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Abstract: - The heart activity is clearly evaluated in this study by analyzing spectral or frequency components
of three Biosignals such as ECG, PPG and blood perfusion signal. This study is done with several healthy
human subjects who are totally free from any type of cardiovascular diseases. ECG and PPG recordings were
performed with electrode lead set and pulse transducer respectively connected to the same MP36 (Biopac, USA)
data acquisition unit. LDF measurements were performed with skin surface probe connected to LDF100C
module on middle finger tip. This LDF module was connected to MP150 (Biopac, USA) data acquisition unit.
ECG, PPG and blood perfusion signal recordings were performed before and after having energy drinks
available in Bangladesh. After consuming energy drinks, it is observed that the spectral or frequency
components for ECG as well as PPG signal decreases with a significant rate from the instant of having ED. That
is, the spectral parameters of heart activity decrease due to the consumption of energy drinks. The spectral
analysis of LDF signal also results similar type of decrement in their spectral parameters for same type of
energy drinks consumption. These results reflect adverse impacts of energy drinks consumption on heart
activity.
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l. INTRODUCTION

Biosignals are defined as a summarizing term for all kinds of signals that can be measured and
monitored from biological beings. The term Biosignal is often used to mean bio-electrical signal related to
biological beings. Among the best-known bio-electrical signals or Biosignals are the Electroencephalogram
(EEG), Electrocardiogram (ECG), Electromyogram (EMG), Electrooculogram (EOG), Photo Plethysmogram
(PPG), Blood Perfusion Signal, Magnetoencephalogram (MEG), etc. Using differential amplifier EEG, ECG,
EOG, PPG and EMG are measured that registers the difference between two electrodes attached to the skin.
Blood Perfusion is measured with amplifier which uses Laser Doppler Flowmetry technique. This study is
confined to three Biosignals- ECG, PPG and Blood Perfusion Signals.

Electrocardiography (ECG) is the electrical activity of the heart which is detected by using electrodes
placed on skin. An ECG is used to measure the heart’s electrical conduction system [1]. Heart activity means the
function of the heart which is examined applying different conditions over a period of time. A typical ECG
consists of a P wave, a QRS complex, a T wave, and a U wave, which is normally invisible. A photo
plethysmogram (PPG) is an optically obtained plethysmogram, a volumetric measurement of an organ. A PPG is
often obtained by using a pulse oximeter/transducer which illuminates the skin and measures changes in light
absorption [2]. With each cardiac cycle the heart pumps blood to the periphery. The change in volume caused by
the pressure pulse is detected by illuminating the skin with the light from a light-emitting diode (LED) and then
measuring the amount of light either transmitted or reflected to a photodiode. In biomedical engineering,
spectral analysis of ECG and PPG is essential to evaluate heart activity.

Laser Doppler Flowmetry (or simply “LDF”) is an established and reliable method for the
measurement of blood perfusion in microvascular research. Periodic oscillations in the microvasculature are
detected by the noninvasive technique of LDF. The spectral analysis of the signal (ECG, PPG and blood
perfusion) from human skin has revealed five characteristic frequencies [3]-[4]. In addition to the cardiac and
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respiratory rhythms around 1 and 0.3 Hz, respectively [4]-[5], three frequencies have been detected in the
regions around 0.1, 0.04, and 0.01 Hz in human skin [3]-[5]. It is suggested that periodic oscillations with a
frequency of around 0.1 Hz (a-waves) reflect intrinsic smooth muscle (myogenic) activity of blood vessels [6],
whereas the frequency around 0.04 Hz (b-waves) represents neurogenic stimulation of resistance vessels [7].
Golenhofen suggested that oscillations of around 0.01 Hz (minute-rhythm) resulted from changes in metabolism
of the perfused tissue [8]. The different spectral components are thought to modulate vascular smooth muscle
cell activity. This results in a specific level of vascular tone, which in combination with the rheological
properties and the active dilator activity, determines vascular resistance.

