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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 studies 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 association (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 intracranial tumor (all types) was noted for the period of mobile phone use over 10 years (odds ratio (OR) = 1.324, 95% confidence 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 popular, there has been a growing concern about possible detrimental 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 relationship between intracranial cancer and mobile phone use.

Research on health effects of mobile phone electromagnetic 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 Demonstration Activities – European Union (EU), Wireless Technology Research (WTR) and Cooperative Research and
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Development (CRADA) – the United States of America (USA). Results of these studies are ambiguous.
Recently, results of a multicenter case-control project INTERPHONE have been published, which was participated by partners from 13 countries (Australia, Denmark,
Finland, France, Israel, Japan, Canada, Germany, Norway, 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 schwannoma. 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 interval (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 using mobile phones (OR = 4.4, 95% CI: 2.1–9.2) and a significant 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 significantly increased risk of glioma in the ipsilateral location
(OR = 1.24, 95% CI: 1.02–1.52) was found in people using mobile phones on a regular basis. An increased risk
of glioma was found also by Schüz 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 published results of case-control studies performed under
the INTERPHONE project by Lahkola et al. (2008) [8]
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 between 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.
Lönn et al. (2004) [9] analyzed the risk of acoustic neuroma in relation to the time of mobile phone use and location. 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] recorded a significantly higher risk in regular, heavy users for ipsilateral use. For people with a higher cumulative 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 interpretation 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:

MOBILE PHONE AND INTRACRANIAL TUMORS

1. The most serious doubts arise from exposure assessment, which was usually insufficient.
In most of the cohort studies it was limited to the statement 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 – “telephone use likely or certain” [4,13].
In case-control studies, exposure assessment was obtained by interviewing patients, often in grave condition 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 interviewed. 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 controls were interviewed on mobile phone use. The small
number of the interviewed patients reduces the reliability 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 precise, because it does not say what proportion of subjects
in the regular user group used mobile phone occasionally (once per week) or how numerous was the group using 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 classified as mobile phone non-users, while some other authors classified them as mobile phone users.
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The analysis of the association between tumor development and the use of analogue or digital mobile phones
is encumbered with an error, because most of the longtime 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 authors 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 between 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], Myung et al. (2009) [26], but their results are also ambiguous. 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 theoretically could affect the conclusions on the relationship
between the use of mobile phones and intracranial tumors.
Therefore, we decided to perform another meta-analysis.
IJOMEH 2017;30(1)
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MATERIAL AND METHODS
The study protocol was as follows: the relevant literature was reviewed by analyzing the databases: PubMed,
BENER Digest Update/EMF Database/EMF Health
Report, MEDLINE, and summary reports (International Commission on Non-Ionizing Radiation Protection (ICNIRP), WHO Statement, Royal Society of Canada 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, radiofrequency 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 casecontrol studies on intracranial tumors and mobile phone
use were included, which met following inclusion criteria (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 interval 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 information on the number of cases.
The studies analyzed the frequency of various tumors,
both benign and malignant, including glioma, meningioma, salivary gland cancer, acoustic neuroma, i.e., vestibular schwannoma, facial neuroma and uveal melanoma.
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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 mobile phone use were considered, even though it was
too short to suspect a cause-effect relationship between 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 becomes 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 studies) were considered, in spite of the fact that the latter parameter 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 contained those 2 types of definition of telephone use time
were not combined into one group.
The following relationships were analyzed:
1. All intracranial tumors and all mobile phone types.
2. All brain tumors and analogue phones.
3. Glioma and all mobile phone types.
4. Meningioma and all mobile phone types.
5. Acoustic neuroma and all mobile phone types.
6. 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.

Study period
tumors
diagnosed in
Finland in 1996

2007–2009
2000–2002
2000–2002

1994–1996

1994–2000
1997–2000
2000–2003
2007–2009
2000–2004

1994–1998

Reference

Auvinen et al. (2002) [5]

Carlberg et al. (2013) [30]
Christensen et al. (2004) [31]
Christensen et al. (2005) [32]

Hardell et al. (1999) [2]

Hardell et al. (2004) [10]

Hardell et al. (2004) [15]

Hardell et al. (2006) [16]

Hardell et al. (2013) [33]
Hepworth et al. (2006) [3]

Inskip et al. (2001) [7]

cellular
analog
digital
analog
digital
analog
digital
analog
digital
mobile
mobile
analog
digital only
hand-held cellular

mobile
cellular
cellular

digital

analog

Phone type

brain tumors
glioma
meningioma
acoustic neuroma

brain tumors
glioma

brain tumors

brain tumors

salivary gland
tumors

all brain tumors
glioma
meningioma
all brain tumors
glioma
meningioma
meningioma
acoustic neuroma
meningioma
low-grade glioma
high-grade glioma
brain tumors

