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Abstract

Objectives: To assess the type and incidence of subjective symptoms related to the use of mobile phones in Polish users.
Material and Methods: The study was conducted in 2005 using a questionnaire survey. Although it has been quite a long
time, up to now, no such data have been published for Poland. The questionnaire consisted of 53 questions concern-
ing sex, age, education, general health, characteristics of a mobile phone (hand-held, loud-speaking unit) as well as the
habits associated with its use (frequency and duration of calls, text messages, etc.) and complaints associated with us-
ing a mobile phone. Results: As many as 1800 questionnaires were sent. The response was obtained from 587 subjects
aged 32.6+11.3 (48.9% women, 51.1% men); the age did not differ significantly between men and women. The subjects
owned a cell phone for an average of 3 years. Majority of the respondents used the phone intensively, i.e. daily (74%) or
almost daily (20%). Headaches were reported significantly more often by the people who talked frequently and long in
comparison with other users (63.2% of the subjects, p = 0.0029), just like the symptoms of fatigue (45%, p = 0.013). Also,
the feeling of warmth around the ear and directly to the auricle was reported significantly more frequently by the intensive
mobile phone users, compared with other mobile phone users (47.3%, p = 0.00004 vs. 44.6%, p = 0.00063, respectively).
Most symptoms appeared during or immediately after a call and disappeared within 2 h after the call. Continuous head-
ache, persisting for longer than 6 h since the end of a call, was reported by 26% of the subjects. Conclusions: Our results
show that the mobile phone users may experience subjective symptoms, the intensity of which depends on the intensity of
use of mobile phones.
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INTRODUCTION

Studies on biological effects of radio-frequency and micro-
wave electromagnetic fields (EMF) have been performed
since the end of World War II and the literature on the sub-
ject includes a few thousand publications. Today, interest in
the results of that research has increased considerably, be-
cause this frequency range is used by mobile phone systems.
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Biological effects of EMF emitted by a mobile phone have
become a subject of an intense debate. A summary of the
studies’ results was published lately by Kesari et al. [1]. The
authors conclude that the “regular and long term use of
microwave devices, especially mobile phones, can have
a negative impact upon biological system, especially on
brain”, because the EMF source is held very close to the
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user’s head. Although exposure due to mobile phone use is
below the admissible maximum values specified in the rele-
vant standards, it is worth noting that a lot of mobile phone
users report heating and sensation of warmth around the
ear [2,3]. The reported sensation may be associated with the
rise of the core temperature and/or the increase of the tem-
perature in the region of the ear reported by some authors
and due to local blood flow changes [3].

The studies carried out so far indicate that microwave-fre-
quency EME including those emitted by mobile phones,
cause various types of measurable biological and health
effects [3]. Many biochemical and functional changes
described in connection with EMF exposure may play
a vital role in the pathogenesis of various diseases; for
example, increased permeability of the blood-brain bar-
rier, or changes in activation of endogenous opioids may
be the underlying factors of the headaches reported by
mobile phone users [4]. On the other hand, headache can
be caused by many other factors so its relationship with
the EMF cannot yet be considered proven.

So far, there have been few epidemiological studies on
non-cancer health effects of radio- and microwave EMFE.
The first data on headaches caused by exposure to micro-
and radio-wave frequency EMF appeared already 30 years
ago, but the exposure to EMF at these frequencies was
not then that widespread [4]. In addition to headaches,
the users of mobile phones reported fatigue and gen-
eral discomfort, nausea, impaired thermoregulation [5].
Results of the questionnaire on subjective complaints of
the mobile phone users conducted in Sweden, Norway,
England, USA, New Zealand, Egypt, Saudi Arabia and
Australia have shown that headache was the most fre-
quently observed symptom [4,6-12].

A study in Australia showed that headache, including mi-
graine and cluster headache, appeared during or shortly
after a call was ended, and often intensified during the day.
In about 50% of the subjects the pain disappeared within
about 1 h after a call, while in the remaining subjects it
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continued until the evening or till the next day [8]. Some
authors have confirmed a significant relationship be-
tween the frequency of headache and the use of a mobile
phone [7,13], while others have not confirmed such a re-
lationship [14]. It occurred more frequently when using
analog than digital phones [9].

