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Abstract

Results of epidemiological studies on the association between use of mobile phone and brain cancer are ambiguous, as
well as the results of 5 meta-analysis studies published to date. Since the last meta-analysis (2009), new case-control stud-
ies have been published, which theoretically could affect the conclusions on this relationship. Therefore, we decided to
perform a new meta-analysis. We conducted a systematic review of multiple electronic data bases for relevant publications.
The inclusion criteria were: original papers, case-control studies, published till the end of March 2014, measures of associa-
tion (point estimates as odds ratio and confidence interval of the effect measured), data on individual exposure. Twenty
four studies (26 846 cases, 50 013 controls) were included into the meta-analysis. A significantly higher risk of an intracra-
nial tumor (all types) was noted for the period of mobile phone use over 10 years (odds ratio (OR) = 1.324, 95% confi-
dence interval (CI): 1.028-1.704), and for the ipsilateral location (OR = 1.249, 95% CI: 1.022-1.526). The results support
the hypothesis that long-term use of mobile phone increases risk of intracranial tumors, especially in the case of ipsilateral
exposure. Further studies are needed to confirm this relationship. Int J Occup Med Environ Health 2017;30(1):27-43
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INTRODUCTION

Since mobile phones are becoming more and more popu-
lar, there has been a growing concern about possible det-
rimental effects of electromagnetic fields generated by
them, such as impaired brain function and development
of intracranial tumors in particular.

A lot of studies have been performed to explain the rela-
tionship between intracranial cancer and mobile phone use.

Research on health effects of mobile phone electromag-
netic field (EMF) has been performed under various
projects, such as: International EMF Project - World
Health Organization (WHO), Fifth, Sixth and Seventh
Framework Programmes of the European Community for
Research, Technological Development and Demonstra-
tion Activities — European Union (EU), Wireless Tech-
nology Research (WTR) and Cooperative Research and
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Development (CRADA) - the United States of Ameri-
ca (USA). Results of these studies are ambiguous.
Recently, results of a multicenter case-control project IN-
TERPHONE have been published, which was partici-
pated by partners from 13 countries (Australia, Denmark,
Finland, France, Israel, Japan, Canada, Germany, Nor-
way, New Zealand, Sweden, United Kingdom (UK) and
Italy). The analysis of the results of a study conducted
under the INTERPHONE project did not show increased
risk of glioma or meningioma in cellular phone users [1].
However, the authors point to the necessity to perform
further studies in long term users.

Some authors report that prolonged use of mobile phones
increases the risk of intracranial tumors, especially
glioma and acoustic neuroma, i.e., vestibular schwan-
noma. Hardell et al. (1999) [2] detected among mobile
phone users a significant increase in the risk of brain
tumor (odds ratio (OR) = 1.3, 95% confidence inter-
val (CI): 1.04-1.6), with ipsilateral tumor location both for
analogue (OR = 1.7, 95% CI: 1.1-2.7) and digital phones
(OR = 1.5, 95% CI: 1.1-2.3), a significant increase in
the risk of acoustic neuroma compared to people not us-
ing mobile phones (OR = 4.4, 95% CI: 2.1-9.2) and a sig-
nificant increase in the risk of vestibular schwannoma for
analogue phones (OR = 3.45, 95% CI: 1.77-6.76).

In Hepworth et al. (2006) [3] case-control study a signifi-
cantly increased risk of glioma in the ipsilateral location
(OR = 1.24, 95% CI: 1.02-1.52) was found in people us-
ing mobile phones on a regular basis. An increased risk
of glioma was found also by Schiiz et al. (2006) [4] in
patients using mobile phones for periods over 10 years
(OR = 2.2, 95% CI: 0.94-5.11). Auvinen et al. (2002) [5]
in a case control study demonstrated a significantly
higher risk of glioma in analogue mobile phone users
(OR =2.1,95% CI: 1.3-3.4). Lakhola et al. (2007) [6] also
report a significantly higher risk of ipsilateral glioma in
their study conducted in Denmark, UK, Norway, Finland,
and Sweden (OR = 1.4,95% CI: 1.01-1.9).
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Inskip et al. (2001) [7], on the other hand, failed to note
a significantly higher risk of brain tumors among mobile
phone users.

