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ABSTRACT A

Background: The use of mobile phone has increased excessively these days which can have a deleterious effect on
human tissues and organs, especially cardiovascular system (CVS). The effects on CVS can be detected at an early
stage by analyzing alterations in heart rate variability (HRV). Aims and Objectives: This study was designed to
determine the effect of mobile phone use with different components of HRV. Materials and Methods: In our study,
HRYV was measured in 95 college-going students (males: 49 and females: 46) using RMS Polyrite-D during 3 phases
with each phase being recorded continuously for 2 min. Phase 1: Basal recording; Phase 2: Mobile phone use during
active call with direct contact to the ear; and Phase 3: Mobile phone use during active call with earphones. Data
obtained were subjected to statistical analysis using repeated measures non-parametric test followed by multiple
comparison tests. Results: There was a significant increase in mean HR and decrease in mean RR interval from
baseline through Phase 3 to Phase 2. This study shows that there was statistically significant change in root of the
mean of the sum of the squares of differences (RMSSD), low frequency (LF), high frequency (HF), and LF/HF
ratio between basal recording and during active call (direct contact of mobile phone to the ear and also with use
of earphones); however, no change was seen between direct contact of mobile phone to the ear and during the use
of earphones. Standard deviation of all normal-to-normal intervals (SDNN) did not show any significant change.
We also observed gender differences in some of the HRV parameters. Conclusion: There is a considerable effect
of mobile phone use on HR and HRV parameters. Furthermore, the changes noted were less with earphone use
compared with the use of mobile phone in direct contact with the ear though these differences were not significant
statistically.

KEY WORDS: Heart Rate Variability; High Frequency; Low Frequency; Low Frequency/High Frequency Ratio; Mobile
Phone; RMSSD; SDNN
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E E The number of mobile phones and its use have been increased
massively in the past decade. There were 5-9 billion mobile
DOI: 10.5455/njppp.2018.8.0727708082017 - phone subscribers in 2011; in 2010, about 16.7 billion text
E messages were sent almost every day. In pace with the
. technological advancements, mobile phones have also grown
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into minicomputers and multimedia devices with umpteen
functions. Thus, mobile phones have become an integral part
of life.l

Mobile phones emit radio frequency energy in the form of
non-ionizing radiations. The mobile phone radiations are
microwaves in the range of 900/1800 MHz. The maximum
power transmission that a mobile phone is allowed is 2.0 W
for 900 MHz and 1.0 W for 1800 MHz frequency.?*?!

Mobile phones have specific absorption rate (SAR), the rate at
which the whole body absorbs energy from a radio frequency
magnetic field. The SAR limit for hand-held devices varies
in different regions of the world. International commission
on non-ionizing radiation protection recommends a SAR
limit of 0.08 W/kg and 2.0 W/kg average for entire body and
head, respectively.[! The European guidelines permit up to a
maximum of 2.0 W/kg averaged over 10 g of tissue, whereas
the American guidelines restrict it at or below 1.6 W/kg
measured over 1.0 g of tissue. In 2012, India adopted the
American guidelines.!

Mobile phones emit maximum radiations during network
search, ringing, while sending SMS than on active call.’® The
electromagnetic radiations have effects on different tissues
and organs to variable degree, especially those involved in
signal transmission such as nerve fibers, pacemaker, and
conducting system of the heart.[®

The heart rate variability (HRV) analysis is a sensitive
indicator of pacemaker activity of the heart modulated
by autonomic nervous system (ANS). It is used in healthy
and diseased subjects for the assessment of sympathovagal
balance. Nowadays, the state of sympathovagal balance as
assessed by HRV is increasingly being used in predicting,
diagnosing, managing, and preventing cardiovascular
dysfunctions.[”

It has been shown in many studies that electromagnetic
frequency (EMF) emitted by mobile phones interferes
with the working of implanted cardiac pacemakers.?!%
The effects of mobile phone radiations range from trivial
symptomatology such as headache, nausea, and dizziness
to more dreaded effects such as teratogenesis.l'!! Some
studies reported cataracts, skin burns, miscarriages, or
birth defects due to negative thermic effects on living
organisms.l'> On the contrary, some of the studies
have shown no harmful effects on the body including
cardiovascular parameters.['6-1®)