In large, follow-up cohort studies performed in Basel
(Switzerland) among mobile and cordless phone users no
symptoms (headaches and somatic complaints) or tinnitus
were observed [15].

In Poland, such studies have not been performed to date.
The aim of our study was to assess the nature and preva-
lence of subjective symptoms related to the use of mobile
phones.

MATERIAL AND METHODS

The main criterion for inclusion in the study was being an
owner of a mobile phone. The study involved people using
cell phones both, for business and private purposes.

The following assumptions were made to estimate the re-

quired straight sample size from the general population of

mobile phone users:

— the true but unknown proportion P, of the studied
symptoms in the general population; its estimation is
approximately 0.3,

— the proportion estimated from the sample should not
differ from the true proportion in the general popula-
tion by more than e XP,; we assumed that e XP, will be
not greater than 0.06, hence e = (.2.

As the general population is many times greater than the

required sample, the following formula was used [16]:

9x(1-P))  9x(1-0.3
ne sszy 2 (0.2()2 xo.;

- 525 (1)

It was found that the sample size should not be less
than 525 persons.

The study included an evaluation of: the frequency of oc-
currence and type of complaints, the use of mobile phones
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(phone type, call time, the frequency of using the phone,
period of being a mobile phone owner) and the assess-
ment of the intensity of the relationship between mobile
phone use and the type and frequency of complaints.

The study was conducted by the use of a questionnaire.
The questionnaire was designed specifically for the study.
For the purpose of preparing the questions, the authors
also used the questionnaires prepared in Sweden and
Australia, in order to allow comparison of the results
obtained in Poland with other countries. The survey con-
sisted of 53 questions about gender, age, education, gen-
eral health, the data on a mobile phone (hand-held, loud-
speaking set) as well as habits associated with its use (fre-
quency and duration of the calls, text messages, etc.) and
any possible complaints associated by the users with the
use of a mobile phone. After conducting a pilot study [17]
and preliminary analysis of the results, the questionnaire
was sent to a larger group of respondents.

We analyzed the impact of preferences on the use of dif-
ferent categories of phones (landline vs. mobile) on the
frequency and type of the reported symptoms. For this
purpose, the study group was divided into 3 subgroups:
those predominantly using a mobile phone, participants
using mainly landline phones, persons using a mobile
phone as often as a landline phone.

To assess the relationship between subjective symptoms
and duration of mobile phone calls, the group of peo-
ple who were talking on a cell phone daily was divided
into 4 subgroups based on the intensity and the way of
mobile phone use, i.e.: people talking seldom and for
a short time, people talking seldom but for a long time,
people talking often, but for a short time, people talk-
ing often and for a long time. The short-long criterion
was set at 3 min (short for 3 min, long — over 3 min) on
the basis of the actual duration of calls of the respon-
dents. The rare-often criterion was selected on the same
basis and set at rare — to 5 calls a day, often — more
than 5 calls a day.

Statistical analysis

The following statistical methods were applied for the
analysis of the collected material: Student’s t-test (for
equal or unequal variances) or equivalent F-Snedecor test
for comparing the mean values of parameters in the study
groups, the Chi-square test or Fisher’s exact test for com-
parison of the frequencies in groups, single-and multiple
logistic regression models to quantify the risk of certain
complaints, depending on the level of exposure, taking
into account confounding factors.

RESULTS

One thousand eight hundred questionnaires were distrib-
uted in 4 regions of Poland, in urban areas. Six hundred
filled in questionnaires were returned, which is 33% of
all distributed ones. The analysis included 587 question-
naires, because 13 of them were incomplete. The average
age of the surveyed group was 33%11 years and it was the
same among women (48.9%) and men. More than a half
(51.3%) of the people had higher (university-level) educa-
tion, 46% of them had secondary education, 1.9% profes-
sional education and only 0.9% had primary education.
In the surveyed group, more men (55.4%) had higher edu-
cation compared with women (46.8%).

