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Abstract

A survey study was conducted to investigate the possible effects of mobile phone on headache, dizziness, extreme irritation, shaking in the
hands, speaking falteringly, forgetfulness, neuro-psychological discomfort, increase in the carelessness, decrease of the reflex and clicking
sound in the ears. There is no effect on dizziness, shaking in hands, speaking falteringly and neuro-psychological discomfort, but some
statistical evidences are found that mobile phone may cause headache, extreme irritation, increase in the carelessness, forgetfulness, decrease

of the reflex and clicking sound in the ears.
© 2004 Elsevier SAS. All rights reserved.

Résumé

Une étude a été faite sur les relations entre 1’usage du téléphone mobile et divers troubles neurosensoriels. Quelques données statistiques
sont en faveur du role du téléphone mobile dans les maux de téte, la nervosité, les troubles de 1’attention et de la mémoire, les bourdonnements

d’oreille, I’état de certains réflexes.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction

In the recent few years, the extensive use of mobile phones
(MP) raises the question of possible health effects of the radio-
frequency electromagnetic fields emitted by these phones, in
particular on neural functions because of their use in close
vicinity to the human brain.

MP operate on wireless technology, with communication
typically occurring via a 900-1800 MHz signal that is pulsed
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at 217 Hz. This signal carries essentially no power when the
user is not talking or receiving, but when the user communi-
cates the power of this pulsed electromagnetic field reaches a
maximum of 250 mW [1].

The effects of electromagnetic fields on biological sys-
tems have been extensively investigated over the last years
[2-5]. Particular attention has been given to the effects of
microwave exposure on the central nervous system [1,6-9].

In a survey study, some biological effects of MP on people
living or not in vicinity of mobile phone base station were
tested in 530 people [10]. In the study, non-specific health
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symptoms such as tiredness, headache, sleep disturbance, dis-
comfort, dizziness, irritability, depression, lose of memory,
etc. were detected depending on distance from base station
and sex. It was suggested that minimal distance of people
from mobile phone base stations should not be <300 m in
view of radioprotection.

One another survey study was conducted in 161 students
and workers in a French engineering school on symptoms
experienced during use of digital cellular phones [11]. Accord-
ing to the results, concentration difficulties, sleep distur-
bance, discomfort, warmth, and pricking of the ear during
phone conversation as a function of calling duration per day
and number of calls per day were experienced.

The main goal of this study is to conduct a survey study,
using questionnaire, in 695 people living in a city in Turkey,
where these phones are extensively used, to detect the pos-
sible neural symptoms and sensations experienced by the long
term users of MP in order to light the way of further studies.

2. Materials and methods
2.1. Questionnaire

Questionnaire used in this study was composed of two sec-
tions. In the first section, general questions were asked to indi-
viduals to learn about their general health, use of mobile phone
and physical environment to prevent miss leading positives.
In the second section questions were asked to directly detect
the effects of long term use of mobile phone on each indi-
vidual’s health.

In the survey, questions were asked to investigate the fol-
lowing symptoms and sensations; headache, dizziness,
extreme irritation, shaking in the hands, speaking falteringly,
neuro-psychological discomfort, increase in the careless-
ness, forgetfulness, decrease of the reflex and clicking sound
in the ears.

If an individual gave positive answer to the questions about
any above symptoms and sensations, some extra questions
were also asked to detect the beginning of the symptoms and
sensations. Otherwise the statistical results yielded would be
meaningless, unless person has not the symptoms and sensa-
tions after he has started to use mobile phone.

2.2. Study population

The study group consist of 193 females and 502 males
randomly selected from different ages, educations, earnings,

Table 1

Number of people attended to the survey
Usage Females Males Total
Mobile phone users 157 (81.3%) 392 (78.1%) 549 (79.0%)
Non-mobile phone users 36 (18.7%) 110 (21.9%) 146 (21.0%)

locations and occupations in Elazig, which is located in the
east part of Turkey. Total number of attendant was 695. For
simplicity, from now the person who has got a mobile phone
and the person who has not got any mobile phone will be
named as “mobile phone user” and “non-mobile phone user”,
respectively.