None of the studies confirmed a relationship between
mobile phone use and meningioma. The recently pub-
lished results of case-control studies performed under
the INTERPHONE project by Lahkola et al. (2008) [§]
in 5 North European countries among people using
mobile phones on a regular basis (1209 meningioma
cases and 3299 controls) did not show a relationship be-
tween mobile phone use and the risk of meningioma
(OR = 0.76, 95% CI: 0.65-0.89). In those studies, regular
mobile phone use was defined as use at least once a week
for at least 6 months.

Lonn et al. (2004) [9] analyzed the risk of acoustic neu-
roma in relation to the time of mobile phone use and loca-
tion. The authors noted a significant increase in the risk
of acoustic neuroma in the ipsilateral location in subjects
who were using mobile phones for longer than 10 years
(OR = 3.1, 95% CI: 1.2-8.4). No such relationship was
recorded by these authors for the contralateral location.
As for parotid gland tumors (PGT), 2 studies (Sweden
and other Nordic Countries) found no increased risk
of PGT [4,5,10,11], while Sadetzki et al. (2008) [12] re-
corded a significantly higher risk in regular, heavy us-
ers for ipsilateral use. For people with a higher cumula-
tive number of calls, the risk was 1.58 (95% CI: 1.11-
2.24), and for people with the longest call time, the risk
was 1.49 (95% CI: 1.05-2.13).

However, epidemiological studies performed heretofore
have failed to provide a conclusive answer to the question
about a cause-effect relationship between the incidence of
intracranial tumors and mobile phone use, but their in-
terpretation has been encumbered with some limitations.

The risk of bias in particular case-control studies
The cited studies may have been vitiated by an error due
to 4 main reasons:
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1. The most serious doubts arise from exposure assess-
ment, which was usually insufficient.
In most of the cohort studies it was limited to the state-
ment that the person was a mobile phone subscriber
(information from the operators). Unfortunately, data
from mobile phone system subscriber lists does not
provide information on true mobile phone use, because
having a mobile phone is not equivalent to using it. In
other studies, it was limited to the statement — “tele-
phone use likely or certain” [4,13].
In case-control studies, exposure assessment was ob-
tained by interviewing patients, often in grave condi-
tion shortly after the surgery. The authors reported
that the patients often refused to respond, or did not
remember the details of mobile phone use, and some
other cases were fatal before the patient could be in-
terviewed. Therefore, information was obtained only
from a small number of the subjects. For example,
in the studies by Inskip et al. (2001) [7], only 12% of
the subjects from the exposed group and 3% of the con-
trols were interviewed on mobile phone use. The small
number of the interviewed patients reduces the reli-
ability of the results.
In some studies, regular mobile phone use was defined
as use at least once a week for at least 6 months [14].
The resultant exposure assessment is far from being pre-
cise, because it does not say what proportion of subjects
in the regular user group used mobile phone occasion-
ally (once per week) or how numerous was the group us-
ing it on a truly regular basis (i.e., several times a day).

2. The reasons quoted above cause that cases may be
incorrectly assigned to individual groups differing in
the intensity of mobile phone use.
Another problem noted by Hardell et al. (2004, 2006)
[15,16] and by Hansson Mild et al. (2005) [17] is that in
some studies, people using cordless phones were clas-
sified as mobile phone non-users, while some other au-
thors classified them as mobile phone users.

