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Abstract
Several musical genres have been demonstrated to encourage changes in cardiac autonomic modulation. So,
we aimed to investigate the acute effects of auditory stimulation with heavy metal music by applying the
Higuchi fractal dimension algorithm. The study was performed in 19 healthy women aged between 18 and
30 years old. HRV was analysed during two time phases: the 20-minute period without exposure to music
and the 20-minute during exposure to the heavy metal music. The subjects were exposed to one equivalent
sound level (approx. 80dB) for 20 minutes. We did not observe significant responses of heart rate and RR
intervals — heavy metal musical auditory stimulation decreased the Higuchi fractal dimension median value
from 1.9533 (control) to 1.9204 (musical stimulation). In conclusion, the heavy metal music stimulation has
been revealed to reduce the complexity of the HRV signal through cardiac autonomic modulation.
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Introduction
Heart rate variability (HRV) describes the oscillations
of the intervals between consecutive heart beats (RR
intervals) that are linked to the influences of the autonomic
nervous system (ANS) on the sinus node (1).
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These irregular cardiac interbeat intervals often vary
in an irregular and chaotic manner. In this study, we
possess the Electrocardiograph (ECG) interpeak RR
intervals in female subjects before and during
exposure to heavy metal music (Gamma Ray: Heavy
Metal Universe). The perceived advantage for testing
the correlation with HRV is that it can provide a risk
assessment of dynamical diseases 2 under such
conditions. High HRV is a signal of good adaptation
and characterizes a healthy person with efficient
autonomic mechanisms. Whilst lower HRV is
frequently an indicator of abnormal and insufficient
adaptation of the ANS initiating the subject low
physiological function.
Previous studies from our group have illustrated that
auditory stimulation with music induces cardiac
autonomic responses. Yet, it was reported that
precise music causes specific responses (3-5). While
a specific relaxant music from Mozart was revealed
to reduce blood pressure and sympathetic activity in
rats, (6) another selected music from Pachelbel
(Canon in D) reduced HRV in women (7) while no
significant responses were reported in men (8).
Amaral et al. (9) aimed to evaluate the acute effects
of musical auditory stimulation at different intensities
in cardiac autonomic modulation and concluded that
auditory stimulation through heavy-metal or baroque
music at low intensities promoted a reduced global
modulation, but only heavy-metal music reduced the
HRV. Similarly, Amaral et al. (10) commenced a
study with the objective of investigating the acute
effects of the different musical auditory stimulation
on the geometric indices of HRV. The authors found
that only the heavy-metal music style was able to
modify the cardiac autonomic modulation, being
characterized by reduction of the global component
of the HRV independent of the intensity of the sound.
Finally, Ferreira et al. (11) studied the recuperative
response of cardiac autonomic modulation in women
after exposure to different musical genres. The
authors concluded that after the period of sound
exposure, cardiac autonomic modulation achieved an
increase in the overall activity of both systems in
the different musical stimuli studied.
Nevertheless, studies regarding nonlinear behaviour
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of HRV during musical exposure are rare in the
research literature. In 1988 Higuchi proposed a new
algorithm for computing the fractal dimension of
discrete time sequences (12). It is applied directly
to the time-series. As the reconstruction of the
attractor phase space is unnecessary, the algorithm
is simpler and faster than correlation dimension (D 2)
and many other classical measures adapted from
chaos theory.
In this sense, we examined the effects of auditory
stimulation with music on HRV through analysis of
Higuchi fractal dimension (13-15) applied to RR
intervals during exposure to musical auditory
stimulation.
Previously an analogous computation, correlation
dimension (D 2 ) (15-18) had been applied in some
situations but is computationally slower since the
reconstruction of the attractor phase space is
necessary. Such calculations have previously proven
significant in additional areas of study including
Schizophrenia, (19) Parkinson’s disease, (20)
epilepsy, (21) depression, (22) or Creutzfeldt-Jakob
disease (23).