The subjects owned a cell phone for a period ranging
from 1 year to 9 years, an average of 3 years (3.1+1.7).
Men owned a mobile phone for an average of 3.5+ 1.8 years
(range: 0.1-9) and women 2.6+ 1.5 years (range: 0.1-8). It
was found that significantly more men than women had
a cell phone for more than 2 years (p = 0.001). Almost
a half of the respondents (46.5%) used a mobile phone as
often as a landline phone and 29.6% of the participants
usually used a mobile phone. As much as 71% of the re-
spondents called and sent text messages with equal fre-
quency. Only 5.1% used the phone solely to send/receive
text messages. The majority of men used a mobile phone
(60.7%), while the majority (62.3%) of women used
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a landline phone. Considerably more men than women
(57.6% vs. 42.4%) used a cell phone to talk. On the other
hand, women used a mobile phone to send text messages
more frequently than men (72.4% vs. 27.6%, p = 0.01).
Hands-free kits were used by 22.2% of the respondents, and
significantly more men (79.2%) than women (p = 0.0005)
were the users of those kits. Among the respondents, more
than a half (53%) carried the phone in a purse or a brief-
case. A comparable proportion of the cell phone owners
carried it at the belt (23.4%) or in the pocket (23.6%).
Only 5 people reported pain in the area where they carried
the phone (2 persons wearing their phone at the belt, 3 per-
sons carrying it in the pocket). Men usually carried their cell
phone at the belt (47.5%) or in a jacket pocket (41.2%), and
women usually carried it in their purses (93.1%).

Most people used the phone daily (74.1%) or almost da-
ily (19.7%). The remaining persons talked on a cell phone
once a week or less frequently (6.2%). Significantly more
men than women (80.5% vs. 68.9%) used a mobile phone
everyday (p = 0.001). There were no differences in the
length of the calls. The majority of respondents (79.1%)
used a mobile phone during the daytime, 19.7% in the eve-
ning, and 0.9% at night. For most (69.1%) of the respon-
dents, the average number of calls per day was 5. More
than 10 calls per day were reported by 15.1% of the
participants, including one person reporting as much
as 70 calls. The average duration of a call in 65% of the
respondents took no longer than 3 min, while in the case
of 3 subjects the average call lasted longer than 30 min.

Assessment of health conditions

and subjective symptoms

The majority of subjects rated their health condition as
good (59%) or very good (22.4%), while 17.8% reported
it to be average and 0.9% rated their health as poor or
very poor. Among all the subjects assessing their health
as very good there were 63.4% men and 36.6% women.
This difference was statistically significant (p = 0.016).
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In the study group, 8.3% of the people reported a history
of hypertension, and 6.1% were treated for that condition.
Ischemic heart disease was reported by 1.2% of the sub-
jects. One person had an artificial pacemaker, 10 people
reported a history of meningitis. Other chronic diseases
(including diabetes, cardiac disease, gastric and duodenal
ulcers, allergy) were reported by 5.3% of the people.
Most people, 68.5%, reported headaches, but only 4.9%
of those subjects associated them with the use of a mobile
phone. In the group of the persons reporting headaches,
there were significantly more women than men, 57.9%
vs. 42.1%, respectively (p = 0.001). Dizziness was report-
ed by 18.6% of the participants, but only 3 (0.5%) people
associated that symptom with the use of a mobile phone.
Dizziness occurred significantly more often in women
(72.5%) than in men (27.5%), p = 0.001. Other disorders
within the head (tinnitus, blurred vision, etc.) were re-
ported by 12.9% of the respondents, and those symptoms
were also significantly more frequent in women than men
(59.2% vs. 40.8%, p = 0.05).

Difficulties with concentration were reported by 38.3%
of the respondents. Problems with falling asleep were re-
ported by 27.1% of the subjects. Sleep disorders were not
correlated with the day time at which calls took place (day,
evening, night). Dermal changes within the area of face
and head were reported by 12.6% of the participants. Due
to the possibility of amplifying electromagnetic fields from
mobile phones by metal objects, the respondents were
asked whether they had amalgam fillings, metal crowns or
dentures and whether they wore corrective lenses or sun-
glasses fitted with metal holders. Amalgam fillings were
reported by 50.3%, and metal dental crowns by 15.5% of
the subjects. Metal-rimmed glasses were worn by 44.5%,
but only 27.4% of the respondents were talking on a cell
phone with their glasses on.

Fatigue after a call, even when the call was a pleasant
one, was reported by 7.2% of the subjects, while impaired
concentration was reported by 6.1% of the participants.
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Difficulty in recalling activities performed before a call
was reported by 7% of the people. Most people reported
feeling of heat around the ear and in the auricle (26.7%
and 28.3% of people, respectively). The individuals also
reported facial skin burning (13 people), itchy skin (7 per-
sons), changes in the skin of the face or around the ear
(1 person). For majority of the respondents (57.6%), the
complaints or symptoms were ipsilateral, i.e. occurring on
the same side of the head that the respondents reported
typically holding their phones.

