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Abstract: Objectives: the present analysis is a replication of previous findings presenting first evidence of an
association between body mass index (BMi) and autonomic nervous system (ans) activity as measured by heart
rate variability (hrV), in healthy non-obese adults. Design: a total of fifty-nine apparently healthy male (M) and
female (F) individuals (M/F = 15/44) were included in the trial. hrV data for analysis was derived from 5
minutes of baseline recordings, while the subject was sitting on a comfortable chair. subjects‘ body measures
(weight and height) were taken and BMi was obtained according to common calculation (kg/m²). Results: BMi
was inversely related to pnn50 and rMssD components of hrV. statistically significant differences between
stratified groups (BMi<20, BMi 20-25, BMi >25) only occurred for analysis of pnn50 components. the pnn50
components and rMssD are strongly associated with cardiac vagal influence, and thus represents
parasympathetic activity. Conclusions: the present data supports previous findings, that sympatho-vagal balance
is related to BMi in non-obese, healthy individuals, providing evidence for a prominent role of the vagus nerve in
the modulation of the energy expenditure of the human organism. Furthermore, this relation can be observed in
short term recordings of hrV of 5 minutes in length.
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Introduction

the autonomic nervous system (ans) contributes to the
modulation of the energy expenditure of the human organism.
heart rate variability (hrV) teases out the relative contribution
of the sympathetic and parasympathetic branches of the ans in
the chronotopic control (i.e., timing of the heart beats) of the
heart and therefore serves as an index and measurement of
ans activity. While hrV has been extensively studied in
obesity (1-3) furthermore the influence of ans activity on
body weight in healthy, non-obese subjects is of interest. a
recent short communication published in the european Journal
of clinical nutrition provided first evidence of an association
between sympatho-vagal balance and body mass index (BMi)
in healthy, non-obese adults (4). the authors found higher BMi
scores to be correlated to higher sympathetic and lower
parasympathetic activity, indexed by frequency domain
measures of hrV obtained from 24-h ecg recordings in 25
healthy individuals. Within the present paper we aim to
replicate these findings using hrV short term recordings (5
minutes) from 59 apparently healthy individuals, including
time-domain measures (rMssD and pnn50) of hrV.
Materials and Methods

the study was approved by the institutional review Board,
and all participants provided written informed consent prior to
their assessment. self-rated health (srh) was measured using
the question “how do you rate your current health status?” on a
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0 “very bad” to 6 “excellent” scale. only subjects indicating a
srh ≥ 3 “fair” were considered for inclusion in the present
analysis. a total of fifty-nine apparently healthy male (M) and
female (F) individuals (M/F = 15/44) were included in the trial.
subjects‘ body measures (weight and height) were taken and
BMi was obtained according to common calculation (kg/m²).
none of the subjects reported current medication intake or
suffering from chronic or acute disease. hrV was measured for
5 minutes while the subject was sitting on a comfortable chair.
a Polar rs800cX portable device was used to record interbeatintervals (iBi) at sampling frequency of 1000 hz, providing
a temporal resolution of 1 ms for each r– r interval. the
device’s transmitter consists of a stable polyamide case with
electrodes attached to an elastic belt fixated to the chest of the
subjects. Device-specific software (Polar Protrainer 5) was
used to transfer recordings to a personal computer. iBi data
were imported and analyzed with “Kubios hrV - heart rate
Variability analysis software” (Biosignal analysis and
Medical imaging group, University Kuopio, Finland, Version
2.0, (5)) and analyzed. For the present analysis the square root
of the mean squared difference of successive nn intervals
(rMssD, ms), the proportion of pairs of successive nns that
differ by more than 50 ms (pnn50, %), and absolute spectral
power expressed as normalized units of high frequency
(hFn.u.; 0.15–0.4 hz), and low frequency components (lFn.u.;
0.04–0.15 hz) were obtained. Data on hrV measures was
skewed and successfully log-transformed for further analysis,
in particular Pearson’s correlation test and analysis of variance
(anoVa). the hF component reflects cardiac vagal (i.e.,
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Group

BMi<20 (n=13)
BMi 20-25 (n=33)
BMi >25 (n=13)

BMI (kg/m²)
18.9 (0.9)*
22.2 (1.3)*
28.8 (4.6)*

JNHA: CLINICAL NEUROSCIENCES

Table 1
hrV measures according to BMi (kg/m²)
Age (years)
22.8 (4.0)*
23.0 (2.6)*
26.5 (6.2)*

HFn.u§

3.43 (0.47)
3.59 (0.33)
3.39 (0.56)

LFn.u§

4.17 (0.22)
4.11 (0.18)
4.15 (0.31)

RMSSD§
4.3 (0.7)
4.1 (0.5)
3.9 (0.7)

pNN50§

3.2 (0.8)*
2.9 (0.8)*
2.0 (1.2)*

all values are means and standard deviations in brackets (sD); BMi, body mass index; hF, high frequencies; lF, low frequencies; rMssD, square root of the mean squared difference of
successive nn intervals; pnn50, the proportion of pairs of successive nns that differ by more than 50 ms; * indicates a significant difference between the groups on the p<0.05 level;
**indicates a significant difference between the groups on the p<0.005 level, see text for lsD post-hoc comparisons; §=log transformed for analysis

parasympathetic) activity, while the lF component is
associated with baroreflex activity (for a discussion on common
misinterpretations of lF power, see (6,7,8)). rMssD and
pnn50 are closely related to the hF component of the power
spectrum, and thus are strongly associated with cardiac vagal
activity, reflecting a parasympathetic influence.
Results