Method
Study Population

We investigated 19 female students aged between
18 and 30 years old. All volunteers were informed
about the procedures and objectives of the study
and, after agreeing, signed a consent form. All study
procedures were approved by the Research Ethics
Committee of the institution (case number. 2011/
382) and followed the Resolution 196/96 of the
National Health Council.
We excluded women with the following conditions:
body mass index (BMI) >35 kg/m 2; systolic blood
pressure (SBP) >140 mmHg or diastolic blood
pressure (DBP) >90 mmHg (at rest), endocrine,
cardiovascular, respiratory and neurological related
disorders or any condition that caused the subject
to perform abnormally in the study. Moreover, to avoid
effects related to sexual hormones we did not include
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women on the 11 th to 15 th and 21 th to 25 th days after
the first day of the menstrual cycle (24).
Initial Evaluation

Baseline information collected included: age, gender,
mass, height and body mass index (BMI). Mass was
determined using a digital scale (W 200/5, Welmy,
Brazil) with a precision of 0.1 kg. Height was
determined using a stadiometer (ES 2020, Sanny,
Brazil) with a precision of 0.1 cm and 220 cm of
extension. BMI was calculated as mass/height 2 ,
mass in kilograms and height in meters.
Measurement of the auditory stimulation

Measurements of the equivalent sound levels were
conducted in a soundproofed room using a SV 102
audio-dosimeter, Leq (A) (Svantek, Poland). The
device was programmed to allow measurements in
the “A” weighting circuit with a slow response.
The measurements were accomplished during the
20-minute session of heavy metal music with a mean
pressure level of 80dB. An insert-type microphone
(MIRE - Microphone In Real Ear) was placed inside
the auditory canal of the subject, which was
connected to a personal stereo. Prior to each
measurement, the microphone was calibrated with
an acoustic CR: 514 model Calibrator (Cirrus
Research plc). The subjects were allowed a time
period to rest to stabilise their heart rate.
For the investigation, we applied audio-dosimeter,
Leq (A), which is defined as the equivalent sound
pressure level and which corresponds to the constant
sound level in the same time interval. It comprises
the same total energy as the sound (Fig. 1).
HRV analysis

The RR intervals were logged by the portable HR
monitor with a sampling rate of 1 kHz and were
downloaded to the Polar Precision Performance
program (v.3.0, Polar Electro, Finland). The software
enabled the visualization of HR and the extraction of
a cardiac period (RR interval) file in “txt” format.
Following digital filtering accompanied by manual
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filtering for the elimination of premature ectopic beats
and artefacts, 1000 RR intervals were applied for the
data analysis. Only series with sinus rhythm
exceeding 95% were included in the study.
HRV was analysed during two time epochs (control
and experimental): the 20-minute period without
exposure to music and the 20-minute during exposure
to music (Gamma Ray: Heavy Metal Universe).
Protocol

Data collection was commenced in the same room
for all volunteers; the temperature was between 21°C
and 25°C and the relative humidity was between 50%
and 60%. Volunteers were instructed not to ingest
alcohol, caffeine or other ANS stimulants for 24 hours
before the assessment. Datasets were collected on
an individual basis, always between 18:00 and 21:00
to standardize the protocol and avoid circadian
effects. All procedures necessary for the data
collection were explained to each subject separately,
and the subjects were instructed to remain at rest
and avoid conversation during the collection.
Higuchi’s Fractal Dimension Algorithm

Higuchi fractal dimension attempts to quantify selfsimilarity and complexity of the signal. Higuchi fractal
dimension has been applied to brain recordings (25,
26) and other biological signals (27, 28).
The Higuchi algorithm calculates fractal dimension
of a time series directly in the time domain. As
described by Khoa et al. (13) below; it is based on
a measure of length, L(k), of the curve that represents
the considered time series while using a segment of
k samples as a unit, if L(k) scales like
L(k) ~ k –Df
The curve is said to show fractal dimension D f
because a simple curve has dimension equal 1 and
a plane has dimension equal 2; value of D f is always
between 1 (for a simple curve) and 2 (for a curve
which nearly fills out the whole plane). D f measures
complexity of the curve and so of the time series
this curve represents on a graph.
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From a given time series, X(1), X(2), ... , X(N), the
algorithm constructs k new time series:
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dimension is defined as the slope of the line that
fits the pairs

X km: X(m), X(m+k), X(m+2k), …,
X(m + int(N-m)/k).k) fo m=1, 2, … k,
where m is initial time, k is interval time, int(r) is
integer part of a real number r.
For example, for k=4 and N=1000, the algorithm
produces 4 time-series:
X 41 : X(1), X(5), X(9), … X(997)
X 42: X(2), X(6), X(10), … X(998)
X 43: X(3), X(7), X(11), … X(999)
X 44: X(4), X(8), X(12), … X(1000)

