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ABSTRACT

Background. Energy drink (ED) intake is associated with acute changes in cardiovascular
indices. However, the amplitude of electrocardiographic (ECG) waves have been scarcely
studied and gender difference has not been explored either. The current study aims to
observe changes in ECG under the influence of ED with focusing on gender differences.

Methods. Twenty healthy participants with an average age of 22 years were enrolled in
this study. Half of the participants were male and half were female. This study was
conducted in the Department of Physiology, University of Karachi from July 2019 to
October 2019. The participants were asked to drink 500 ml of ED. Later limb lead ECG
was performed before (Before-ED) and 2 hours after (After-ED) intake. Recording and
data analysis was done through Powerlab. Heart rate (HR) corrected QT interval (QTc), R
wave, and T wave amplitudes and HR were calculated and analyzed.

Results. QTc was found to increase (10%) in After-ED as compared to Before-ED. In
contrast, T wave was found to reduce (37%) in After-ED. These results were statistically
significant (p < 0.05). These changes in QTc and T waves were similar in both male and
female subjects. The HR did not change in males. In females, it increased from an average
of 82 bpm in Before-ED to 92 bpm in After-ED and the difference was statistically
significant (p < 0.05).

Conclusion. Acute intake of energy drinks produces acute changes in ECG with no gender
difference. Thus, regular intake of these drinks should be avoided.

Keywords: cardiovascular health, corrected QT interval, electrocardiography, energy
drink, heart rate

Highlights

e Acute changes are produced in ECG under acute intake of ED in young healthy
subjects.

o T wave amplitude is reduced under an acute intake of ED.

e  Gender difference is found in HR under an acute intake of ED.
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GRAPHICAL ABSTRACT

T WA VE REDUCED IN
BOTH GENDERS Q BOTH GENDERS
m nucrz
fms
1. INTRODUCTION Caffeine produces a wvariety of

Energy drinks (ED) are soft beverages
containing a high percentage of caffeine
and other additives, including
carbohydrates amino acids such as taurine
and herbal stimulants [1]. Their
consumption is claimed to have positive
physical and mental effects, such as
improved alertness and mood, increased
endurance and athletic performance, as
well as weight loss [2]. The consumption of
these drinks is higher in young adolescents
and children in different population groups
[3, 4]. In Pakistan, its prevalence in
students is around 40-50% [5]. The amount
of caffeine added in different EDs varies
from less than 100gm/serving to as much as
500mg/serving [6], which is labeled as high
caffeine as compared to tea and coffee. An
intake of 400mg caffeine/day is considered
as safe.

Department of Life Sciences

physiological effects on different systems
including the nervous system,
cardiovascular system, excretory system

such as diuresis, cardiac muscle
stimulation, central nervous system
stimulation, smooth muscle relaxation,

stimulation of gastric acid secretion, and
elevation of plasma free fatty acids and
glucose. Excessive intake of these drinks
can cause myocardial infarction [7]. On the
other hand, consumption even in small
amounts can acutely influence
cardiovascular system in non-habitual
subjects [8-10]. Variations in systolic and
diastolic blood pressures, HR, QT interval,
and QTc are frequently observed [8, 10,
11]. These effects are developed within an
hour [[9] and subside after a few hours [12].
An increase in blood pressure is mostly
consistent with ED consumption, as found
in different studies [13]. However,
conflicting data is available regarding heart
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rate and ECG parameters including QTc
from increase to none to decrease [8, 9, 11,
12]. In addition to ED, caffeine
consumption also shows a dose dependent
decrease in HR [14]. Caffeinated ED
changes blood pressure significantly but
not the non-caffeinated ED [15]. Changes
in these parameters, where observed, are of
different magnitude [11, 16]. In addition, a
lot of research is available regarding
change in the duration of ECG. However,
the effects of energy drinks on amplitudes
in ECG waves have not been described.

Gender differences exist among
various cardiovascular parameters [17-19],
as well as the effects of caffeine on
cardiovascular parameters [20, 21]. In light
of the above description, the current study
aims to analyze gender differences
regarding the effects of acutely consumed
energy drinks on cardiovascular functions.
Furthermore, HR and ECG parameters are
assessed.