The analysis of the association between tumor develop-
ment and the use of analogue or digital mobile phones
is encumbered with an error, because most of the long-
time users started with analogue, then shifted to digital
mobile phones, and information is missing on when, if
ever, the shift took place. Thus, the increased risk of
cancer from analogue phone use indicated by some au-
thors could be attributable to a long period of mobile
phone use rather than to mobile phone type.
3. Long latency of intracranial tumors.
Some studies refer to people using mobile phone
for 2-5 years. In some studies, regular mobile phone use
was defined as use for at least 6 months [18]. This is too
short to produce any evident symptoms of cancer. Thus,
the negative outcome of the studies (i.e., no relation be-
tween mobile phone use and tumor) does not prove that
mobile phones exert no effect on tumor development.
4. Another major limitation is that intracranial tumors
are extremely rare in the general population, and it was
difficult to obtain a sufficiently large number of cases.
In such instance, meta-analysis makes it possible to use
the published results of studies performed in various
countries and include a larger number of cases.
The discrepancies among the different studies were discussed
in details by Croft et al. (2008) [19], Levis et al. (2011) [20],
Repacholi et al. (2012) [21] and lately Szmigielski (2013) [22].
Five meta-analysis studies have been published to date
by Lahkola et al. (2006) [18], Hardell et al. (2008) 23],
Kan et al. (2008) [24], Khurana et al. (2009) [25], My-
ung et al. (2009) [26], but their results are also ambigu-
ous. This may result, among other things, from applying
different criteria for the selection of studies to be included
in the analysis and using different methods of the statistical
analysis. Additionally, since the last (2009) meta-analysis,
new case-control studies have been published, which theo-
retically could affect the conclusions on the relationship
between the use of mobile phones and intracranial tumors.
Therefore, we decided to perform another meta-analysis.
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MATERIAL AND METHODS
The study protocol was as follows: the relevant litera-
ture was reviewed by analyzing the databases: PubMed,
BENER Digest Update/EMF Database/EMF Health
Report, MEDLINE, and summary reports (Interna-
tional Commission on Non-Ionizing Radiation Protec-
tion (ICNIRP), WHO Statement, Royal Society of Cana-
da Expert Panel Report, and the report of the EU
Scientific Committee on Toxicity, Ecotoxicity and the
Environment).
The PubMed was main source of papers, while the other
bases were the complementary source of information.
The search was conducted using key words: glioma,
meningioma, salivary gland cancer, acoustic neuroma,
i.e., vestibular schwannoma, facial neuroma and uveal
melanoma, brain tumors, intracranial tumors, mobile
phone, cellular phone, electromagnetic fields, radiofre-
quency electromagnetic fields. As a result of searching
PubMed using the key words indicated above, there
were 470 papers found. The analysis was limited to
the use of cell phones, both analogue and digital (with
the exclusion of cordless phones). As many as 21 case-
control studies on intracranial tumors and mobile phone
use were included, which met following inclusion crite-
ria (Table 1):
- papers in English,
— original, case-control peer-reviewed studies published
till the end of March 2014,
— measures of association (odds ratio and confidence in-
terval of the effect measured),
- data on individual exposure.
However, some of the data was not fully useful, because
only the relative risk was specified without the relevant in-
formation on the number of cases.
The studies analyzed the frequency of various tumors,
both benign and malignant, including glioma, meningio-
ma, salivary gland cancer, acoustic neuroma, i.e., vestibu-
lar schwannoma, facial neuroma and uveal melanoma.

[JOMEH 2017;30(1)

The relationship was analyzed between mobile phone
use and:

- total number of intracranial tumors,

- tumors by types.

All case-control studies specifying the duration of mo-
bile phone use were considered, even though it was
too short to suspect a cause-effect relationship be-
tween EMF exposure and tumor. The studies including
subjects using mobile phones for longer than 10 years
were additionally analyzed separately. Such period of
latency causes that the suspected relationship between
cellular phone use and the development of tumor be-
comes more likely.

In this instance, studies specifying both the time of regular
mobile phone use over 10 years (9 studies), and the time
since the first regular use of 10 years or more (14 stud-
ies) were considered, in spite of the fact that the latter pa-
rameter is not precisely defined. They may refer to people
who started regularly using mobile phones over 10 years
ago, but did not continue using it regularly during
the whole 10-year period. Therefore, the studies that con-
tained those 2 types of definition of telephone use time
were not combined into one group.

The following relationships were analyzed:

. All intracranial tumors and all mobile phone types.

. All brain tumors and analogue phones.

. Glioma and all mobile phone types.

. Meningioma and all mobile phone types.

. Acoustic neuroma and all mobile phone types.

SN N B WD =

. All intracranial tumors and all phone types; time of

mobile phone use not shorter than 10 years.

