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ABSTRACT

Mobile phones (MP) are widely used especially byngopeople. It is possible that electromagnetitdfiEMF)
generated by MP may have an influence on the amanoervous system (ANS) and hence the heart aaibility
(HRV). The aim of the study was to estimate tHednte of the call with a mobile phone on HRV ionghealthy
people. The time and frequency domain analysisRV ivere performed to assess the changes in synysahlo
balance in a group of 25 healthy students with redrelectrocardiogram (ECG) at rest. The frequenomdin
variables were computed using PowerLab® acquisisgatem: very low frequency (VLF) power, low fretye
(LF) power, high frequency (HF) power and LF/HF icatvas determined. ECG was recorded in standardized
conditions: from 09:00 to 11:00 in the morning isifting position, within 15 min periods: beforesttelephone call
(period 1), during the call with use of mobile pleofperiod Il), and after the telephone call (perid. Mean heart
rate did not change significantly over 15 min pdrinefore the telephone call (period 1), during 1B rrelephone
call (period Il) and after the telephone call (pedilll) (respectively 96.62 +1.10; 126.80 + 2.6806.21 + 3.32).
The analysis of the time domain HRV parametershfemperiod I, Il and 11l showed that SDNN (Stand&relviation
of Normal to Normal intervals) was significantlyghier during the telephone call (period I, 214.7212) in
comparison with period | (195.49 + 2.94) and peribtd(194.98 + 4.77). The rest of the parameterstivé time
analysis did not differ significantly from each ethFrequency domain demonstrated that VLF, andpldfameters
were significantly increased over the 15 minuteigukiof the telephone call in comparison with therii period
before it. While LF was significantly decreasedidgrl5 min period after the telephone calls in cangbn with
the time of the telephone call. LF/HF ratio wascassgnificantly lower during the telephone calldomparison with
the period before and after the telephone call. T@eases in the parasympathetic tone concomitetit the
decrease in the sympathetic tone, measured intiirbgtanalysis of heart rate variability, were obssd during the
mobile telephone call. HRV analysis may be useda deol to monitor the effects of mobile phones ba t
cardiovascular system. Changes in heart rate valitgbduring the call with a mobile phone could bffected by
electromagnetic field, but the influence of spegkiannot be excluded.
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INTRODUCTION

Heart rate is mainly controlled by autonomic neaed#ivity to the sinoatrial node. Sympathetic
and parasympathetic drive can be non-invasivelyestigated using Heart Rate Variability
(HRV) analysis [1]. A low level of HRV associatedtlwlow vagal parasympathetic activity has
been identified as a risk marker for all causesioftality [2].

HRV can be altered by physiological factors, sushaging, gender and physical fithess. The
aging process decreases HRV towards a lower papadietic modulation [3, 4]. Concerning
gender, parasympathetic modulation of HRV seentetgenerally higher in women than in men
[5, 6]; however, aging tends to attenuate thisedéfficé the change apparently beginning at the
menopause [7].

Radiofrequency (RF) electromagnetic fields (EMF)obbile phones are widespread in the
living environment. The potential health risk oéeromagnetic field emitted by mobile phones
is still under debate. Exposition to high-power &tergy may have negative thermal effects on
eye, skin and pregnancy [8-12]. Such negative &ffbave never been demonstrated at the
power levels associated with public exposure toeRErgy emitted by mobile phones. In this
case the produced power is too low to cause thgedans heating but there are few reports of
non-thermal effect exerted by standard Global $y$te Mobile Communication (GSM) [8, 13,
14]. Many reports suggest that electromagnetiddiedmitted by cellular phones may interfere
with work of cardiac pacemakers and other impldetatedical devices [15-19]. There are some
reports confirming so called non-thermic effectradbile phones on humans that is not related to
heat stress [8, 13, 14]. It was shown that occapatiexposition to EMF can cause fluctuations
in heart rate and heart rate variability (HRV) [28} It is possible that electromagnetic field
emitted by cellular telephones may influence thim@omic tone, thus modifying the functioning
of circulatory system. Blood pressure and head aaé highest during the hours of 6.00 a.m. to
12.00 noon [22]. The aim of the present study wadetermine the influence of the call with a
mobile phone on HRYV in healthy young male meditatlents with a non invasive, widely used
method of autonomic function evaluation.

EXPERIMENTAL SECTION

Subjects

A total 25 healthy male2(l.0 £ 1.5 year) participants (frothird year students, College of
Medicine, University of Hail, Hail, KSA) were included in thstudy. All participants were
healthy and none of them were on treatment. THevidig exclusion criteria were accepted for
the investigation: presence of any serious cardiaviar disease, including arterial hypertension,
metabolic and neurological disorders that couldugrice heart rate variability and serious
arrhythmias All participants had used mobile phones for 3 tgr rior to the study. The mean
number of telephone calls was 125 per mpmtiean total duration of calls was 850 min per
month. The written informed consent was obtainedfall students taking part in the study. The
study was approved by the local ethical commitfdesubjects got up between 4:30 a.m. and
7:00 a.m. and were asked to abstain from consuroaftginated beverages and excessive
physical activity including gymnastics within 10 preceding data collection. They were also
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requested not to eat and drink on the morning efetkperiment. Students were fully habituated
to equipment, protocols, and experimenters.

