.10; a rating of perceived exertion of at least 9 on a modified Borg 0–10 scale, and a
heart rate within 10 beats of age-predicted maxi- mum (220-age). Since not all participants
achieved the criteria, the VO2peak was used instead of VO2max. The aerobic fitness (VO2peak) levels
for all subjects were determined by comparing to age-matched normative data [ACSM’s
guidelines for exercise testing and prescription, ninth edition] and listed in Table 6.
4. Statistical Analyses
Statistical analyses were performed by using SPSS and Microsoft Excel 2010. The
Shapiro-Wilks test was used to determine normality of all HRV parameters. Log transformed
data was needed for HRV parameters that couldn’t meet the normality. Group means and
standard deviations (SD) were calculated for each study variables. To determine if the 3day HRV
values were significantly different, analysis of variance (ANOVA) was performed. Correlation
coefficient (r) was determined if HRV parameters (Mean and CV values) were correlated to
VO2peak and BMI. The r value qualified by the Hopkins method where a coefficient of 0–0.30 is
considered small, 0.31–0.49 is moderate, 0.50– 0.69 is large, 0.70–0.89 is very large, and 0.90–
1.00 is near perfect. The descriptive data (mean  standard deviation) for all subjects listed in
Table 2.

8

RESULTS
The relationships between VO2peak, BMI and all HRV parameters (Mean and CV values)
are shown in Table 3. According to ANOVA, there were no significant differences among 3day
HRV values. There were no significant correlations between VO2peak and any of the 3dayM and
3dayCV values of HRV parameters. In addition, there were no significant correlations between
BMI and any of the 3dayM HRV values for any parameter. However, the 3dayCV of all HRV
parameters, SDNNCV, RMSSDCV, LFCV, SD1CV, and SD2CV, were significantly related to BMI.
Furthermore, VO2peak significantly and negatively correlated to BMI (r = - 0.767, p < 0.001).
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DISCUSSION
The participants of this study were young-adult women who were considered on average
to be “overweight” according to BMI standards and demonstrated a VO 2peak level of “Poor”
when compared to age-matched normative data [ACSM’s guidelines for exercise testing and
prescription, ninth edition]. Therefore, the sample represents a group of women who would
benefit from a lifestyle intervention designed to improve overall health and fitness. HRV has
been considered an objective indicator reflecting changes in BMI and aerobic fitness [Karason, et
al. 1999; Esco, et al. 2015; Hautala, et al. 2003]. However, limited research in this area exists
specifically regarding the current population of women. Therefore, in the group of young-adult
women, the purpose of this study was to determine whether HRV M and HRVCV values calculated
from a 3-day period were correlated to VO2peak and BMI. The results of the study indicated that
VO2peak did not relate to any of the HRVM (r ranged from 0.128 to 0.224) and HRVCV (r ranged
from -0.306 to -0.135) values. Furthermore, no significant correlation was shown between BMI
and any HRVM value (r ranged from -0.105 to 0.038). However, the 3-day CV of several HRV
parameters showed moderate to large correlations to BMI. Among these, BMI showed
significant correlations to the following (ordered from the largest-to-smallest significant
correlation coefficient): LFCV (r = 0.499, p = 0.005); SDNNCV (r = 0.471, p = 0.009); SD2CV (r =
0.426, p = 0.019); RMSSDCV (r = 0.396, p = 0.03); and SD1CV (r = 0.394, p = 0.031). Only HFCV
was not significantly correlated to BMI. Therefore, the results of this study suggest that the CV
of HRV over a period of days was associated with BMI in women subjects.
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The findings regarding no relationship between VO 2peak and HRV have been reported by
others [Esco, et al. 2016; Flatt, et al. 2017; Boullosa, et al. 2013; Buchheit, et al. 2010],
suggesting no predictive ability of HRV for reflecting aerobic fitness. Among these research,
EEsco and Flatt focused on young adult female athletes, and Boullosa and Buchheit involved
male athletes in the research. Instead, HRV may be indicative of a change in aerobic fitness that
occurs with training. For instance, Hautala et al. (2003) suggested that baseline HF significant
correlated to the improvement of VO2max among sedentary male subjects over 8 weeks training.
Furthermore, the subjects were divided into four groups according to their training response (17
 1, 11  1, 8  1, and 5  2% increase in VO2max). Results indicated that higher baseline HF was
found among groups with better training response than lower training response. In addition, Esco
et al. (2015) reported the change of lnRMSSD M from week 1 to week 3 significantly related to
the change of VO2max over the whole 11-week training program in female athletes. This finding
indicates that the change of HRV at the beginning of training program also correlated to the
change of aerobic fitness [Esco, et al. 2015]. Thus, the ANS activity at baseline or its immediate
change that occurs with training may reflect the change of aerobic fitness, primarily because of
the adaptation capacity of cardiovascular system correlates to the improvement of aerobic
performance after physical training [Hautala, et al. 2003]. Thus, HRV measures may assist with
exercise program development for specific individuals.
The relationship between aerobic fitness and HRV CV values do not agree with previous
studies. For example, previous studies reported that RMSSD CV significantly correlated to Yo-Yo
performance [Boullosa, et al. 2012; Flatt, et al. 2016], maximal aerobic speed [Buchheit, et al.
2010] and VO2max [Flatt, et al. 2016] over weekly measurement. However, no relationship
between aerobic fitness and any HRV CV value was found in this study. In previous research, all
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participants were soccer players and HRV data was collected during the training program, but
subjects in the current study were asked to not exercise during the 3-day data collection. Thus,
aerobic fitness may relate to the CV of HRV collected with exercise stimulation. Therefore,
fitness may correlate to the ability of maintaining homeostasis perturbation in response to