7. All intracranial tumors and all phone types; time
from the first regular use of mobile phone of 10 years
Or more.

8. All intracranial tumors and all phone types; ipsilateral

exposure. The contralateral studies were disregarded,

as none of them revealed an association between tumor
in that location and the use of mobile phone.
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0.43-1.23

0.73
0.68
0.40

192/330
182/320

51/97
46/92

acoustic neuroma

cellular

2000-2004

Takebayashi et al. (2006) [38]

0.40-1.18

digital

0.10-2.10

31/141

2/18

intratemporal facial

nerve tumor

cellular

1995-2000

Warren et al. (2003) [39]

0.40-2.20
0.68-0.91

1.00
0.79
0.81
0.95

31/141
1 488/2 662
1894/2 972

11/51
1262/2 409
1662/2 708

acoustic neuroma

meningioma

mobile

2000-2004

The INTERPHONE Study

glioma 0.70-0.94
0.77-1.17

Group (2010) [1]
The INTERPHONE Study

585/2 145

304/1 105

acoustic neuroma

mobile

2000-2004

Group (2011) [40]

OR - odds ratio; CI - confidence interval.

Statistics

In order to pool the results of the different studies, we
should assume that these results would give an evaluation
effect which would be the same for all studies, and that
the effects evaluated would be a part of the same distribu-
tion (sample estimates of the same mean). This assump-
tion should be verified with a statistical test, the test for
heterogeneity. If this is correct, in further analysis we can
use formulas based on this assumption, known as the fixed
effects model. If we are not constrained by the studies
belonging to the same population (i.e., the studies evalu-
ated are sampled from a population that contains several
sub-populations, each with its own mean), and therefore
we assume that the variability of the results depends on
the variability of the intra- and inter-studies, we will use
procedures called the random effects models [27].

The studies included in the meta-analysis may differ both
in the design and applied methods. They may also vary
in the participants, exposure and resultant variable. Such
diversity is usually considered to be a methodological or
clinical heterogeneity of studies. The statistical heteroge-
neity occurs when true effects in the individual studies are
assessed in different ways [28].

The most popular test used to detect heterogeneity of
studies is the Q-Cochran test and it was applied in our
meta-analysis.

In considering the method of risk calculation, the first stage
of our meta-analysis comprised assessing the homogeneity of
the studies included in the meta-analysis. A standard Chi? test
was employed [28,29] to verify the question of testing:

H,: homogeneity of studies
H,: heterogeneity of studies

Depending on the homogeneity assessment result:

- afixed effect model with Peto, Gart and Mantel-Haen-
szel tests was employed for homogeneity of studies
(p in the Q-Cochran test > 0.05) (all 3 tests resulted
in the same conclusion concerning the analyzed data),

[JOMEH 2017;30(1)
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- random effect model was used for heterogeneity of
studies (p in the Q-Cochran test < 0.05).

In fixed effects models as well as random effects models,

odds ratio (OR) and 95% confidence interval (CI) for

the OR were determined. The Leonardo (2005) software

was used for the calculations [27].

RESULTS

All intracranial tumors and all mobile phone types

The studies included in that analysis are shown in the Table 1.
The Q-Cochran test indicated heterogeneity of the studies
which were used in the meta-analysis (p < 0.0005), and
therefore in that case, the random effect model was used.
The results obtained in that model show no relationship
between mobile phone use and the risk of an intracranial
tumor (OR = 0.94, 95% CI: 0.86-1.03).

All brain tumors and analogue phones

The studies included in that analysis are shown in the Table 1.
The Q-Cochran test indicated that the studies used in
the meta-analysis were not homogenous (p < 0.0005), and
therefore in that case, the random effect model was used.
The results obtained in that model show no relationship
between mobile phone use and the risk of brain cancer
(OR = 1.09, 95% CI: 0.91-1.3).

Glioma and all mobile phone types

The studies included in that analysis are shown in the Table 1.
The Q-Cochran test indicated that the studies used in
the meta-analysis were not homogenous (p < 0.015),
and so in that case, the random effect model was used.
The results obtained in that model show no relation-
ship between mobile phone use and the risk of glioma
(OR =0.92,95% CI: 0.83-1.03).

Meningioma and all mobile phone types
The studies included in that analysis are shown in the
Table 1.

[JOMEH 2017;30(1)

The Q-Cochran test indicated that the studies used in
the meta-analysis were not homogenous (p < 0.05),
and so in that case, the random effect model was used.
The results obtained in that model show no relationship
between mobile phone use and the risk of meningioma
(OR =0.72,95% CI 0.6-0.86).