Mobile phone radiations alter HRV; these alterations may
detect cardiovascular diseases much before the onset of its
clinical symptoms. It has been found that decrease in HRV
is associated with the risk of sudden cardiac death in patients
with heart diseases. Reduction in HRV causes increasing

risk of mortality and susceptibility to life-threatening
arrthythmias.!!%)

The alterations in HRV due to mobile phone radiations are
important to study as they may have a deleterious effect on
human health. Hence, this study was designed to document
effects of mobile phone radiations on HRV in college-going
students and to determine any role of duration of mobile
phone use with different components of HRV.

MATERIALS AND METHODS

An observational study was conducted in the Department
of Physiology of our Medical College during the months of
May to October 2016. Participants were 100 college-going
students of both genders between the age group of 18 and
25 years. Ethics clearance was obtained from the Institutional
Review Board (Reference No.: 2016/11/006) before the start
of this study. The study complied with the guidelines of
Helsinki declaration.

Those individuals with cardiovascular, metabolic or
neurological disorders, alcoholics, smokers, and those taking
any medications that are known to affect cardiorespiratory
response were excluded from this study.

Informed consent was obtained from all participants before
the start of the study. Demographic parameters such as
height and weight were recorded for each subject before
the recording. Each subject was asked not to eat or drink
at least half-hour before the test and was allowed to relax
for 10-20 min before recording. To minimize the effect of
respiration on HRV, subjects were required to breathe quietly
(12-16 breaths/min).

In each subject, lead II ECG signals were recorded in the

supine position in 3 different phases for 2 min each using

Polyrite-D (Recorders and Medicare Systems, Chandigarh,

India) as follows:

Phase 1: Basal recording,

Phase 2: Mobile phone use during active call with direct
contact to the ear,

Phase 3: Mobile phone use during an active call with
earphones.

During Phase 3, the mobile phone was placed at a short
distance from the body. Same “smart” mobile phone (Make:
Samsung, Model: Galaxy S III (GT-19300), Generation: 3G,
Frequency band: WCDMA (850/900/1900/2100 MHz) +
GSM (850/900/1800/1900 MHz), Highest SAR: 0.490 W/kg
1 g (head), 1.02 W/kg 1 g(body)) was used for all participants.
Call was made to this mobile phone by one of the investigators
with a standard set of questionnaire to avoid interdevice and
intersubject conversation differences. After each recording,
HRYV analysis was done as follows:
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HRYV Analysis

The following parameters were calculated for every subject
in all 3 phases.%
1. Time domain parameters:

a. Standard deviation of all normal-to-normal intervals
(SDNN),

b. Square root of the mean of the sum of the squares
of differences between adjacent NN intervals
(RMSSD).

2. Frequency domain parameters (fast Fourier transforms):

a. Low frequency (LF),

b. High frequency (HF),

c. LF/HF ratio.

3. Mean RR interval.
4. Mean HR.
Statistical Analysis

Data obtained were tabulated using Microsoft excel and
imported into SPSS 17.0 statistical software for analysis. The test
data obtained were subjected to Shapiro—Wilk test of normality
wherein many parameters deviated from normality. Therefore,
repeated measures non-parametric tests were used. Friedman
test was applied to know the difference between the means from
3 phases of test. If the Friedman test was statistically significant,
Wilcoxon signed-ranks test (multiple comparisons test) was
performed. Statistical significance was fixed at P < 0.05.

RESULTS

Mobile phone usage while on active call had a very wide range
among our subjects starting from as short as 5 min to as long
as 6 h per day. 100 young apparently healthy subjects were
enrolled for the study after taking consent. For 5 subjects,
there was an error in the recording of HRV parameters and
hence were excluded from analysis. The data are expressed
as meantstandard deviation for scale variables. Table 1
shows the sex distribution (M =49, F = 46, total = 95). Mean
age of the subjects was 19.34 + 1.04 years. Mean weight was
60.89 + 14.48 kg, mean height was 166.2 £ 9.81 cm, and
mean body mass index was 21.89 + 3.8 kg/m?.