decreases or increases in training load from week-to-week [Esco, et al. 2015; Buchheit, et al.
2010; Plews, et al. 2014]. Further study to evaluate this association is needed specifically in
young-adult women who are involved in an exercise program, which divides them into different
groups and provides different levels of exercise stimulation for each group to support this
finding.
In addition, previous studies pointed out the inverse correlations between BMI and HRV
parameters. For example, BMI has been shown to inversely relate to RMSSD [Koenig et al.
2014] and LF and HF [Molfino, et al. 2009] in groups of men and women that were not stratified
by sex. However, when stratified by sex, Ramaekers et al. (1998) showed a similar inverse
correlation between BMI and HRV in men, but no relationship in women. The lack of a link
between HRV and BMI specifically in young women is difficult to explain. However, it may be
related to the fact that young women tend to distribute adiposity in a gynoidal pattern. This fat
distribution pattern does not negatively impact cardiovascular health as much as the android fat
characteristic in men [Wiklund, et al. 2008]. This sex-specific characteristic is explained by the
fact that before menopausal women have significantly higher levels of estrogen than men
[Sookan, et al. 2012]. This hormone is cardiovascular protective and can increase vagal tone and
suppress sympathetic modulation [Sookan, et al. 2012] perhaps independent of body mass level.
Thus, there may be no influence of BMI on overall cardiac-parasympathetic modulation in young
adult women, as indicated by 3-day mean values of the HRV parameters.
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However, as mentioned previously, the CV of all but one HRV measure significantly
correlated to BMI. This was the first study to report such findings. Indeed, all HRV CV values
(include time domain, frequency domain and non-linear), except HFCV, were found to
significantly correlate to BMI, and the higher BMI tend to display higher CV of HRV across
three days. Among the HRV parameters, RMSSD, HF, and SD1 are markers of parasympathetic
nerve system activity [Danieli, et al. 2014, Constantinescu, et al. 2018], while SDNN is a marker
of total variability of heart rate [Antelmi, et al. 2008; Danieli, et al. 2014], LF and SD2 are
comprised of a mix of parasympathetic and sympathetic nerve system activity [Sztajzel, et al.
2004; Kleiger, et al. 2005, Constantinescu, et al. 2018]. Thus, the finding that LF CV, SDNNCV
and SD2CV presented higher correlations to BMI than RMSSD CV and SD1CV, with no such
relationship to HFCV, may indicate that BMI is more related to the overall ANS activity rather
than only parasympathetic nerve system activity. Body weight maintains by homeostatic system
and dysfunction of this system lead to weight gain and obesity. ANS has been shown to play a
major role in homeostatic system by communicating between central nervous system (CNS) and
peripheral nervous system [Guarino, et al. 2017]. The sympathetic branch of ANS is the major
factor that affects the energy expenditure by influencing on cardiorespiratory activity and
thermogenesis. Furthermore, the parasympathetic branch transfers signals from gastrointestinal
system to CNS [Guarino, et al. 2017]. Therefore, HRV parameters which reflect the overall
activity of ANS show higher correlation to BMI than parasympathetic HRV parameters. This
finding offers a better understanding of the relationship between HRV and BMI for the future
studies. The results may indicate that women with lower BMI tend to have a better ability to
maintain homeostatic perturbation. Though these explanations are speculative, the findings of the
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study directly suggest that BMI significantly correlates to CV of HRV measuring over multiple
days in young-adult women.
There are several limitations in this study. First, this study did not include other cofactors that may influence HRV, such as mental stress, sleep quality and daily dietary habits
[Taelman, et al. 2009; Rajendra Acharya, et al. 2006; Singh, et al. 2001]. Though, these metrics
did not fit into the specific purpose of the study, future studies should determine the impact of
co-factors on the relationship between HRV, BMI and aerobic fitness in women. Second,
comparing to BMI, adiposity distribution may provide a better understanding on relationship
between body composition and HRV. According to previous research, HF of HRV from an
isolated recording significantly correlated to waist circumference (r = 0.50) but not BMI (r =
0.16) [Chen, et al. 2008]. Furthermore, measures of body fat percentage have also been shown to
be more related to HRV compared to BMI [Yi, et al. 2013]. Thus, more specific measures of
body fat percentage and distribution may have shown stronger relationships to the HRV CV, and
perhaps mean values, of HRV in the current study. Third, the correlational nature of the study
prevented determination of cause-effect. Thus, from the results, we cannot specifically indicate
whether HRV changes would have been found with changes in BMI or VO 2peak following longterm intervention such as physical training.
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CONCLUSION
The results of this study showed that HRVCV values (except HFCV) significantly
correlated to BMI in 30 healthy, untrained women subjects over 3-day measurement. However,
HRVCV values were not correlated with VO2peak within the current sample. The findings
indicated that women with lower BMI tend to maintain homeostatic perturbation better than
higher BMI individuals over multiple consecutive days. Although the specific mechanism is
unclear, these results provide a better understanding of the relationship between HRV and BMI
in women and suggest the influence of weight status on HRV may be independent of fitness
level.
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TABLES AND FIGURES
Table 1. Summary of selected studies examining the association between heart rate variability, body mass index and aerobic
fitness.
Author, Year
Subjects
HRV Measurement
Findings
Studies Examining the Relationship Between HRV and BMI
Fohr et al., 2016