Intracranial tumor

Table 1. Studies included in the meta-analysis of mobile phone users and intracranial tumors

40/398
26/198
8/129
16/398
10/198
3/129
594/709
45/106
67/175
47/81
59/171
78/209
52/209
44/209
31/267
45/267
247/1 429
423/1 429
68/131
198/261
548/593
508/964
128/584
378/834
139/610
85/370
32/162
22/78

134/1 986
68/989
28/643
89/1 986
51/989
20/643
1 217/1 368
97/212
133/316
90/155
155/330
161/425
106/425
92/425
137/1 053
170/1 053
218/1 470
433/1 470
79/312
343/576
1 217/1 368
898/1 716
212/1 030
685/1 503
172/612
172/612
172/612
172/612

Respondents
(phone users / total)
[n]
study group control group
1.60
2.10
1.50
0.90
1.00
0.70
1.00
0.90
0.83
1.08
0.58
0.98
0.94
0.97
0.92
1.01
1.31
1.04
2.60
1.90
1.60
0.94
0.87
0.96
0.80
0.80
0.80
1.00

Adjusted
OR
1.10–2.30
1.30–3.40
0.60–3.50
0.50–1.50
0.50–2.00
0.20–2.60
0.70–1.40
0.51–1.57
0.54–1.28
0.58–2.00
0.37–0.90
0.69–1.41
0.62–1.44
0.61–1.56
0.58–1.44
0.68–1.50
1.04–1.64
0.90 –1.30
1.50–4.30
1.30–2.70
0.99–2.70
0.78–1.13
0.66–1.15
0.79–1.16
0.60–1.10
0.60–1.20
0.40–1.30
0.50–1.90

95% CI
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2001–2002

2000–2004

1999–2002

2000–2002

1994–1998
1999–2004

2000–2003

Lahkola et al. (2007) [6]

Lönn et al. (2004) [9]

Lönn et al. (2005) [35]

Muscat et al. (2000) [36]
Schoemaker et al. (2005) [37]

Schüz et al. (2006) [4]

Study period

Klaeboe et al. (2007) [34]

Reference

hand-held cellular
mobile
analog
digital
cellular

digital

analog

mobile
analog
digital
mobile
analog
digital
mobile

digital

analog

cellular

Phone type

glioma
meningioma

glioma
meningioma
glioma
meningioma
glioma
meningioma
brain tumors
acoustic neuroma

acoustic neuroma

glioma
meningioma
acoustic neuroma
glioma
meningioma
acoustic neuroma
glioma
meningioma
acoustic neuroma
glioma

Intracranial tumor

Table 1. Studies included in the meta-analysis of mobile phone users and intracranial tumors – cont.

161/289
96/207
22/45
47/175
31/142
8/31
110/238
64/175
13/36
867/1 496
232/861
788/1 417
89/148
32/91
84/143
214/371
118/273
59/216
26/181
205/362
111/266
66/469
360/676
101/417
323/639
138/366
104/381

study group
227/358
227/358
227/358
56/187
56/187
56/187
170/301
170/301
170/301
1 853/3 134
471/1 752
1 750/3 031
356/604
85/333
343/591
399/674
399/674
96/371
96/371
388/663
388/663
76/422
1 934/3 546
414/1 849
1 770/3 379
283/732
234/762

control group

Respondents
(phone users / total)
[n]
0.60
0.80
0.50
0.70
1.20
0.80
0.60
0.60
0.20
0.78
0.85
0.75
1.00
1.60
0.90
0.80
0.70
0.80
0.70
0.80
0.60
0.85
0.90
0.90
0.90
0.98
0.84

Adjusted
OR
0.40–0.90
0.50–1.10
0.20–1.00
0.40–1.10
0.70–2.30
0.30–2.20
0.40–0.80
0.40–1.00
0.20–0.90
0.68–0.91
0.68–1.06
0.65–0.87
0.60–1.50
0.90–2.80
0.60–1.40
0.60–1.00
0.50–0.90
0.50–1.20
0.40–1.30
0.60–1.00
0.50–0.90
0.60–1.20
0.70–1.10
0.70–1.20
0.70–1.10
0.74–1.29
0.62–1.11