The whole-group analysis showed that there was a statistically
significant difference in mean HR between 3 phases of test,
x’(2) = 62.075, P = 0.000. Post-hoc analysis with Wilcoxon
signed-rank tests was conducted with a Bonferroni correction
applied. There were a significant differences between Phase
2 and Phase 1 (Z=-6.912, P = 0.000), between the Phase 3
and Phase 1 (Z =-5.718, P = 0.000), and between Phase 2
and 3 (Z=-4.108, P =0.000).

There was a statistically significant difference in mean RR
interval between 3 phases of test, y*(2) = 58.099, P = 0.000.
Post-hoc analysis with Wilcoxon signed-rank tests was
conducted with a Bonferroni correction applied. There were

Table 1: Participants data (n=95)

Parameter Values
Age (years) 19.34+1.04
Gender (M/F) 49/46
Mobile phone use (min) 64.21£75.81
Weight (kg) 60.89+14.48
BMI (kg/m?) 21.89+3.80

BMI: Body mass index

significant differences between Phase 2 and Phase 1 (Z=-6.436,
P = 0.000), between the Phase 3 and Phase 1 (Z = —5.366,
P =0.000), and between Phase 2 and 3 (Z=-3.983, P=0.000).

SDNN did not show any difference (P = 0.966) between the 3
test phases, but there was a statistically significant difference in
RMSSD between 3 phases of the test, y*(2) =22.989, P=0.000.
Post-hoc analysis with Wilcoxon signed-rank tests was
conducted with a Bonferroni correction applied, resulting in
a significance level set at P < 0.017. There were significant
differences between Phase 2 and Phase 1 (Z=-4.907, P=0.000)
and between the Phase 3 and Phase 1 (Z=—4.358, P = 0.000),
but there was a no statistically significant difference between
Phase 2 and 3 (Z=-0.585, P =0.559).

There was a statistically significant difference in LF
component of HRV between 3 phases of test, y*(2) = 15.411,
P = 0.000. Post-hoc analysis with Wilcoxon signed-rank
tests was conducted with a Bonferroni correction applied.
There were significant differences between Phase 2 and
Phase 1 (Z = —2.474, P = 0.013) and between the Phase 3
and Phase 1 (Z = —4.417, P = 0.000), but there was a no
statistically significant difference between Phase 2 and 3 (Z
=-1.654, P =0.098).

There was a statistically significant difference in high-
frequency (HF) component of HRV between 3 Phases of test,
2(2) = 16.063, P = 0.000. Post-hoc analysis with Wilcoxon
signed-rank tests was conducted with a Bonferroni correction
applied. There were significant differences between Phase
2 and Phase 1 (Z = —2.658, P = 0.008) and between the
Phase 3 and Phase 1 (Z=—-4.415, P = 0.000), but there was
a no statistically significant difference between Phase 2 and
3(Z=-1.622, P=0.105).

There was a statistically significant difference in LF: HF ratio
of HRV between 3 phases of test, ¥*(2) = 16.063, P = 0.000.
Post-hoc analysis with Wilcoxon signed-rank tests was
conducted with a Bonferroni correction applied. There were
significant differences between Phase 2 and Phase 1 (Z=-2.604,
P =0.009) and between the Phase 3 and Phase 1 (Z =—4.330,
P =0.000), but there was a no statistically significant difference
between Phase 2 and 3 (Z=—1.665, P = 0.096).

Gender-specific results are depicted in Tables 2 and 3. In males,
mean HR, mean RR, and RMSSD were significantly different
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between baseline and mobile phone use either directly or with
the use of earphones. SDNN did not show any difference. LF,
HF, and LF:HF were significantly different between Phase 1 and
Phase 3 (Table 2). In females, statistically significant differences
were noted between all the 3 phases with respect to mean HR
and mean RR. Changes in SDNN were insignificant. RMSSD
was significantly different between baseline and mobile phone
use either directly or with the use of earphones. LF and HF
did not showed any difference, whereas LF: HF ratio showed
difference only between Phase 1 and Phase 3 (Table 3).