subjects’ mean age was 23.7±4.1 years, mean body weight
was 67.1±14.1kg, and mean BMi was 22.93±4.1kg/m². age
showed no significant correlation to any hrV measure (p >
.05). Body weight did not correlate with lFnu, hFnu or
rMssD but was inversely related to pnn50 (r=-.284, p =
0.029). BMi correlated with pnn50 (r = -.416, p = 0.001) and
rMssD (r = -.270, p = 0.039) with higher BMi scores being
associated with lower hrV measures. no significant
correlation was found to any frequency domain measure of
hrV. according to Molfino et al. (4), subjects were then
stratified by BMi (BMi < 20, BMi 20-25, BMi > 25). only the
pnn50 showed statistical significant differences between the
groups. the pnn50 was significantly lower in subjects with
higher BMi (BMi > 25) than those measured in subjects with
moderate (BMi 20-25) or lower BMi (BMi < 20). the pnn50
was significantly higher in subjects with moderate BMi (BMi
20-25) than in subjects with higher BMi (BMi > 25) and
pnn50 was significantly higher in subjects with lower BMi
(BMi < 20) than in subjects with moderate BMi (BMi 20-25).
also subjects with moderate BMi (BMi 20-25) and lower BMi
(BMi < 20) showed no statistical significant differences.
subjects with higher BMi (BMi > 25) were significantly older
compared to the mean age of the other two groups (table 1).
Discussion

the present analysis is a replication of previous findings
presenting first evidence of an association between the body
mass index (BMi) and autonomic nervous system (ans)
activity as measured by heart rate variability (hrV) in healthy
non-obese adults (4). While the authors of the aforementioned
study found that higher BMi is correlated with increased
sympathetic and lowered parasympathetic activity in a 24-h
ecg recording, we aimed at investigating the relationship
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between hrV and BMi using short term recordings of 5
minutes. analysing data from 59 apparently healthy young
adults revealed that BMi was inversely related to pnn50 and
rMssD components of hrV. the pnn50 components and
rMssD are strongly associated with cardiac vagal influence,
and thus represent parasympathetic activity (Figure 1).
Figure 1

however, statistically significant differences between
stratified groups (BMi<20, BMi 20-25, BMi >25) only
occurred for analysis of pnn50 components. While we do not
find any correlation of frequency domain measures of hrV and
BMi as previously reported (4), our results support the general
finding, that higher BMi is associated with lower
parasympathetic activity as mirrored by a negative correlation
of BMi and rMssD and BMi and pnn50. the length of
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recording possibly contributes to the missing of likewise
correlations reflected by frequency domain measures. recent
analysis by our group showed a close correlation of 24h hrV
and glycemic status in healthy employees. here vagally
mediated hrV was associated with fasting plasma glucose and
hba1c independent of other components of the metabolic
syndrome (9). More important, this association was
independent of sympathetic activity as measured by overnight
urinary norepinephrine (10). these results furthermore provide
insights to an unique association of ans activity and energy
expenditure modulation of the human organism, pointing out a
prominent role of the vagus nerve. the present data supports
previous findings, that sympatho-vagal balance is related to
BMi in non-obese, healthy individuals. Furthermore, this
relation can be observed in short term recordings of hrV of 5
minutes in length.

Conflict of interest statement: the authors did not receive funding for the work
presented. the authors declare no conflict of interests, all authors are listed, and all have
contributed substantially to the manuscript.

1.

2.

3.
4.
5.
6.
7.
8.
9.

10.

References

Karason K, Mølgaard h, Wikstrand J, sjöström l. heart rate variability in obesity
and the effect of weight loss. am J cardiol 1999;83:1242-1247

302

Martini g, riva P, rabbia F, Molini V, Ferrero gB, cerutti F, et al. heart rate
variability in childhood obesity. clin auton res 2001;11:87-91
Kim Ja, Park yg, cho Kh, hong Mh, han hc, choi ys, et al. heart rate
variability and obesity indices: emphasis on the response to noise and standing. J am
Board Fam Pract 2005;18:97-103
Molfino a, Fiorentini a, tubani l, Martuscelli M, rossi Fanelli F, laviano a. Body
mass index is related to autonomic nervous system activity as measured by heart rate
variability. eur J clin nutr 2009;63:1263-1265
tarvainen MP, niskanen JP, lipponen Ja, ranta-aho Po, Karjalainen Pa. Kubios
hrV – a software for advanced heart rate Variability analysis. iFMBe
Proceedings 2009;22:1022–1025
casadei B, cochrane s, Johnston J, conway J, sleight P. Pitfalls in the interpretation
of spectral analysis of the heart rate variability during exercise in humans. acta
Physiol scand 1995;153:125-131
Moak JP, goldstein Ds, eldadah Ba, saleem a, holmes c, Pechnik s, et al. supine
low frequency power of heart rate variability reflects baroreflex function, not cardiac
sympathetic innervation. cleve clin J Med 2009;76:51-59
goldstein Ds, Bentho o, Park My, sharabi y. low-frequency power of heart rate
variability is not a measure of cardiac sympathetic tone but may be a measure of
modulation of cardiac autonomic outflows by baroreflexes. exp Physiol
2011;96:1255-1261
Jarczok Mn, li J, Mauss D, Fischer Je, thayer JF. heart rate Variability is
associated with glycemic status after controlling for components of the Metabolic
syndrome. int J card 2012;doi:10.1016/j.ijcard.2012.02.002
Jarczok Mn, Koenig J, schuster aK, thayer JF, Fischer Je. nighttime heart rate
variability, overnight urinary norepinephrine, and glycemic status in apparently
healthy human adults. int J card 2013;doi:10.1016/j.ijcard.2013.04.147