Our investigation was performed in a semi-darkeneahperature-controlled quiet laboratory at
room temperature (22°C). Before the experiment@pants had rested in a laboratory room in a
sitting posture for about 15 min. The students aaeised to speak their friends and relatives
only in happy mood during the experiments. Recaveee performed between 09:00 and 11:00
in the morning in similar conditions (the same plat the experiment and sitting position) over
15 min periods.

Throughout the 15 min period of the investigatitie subjects were exposed to a RF field
emitted by 1,900 MHz frequency band GSM mobile ghbeld in the right hand. The GSM
Nokia E90 model was used in all cases.

Heart rate variability indices includes, (mean Hifgan R-R intervals, RMSSD and SDRR) as
well as power spectral analysis (VLF, LF, HF, Tétdt power), and LF/HF ratio) were obtained
from short term (15 minutes) recording of ECG udhuyverLal5 acquisition system.

ECG data analysis

The ECG was sampled at 1000 Hz with the Powetlagiguisition system (ADInstruments Pty
Ltd, Castle Hill,Australia) installed on IBM computer. Thus the aemy of the measurements
was 1 ms.The first minute of each ECG recording was disrégdto allow for stabilization of
the data prior to analysis. The detection of theS@RBmplex was conductessing the Gritzali's
algorithm. RR interval sequenees defined by the duration between two conseciRipeaks.
These data were edited to eliminate any glitctas,to premature cardiac contraction. Each RR
interval was visually validated by two experts befemporal and spectral analysis. Definitions
and abbreviations for time domain analysis are showTable 1. For each RR sequenteee
classical temporal parameters were then extractad mean RR, which represents mean HR;
Standard deviation of RR intervals (SDRR), whicthets all the cyclicomponents responsible
for variability in the period ofecording, and RMSSD (Root mean square of suceesl3R
intervals difference) between adjacent RR intervadhich is considered as an index of
parasympathetic modulation ¢dR. Prior to power spectrum density estimation, Rie
sequence, which is intrinsically non-evenly spadath, was linearly interpolated in order to
obtain a series afniformly sampled data. An interpretation of fregagcontents of HRV was
therefore possible independentlytbé mean RR value. The retained sampling rate exsset

to 2 Hz. Using a sliding window of 64s duratiotime-varying auto-regressive (TVAR)
modelling of theinterpolated RR sequence was performed to estiitsapmwer spectrum (ms2)
in order to eliminate thelight non-stationarities of the sequence. On dmdof the well-known
Akaike information criteria, therder of the TVAR model was set to 12. The spectisuidivided
into three bands as the following: very low fregexe(0 — 0.05 Hz), low frequency (0.05 — 0.15
Hz), high frequency (0.15 — 0.5 Hz) and total poy@er 0.5 Hz).

Statistical analysis
The values are expressed as mean = SD. The s@tisdmparisons were performed by one way
analysis of variance (ANOVA) followed by Duncan’ailtiple range test (DMRT), using SPSS
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version 15.0 for windows (SPSS Inc. Chicago; hitputv.spss.com). The values are considered
statistically significant if the p value was lebar 0.05.

RESULTSAND DISCUSSION

Mean heart rate did not change significantly oveniin period before the telephone call (period
1), during 15 min telephone call (period Il) andeafthetelephone call (period IIl) (Table 2). No
arrhythmias were noted in the analyzed recordsreefituring and after the telephone call. The
analysis of the time domain HRV parameters in Fa period I, 1l and Il showed that SDNN
was significantly higher during the telephone ¢périod II; 214.72 £ 1.12) in comparison with
period | (195.49 + 2.94) and period 11l (194.98 ¥7A). The rest of the parameters of the time
analysis measured within the particular periodshef investigation did not differ significantly
from each other (Table 2).

The analysis of the frequency domain HRV parametssonstrated that VLF, and HF
parameters were significantly increased over themiBute period of the telephone call in
comparison with the 15 min period before it (TaB)eLF was significantly decreased during 15
min period after the telephone calls (6365.17 +.822period Il) compared with period |

(7101.83 + 65.45) and 1l (14683.67 + 74.67). LF/Hftio was also significantly lower during

the telephone call in comparison with the periotbi®and after the telephone call (Period I,
0.76 + 0.04; period 1, 0.65 + 0.03; period 11190.+ .03) (Table 3).

Table 1: Definitionsand abbreviations for time domain analysis of heart rate variability

Variable Units Definition
SDRR ms Standard deviation of normal RR intervals
MHR Beats/min Mean Heart rate
SNN50 ms The number of time that the difference betweenajanormal RR intervals

greater than 50 ms, computed over the entire 24-temording

Root mean square of successive RR intervals difterethe square root of the
RMSSD ms mean of the sum of the squares of the differeneésden adjacent normal RR
intervals over the entire 24-hour ECG recording.