DISCUSSION

The present study was conducted in 95 young adults to find
out immediate effects of mobile phone radiations on HRV.
Our results reveal that there are considerable changes in HRV
parameters which are in contrast to the study findings of Tamer
et al. who showed that mobile phone placed on the chest does
not have any effect on hemodynamic and cardiac electrical
activity parameters.?!! Our study participants had a very wide
range of duration (5 min to 6 h per day) of mobile phone use
during active call as well as the total duration of exposure to
mobile phones in years. Ekici et al. concluded that HRV may
be influenced by long-term mobile phone usage.”” In our
study, SDNN parameter did not show any significant difference
between the 3 phases. While recording HRV time domain
parameters, we found that RMSSD values were significantly
reduced during direct contact of mobile phone to the ear and
by use of earphones in comparison to baseline recording. The

HF component values of Phase 2 and 3 were also significantly
reduced. The above findings were consistent with a previously
done study by Vegad et al.?l HRV was lower during direct
contact of mobile phone than by the use of earphones, but this
difference was not statistically significant (Table 4). In our
study, we found that LF and LF/HF ratio were significantly
increased while HF was significantly reduced when mobile
phone was in direct contact and when earphones were used
in comparison to baseline values. The LF component value
of Phase 2 was significantly increased in comparison to the
baseline recording, and this finding is consistent with the study
conducted by Andrzejak et al.?*! The LF/HF ratio was also
increased significantly during Phase 2 and 3, but there was no
significant difference between Phase 2 and 3 which is consistent
with the study by Vegad et al.l**! In contrast to our study, LF/HF
ratio was decreased in the study by Andrzejak et al.** There
was a significant decrease in the mean RR interval in Phase 2.
The decrement in Phase 3 was less than the Phase 2. Thorat and
Shelke.! showed that there was no significant change in RR
interval after the mobile phone ring. We also found a significant
increase in the HR in Phase 2. This finding is consistent with the
study conducted by Andrzejak et al.*¥ The increment was less
in Phase 3 when compared to Phase 2. Mann et al.”®! conducted
a study on effects of pulsed high-frequency EMF generated by
a mobile phone in lower micro frequency range on HRV at the
time of sleep and concluded that no significant effects were
noted on HR parameters.

Barutcu et al. also concluded no effects on HRV.I'® The studies
conducted by Yilmaz and Yildiz,*” Andrzejak et al.,*¥ and

Table 2: Differences in HRV parameters between different phases in males

Parameters Phase 1 Phase 2

Phase 3 Wilcoxon signed-rank tests

Mean HR 79.76£11.64 84.78+11.73

Mean RR 0.76+0.11 0.72+0.10

SDNN 47.58+16.87 45.77+14.40

RMSSD 43.85+21.81 36.66+17.76

LF 53.02+19.68 62.30+13.26

HF 46.97+19.68 37.70£13.26

LF:HF 1.52+1.06 1.96+0.98

P=0.000*"
P=0.017*
P=0.000**

P=0.000*"
P=0.039*
P=0.000*"

P=0.124"
P=0.557*
P=0.922*
P=0.000*"
P=0.831%
P=0.000**

P=0.0317
P=0.092*
P=0.000**

P=0.031"
P=0.092¢
P=0.000**
P=0.044"
P=0.057¢
P=0.000*"

83.43+10.45

0.7240.09

47.23+19.28

36.68420.67

65.37+12.56

34.62+12.56

2.24+1.03

Difference between Phase 1 and 2, *difference between phase 2 and 3, “difference between Phase 3 and 1, P=Significance value, *statistically
significant at P<0.017 (after Bonferroni correction 0.05/3=0.017). HRV: Heart rate variability, HR: Heart rate, RMSSD: Root of the mean of the
sum of the squares of differences, SDNN: Standard deviation of all normal-to-normal intervals, HF: High frequency, LF: Low frequency
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Table 3: Differences in HRV parameters between different phases in females