There were no significant differences between the group
of people with amalgam fillings and/or metal crowns and
those without such fillings or crowns. People who while
talking on a cell phone usually wore metal-rimmed glasses,
reported the feeling of heat around the ear significantly
less frequently than the rest (18% vs. 28.1%) (p = 0.026).
Other signs and symptoms were reported with similar fre-
quency by both groups.

These groups did not differ in terms of age and time of
owning a mobile phone. It was found that in the group of
people using mainly a mobile phone, headaches occurred
significantly more often (p = 0.0015) than in other groups
(9.8%, 1.4%, 3.7%, respectively). This group reported
a feeling of warmth around the ear and in the auricle
more frequently than the remaining participants (37.6%
vs. 15.7% vs. 25.7%, p = 0.00006) and (38.7% vs. 17.1%
vs. 27.6%, p = 0.00011) respectively. Also the feeling of
fatigue after a call appeared in this group more frequently
than in the other 2 groups (10.4% vs. 3.6% vs. 7%, re-
spectively). The difference was of borderline statistical
significance (p = 0.057). Also short-term memory prob-
lems occurred more frequently in this group (11% vs. 5%
vs. 5.5%, respectively), the difference was of borderline
statistical significance (p = 0.061).

In the majority of respondents who reported symptoms as-
sociated with mobile phone use, those problems appeared
already during a call or immediately after its termina-
tion. Headache in 78.5%, fatigue in 83.3%, difficulty in

concentrating in 95.7%. Only dizziness occurred in major-
ity of the people after a call (5 min to 0.5 h).

Analysis of the time that elapsed from the end of a mobile
call to the disappearance of the symptoms showed that
most of the symptoms disappeared within 2 h after the
call - dizziness in 100% of the subjects, fatigue in 91.7%,
difficulty in concentrating in 86.6%, memory disorders
in 87.5%, a feeling of warmth around the ear in 97.9%,
itching and burning of the skin of the face in 100%. Only
headaches persisted for longer time; over 25% of the
respondents reported headache persisting longer than
for 6 h since the end of a call. There were no significant
differences between men and women in terms of the time
of appearance and disappearance of the symptoms associ-
ated with a cell phone call.

Analysis of subjective symptoms depending

on the duration of mobile phone calls

It was found that nearly a half (48.6%) of those who called
rarely but for a long time reported attention deficit disor-
der. Most of the problems associated with talking on a cell
phone occurred more frequently in the intensive mobile
phone users, whose calls were frequent and long. The
headaches, as well as the signs of fatigue, were reported
significantly more often by the people who talked often
and long in comparison with the other groups of people
(63.2%, p = 0.0029 and 45%, p = 0.013, respectively).
Also feeling of heat around the ear and directly in the au-
ricle was reported significantly more often by the intensive
mobile phone users, compared with other users (47.3%,
p = 0.00004, and 44.6%, p = 0.00063, respectively).
When comparing the symptoms associated with mobile
phone use between men and women, it was found that
those groups differ only in terms of the incidence of skin
changes, which were more frequent in women. Among
all the respondents who experienced such changes, there
were 64.4% women and 35.6% men. This difference was
statistically significant (p = 0.005). Also, burning sensation
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of the skin on and around the ear was reported signifi-
cantly more frequently by women than by men, 76.9%
vs. 23.1%, p = 0.04.

To verify if the ailments and symptoms reported in the
survey were associated with the mobile phone use, we
analyzed the risk of these problems, depending on the
frequency of use of a mobile phone, daily call time and
the period of owning a cell phone. The frequency of calls,
duration of calls and the duration of owning a cell phone
were taken as parameters characterizing exposure to EMF
emitted by mobile phones. The study group was divided
into subgroups according to the time of owning a mobile
phone (the person owning a phone for shorter than 1 year,
1-2 years, more than 2 years), according to the frequency
of calls per month (participants sending/receiving a call
once a month or less frequently, up to several times
a week, every day), according to the total duration of calls
in a day (people talking daily less than 15 min, 15-30 min,
over 30 min). When analysing the risk, the group in which
the parameters characterizing the exposure level were the
lowest was always used as a reference group.