95% CI
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0.40–2.20
0.68–0.91
0.70–0.94
0.77–1.17
1.00
0.79
0.81
0.95
31/141
1 488/2 662
1 894/2 972
585/2 145
11/51
1 262/2 409
1 662/2 708
304/1 105
OR – odds ratio; CI – confidence interval.

mobile
2000–2004
The INTERPHONE Study
Group (2011) [40]

mobile
The INTERPHONE Study
Group (2010) [1]

Warren et al. (2003) [39]

1995–2000

2000–2004

intratemporal facial
nerve tumor
acoustic neuroma
meningioma
glioma
acoustic neuroma

192/330
182/320
31/141
cellular
digital
cellular
Takebayashi et al. (2006) [38]

2000–2004

acoustic neuroma

51/97
46/92
2/18

0.73
0.68
0.40

0.43–1.23
0.40–1.18
0.10–2.10
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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 distribution (sample estimates of the same mean). This assumption 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 evaluated 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 heterogeneity 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 Chi2 test
was employed [28,29] to verify the question of testing:
#H 0 : homogeneity of studies
"
!H 1 : heterogeneity of studies

Depending on the homogeneity assessment result:
– a fixed effect model with Peto, Gart and Mantel-Haenszel 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),
IJOMEH 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].

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).

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).

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 reasonable to reject the hypothesis that the studies in the meta-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 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 relationship 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.
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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 analyzed 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 nonhomogenous. Because OR is significantly greater than 1
(OR = 1.25, 95% CI: 1.04–1.52), we can conclude that

1997–2000
1994–2000
2000–2003
2000–2004
2000–2004

1999–2002
2000–2002
1999–2004

Hardell et al. (2004) [15]

Hardell et al. (2004) [10]

Hardell et al. (2006) [16]

Hepworth et al. (2006) [3]

Lahkola et al. (2007) [6]

Lönn et al. (2004) [9]

Lönn et al. (2005) [35]

Schoemaker et al. (2005) [37]

OR – odds ratio; CI – confidence interval.
* Data not available.

1994–1996

Study period

Hardell et al. (1999) [2]

Reference

7/323
0/316

digital

31/347

8/163

meningioma
acoustic neuroma

22/179

11/70

glioma

acoustic neuroma

analog

mobile

mobile

mobile

0/629

digital

88/717
16/645

glioma

10/466

48/504

19/82

48/111

6/267

61/1 429

16/209

study group

analog

mobile

analogue phones

glioma

brain tumors

digital
mobile

brain tumors

salivary gland tumors

brain tumors

brain tumors

Intracranial tumors

analog

analog

analog

analog

Phone type

2/1 611

26/1 461

131/1 743

32/307

33/308

26/274

0/1 281

31/1 312

134/1 415

11/829

67/885

18/251

40/273

35/1 053

44/1 470

26/425

control group

Respondents
(phone users / total)
[n]

Table 2. Studies included in the meta-analysis of mobile phone users and intracranial tumors – duration of regular use ≥ 10 years

*

1.10

1.10

0.70

0.90

1.60

*

0.92

0.94

1.20

1.14

3.60

3.50

0.71

1.63

1.20

Adjusted OR

*

0.40–2.80

0.70–1.80

0.30–1.60

0.50–1.60

0.70–3.60

*

0.48–1.77

0.69–1.28

0.48–3.04

0.74–1.73

1.70–7.50

2.00–6.40

0.29–1.74

1.07–2.47

0.56–2.59

95% CI

MOBILE PHONE AND INTRACRANIAL TUMORS

REVIEW PAPER

IJOMEH 2017;30(1)

35

36

IJOMEH 2017;30(1)
2000–2002

1994–1996
1997–2000
1994–2000
2000–2003
2000–2004
2000–2004

1999–2002
2000–2002
1999–2004

2000–2003
2000–2004
2000–2004

Christensen et al. (2005) [32]

Hardell et al. (1999) [2]

Hardell et al. (2004) [15]

Hardell et al. (2004) [10]

Hardell et al. (2006) [16]

Hepworth et al. (2006) [3]

Lahkola et al. (2007) [6]

Lönn et al. (2004) [9]

Lönn et al. (2005) [35]

Schoemaker et al. (2005) [37]

Schüz et al. (2006) [4]

The INTERPHONE Study
Group (2010) [1]

The INTERPHONE Study
Group (2011) [40]

OR – odds ratio; CI – confidence interval.