Parameters Phase 1 Phase 2

Phase 3 Wilcoxon signed-rank tests

Mean HR 85.63+£9.29 89.41£10.35

Mean RR 0.69+0.10 0.67+0.08

SDNN 39.00+12.42 41.71+12.72

RMSSD 35.27+15.99 30.10£11.70

LF 56.16+18.33 61.93+14.67

HF 43.83+18.33 37.98+14.24

LF:HF 1.67+1.03 1.98+1.01

87.91+8.87 P=0.000*"
P=0.000%*+
P=0.002**
P=0.000*"
P=0.000**
P=0.008**

P=0.229"
P=0.756"
P=0.270¢
P=0.002%
P=0.227"
P=0.007*"

P=0.183"
P=0.544t
P=0.019"

P=0.1021
P=0.544¢
P=0.019"
P=0.085"
P=0.604:
P=0.016**

0.69+0.07

41.71£13.87

32.11£15.33

64.00+14.27

35.99+14.27

2.11£0.95

Difference between Phase 1 and 2, *difference between Phase 2 and 3, “difference between Phase 3 and 1, P=Significance value, *statistically
significant at P<0.017 (after Bonferroni correction 0.05/3=0.017). HRV: Heart rate variability, HR: Heart rate, RMSSD: Root of the mean of the
sum of the squares of differences, SDNN: Standard deviation of all normal-to-normal intervals, HF: High frequency, LF: Low frequency

Table 4: Time-domain and frequency-domain parameters

between different phases (all participants)

Parameter Phase 1 Phase 2 Phase 3
Mean HR (bpm) 82.60+£10.92 87.02+11.27 85.604+9.93
Mean RR (ms) 0.73+0.11 0.70+0.09 0.71+0.08
SDNN (ms) 43.43+15.42 43.81+13.69 44.56+17.02
RMSSD (ms) 39.70+19.59 33.49+15.41 34.46+18.33
LF (nu) 54.54+19.00 62.12+13.88 64.71+13.36
HF (nu) 45.45+19.00 37.83£13.67 35.28+13.36
LF:HF 1.59+1.04 1.97+0.99 2.18+0.99

HR: Heart rate, RMSSD: Root of the mean of the sum of the squares
of differences, SDNN: Standard deviation of all normal-to-normal
intervals, HF: High frequency, LF: Low frequency

Al-Hazimi.”® showed that there is an increased parasympathetic
activity associated with some changes in HRV indices.
Whereas Vegad et al.”*! demonstrated increase in sympathetic
tone and decrease in parasympathetic tone in females while
male subjects demonstrated no significant change. In our
study, we noticed differences in various parameters in both the
genders (Tables 2 and 3). Our study is in contrast with that
conducted by Roggeveen.!!! where HR decreased when dialing
mobile phone was placed on the chest and also in contrast to
the study conducted by Thorat and Shelke. and Devasia
et al.,® where there were no significant changes.

Limitations of the Study

During the data acquisition, subjects were required to listen
and talk which will have effect on HRV. We minimized the

effect of talking and emotions associated with speech by
asking standard neutral, non-exciting questions which they
had to answer in one word.

CONCLUSION

This study concludes that there is a statistically significant
change in mean HR and mean RR interval when mobile phone is
kept in direct contact with the ear and also when it is connected
using earphones. The increase in mean HR is more when
mobile phone is kept in direct contact with the ear than with the
use of earphones. There is a decrease in parasympathetic tone
and increase in sympathetic tone measured indirectly through
HRV parameters, i.e., change in LF and HF components. Thus,
this study shows that the use of mobile phones has an effect on
heart rhythmicity and conductivity; therefore, the population at
large should be advised on minimizing the use of mobile phones
in their day-to-day life. Subjects should be encouraged to use
earphones during active call and to minimize using phones
with direct contact to the ear because the electromagnetic field
developed around a mobile phone during active call may cause
interference with electrical impulses in the body. Due to the
close proximity of the phone to the heart, the rhythmicity and
conductivity of impulses may be affected directly or indirectly
through the modulation of ANS.
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