Energy drinks (ED) are a group of beverages used by consumers to provide an extra boost in energy,
promote wakefulness, maintain alertness, and provide cognitive and mood enhancement [9]. These beverages
have stimulant effects on the central nervous system (CNS) and their consumption is accompanied by an
expectation of improving user’s performance physically and mentally [10]. “Magical” ingredients of these
drinks have one thing in common: all of them contain a lot of caffeine. These could be considered the “active
ingredients” [11]. Energy drinks have added caffeine and other ingredients that their manufacturers say increase
stamina and "boost" performance. Caffeine is one of the most commonly consumed alkaloids worldwide in the
form of coffee, tea, or soft drinks, and in high doses may cause abnormal stimulation of the nervous system [12],
as well as adverse effects in the cardiovascular, hematologic, and gastrointestinal systems [13]. The market and
degree of consumption of energy drinks is increasing every year, but only few have global knowledge of their
ingredients and actual physiological and psychological effects [14]. Although energy drinks have been sold
worldwide for more than a decade, only a few published studies have examined their effects on health and well-
being. Steinke and Lanfear investigated the effects of energy drink consumption on hemodynamic and
electrocardiographic parameters in healthy young adults, and reported a significantly increased heart rate and
blood pressure within 4 hours [15]-[17]. All the above studies are related with physical performance analysis but
a very few studies on heart activity due to the consumption of energy drinks. The aim of the present study is to
evaluate heart activity due to having energy drinks by analyzing spectral components of different Biosignals
which are related to heart function. We hypothesized that having energy drinks changes microvascular control
mechanisms of the skin which would result in differences in the spectral components.

1. MATERIALS AND METHODS

2.1 Subjects specification

Ten healthy young Subjects between 19 and 27 years old were enrolled for this study. The Subjects had
not taken any medication during the week prior to the study. None of the Subjects were smokers and they
refrained from alcohol and caffeine containing drinks and performed heavy exercise at least 6 hours prior to the
study. The Subject had not any disorder, hypertension, heart surgery, stroke, or any history of cardiovascular
degeneration. After being informed of the study design, they gave their written consent. The study was approved
by the local Ethics Committee. Each participant had an initial visit to the experimental laboratory for a physical
examination and a medical history assessment. Details about the Subjects are listed in Table I.

Table I: Demographic Characteristics of Study Participants

Parameters Value (N=10)?
Age (yrs) 22.6 +3.04
Weight (kgs) 66 +7.92
Height (cms) 171.70 £2.99
BMI (kg/m?) 22.44+3.11

#Values are Mean + Standard Deviation

2.2 Experimental setup

The study was performed in a quiet room with the temperature kept at 25°C (24-26). The subjects were
resting in the supine position throughout the whole experimental period. ECG, PPG measurements were
performed with electrode lead set (plugs into channel 1), pulse transducer (plugs into channel 2) respectively
connected to the same MP36 (Biopac, USA) data acquisition unit as shown in Fig. 1(a). LDF measurements
were performed with skin surface probe connected to LDF100C module on middle finger tip. This LDF module
was connected to MP150 (Biopac, USA) data acquisition unit. The LDF100C Laser Doppler microvascular
perfusion module works by illuminating tissue with low power laser light using a probe (TSD140 series)
containing optical fiber light guides. Laser light from one fiber is scattered within the tissue and some is
scattered back to the probe. Another optical fiber collects the backscattered light from the tissue and returns it to
the module. The light is scattered by the static tissue structures and moving blood cells; the moving blood cells
impart a Doppler Shift; an adjacent fiber detects light returned from the tissue; this light contains Doppler
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shifted and unshifted light. Most of the light is scattered by tissue that is not moving but a small percentage of
returned light is scattered by moving red blood cells. The light returned to the module undergoes signal
processing to extract the signal related to the moving red blood cells. The principle of laser Doppler flowmetry
technique is shown in Fig. 1(b).
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Figure 1: (a) Setup for ECG and PPG recording, (b) Principle of Laser Doppler Flowmetry [18]