Among female, 157 women were mobile phone users
whereas 36 were non-mobile phone users. Five hundred and
two male attendants were consist of 392 mobile phone users
and 110 non-mobile phone users. These are summarised in
Table 1.

As clearly seen in Table I, although individuals were
selected randomly around 80% of people were mobile phone
users. This shows that mobile phone usage is very much com-
mon in the selected region and the results yielded from the
survey could be valuable.

Since the aim of this survey is to investigate the possible
neurological symptoms and sensations experienced by long
term usage, attendants were grouped according to time of
mobile phone possessions. Times of possessions were divided
into four sub-groups. These are one, two, three, four and above
years, respectively. Table 2 shows these intervals.

Table 2 showed that almost 60% of female have owned
their mobile phone for the last 2 years whereas more than
30% of male have been carrying their MP for at least 4 years.

2.3. Statistical analysis

For this survey, an analysis of variance (ANOVA) were
used and differences were considered significant at P < 0.05.

3. Results

As mentioned in Section 2.1, some extra questions were
also asked to detect the starting time of the symptoms and
sensations. The answers were sorted and given in Table 3.
When Table 3 were analysed closely, apart from dizziness,
vast majority of the mobile phone users reported that they
had the symptoms and sensations after they had started using
the cellular phone. In the dizziness symptom case 55.8% of

Table 2

The intervals of mobile phone possessions

Possession Females Males Total

One year 44 (28.0%) 79 (20.2%) 123 (22.4%)
Two years 49 (31.2%) 97 (24.7%) 146 (26.6%)
Three years 35 (22.3%) 95 (24.2%) 130 (23.7%)
Four years and above 29 (18.5%) 121 (30.9%) 150 (27.3%)
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Table 3
Starting time of the symptoms and sensations

Symptoms and sensations Starting time

After mobile phone Before mobile phone

Headache 313 (72.1%) 121 (27.9%)
Dizziness 29 (55.8%) 23 (44.2%)
Extreme irritation 140 (71.8%) 55 (28.25%)
Shaking in hands 25 (61.0%) 16 (39.0%)
Speaking falteringly 11 (73.3%) 4(26.7%)
Forgetfulness 75 (67.6%) 36 (32.4%)
Neuro-psychological dis- 53 (81.5%) 12 (18.5%)
comfort

Increase in the carelessness 186 (86.9%) 28 (13.1%)
Decrease of the reflex 71 (97.3%) 2 (2.7%)
Clicking sound in the ears 80 (72.1%) 31 (27.9%)

the users said that they had the symptom after the use of
mobile phone whereas 44.23% of the users had the dizziness
before they had the mobile phone of which there was no pos-
sible effect. With Table 3, statistical results found in this con-
tribution should be taken into account.

Table 4

P-values for symptoms and sensations obtained by using analysis of variance

Symptoms and sensations Mobile phone user How long they
and non-user have the phone

Headache 0.001* 0.001*

Dizziness 0.209 0.006*

Extreme irritation 0.005%* 0.022%*

Shaking in hands 0.151 0.22

Speaking falteringly 0.996 0.207

Forgetfulness 0.029* 0.138

Neuro-psychological discomfort 0.318 0.497

Increase in the carelessness 0.001* 0.01 *

Decrease of the reflex 0.001* 0.012%*

Clicking sound in the ears 0.029* 0.044*

" P <005.
Table 5

Since analysis of variance (ANOVA) were used to analyse
data, P-values of each symptom and sensation were given in
Table 4. The first column of the table shows the considered
symptoms and sensations. In the second column, P-values
were calculated and written for mobile phone users and non-
mobile phone users. For this column P-values of 6 out of
10 found to be meaningful. These symptoms and sensations
are headache, extreme irritation, forgetfulness, increase in the
carelessness, decrease of the reflex and clicking sound in the
ears.