Acoustic neuroma and all mobile phone types

The studies included in that analysis are shown in the Table 1.
The Q-Cochran test indicated that it would not be reason-
able to reject the hypothesis that the studies in the me-
ta-analysis were homogenous (p = 0.710). Therefore,
the fixed effects model was used. In the individual models
(Peto test, Gart test and Mantel-Haenszel test), the same
results were obtained (OR = 0.96, 95% CI: 0.87-1.06).
In all 3 tests, OR was lower than 1, which indicated that
there was no relationship between mobile phone use and
the risk of acoustic neuroma.

All intracranial tumors and all phone types

(time of mobile phone use: = 10 years)

The studies included in that analysis are shown in the Table 2.
The analysis of homogeneity revealed that the ana-
lyzed studies were not homogenous (p < 0.0005). Thus,
the random effects model was used. The results obtained
in the random effects model indicated that there was
a significant relationship between mobile phone use for
longer than 10 years and the risk of intracranial tumors
(OR = 1.46,95% CI: 1.07-1.98).

Total intracranial tumors and all phone types

(time from the first regular use of mobile

phone: = 10 years)

The studies included in that analysis are shown in the Table 3.
The probability in the Q-Cochran test is less than 0.0005,
which means that the studies in the analysis are non-
homogenous. Because OR is significantly greater than 1
(OR = 1.25, 95% CI: 1.04-1.52), we can conclude that
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there is a significant relationship between the time from
the first regular use of mobile phone of 10 years or more
and the risk of intracranial tumors.

All intracranial tumors and all phone types

(ipsilateral exposure)

The studies included in that analysis are shown in the Table 4.
The result of the Q-Cochran test indicates that the stud-
ies included in the meta-analysis are non-homoge-
nous (p < 0.0005) and the random effects model should
be used to assess OR. Since OR is greater than 1
(OR = 1.29, 95% CI: 1.06-1.57), there is a significant re-
lationship between ipsilateral use of mobile phone and
the risk of intracranial tumor.

DISCUSSION

We found a significant relationship between:

- all intracranial tumors and all phone types; ipsilateral
exposure;

- all intracranial tumors and all phone types, when
the time of mobile phone use was not shorter
than 10 years;

- all intracranial tumors and all phone types when
the time from the first regular use of mobile phone
was 10 years or more.

In 2006, Lahkola et al. [18] performed a meta-analysis

of the results of 12 epidemiological studies completed

in 2005 on the relationship between various intracra-
nial tumors and the use of mobile phones. It includ-
ed 2780 cases of cancer patients, out of whom 748 had
been mobile phone users for 2-5 years. The authors

did not detect an increased risk attributable to mo-

bile phone use either for the total of intracranial tu-

mors analyzed together (OR = 0.98, 95% CI: 0.83-

1.16), or for glioma (OR = 096, CI 0.78-1.18),

or meningioma (OR = 0.87, 95% CI. 0.72-1.05).

Also the risk of acoustic neuroma was similar both

for patients using mobile phones on a regular and

occasional basis (OR = 1.07, 95% CI: 0.89-1.3
and OR = 1.07, 95% CI: 0.89-1.3, respectively).

It is worth nothing that the meta-analysis considered
the studies of subjects using mobile phones for 2-5 years.
This period is too short to produce any evident symptoms
of cancer. Therefore, the negative effect of the study
(i.e., no relationship between mobile phone use and tumor
development) does not indicate that mobile phones have
no effect on the incidence of cancer.

Hardell et al. (2007) [41] analyzed the results of 14 epi-
demiological studies on people using mobile phones for
over 10 years. The authors of 3 studies indicated a 3-4-
fold increase in the risk of acoustic neuroma, 5 studies
reported the highest risk for glioma in the ipsilateral loca-
tion (tumor located at the side where the phone is usu-
ally held) (OR = 5.4, 95% CI: 3-5.6). People using mo-
bile phones for longer than 10 years were found to be at
the highest risk. The authors analyzed also the relation-
ship between tumor and the lifetime dose (total hours of
mobile phone use). They found that the risk of cancer as-
sociated with the lifetime dose of over 2000 h in analogue
phone users was almost 6 times higher (OR = 5.9,
95% CI: 2.4-14), and in digital phone users almost 4 times
higher (OR = 3.7, 95% CI: 1.7-7.7) compared to people
whose lifetime dose was within 1000 h.