{ln [L(k)],ln(1/ k)}

in a least-squares

sense. In order to choose an appropriate value for
the parameter k max , Higuchi fractal dimension values
were plotted against a range of k max. The point at
which the Fractal Dimension plateaus is considered
a saturation point and that k max value should be
selected. Here we chose a value of 125.
With a = D f , according to the following formulae:
y = ax + b

D f = n Σ(x k .y k ) =

Σx k Σy k/n Σx –2 k – ( Σx k)

Where y k = ln L(k), x(k) = ln(1/k).
k=k 1 , ... , k max , and n denotes the number of k values
for which the linear regression is calculated
(2 ≤ n ≤ kmax).

The “length” Lm(k) of each curve Xkm is then calculated
as:

Results

Lm=1/k [(int((N-m)/kΣi=1 [X(m+i.k)–X(m+(i-1).k)].N-1/int(N-m_/k).k

Table I exemplifies the quantities for diastolic (DBP)
and systolic blood pressure (SBP), heart rate (HR),
mean RR intervals, mass, height and BMI of the
volunteers.

Where, N is total number of samples.
L m(k) is not “length” in Euclidean sense, it represents
the normalized sum of absolute values of difference
in ordinates of pair of points distant k (with initial
point m). The “length” of curve for the time interval
k, L(k), is calculated as the mean of the k values
L m(k) for m = 1, 2, ... , k :
L(k) = 1/k /k Σ m=1 L m (k)
The value of fractal dimension, D f , is calculated by
a least-squares linear best-fitting procedure as the
angular coefficient of the linear regression of the
log-log graph.
So, when L(k) is plotted against 1/k on a double
logarithmic scale, with k = 1,2, ..., k max , the data
should fall on a straight line, with a slope equal to
the Fractal Dimension of X. Thus, Higuchi fractal

Parametric statistics characteristically assume that
data are normally distributed. To test our assumptions
of normality we applied the Anderson-Darling, (29)
Ryan-Joiner (30) and Lilliefors tests (31). The
Anderson–Darling test for normality applies an
TABLE I : Baseline diastolic (DAP) and systolic arterial pressure
(SAP), heart rate (HR), mean RR interval (Mean RR),
mass, height and body mass index (BMI) of the
volunteers. m: meters; kg: kilograms; bpm: beats per
minute; ms: milliseconds; mmHg: millimeters of mercury.
Variable
Age (years)
Height (m)
Mass (kg)
BMI (kg/m2 )
HR (bpm)
Mean RR (ms)
SAP (mmHg)
DAP (mmHg)

Before music
21.1±1.3
1.61±0.04
56.9±9.2
21.2±2.2
80.1±1 5
756.5±76.2
107.1±9
74.2±9

After music
–
–
–
–
83.2±19
705.9±89
–
–
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Equivalent sound level of auditory musical stimulation of Gamma Ray: Heavy Metal Universe. dB: (Decibel).

Fig. 2 : The box-and-whiskers plot for Higuchi fractal dimension of RR intervals illustrates the median values (line in the middle
of the box is the median, not the mean), the whiskers of the outer points are the maximum and minimum, with the
outer edge of the boxes representing the 25 th (25%Q) and 75 th (75%Q) percentiles, the difference between the outer
box edges is the inter-quartile range (IQR). For the Higuchi fractal dimension of the RR intervals the control subjects (left) and those
during stimulation by heavy metal music (right). The number of RR intervals is 1000 and number of female subjects is 19.

empirical cumulative distribution function, whereas
the Ryan-Joiner test is a correlation based test
similar to that of Shapiro-Wilk (31, 32) which is
advantageous when data is sparse. The Lilliefors test
(31) is useful where the number of subjects is low.
Here there are only 19 subjects in each grouping.
The results from all three tests determine a nonnormal distribution. Therefore, we must apply the
Kruskal-Wallis (33) (non-parametric) test of
significance. Differences were considered significant
when the probability of a type I error was less than
5% (p<0.05).

Fig. 2 presents the box-and-whiskers plot for Higuchi
fractal dimension of RR intervals. As results for
Higuchi fractal dimension we found significantly
reduced values during exposure to Heavy Metal music
(p=0.02) indicating an acutely reduced the complexity
of HRV. The Kruskal-Wallis test of significance
provided a p-value of 0.0203 (approx. 2%).