2. MATERIALS AND METHODS

This is a pre-post type of interventional
study conducted in the Department of
Physiology, University of Karachi from
July 2019 to October 2019. Prior ethical
approval was obtained from the
departmental research committee and the
procedure was conducted in accordance
with the ethical standards of the latest
version of Helsinki Declaration. A total of
20 young and healthy participants of the
age group 20-25 years were recruited.
Power analysis and sample size
determination was done with G power
3.1.9.7. All participants signed the
informed consent. They were all students of
the department with no prior history of any
cardiovascular condition. Half of them
were male and half were female.
Furthermore, they were non-smokers, non-
alcoholic, and non-users of energy drinks.

111—|BSR

The participants were also asked not to take
any caffeinated beverage 12 hours before
the experimentation. An ED, namely sting,
was used for their consumption. It is
commercially available in a bottle of 500
ml and includes carbohydrates, several
vitamins, ginseng, inositol, taurine, and
caffeine. There is about 200 mg/l of
caffeine present in it [22]. Baseline blood
pressure and HR was tested before ED
intake. ECG was recorded and analyzed by
using limb lead associated with the
physiological data acquisition system
Powerlab, (ADInstruments, Australia).
Four limb leads were attached with each
limb and were connected with a bio
amplifier through bio amplifier cable.
Electrode gel was applied on skin surface
where electrodes were attached. Chart
software was used to acquire and analyze
data. Bio amplifier settings were as follows:
sampling rate: 200/sec, range: 2 mv, low
pass filter; 50 Hz, and high pass filter: 0.5
Hz. These are recommended settings by the
manufacturer. The measured
cardiovascular parameters included QT
interval, T wave amplitude, R wave
amplitude, and HR.

All the subjects were asked to sit
comfortably in supine position for 10 to 15
mins before the start of recording. After the
rest period, electrodes were applied and
baseline ECG was recorded. It was
followed by the drinking of a half-liter
bottle of sting as ED by all subjects. After
one hour, ECG was recorded again.

Statistical analysis was done through
MS Excel and SPSS. All records were
shown as mean + SD. Means were
compared with student t-test, while
multiple comparisons were made through
ANOVA using Bonferroni’s post hoc test.
The obtained value, (0.05) was considered
as significant.
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3. RESULTS
3.1. Effects of ED on QTc Interval

After an hour of consuming ED, a
marked change in QTc interval was
observed, as shown in Figure 1. An increase
of about 0.039 + 0.002 s (13 %) in QTc
interval was observed in both gender and
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the difference was statistically significant
(p = 0.000) before and after the drinking of
ED. However, no gender difference was
observed and the mean QTc interval
remained the same in both males and
females before and after having ED.

0O Before-ED
| After-ED

Males

Females

Figure 1: Heart rate corrected QT interval (QTc) before (before-ED) and after (After-ED)
intake of ED in both genders. Error bars are showing standard error. (n = 10, statistical
significance in males; p = 0.000, in females; p = 0.000)

3.2. Effects of ED on T wave Amplitude

The amplitude of T wave was also
found changed under the influence of ED in
both males and females, as shown in Figure
2. There was a decrease of about 0.08 +

0.3 ~
0.25 -

T Wave Ampplitude
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0.05 mV (66 %) in T wave amplitude in
both gender and this difference was
statistically significant (males: p = 0.019,
females: p = 0.030). However, consistent
with the QTc interval, no gender difference
was found in T wave amplitude.

OBefore-ED
W After-ED

Male

Female

Figure 2: Amplitude of T wave before (before-ED) and after (After-ED) intake of ED in
both genders. Error bars are showing standard error (n = 20, statistical significance; in

males; p = 0.019, in females; p = 0.030)
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3.3. Effects of ED on QRS Complex
Amplitude

R wave of QRS complex showed an
increase of 0.50 + 0.04 mV (14 %) in males
and 0.10 + 0.01 mV (31 %) in females, as
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shown in Figure 3. However, this
difference was not statistically significant
(p = 0.876). The same pattern was observed
in both male and female subjects and no
gender difference was found.