In 2008, Hardell et al. [23] published the results of their
meta-analysis covering all studies performed heretofore
on the relationship between the incidence of intracrani-
al tumors and mobile phone use. In their meta-analysis,
the authors incorporated 19 studies. They demonstrated
that in people using mobile phone for over 10 years on
a regular basis, the risk of ipsilateral glioma and acous-
tic neuroma was significantly higher than in people using
mobile phone occasionally (OR = 2, 95% CI: 1.2-3.4 and
OR = 2.4,95% CI: 1.1-5.3, respectively).

In 2008, Kan et al. [24] published the results of a me-
ta-analysis comprising 9 case-control studies on peo-
ple using mobile phones for 10 years and longer.
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The cases of intracranial tumors (glioma, meningioma,
acoustic neuroma) were analyzed in mobile phone us-
ers. A significantly higher frequency of brain tumors,
OR = 1.25,95% CI: 1.01-1.54 was detected in people us-
ing mobile phones for longer than 10 years, compared to
control cases. The analysis performed with the reference
to individual tumor types did not show an increased fre-
quency of any single tumor type.

In 2009, Myung et al. [26] published the results of a me-
ta-analysis comprising 23 case-control studies. The re-
sults of 8 high-quality blind studies confirmed the detri-
mental effect of mobile phones on their users compared
to non-users or occasional users. The risk of tumor
in people using mobile phones for 10 years or longer
was OR = 1.18, 95% CI: 1.04-1.34. The analysis com-
prised 13 studies. It was performed without regard to tu-
mor types.

Khurana et al. (2009) in their review covering all studies
analyzing the risk of intracranial tumors in long-term us-
ers of mobile phones (= 10 years) showed a significantly
higher risk for glioma and acoustic neuroma. No such re-
lationship was noted for meningioma [25].

It is difficult to compare the results of our meta-analysis
with earlier studies, because the methodology of analysis
was different.

Lahkola et al. (2006) [18] did not analyze the risk for
people using mobile phones for longer than 10 years. We
included into our meta-analysis studies specifying both
the time of the regular mobile phone use over 10 years,
and the time following the first regular use of 10 years
or longer.

Hardell et al. (2008) [23] did not analyze the risk for all
tumors together, they analyzed the risk for glioma, menin-
gioma, and acoustic neuroma separately. We did not ana-
lyze the risk separately for each type of tumor in people
using mobile phones longer than 10 years, because in our
opinion the number of studies was too small to make such
an analysis feasible.

A meta-analysis by Myung et al. (2009) [26] was performed
without the reference either to individual tumor types or
ipsi- or contralateral use of mobile phones.

It should be noted, however, that the results of the studies
of Kan et al. (2008) [24] and Myung et al. (2009) [26], simi-
larly to our meta-analysis, show a significant relationship
between the location of tumor (regardless of tumor type)
and the use of mobile phones for over 10 years.

No relationship between the risk of meningioma and mo-
bile phone use is in line with all meta-analyses performed
heretofore.

The comparison between our studies and other meta-anal-
yses is displayed in the Table 5.

We are not able to compare our results with reference to
different kinds of intracranial tumors (glioma, meningio-
ma, acoustic neuroma) in relation to time of using mobile
phones. A reliable analysis was not feasible because, in our
opinion, the number of original works is too small. Due to
the same reasons, a comparison between our meta-analysis
and other studies in relation to the effects side of using
mobile phones (ipsilateral use) is possible also only for
the total number of tumors. In Lakhola et al. (2006) [18],
the risk of all intracranial tumors was 1.36 (95% CI: 0.99-
1.87),in Hardell et al. (2013) [33] it was 1.7 (95% CI: 1.01-
2.9) vs. results of our own study presented in this article —
1.25 (95% CI: 1.02-1.53).

Generally, our results are in accordance with the results
published by Hardell et al. (2011) [42] in their pooled
analysis, who found an increased risk of malignant
brain tumors in people using mobile phones for longer
than 10 years and in the latest review published by Mor-
gan et al. [43] in 2015. This review comprises results of
the latest case control French national study (CERENAT)
published by Coureau et al. (2014) [44]. They found
a positive, statistically significant association between
some intracranial tumors and the number of calls as
well as with the life-long cumulative duration of calls.
Our meta-analysis related to intracranial tumors in

[JOMEH 2017;30(1)
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