In the last column of Table 4, intervals of time that indi-
viduals had been using the mobile phone were taken into
account. Again 6 out of 10 values of symptoms and sensa-
tions found to be meaningful. These are headache, dizziness,
extreme irritation, increase in the carelessness, decrease of
the reflex and clicking sound in the ears.

If both second and last column are considered, P-values of
5 out of 10 symptoms and sensations were found to be less
then 0.05. These are headache, extreme irritation, increase in
the carelessness, decrease of the reflex and clicking sound in
the ears.

The main goal of this survey is to investigate the long term
neurological effects of mobile phone usage. As seen in
Table 4, there are 10 neurological symptoms and sensations,
which were investigated. Results were summarised includ-
ing number of people attended to each case in Table 5 and
their percentages were given in Table 6. The statistical results
found here as follows.

3.1. Headache

According to the results given in Tables 5 and 6, the use of
mobile phone may cause headache, because the percentages
of having headache were increased from 63.0% to 78.9%,
but there were no statistical evidence that the percentages were
increased for long term usage. This was because total num-

Distribution of people attended to the survey for symptoms and sensations in percentages

Symptoms and Non-mobile phone Mobile phone users

sensations users

Total Intervals Total

One year Two years Three years Four years and
above

Yes No Yes No Yes No Yes No Yes No Yes No
Headache 92 54 98 25 115 31 98 32 123 28 434 116
Dizziness 9 137 10 113 24 122 10 120 8 142 52 497
Extreme irritation 34 112 42 81 44 102 52 78 57 93 195 354
Shaking in hands 6 140 11 112 13 133 5 125 12 138 41 508
Speaking falteringly 4 142 2 121 8 138 3 127 2 148 15 534
Forgetfulness 18 128 26 97 25 121 31 99 29 121 111 438
Neuro-psychological 13 133 11 112 16 130 16 114 22 128 65 484
discomfort
Increase in the careles- 34 112 53 71 57 89 50 80 55 95 215 335
sness
Decrease of the reflex 5 141 19 104 19 127 14 116 21 129 73 476
Clicking sound in the 18 128 25 98 38 108 22 108 26 124 111 438

ears
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Distribution of people attended to the survey for symptoms and sensations in percentages

Symptoms and sensations
users

Non-mobile phone Mobile phone users

Total Intervals Total
One year Two years Three years Four years and
above

Yes No Yes No Yes No Yes No Yes No Yes No
Headache 63.0 37.0 79.7 20.3 78.8 21.2 754 24.6 81.5 18.5 78.9 21.1
Dizziness 6.2 93.8 8.1 91.9 16.4 83.6 7.7 92.3 53 94.7 9.5 90.5
Extreme irritation 233 76.7 34.1 65.9 30.1 69.9 40.0 60.0 38.0 62.0 355 64.5
Shaking in hands 4.1 95.9 8.9 91.1 8.9 91.1 3.8 96.2 8.0 92.0 7.5 92.5
Speaking falteringly 2.7 97.3 1.6 98.4 5.5 94.5 2.3 91.7 1.3 98.7 2.7 97.3
Forgetfulness 12.3 87.7 21.1 78.9 17.1 82.9 23.8 76.2 19.3 80.7 20.2 79.8
Neuro-psychological discomfort 8.9 91.1 8.9 91.1 11.0 89.0 12.3 87.7 14.7 85.3 11.8 88.2
Increase in the carelessness 23.3 76.7 42.7 57.3 39.0 61.0 385 61.5 36.7 63.3 39.1 60.9
Decrease of the reflex 3.4 96.6 15.4 84.6 13.0 87.0 10.8 89.2 14.0 86.0 133 86.7
Clicking sound in the ears 12.3 87.7 20.3 79.7 26.0 74.0 16.9 83.1 17.3 82.7 20.2 79.8

ber of people, who had mobile phone, were almost equal to
people who had been using mobile phone for 1 year. These
percentages were 79.7% and 78.9%, respectively.