2000–2002

Study period

Christensen et al. (2004) [31]

Reference

8/121

high-grade glioma

mobile

mobile

68/869

252/1 294

glioma
acoustic neuroma

110/1 257

5/289

meningioma
meningioma

12/244

glioma

2/318

digital
cellular

43/359

47/363

12/167

meningioma
acoustic neuroma

25/182

14/73

glioma

acoustic neuroma

analog

mobile

analog phones

mobile

4/633

digital

143/772

56/512

66/522

19/82

48/111

6/267

61/1 429

108/737

glioma

glioma

brain tumors

salivary gland tumors

brain tumors

16/209

6/46

low-grade glioma
brain tumors

6/119

2/66

study group
meningioma

acoustic neuroma

Intracranial tumors

analog

mobile

analogue phones

mobile

digital

analog

analog

analog

analog

cellular

cellular

Phone type

141/1 701

232/1 310

112/1 286

9/557

11/465

15/1 624

161/1 596

212/1 824

36/311

38/313

29/277

12/1 293

187/1 468

220/1 501

95/913

112/930

18/251

40/273

35/1 053

44/1 470

26/425

22/198

9/88

8/196

15/130

control group

Respondents
(phone users / total)
[n]

Table 3. Studies included in the meta-analysis of mobile phone users and intracranial tumors – time since first regular use ≥ 10 years

0.83

0.98

0.83

1.09

2.20

0.70

1.10

1.00

0.90

0.80

1.90

0.53

0.93

0.95

0.87

0.90

3.60

3.50

0.71

1.63

1.20

0.48

1.64

1.02

0.22

Adjusted OR

0.58–1.19

0.76–.26

0.61–1.14

0.35–3.37

0.94–5.11

0.20–3.50

0.70–1.70

0.70–1.50

0.10–1.90

0.50–1.50

0.90–4.10

0.16–1.72

0.69–1.25

0.74–1.23

0.59–1.27

0.63–1.28

1.70–7.50

2.00–6.40

0.29–1.74

1.07–2.47

0.56–2.59

0.19–1.26

0.44–6.12

0.32–3.24

0.04–1.11

95% CI
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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 studies included in the meta-analysis are non-homogenous (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 relationship 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 intracranial tumors and the use of mobile phones. It included 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 mobile phone use either for the total of intracranial tumors analyzed together (OR = 0.98, 95% CI: 0.83–
1.16), or for glioma (OR = 0.96, 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

REVIEW PAPER

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 epidemiological studies on people using mobile phones for
over 10 years. The authors of 3 studies indicated a 3–4fold increase in the risk of acoustic neuroma, 5 studies
reported the highest risk for glioma in the ipsilateral location (tumor located at the side where the phone is usually held) (OR = 5.4, 95% CI: 3–5.6). People using mobile phones for longer than 10 years were found to be at
the highest risk. The authors analyzed also the relationship between tumor and the lifetime dose (total hours of
mobile phone use). They found that the risk of cancer associated 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 intracranial 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 acoustic 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 meta-analysis comprising 9 case-control studies on people using mobile phones for 10 years and longer.
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1997–2000
2000–2003
2007–2009
2000–2004
2001–2002

2000–2004
1999–2002
2000–2002
1999–2004
2000–2004
2000–2004

Hardell et al. (2004) [15]

Hardell et al. (2006) [16]

Hardell et al. (2013) [33]

Hepworth et al. (2006) [3]

Klaeboe et al. (2007) [34]

Lahkola et al. (2007) [6]

Lönn et al. (2004) [9]

Lönn et al. (2005) [35]

Schoemaker et al. (2005) [37]

Takebayashi et al. (2006) [38]

The INTERPHONE Study
Group (2011) [40]

OR – odds ratio; CI – confidence interval.

Study period

Reference

mobile

cellular

mobile

mobile

mobile

mobile

cellular

mobile

mobile

digital

11/44

acoustic neuroma

acoustic neuroma

acoustic neuroma

159/947

20/96

187/644

49/208

meningioma
acoustic neuroma

117/309

48/138

glioma

acoustic neuroma

471/1 274

48/184

meningioma
glioma

91/267

278/828

324/548

97/160

31/94

182/1 429

121/1 429

study group

glioma

glioma

brain tumors

brain tumors

brain tumors

digital
analog

brain tumors

Intracranial tumors

analog

Phone type

266/1 665

73/388

1 061/3 505

228/671

228/671

192/601

1 002/3 129

120/357

122/357

122/357

486/1 716

534/1 368

108/341

25/258

132/1 470

73/1 470

control group

Respondents
(regular phone users / never or
rarely + regularly)
[n]

Table 4. Studies included in the meta-analysis of mobile phone users and intracranial tumors – ipsilateral exposure