2.3 Spectral Analysis

Spectral analysis is referred to as frequency domain analysis or spectral density estimation, is the
technical process of decomposing a complex signal into simpler parts. Many physical processes are best
described as a sum of many individual frequency components. Any process that quantifies the various amounts
(e.g. amplitudes, powers, intensities, or phases), versus frequency can be called spectral analysis as shown in
Fig. 2. The Fourier transform of a function produces a frequency spectrum which contains all of the information
about the original signal, but in a different form. A common technique in signal processing is to consider the
squared amplitude, or power; in this case the resulting plot is referred to as a power spectrum. A fast Fourier
transform (FFT) is an algorithm to compute the discrete Fourier transform (DFT) and it’s inverse. A Fourier
transform converts time (or space) to frequency and vice versa; an FFT rapidly computes such transformations.
As a result, fast Fourier transforms are widely used for many applications in engineering, science, and
mathematics. Fast Fourier transforms have been described as “the most important numerical algorithm of our
lifetime” [19].
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Figure 2: Frequency and time domain for the same signal [20]

The Power Spectral Density (PSD) describes how the power of a signal or time series is distributed
over the different frequencies, as shown if Fig. 2. Here, power can be the actual physical power, or more often,
for convenience with abstract signals, can be defined as the squared value of the signal. The total power P of a
signal x(t) is the following time average:
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P=Ilim ! }x(t)2 dt
=% o1 7
The power spectral density can be defined as [21]-[22]:

. 2
Sy (@) =limp ., Ellxy (w)| ]
Here E denotes the expected value and x; (w) is a truncated Fourier transform, where the signal is integrated
only over a finite interval [0, T]:
(@)=
XT w)=—F—
N
Spectral analysis of Biosignals collected from skin is performed by means of Biopac AcqgKnowledge
software in this study. The frequency spectrum of Biosignals is analyzed by Fast Fourier transform (FFT) and
Power Spectral Density (PSD). For obtaining better spectral resolution in FFT and PSD we have used hamming

window function. Following recent studies [3]-[4], the frequency interval studied (from 0.009 to 1.6 Hz) was
divided into five subintervals as shown in Table II.

T .
[ x(t)e 1 dt
0

Table Il: Frequency Interval of Biosignals Collected from Skin

Origin of Oscillation (Activities) Frequency Range (Hz)
Metabolic 0.0095-0.02
Sympathetic 0.02-0.06
Myogenic 0.06-0.20
Respiratory 0.20-0.60
Heart/Cardiac 0.60-1.60

1. RESULTS AND DISCUSSIONS

3.1 Measurements of Biosignals

A typical recording of ECG and PPG for a subject are shown in Fig. 3 and Fig. 4 respectively. These
recordings are performed at both normal (before having energy drinks) and energized (after having energy
drinks) condition to evaluate heart activity due to the consumption of energy drinks by analyzing spectral
components of different Biosignals. To compare the results of ECG and PPG analysis 2 subjects from above 10
subjects have been selected and their LDF signal is recorded before and after having ED. Applying same
conditions LDF recordings have been done as before. At least 10 min were allowed for acclimatization before
the LDF measurements were performed on the skin of middle finger tip. Skin blood perfusion was measured
immediately before and after 30 minutes of having energy drinks. Blood perfusion recording for a typical
subject at before and after having energy drinks are shown in Fig. 5 and Fig. 6 respectively. From LDF or Blood
perfusion recording it is seen that, due to having ED the maximum, minimum and average flows are increasing
but the peak to peak flow decrement is more significant.
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Figure 3: Recording of Electrocardiogram (ECG)




American Journal of Engineering Research (AJER) 2014

1.50
1.00
0.50
=
0.00 =
-0.50
-1.00
-1.50
418,37 417.17 417.97 418,77 419,57 420,37
seconds
Figure 4: Recording of Photo Plethysmogram (PPG)
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Figure 5: Recording of Blood Perfusion Signal before having ED
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Figure 6: Recording of Blood Perfusion Signal after having ED