3.2. Dizziness

As aresult of Tables 3, 5 and 6, the use of mobile phones
had no visible effects on dizziness. There were two reasons
for reaching this assumption. First, as seen in Table 3 almost
half of the people had got their dizziness before using mobile
phone. Second, as seen in Table 6, the percentages of non-
mobile users and mobile users were very close.

3.3. Extreme irritation

Our data showed an indication of causing extreme irrita-
tion; this is why the percentages of having extreme irritation
were increased from 23.3% to 35.5%. Moreover, to keep on
using mobile phone may slightly increase the possibility of
having extreme irritation too. This was because the percent-
ages increased from 34.1% to 40.0% after 3 years.

3.4. Shaking in hands

Although it could be said that the use of mobile phone
may cause shaking in hands according to the results given in
Tables 5 and 6, their P-values were not be meaningful. So
this assumption could not statistically be proven.

3.5. Speaking falteringly

There were no possible effects of mobile phone on speak-
ing falteringly. Since the percentages of non-mobile phone
users were identical the percentages of mobile phone users.
Both percentages were 2.7%.

3.6. Forgetfulness

The use of mobile phone may cause forgetfulness because
the percentages were increased from 12.3% to 20.2%. But

there were no statistical evidence for long term usage that the
percentages were increased. This was because total number
of mobile phone users who had forgetfulness were almost
equal to people who had been using mobile phone for 1 year.

3.7. Neuro-psychological discomfort

According to Tables 5 and 6, the use of mobile phone may
cause neuro-psychological discomfort after 2 years. Because
the percentage of both non-mobile phone users and 1 year
mobile phone users are the same, which was 8.9%. After
2 years the percentages increased to 12.3%. But, as seen in
Table 4, both P-values were more then 0.05. So above con-
clusion could be discarded.

3.8. Increase in the carelessness

According to the results given in Tables 5 and 6, the use of
mobile phone may cause increase in the carelessness because
the percentages of having increase carelessness were increased
from 23.3% to 39.1%, but there were no statistical evidence
that for long term usage increases the possibility of having
carelessness.

3.9. Decrease of the reflex

According to data, the use of mobile phone may cause
decrease of the reflex because the percentages were dramati-
cally increased from 3.4% to 13.3%, but there were no statis-
tical for long term use of mobile phone.

3.10. Clicking sound in the ears

According to the results given in Tables 5 and 6, the use of
mobile phone may cause clicking sound in the ears because
the percentages of having clicking sound in the ears were
increased from 12.3% to 20.2%, but there were no statistical
evidence for long term usage that the percentages were
increased. This was because total number of people who had
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clicking sound in the ears were identical to people who have
been using mobile phone for 1 year. These percentages were
20.3 and 20.2, respectively.

4. Discussion

As result of the survey, there were no evidence that the use
of mobile phone may cause dizziness, shaking in hands,
speaking falteringly and neuro-psychological discomfort.
These results support [12,13] for dizziness and [5,12] for
neuro-psychological discomfort. Unfortunately there are noth-
ing available in the literature for the rest of the above symp-
toms and sensations.

The use of mobile phone may cause headache, forgetful-
ness, increase in the carelessness, decrease of the reflex and
clicking sound in the ears as a result of our data. Above results
contradicts to [12,13] for headache, forgetfulness, clicking
sound in the ears, but support [14—17] for headache and [18]
for increase in the carelessness.

Finally, the use of mobile phone could cause extreme irri-
tation and long term usage could further increase it. This study
has been supported by Santini et al. [15,19]. Since there are
only a few publications dealing with long term usage of MP,
further experimental studies will be off great value.
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