6,863 men, 9,412 women

Isolated, 4.5 hr

Higher BMI correlated with lower HRV

Windham et al., 2012

88 men, 90 women

Isolated, 24 hr

BMI was not correlated with RMSSD or SDNN

Molfino et al., 2009

13 men, 12 women

Isolated, 24 hr

BMI inversely correlated to HF; marginally
related to LF

Koenig et al., 2014

15 men, 44 women

Isolated, 5 min

BMI correlated with time domain but not
frequency domain

Studies Examining the Relationship Between HRV and VO2max
Esco et al., 2015

9 female college soccer
players

55 sec for two separate Change of RMSSDM correlated with change in
weeks
VO2max from pre- to post-training

Boullosa et al., 2012

8 professional soccer players

3 hr night-time for 4
days

RMSSDCV correlated with Yo-Yo performance
test

Buchheit et al., 2010

33 youth soccer players (18
under 15, 15 under 17)

3 min for 3 weeks

CV of HRV correlated with maximal aerobic
speed

Flatt et al., 2016

10 female college soccer
players

1 min for two weeks

RMSSDCV correlated with VO2max and Yo-Yo
performance test

Grant et al., 2013

145 healthy volunteers

Isolated, 10 min

HRV correlated with VO2max

BMI = Body mass index; CV = Coefficient; HF = High frequency; HRV = Heart rate variability; LF = Low frequency; RMSSD =
Root square of the mean of the sum of differences between RR intervals; RMSSD M = Mean value of RMSSD; RMSSDCV = CV of
RMSSD; SDNN = Standard deviation of RR intervals; VO 2max = maximal oxygen consumption.
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Table 2. Descriptive data of participants
Subjects
1001
1002
1003
1004
1005
1007
1008
1009
1010
2001
2002
2004
2005
2006
2007
2010
3002
3003
3004
3005
3006
3007
3010
3011
3014
3015
3016
3017
3018
3019
Mean
SD
Range
(Min–Max)