3.2 Spectral Analysis of Biosignals

In this study, spectral analysis of blood perfusion signal is shown only and the results are compared
with spectral analysis of ECG and PPG because spectral analysis of ECG and PPG are already done in previous
works. FFT analysis of blood perfusion signal before and after having ED for a typical subject is shown in Fig. 7
and Fig. 8 respectively. Before having ED the peak magnitude of FFT within cardiac activity is 17.37 BPU,
occurs at 1.04 Hz. After having ED the peak magnitude of FFT within cardiac activity is 13.52 BPU, occurs at
0.96 Hz. PSD analysis of blood perfusion signal before and after having ED for a typical subject is shown in
Fig. 9 and Fig. 10 respectively. Before having ED the peak power of PSD is 111.8 (BPU)%/Hz occurs at 1.04 Hz
which is also within cardiac frequency range. After having ED the peak power of PSD is 67.77 (BPU)%/Hz
occurs at 0.98 Hz which is also within cardiac frequency range. It is seen that, due to having ED the amplitude
of FFT and the peak power of PSD within cardiac activity is decreasing. The reason behind this decrement may
be the decrement in peak to peak flow of LDF signal.
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Figure 7: Fast Fourier Transform of Blood Perfusion Signal before having ED
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Figure 8: Fast Fourier Transform of Blood Perfusion Signal after having ED
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Figure 9: Power Spectral Density of Blood Perfusion Signal before having ED
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Figure 10: Power Spectral Density of Blood Perfusion Signal after having ED
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3.3 Heart Activity Evaluation

The changes in average spectral components of blood perfusion signal due to having ED are listed in
Table 11. 1t is seen that for both FFT and PSD, frequency parameters of blood perfusion signal decreases within
frequency range of heart activity due to having ED. The frequency spectrum related results of ECG and PPG
signals have been compared with the frequency spectrum related results of blood perfusion signal which is
shown in Table IV. Frequency spectrum analysis of blood perfusion signal shows that about 34% decrement in
FFT and PSD parameters due to the consumption of ED. In previous chapter we have got about 40% decrement
in FFT and PSD parameters for PPG signal and about 15% decrement in FFT and PSD parameters for ECG
signal. For ECG, PPG and blood perfusion signal, the net change is negative which is also identical
(approximately) in some cases. The blood perfusion signal analysis also shows similar results as in case of ECG
and PPG signal analysis. Since the nature of signals is different, it is impossible to get 100% identical results.

2014

Table I11: Average Changes in Spectral Components of Blood Perfusion Signal

Type of Frequency Before having ED After having ED
Spectral band Peak Peak magnitude Peak Peak magnitude
Analysis occurs at (BPU) or Power occurs at (BPU) or Power
(Hz) ((BPU)*Hz) (Hz) ((BPU)Hz)
FFT Heart 1.06 17.95 1.02 11.81
PSD (0.6-1.6 Hz) 1.06 97.6 1.00 63.79
Table 1V: Comparison of Spectral Components of Different Biosignals
Signal Type of Frequency Peak magnitude Peak magnitude % Change
type Spectral band (BPU) or Power (BPU) or Power due to
Analysis ((BPU)°/Hz) before ((BPUY’/Hz) after having ED
having ED having ED
ECG FFT Heart 0.01016 0.00830 - 18.30%
PSD (0.6-1.6 Hz) 1.08E-05 0.97E-05 - 10.19%
PPG FFT 0.15267 0.09693 - 36.51%
PSD 0.00799 0.00429 - 46.31%
LDF FFT 17.95 11.81 - 34.21%
PSD 97.60 63.79 - 34.64%

The heart activities are clearly evaluated due to the consumption of ED analyzing spectral components
of different Biosignals. Consumption of ED affects heart activity that is determined in this study using ECG,
PPG and blood perfusion signal. The spectrum or frequency components for PPG signal decreases with a
significant rate from the instant of being energized. Also a net decrement in spectrum components is noticed for
ECG signal due to the consumption of ED. By analyzing spectrum components of blood perfusion signal,
approximately same results are found as in case of ECG and PPG. Thus the results of this study are verified with
the analysis of spectral components of blood perfusion signal.

V. CONCLUSION
In this work, ECG, PPG and blood perfusion signal acquisition were performed using Biopac
equipments in before and after the consumption of energy drinks. By analyzing spectral components of
Biosignals (ECG, PPG and blood perfusion) it is clear that the consumption of ED affects Biosignals which in
turns reduces the spectral components. The result of this study reflects negative impacts on heart activity that are
not in favor to the human being. It is the time to be concern about the negative aspects of energy drinks
consumption.
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