The analysis showed that in the people who owned a mo-
bile phone for more than 2 years, the risk of headaches
associated with the mobile phone use was 2 times high-
er than in those owning a phone for a period shorter
than 1 year. People from the group owning a mobile phone
for the longest time had a significantly higher risk of dif-
ficulty in recalling the activities performed before a call
(OR =17.9, p = 0.043). The risk of feeling the heat around
the ear while talking on a mobile phone in that group was
also 2 times higher (OR = 1.9, p = 0.027).

The risk of headaches related, according to the opinion of
the subjects, to the use of a mobile phone was 10-fold high-
er among the people using cell phone every day, compared
to those using it once a month (OR = 10.1, p = 0.024).
The risk of feeling the heat around the ear while talking
on a mobile phone was also twice higher in that group
(OR = 2.1, p = 0.002). Most of the dependences were
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observed between the complaints and the duration of calls
during the day. Table 1 shows the risk of the individual
complaints.

Table 1. Risk of the symptoms related to mobile phone use
longer than for 30 min daily

Subjective symptoms OR p
Dizziness 1.7 0.067
Headaches 18.8 < 0.001
Concentration 22 0.073
Memory loss 3.1 0.005
Warmth behind ear 35 < 0.001
Warmth on ear 31 < 0.001

OR - odds ratio.

DISCUSSION

The results of our study were compared with the results of
the studies from Australia [8], Scandinavian countries [9],
Saudi Arabia [12,18,19] and Iran [20]. The response rates
were: for the studies performed in: Australia — 80% [§],
Norway - 58% [9], Sweden - 66% [9], Saudi Arabia -
86.6% [18], 97% [19] and 95% [12], Iran - 75% [20].
The largest numbers of participants were those obtained
in the Scandinavian countries: Sweden - 7803 and Nor-
way — 2828.

In the studies performed mainly among the stu-
dents in Saudi Arabia, the number of the participants
was: 873 [19], 437 [12] and 286 [18]. In all those studies,
men dominated - the proportions being 57.04% [19],
55.1% [12], 73.77% [18]. Also in the Australian, Scandina-
vian (Norway and Sweden) studies, the majority of respon-
dents were male, while in our study the number of men and
women was similar (N = 284 and 298, respectively).

On the other hand, in the Iranian study, the number of
female participants (N = 343) was larger than that of
the male subjects (N = 175). Age of our study group was
similar to that in the Australian and Norwegian studies
(mean: 33+11.3 years), while in Sweden, the majority of
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Table 2. Symptoms related to mobile phone use

Respondents (%)
S;Iz];ggi study group Norway [7] Sweden [7]  Iran[20] Ar:l;iilzlid[l 18] Ar:tz)iil;d[ll 2 Ar:l;iil;d[l 19] Egypt [11]
(N=587) (N=2828) (N=7803) (N=518) (N=286) (N=437) (N=873) (N =300)
Headaches 4.9 11.0 2.5 474 16.10 20.8 - 43.0
Dizziness 0.5 8.1 1.1 26.8 - 2.5 - -
Fatigue 72 1.7 1.7 374 24.48 3.0 - 31.6
Concentration 6.1 4.5 1.4 29.7 3427 - - 285
Memory loss 7.0 2.8 0.6 - 40.56 - - -
Warmth
behind ear 26.7 220 1.7 - 2832 34.59 -
on ear 283 23.0 8.7 -
Burning skin 22 11.0 32 - 16.78 - - 19.2
Tingling/tightness 1.2 5.1 1.7 - 16.78 - - -

respondents (86%) were aged 40-49 years. In the Ara-

bic studies, the mean age of the participants was simi-
lar — 18-42 years (mean + standard deviation (M+SD):
23.74%0.5) and 1846 years (M=SD: 25.56x0.6) [12,19].
In Egypt, the studies were performed also among 300 stu-
dents [11]. The term “good” was the highest rating for re-
spondents’ health condition in the Nordic countries, Aus-
tralia and Arabia, while in our study 22% of the people
rated their health as very good and 59% as good.

Comparison of the types of symptoms reported by the re-
spondents of our study and the subjects from Scandinavian
countries is presented in Table 2 and Figure 1. This table
applies only to those symptoms, which in the opinion of the
respondents, were caused by the use of a mobile phone.