O Before-ED
B After-ED

Male

Female

Figure 3: Amplitude of R wave of QRS complex before (before-ED) and after (After-ED)
intake of ED in both genders. Error bars are showing standard error (n = 10, statistical
significance; in males; p = 0.275, in females; p = 0.646)

3.4. Effect of Energy Drinks on HR

The only parameter in which gender
difference was observed was HR. In males,
no change in HR was found after an hour of
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ED consumption, as shown in Figure 4. In
females, an increase of 10+4 bpm (11%) in
HR was observed under the influence of ED

and the difference was statistically
significant (p = 0.019).
O Before-ED
B After-ED

Male

Female

Figure 4: Heart rate before (before-ED) and after (After-ED) intake of ED in both genders.
Error bars are showing standard error (n = 20, statistical significance; in males; p = 1.000,

in females; p = 0.019)
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4. DISCUSSION

Several recent studies showed the
acute effects of caffeinated ED on different
cardiovascular parameters, including blood
pressure and ECG. In the current study,
changes in HR as well as time and voltage
dependent characteristics of ECG were
studied, while focusing on gender
difference. The current results showed an
increase in QTc interval and a marked
reduction in T wave amplitude due to ED
consumption but without any gender
difference. Previous studies showed that
change in QTc was observed at high doses
of 800-1000ml of EDs but not in low doses
of less than 300ml [12, 13, 23]. Thus, the
current results obtained with 500ml volume
of ED consumption are consistent with
previous studies. Considering the fact that
these experiments were performed on
healthy individuals with a single intake of
ED, any change in ECG would be
temporary and would not be a sign of any
pathological condition. However, baseline
changes in ECG in healthy individuals can
manifest later in life as severe pathological
conditions [24]. Thus, a continuous use of
these drinks can increase the risk of cardiac
abnormalities [25]. In addition, these
changes should not be considered as beat to
beat variations in ECG. The obtained
results show a significantly increased QTc
interval, but these values did not reach the
pathological range, which is greater than
440 ms in men and 460 ms in women [26].
In addition, several experimental evidences
are available which show a link between
different ingredients of ED and change in
the QTc interval. QTc represents the
ventricular action potential. Its
prolongation of the acquired type is well
described under the effects of several
medications where QTc increases due to
electrolyte imbalances [26]. Electrolyte

hypocalcaemia, and hypomagnesaemia.
Caffeine in a high concentration in serum
has a negative correlation with serum
potassium [27]. In addition, medicines
which increase QTc interval block the
inward rectifier potassium channel (IKr)
[28]. Moreover, ginseng is also related with
reversible QTc  prolongation  [29].
Recently, in isolated heart preparation, the
term of QTc was demonstrated under the
influence of caffeine and taurine [30].
Thus, further research is required.

Change in T wave amplitude after ED
or caffeine intake is scarcely documented in
literature [31]. T wave originates due to the
heterogeneous repolarization of different
areas of ventricles which, in turn, depends
on variations in activation time and the
duration of action potential [32]. In healthy
individuals, T wave amplitude is correlated
with several factors including gender, HR,
blood CO; concentration, and exercises
[33-35]. T wave is also correlated with
aging, that is, with age it undergoes
flattening [36]. T waves with a low
amplitude are correlated as well with
cardiovascular mortality [37]. In addition,
repolarization in ventricles is also sensitive
to temperature and ionic balances [32].
High calorie intake also reduces T wave
amplitude. However, certain conflicting
evidences are also reported in the literature
which negate the role of caffeine [38] or
ginseng in ECG changes [39, 40]. Thus, for
different ingredients of EDs, detailed
investigations are required to determine
reasonable factors which produce ECG
changes acutely [1].

4.1. Limitations

The recording of ECG with only limb
leads was a significant limitation of this
study. This is because limb leads and chest
leads show cardiac electrical activity with

imbalances include hypokalemia, different angles. Hence, further research
Department of Life Sciences '46.‘ U MT 114
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with the use of both chest and limb leads is
recommended to confirm the results.

4.2. Conclusion

In conclusion, an acute intake of
energy drinks produces such acute changes
in ECG which are otherwise related with
pathological conditions, including prolong
QTc and reduced T wave amplitude. These
effects are independent of gender
differences. The reasons for these changes
may be temporary ionic disturbances and
temporary autonomic imbalance, among
others. It could be predicted with these
results that regular intake of these drinks
may have detrimental effects on cardiac
health in both males and females.
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