Discussion
A previous study (34) designated that specific
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musical sections modulate the ANS by decreasing
and increasing sympathetic activity. Alternative
studies indicate contradictory data on cardiac
autonomic responses induced by musical auditory
stimulation (6). Our investigation was performed to
evaluate the acute effects of a selected Heavy Metal
music on HRV through analysis of Higuchi fractal
dimension applied to RR intervals. We revealed that
this music acutely reduced the complexity of HRV,
indicating a cardiac overcharge.
HRV has previously been analysed during Heavy
Metal musical auditory stimulation through classical
time and frequency domain indices (4, 7, 8). The
same music was proven to affect the time domain
frequency domain through the low frequency index
(4) and reduce global HRV through geometric indices
of HRV in women, (7) while other studies found no
significant effect of Gamma Ray music in men (8).
In combination, it is suggested that women are further
prone to present cardiac autonomic responses
induced by this specific music.
An important point to consider is that Higuchi fractal
dimension analysis of HRV does not distinguish the
sympathetic or parasympathetic components of HRV,
it provides information regarding the complexity of
the cardiac autonomic behavior, the more complex,
the better adapted the organism is physiologically
(1).
Founded on our data, an excitatory Heavy Metal
music acutely decreased the complexity of the
system through reduced values of Higuchi fractal
dimension applied to RR intervals, indicating high
sympathetic cardiac modulation. Yet, acute exposure
to relaxant music was shown to increase
sympathetic activity of anesthetized rats (35).
Physiological processes related to the brain are able
to confirm our findings. A previous study indicated
that musical auditory stimulation decreases the renal
sympathetic activity and arterial blood pressure in
anesthetized rats through histaminergic neurons
situated at the suprachiasmatic nucleus of the
hypothalamus (36). An additional study in rats
illustrated that music reduces blood pressure and
increases calcium/calmodulin-dependent dopamine
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synthesis in the brain (37). In this circumstance, the
dopamine release in the mesolimbic is involved
in the reward system, specifically, the nucleus
accumbens, which was anticipated to be related in
emotional stimulation associated to music (38).
In this study we evaluated only heavy metal music
so as to investigate a specific musical genre. This
is for the reason that many factors related to music
influence the music cardiac autonomic regulation.
Amongst them we include 1) music with or without
lyrics, 2) active musical performance or passive
music appreciation, 3) beat-based music, Rock, Jazz,
and Latin for instance, or music which is not beat
based but based on an isochronous pulse, 4)
energizing or tranquilizing music and 5) self-selected
music, which is related to pleasing memories (39).
This is the foremost study to apply Higuchi fractal
dimension analysis of HRV in subjects undergoing
auditory stimulation with heavy metal music style.
In this context, this information is useful to further
investigations and to raise innovations into the
advance of complementary and alternative therapies.
Although we studied healthy volunteers, we should
not generalize data to subjects with cardiac or
autonomic dysfunction. Henceforth, we intend to
evaluate different musical genres and different musical
exposure times to verify if it influences nonlinear
dynamics of HRV. As follows, acquaintance with
cardiac autonomic behavior during exposure to
musical auditory stimulation is helpful for developing
non-pharmacological methods to deal with
cardiovascular diseases.
Nonlinear analysis of HRV offers supplementary
information for cardiac autonomic regulation. The
traditional indices formulate quantitative analysis of
HRV, whereas nonlinear methods are intended to
assess the quality and correlation properties of the
signal (40). Also it performs complex analysis of the
cardiovascular system, (40) which is suggested to
be involved in the generation of heart rate dynamics
(41). In this circumstance, new procedures to detect
variations of HRV provide new techniques of scientific
research which may assist and further balance clinical
examinations.
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When selecting the Higuchi fractal dimension
algorithm to assess HRV there are trade-offs involved
in selecting this technique as opposed to other
methods. Difficulties include the subjectivity of
deciding on k max at the saturation point where the
value is chosen. However, benefits of the technique
are that it is applied directly to the RR intervals and
relies on relatively short data time-series; as such it
is computationally processor inexpensive and
therefore fast to calculate.

spectral entropy and spectral Detrended Fluctuation
Analysis (sDFA).

Forthcoming studies could include standard non-linear
measures of time-series such as Detrended
Fluctuation Analysis (DFA), (42) Shannon entropy,
(43) approximate entropy (44) and, conceivably
correlation dimension (45) be applied in addition to
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