0.98

0.90

0.90

0.80

1.10

1.10

1.13

0.70

0.90

1.00

1.24

1.70

2.60

3.10

1.34

1.65

Adjusted OR

0.73–1.30

0.50–1.62

0.70–1.10

0.50–1.10

0.80–1.50

0.70–1.60

0.97–1.31

0.30–1.40

0.60–1.30

0.70–1.40

1.02–1.52

1.01–2.90

1.60–4.10

1.60–6.20

1.02–1.75

1.19–2.30

95% CI
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The cases of intracranial tumors (glioma, meningioma,
acoustic neuroma) were analyzed in mobile phone users. A significantly higher frequency of brain tumors,
OR = 1.25, 95% CI: 1.01–1.54 was detected in people using 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 frequency of any single tumor type.
In 2009, Myung et al. [26] published the results of a meta-analysis comprising 23 case-control studies. The results of 8 high-quality blind studies confirmed the detrimental 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 comprised 13 studies. It was performed without regard to tumor types.
Khurana et al. (2009) in their review covering all studies
analyzing the risk of intracranial tumors in long-term users of mobile phones (≥ 10 years) showed a significantly
higher risk for glioma and acoustic neuroma. No such relationship 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, meningioma, and acoustic neuroma separately. We did not analyze 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.

REVIEW PAPER

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], similarly 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 mobile phone use is in line with all meta-analyses performed
heretofore.
The comparison between our studies and other meta-analyses is displayed in the Table 5.
We are not able to compare our results with reference to
different kinds of intracranial tumors (glioma, meningioma, 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 Morgan 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
IJOMEH 2017;30(1)
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not analyzed**

not analyzed**

not analyzed**

not analyzed**

not analyzed*

not analyzed*

1.46 (1.07–1.98)*

1.32 (1.03–1.70)*

regular > 10 years
≥ 10 years
Own study

OR – odds ratio; CI – confidence interval.
* Significant increase in tumor risk (odds ratio higher than 1).
** The analysis with the reference to different kinds of intracranial tumors (glioma, meningioma, acoustic neuroma) in relation to duration of mobile phones use was not performed
because the number of original works was too small.

not analyzed**
not analyzed**
1.18 (1.04–1.34)*
> 10 years
Myung et al. (2009) [26]

not analyzed*

0.96 (0.83–1.10)
0.64 (0.56–0.74)
1.25 (1.01–1.54)*
> 10 years
Kan et al. (2008) [24]

analyzed dividing to 2 sub-groups:
low-grade glioma: 1.14 (0.91–1.43)
high grade glioma: 0.86 (0.70–1.05)

1.30 (0.60–2.80)
1.30 (0.90–1.80)
no data
> 10 years
Hardell et al. (2008) [23]

0.98 (0.83–1.16)
2–5 years
Lahkola et al. (2006) [18]

1.20 (0.80–1.90)

1.07 (0.89–1.30)
0.87 (0.72–1.05)
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0.96 (0.78–1.18)

acoustic neuroma

A. BORTKIEWICZ ET AL.

meningioma
Reference

Phone use duration

total

glioma

Tumors
OR (95% CI)

Table 5. Comparison between own meta-analysis and other meta-analysis studies in relation to the duration of mobile phone use
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long-term users is in concordance also with the results
of CERENAT study.
The limitations of our study result from the limitations of
the individual case-control studies, particularly those related to exposure assessment and long latency of the intracranial tumors. On the other hand, using meta-analysis
enables to avoid the problem of small groups, and allows
to draw reliable conclusions in spite of contradicting results of the individual case-control studies.
CONCLUSIONS
Our results support the hypothesis that long-term
(over 10 years) use of mobile phones increases the risk
of intracranial tumors, especially in the case of ipsilateral
exposure. The same conclusions are valid for the work by
Davis et al. (2013) [45], who reviewed papers on the association between the use of wireless (mobile and cordless)
phones and intracranial tumors. Those authors stress that
the risk of tumors in people who have used the phone for
periods longer than 10 years is significantly elevated. In
people who had started using the phone on a regular basis
before they were 20 years old, the risk of ipsilateral glioma
was found to be fourfold higher. Hardell et al. (2013) [46]
stress the significance of the “lifetime exposure dose.” For
an exposure of ≥ 1640 h, the risk of ipsilateral acoustic
neuroma is 2.55 (95% CI: 1.5–4.4).
These results are in concordance with the conclusion of
the expert panel for the International Agency for Research on Cancer (IARC), that cell phones are possibly
carcinogenic (Group 2B) [47]. More research is needed
to confirm that electromagnetic fields emitted by mobile
phones are carcinogenic to humans.
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