Age
(years)
23
20
20
21
20
21
19
19
22
21
22
20
21
22
21
21
19
21
20
22
22
20
19
20
20
19
22
19
20
22
20.6
1.2
19 –
23

Height
(cm)
171.45
168.66
171.96
170.18
164.00
163.83
162.05
161.54
158.50
154.43
169.93
161.04
162.50
167.64
167.49
166.88
173.70
172.50
172.50
156.20
172.00
169.00
156.00
173.00
164.50
177.50
163.50
167.00
155.00
164.50
165.97
6.10
154.43 –
177.50

Weight
(kg)
147.60
94.41
112.32
56.79
77.00
82.62
77.94
72.36
76.23
60.21
70.79
67.32
86.60
73.44
109.30
73.26
55.80
65.60
78.30
58.00
63.80
57.30
51.20
79.10
79.40
56.10
64.30
55.10
48.00
65.80
73.87
20.76
48.00 –
147.60

BMI
(kg/m2)
50.72
33.53
38.37
19.81
28.63
31.09
29.98
28.01
30.65
25.5
24.76
26.22
32.8
26.4
39.36
26.57
18.49
22.05
26.31
23.77
21.57
20.06
21.04
26.43
29.34
17.81
24.05
19.76
19.98
24.32
26.91
7.08
17.81 –
50.72

VO2peak
(ml/kg/min)
14.70
16.14
14.67
25.83
31.90
19.29
24.18
27.61
22.95
35.52
30.08
23.91
26.60
29.31
28.85
34.17
41.60
37.50
34.80
32.50
40.50
36.40
37.10
33.50
26.60
36.40
39.70
48.90
34.80
36.60
30.75
8.25
14.67 –
48.90

PA
(steps/day)
6962.80
6932.20
5787.00
11497.40
––
5093.50
5359.75
8690.40
6116.75
8334.25
11187.60
10086.60
4856.20
––
9913.20
11340.20
11133.60
8082.00
4987.60
8480.00
8777.00
––
––
10014.80
7140.60
––
––
––
––
––
––
––
––

BMI = Body mass index; PA = Physical activity; VO2peak = Peak oxygen consumption.
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Table 3. Correlations between heart rate variability outcomes, aerobic fitness and body mass index.
3-day Mean Values
SDNN RMSSD

3-day Coefficient of Variation Values

LF

HF

SD1

SD2

SDNN

RMSSD

LF

HF

SD1

SD2

-0.293

-0.245

-0.306

-0.135

-0.247

-0.261

Aerobic
Fitness
(VO2peak)

0.210

0.166

0.203

0.128

0.166

0.224

Body
Mass
Index

-0.042

0.038

-0.105

0.014

0.038

-0.094

0.471*

0.396*

0.499*

0.290

0.394*

0.426*

* P < 0.05. HF = High frequency; LF = Low frequency; RMSSD = Root square of the mean of the sum of differences between RR
intervals; SDNN = Standard deviation of RR interval; SD1 = The graph that plots each RR interval against the next RR interval
and provides a dispersion of points perpendicular to the line-of-identity; SD2 = The graph that plots each RR interval against the
next RR interval and provides a dispersion of points perpendicular along the line-of-identity; VO2peak = Peak oxygen consumption.
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Table 4. BMI levels of subjects
BMI levels

Underweight

Normal weight

Overweight

Obese

Number of Subjects

1

12

10

7

Table 5. Physical activity levels of subjects
Physical activity levels

Sedentary

Low active

Somewhat active

Active

Number of Subjects

5

7

6

6

Table 6. Aerobic fitness levels of subjects
Aerobic fitness levels

Very poor

Poor

Fair

Good

Superior

Number of Subjects

15

6

5

3

1
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Figure 1. Electrocardiogram lead II arrangement (Cardiovascular
Physiology Concepts, Second Edition, published by Lippincott Williams
& Wilkins, 2012).
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Figure 2. Kubios heart rate variability standard software (Kubios Oy.
Kupio, Finland) for artifact correction and removal of trend components.
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APPENDIX
Online Screening Assessment
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