Both, in Poland and in Sweden and Norway, the most
common symptom associated, in the opinion of the re-
spondents, with the use of a mobile phone, was feeling of

warmth around the ear. Heat directly on the auricle was

= 45
% 40 ] headaches [ dizziness I fatigue B concentration ] memory loss
g % W warmth behindear [ warmth on ear I burning skin I tingling/tightness
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Study group Norway [7] Sweden [7] Saudi Arabia [18]

Fig. 1. Respondents reporting the symptoms related to mobile phone use in different studies
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reported by 28.3% of the people in our study, 23% of the
respondents in Norway, and 8.7% in Sweden [9]. The cor-
responding data for the feeling of warmth around/behind
the ear were 34.59% (Saudi Arabia) [19] and 28.3% (Sau-
di Arabia) 18], 26.7% (Poland), 22% (Norway), 7.7%
(Sweden) [9]. In Scandinavia, in addition to the feeling
of heat around the ear, the respondents also reported
headaches and burning sensation of the face. In Iran and
Egypt, headaches were reported by almost a half of the
respondents: 47.4% and 43% [11,20], respectively.
Fatigue was another symptom frequently reported by the
respondents in connection with the use of a mobile phone.
In Iran, headache was reported by 37.4%, and in Egypt
by 31.6% of the respondents [11,20]. However, in our
study, in addition to feeling of heat around the ear, fa-
tigue, especially after a call, was the second most frequent-
ly reported ailment, followed by a short-term memory loss
and deterioration of concentration. In Saudi Arabia, the
dominant symptoms associated with the mobile phone use
were: memory impairment (40.6%), insomnia (38.8%),
impaired concentration (34.27%) and hearing problems
(23%) [18]. In the second study in Saudi Arabia, 34.5% of
the respondents had impaired hearing and 5.04% report-
ed visual disturbances [19]. In the third study headache
was the most frequent symptom (21.6%), while only 4%
of the respondents had problems with sleeping [12]. In our
study problems with falling asleep were reported by 27.1%
of the subjects. However, these problems were probably
not related to using a mobile phone. Mohler et al. have
not found any adverse effects of radiofrequency electro-
magnetic fields on sleep quality [21].

Dizziness and discomfort associated with face skin were
significantly less common among our respondents com-
pared with the participants in Norway, Sweden and Egypt.
Comparison of our results with those of the Australian
study [8] is only possible in relation to the headaches and
problems occurring in a place of carrying the phone be-
cause in the Australian survey, questions concerned only
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those symptoms. Among the respondents, 88% of them
experienced headaches occasionally, 43% - dizziness and
discomfort associated with the place where the mobile
phone was carried — at the belt - 7%. Percentage of the
subjects with such symptoms was significantly lower among
our respondents and the respondents in the Nordic coun-
tries. Table 3 shows a comparison of the risk of complaints
and symptoms associated with the use of a mobile phone
in our study group and in the subjects from Scandinavian
countries, calling for longer than 15 min daily.

The risk of headache and fatigue was higher in our group.
However, in the studies conducted in Norway and Sweden,
the authors noted a higher risk of feeling the heat around
the ear and auricle (Table 3) and the burning of the face.
Salama et al. (2004) [11] note that headaches were associ-
ated both with the duration of a call (above 4 min) and the
frequency of the calls (more than 7 calls per day). As for
fatigue and pain in the region of the ear, they were associ-
ated with the duration of a call and time of being a mobile
phone owner, while for face skin symptoms an association
was found only with the daily frequency of the calls [11].
In the study group the majority of people who reported
the symptoms associated with the mobile phone use, those
symptoms appeared already during a call or immediately
after its termination. Only dizziness, in 66.7% of the re-
spondents, appeared after a conversation (5 min - 0.5 h).
In the Scandinavian study, fatigue and difficulty concen-
trating started only 30 min after a call [9].