Table2: Timedomain heart rate variability (HRV) parametersin 15-min intervals befor e maobile phone call
(period 1), during mabile phone call (period 11) and after mobile phone call (period I11)

Parameters Period | Period Il Period Il p values
MHR 96.62+ 1.10 | 126.80 + 2.63| 106.21 + 3.32| p < 0.05
SDNN | 195.49+2.94| 21472 +1.12| 198.98 +4.77| p < 0.05

RMSSD | 204.92 +3.05) 224.81 +1.09| 202.54 + 1.51| p < 0.05
NN50 40.67+0.30 | 43.54+0.32 | 37.48+0.40 | p<0.05

Values are expressed as mean = SD for 25 youndhyesdibjects in each period.
Different superscript denotes for significant diffieces between periods as analyzed by one-way ANG\é#wed
by DMRT (p < 0.05).
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Table 3: Frequency domain heart rate variability (HRV) parametersin 15-min intervals before mobile phone
call (period I), during mobile phone call (period 11) and after mobile phone call (period I11).

Parameters Period | Period I Period Il p valles
TP 36758.50 + 151.94 48411.50 + 248.71| 42411.33 + 75.69| p < 0.05
VLF 8343.83 +34.75 | 27421.00 + 39.43 | 23540.17 + 68.86| p < 0.05
LF 7101.83 +65.45 | 6365.17 +122.67 | 14683.67 + 74.67| p < 0.05
HF 9457.67 +60.75 | 10366.33 + 61.19 | 7722.83 + 120.66| p < 0.05
LF/HF 0.76 +0.04 0.65+0.03 1.90 + .03 p < 0.05

Values are expressed as mean = SD for 25 youndhyesdibjects in each period.
Different superscript denotes for significant diffieces between periods as analyzed by one-way ANa\é#¥ed
by DMRT (p < 0.05).

In this study demonstrated that the call with ub@ onobile phone may cause the increase in
parasympathetic tone (the highest values of HFrpet@ were noted during the telephone call)
and the decrease in sympathetic tone (the lowdsesaf LF/HF ratio during the telephone

call). It is known that the efferent vagal activisya major contributor to the HF component [24-
28]. On the other hand, LF is a marker reflectioghbsympathetic and vagal activity [27, 28]

and the LF/HF ratio is considered to mirror sympatyal balance or reflect the sympathetic
modulations. SDNN parameters were the highest dutie telephone call. SDNN represents
joint sympathetic and parasympathetic modulationheart rate [23]. These results were in
agreements with previous published data [19].

In our study, VLF increased during the telephorle Gae increase in very low frequency in the
exposed subjects could be related to parasympathetivation as VLF is very much dependent
on parasympathetic tone [29]. Tayktral. suggested that parasympathelic nervous systéme is
dominant determinant of VLF [29]. In studies oniatfibrillation (AF) the increase in VLF
component together with other parasympathetic markeedicted the early recurrence of AF
after cardioversion [30]. However, the physiologiterpretation of VLF oscillations is still a
subject of debate. Reduction in VLF is associatéti mcreased risk for sudden cardiac death
[31]. Different physiological mechanisms for VLF Jea been proposed: physical activity,
thermoregulation, renin-angiotensin-aldosterone tesys slow respiratory patterns and
parasympathetic mechanisms [29].

Regarding widespread use of mobile phones clogentain should be paid to a problem of
workers who use mobile phones for a long time amd accupationally exposed to
electromagnetic field. On the other hand, it is amant to evaluate whether the extensive use of
mobile phones in various types of jobs could exdltience on heart that is not only related to
mental stress [32-37].

Results of our investigation suggest that a cathwise of a mobile phone may exert a noticeable
effect on autonomic balance, though the pattergpitesents is not typical for the deterious effect
on HRV, i.e. lack of a typical decrease in parasgthetic activity with the domination of
sympathetic system. The increase in vagal actoaty be beneficial in cardiovascular diseases.
However, it has not been elucidated yet how mudablactivity or its markers have to increase
in order to provide adequate protection or howpgtaper balance between parasympathetic and
sympathetic tone should be expressed [23]. Thgsiteeof our investigation do not show that
EMF can have a positive health effect. This is @iminary study to demonstrate that the call
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with a mobile phone may cause changes in autonbalance probably related to a non-thermal
bioeffect. Further study may be needed to invesiglae how much increase in HRV can be
beneficial in cardiovascular diseases.

CONCLUSION

In conclusion, the above results showed that thlewedn a mobile phone may influence heart

rate variability and change the autonomic balafdd¢e increases in the parasympathetic tone
concomitant with the decrease in the sympathetie tmeasured indirectly by analysis of heart
rate variability were observed during the mobilepgeone call. Changes in heart rate variability
during the call could be affected by electromagngéld, but the influence of speaking cannot

be excluded.
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