Both, in our and in the Scandinavian study, the symptoms
disappeared in most patients within 2 h after a call. Head-
ache was the longest-lasting symptom in all the previous
studies. In some cases it persisted for longer than 6 h after
a conversation, and a few people in Australia felt it the
next day. In our group, as much as 26% of the people suf-
fered from headaches for longer than 6 h since the end of
a call. This may be related to the increase in blood pres-
sure during exposure to the EME, and the stress associ-
ated with the conversation. Previous experimental studies
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Table 3. Risk of the symptoms related to mobile phone use longer than for 15 min daily

OR (95% Cl)

Subjective symptoms study group Norway [9] Sweden [9]
(N =587) (N = 2828) (N =17803)

Headaches 9.60 3.19 2.14
(1.91-49.05) (1.41-7.20) (1.43-3.20)

Dizziness 0.55 3.97 1.58
(0.23-1.30) (1.19-13.3) (0.85-2.96)

Fatigue 2.14 1.67 1.80
(1.20-3.79) (0.94-2.97) (1.28-2.54)

Concentration 0.82 1.99 2.01
(0.22-3.02) (0.90-4.38) (1.32-3.07)

Memory loss 0.53 1.66 1.70
(0.12-2.45) (0.61-4.49) (1.01-2.83)

Warmth

behind ear 2.14 4.21 10.60
(1.20-3.79) (2.05-8.66) (4.83-23.3)

on ear 1.32 5.03 10.10
(0.73-2.40) (2.61-9.70) (4.81-21.1)

OR - odds ratio; CI - confidence intervals.

have shown that the increase in blood pressure occurs
several hours after exposure to EMF emitted by a mobile
phone [22,23].

When analyzing the results of our study it can be seen that
the discomfort and symptoms associated with the mobile
phone use occurred more frequently in those people who
used the phone intensively, called often and for a long
time, and in the subjects owning a mobile phone for longer
than 2 years. Using a mobile phone significantly increases
the risk of problems such as feeling of heat around the ear,
headaches, impaired concentration as well as short-term
memory, and fatigue. The risk of these problems was relat-
ed to the intensity (frequency and duration of the calls) of
using a mobile phone and the time of owning it. This risk
was significantly increased in the people who called longer
than for 30 min a day. The authors of the Egyptian studies
suggest that the total time of the daily exposure be shorter
than 22 min/day, the time of a single call be within 4 min,
and the number of calls be not greater than 7 [11].

Although the results of our research and those of the ma-
jority of other authors differ in terms of frequency of the
symptoms and the time they appear, some major similari-
ties are also evident. For example, in all populations, the
main complaint was feeling of warmth felt around the
ear. As to the frequency of the symptoms, our results re-
semble those of the Saudi Arabia studies: the most fre-
quently reported symptoms included impaired memory as
well as impaired concentration, and fatigue. Duration of
the symptoms, particularly in relation to headaches, was
similar to the Scandinavian studies. The reasons for the
differences are difficult to explain at the current stage of
research, but all the results confirm that the use of mobile
phones produces the symptoms (feeling of warmth around
the ear, headaches, impaired concentration as well as
memory and fatigue).

It seems that the symptoms are attributable to the EMF
emitted by a mobile phone rather than to the mere fact
of receiving/sending a call (the risk of the symptoms was
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significantly higher in those who mostly used a mobile
phone, compared to those using mainly a landline). These
symptoms may adversely affect both, professional efficien-
cy and quality of life. Currently, it is not feasible to deter-
mine the remote health effects that, advisably, should be
followed-up in prospective studies. Conclusions of the re-
view of provocation studies by Rubin et al. (2011) suggest
that electromagnetic fields are not the reason of health
problems among people with electromagnetic hypersen-
sitivity [24]. However, we cannot directly compare the re-
sults of our study with those data because we performed
a survey among people from general population, and not
among people with idiopatic environmental intolerance
atrributed to electromagnetic fields [24].

CONCLUSIONS

In our study, we could not solve the problem of the
cause-effect relationship between EMF exposure and the
observed symptoms. Data from the literature indicate
that EMF with such frequencies as those emitted by mo-
bile phones can affect brain function by modifying the per-
meability of the blood-brain barrier, as well as by changes
in the active transport of Na*, K* and release of Ca** ions
by cell membranes [25-28]. These processes affect the
excitability of tissues because they, in combination with
other factors, affect the mechanism of neurotransmit-
ters release. These changes may underlie the symptoms
observed in our study and associated with using mobile
phones. Explanation of the subjective symptoms reported
by the users of mobile phones requires further research,
including both, clinical and epidemiological studies.
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