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Objectives A summary of epidemiologic evidence regarding the effect of mobile phone use on intracranial

tumor risk was obtained by means of a meta-analysis.

Methods Reports of published studies on mobile phone use and intracranial tumors were sought. Altogether 12
relevant publications were identified from the PubMed database and reference lists of articles. Fixed or random
effects analysis was carried out depending on the presence of heterogeneity between studies. Risk estimates
were obtained for people who had used mobile phones for the longest periods of time (>5 years in most reports).
A pooled estimate was calculated for all intracranial tumors combined and also separately for different
histological tumor types. Separate analyses were conducted also based on the tumor location and type of mobile

telephone network (NMT or GSM).

Results Twelve studies with 2780 cases gave a pooled odds ratio (OR) of 0.98 [95% confidence interval (95%
CI) 0.83-1.16] for all intracranial tumors related to mobile phone use. For gliomas, the pooled OR was 0.96
(95% CI 0.78-1.18), for meningiomas it was 0.87 (95% CI 0.72-1.05), and for acoustic neuromas it was 1.07
(95% C10.89-1.30). Little indication was found for increased risks of analogue or digital phone use or temporal

or occipital tumors.

Conclusions The totality of evidence does not indicate a substantially increased risk of intracranial tumors

from mobile phone use for a period of at least 5 years.

Key terms  brain neoplasm; cellular phone; pooled analysis.

The use of mobile phones (also called cellular phones)
has increased rapidly worldwide since the early 1990s.
This increase has generated concern about the possible
adverse health effects of mobile phone use, particularly
the risk of intracranial tumors.

The first study concerning the association between
intracranial tumors and mobile phone use was published
in 1999 (1). After this case-control study, which did not
report any significantly increased risks of intracranial
tumors among mobile phone users, several studies have
appeared in the literature. However, the published re-
sults are somewhat inconsistent, and single studies ap-
pear inconclusive. Several reviews summarizing the re-
sults have been published and most conclude that mo-
bile phones are not likely to cause intracranial tumors
(2-6). To complement the qualitative summaries pro-
vided by the reviews, a meta-analysis provides a tool
for the quantitative synthesis of individual studies. A
meta-analysis was used to estimate the overall magni-
tude of the risk for intracranial tumors, comprised of

brain tumors such as gliomas and meningiomas, as well
as acoustic neuromas, in relation to mobile phone use.

Material and methods

We searched for the epidemiologic evidence on mobile
phone use and intracranial tumors in the PubMed data-
base (www.ncbi.nlm.nih.gov) using the following
searching terms (used in the title or abstract): (1) mo-
bile/cellular phone/telephone and (2) brain tumor/can-
cer/neoplasm or glioma or meningioma or neuroma/
schwannoma. In addition, we browsed the reference lists
of the retrieved articles. We obtained a numerical sum-
mary of the published results without a detailed quali-
tative review of individual studies. Such reviews have
been published previously (2-6).

Altogether 19 articles (1, 7-24), published by 1 De-
cember 2005, were identified that meet the following
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inclusion criteria: (i) being original publications, (ii)
using individual exposure data, (iii) based on a case—
control or cohort format, (iv) reporting quantitative
measures of association [point estimates expressed ei-
ther as odds ratios (OR) or as standardized incidence
ratios (SIR)], and (v) reporting information needed for
the estimation of confidence intervals (the standard er-
ror or confidence interval of the effect measure or the
number of persons by exposure and outcome status). A
meta-analysis requires that the studies to be pooled have
similar aims and end points. One study was excluded
because the end point was brain tumor mortality rather
than incidence, and another was excluded that addressed
only facial nerve tumors (7-8). No studies were exclud-
ed due to language other than English, and no unpub-
lished reports were identified. No studies were exclud-
ed because of dissimilar procedures, as both the inclu-
sion criteria and exposure assessment methods were
similar enough to allow pooling. As the approaches were

relatively uniform, no grading by quality was regarded
as necessary.

We were able to retrieve all of the 17 identified stud-
ies fulfilling the criteria. On the basis of the considera-
tions, five articles (9—-11, 18-19) were excluded from
the analysis because they used overlapping study par-
ticipants of other articles that were already included in
the material. Altogether 12 studies (1, 12-17, 20-24)
were finally included in the analysis (table 1). Of these
studies, nine were population-based (1, 14-16, 20-24),
and three were hospital-based (12-13, 17). All of the
hospital-based studies were carried out in the United
States, while the population-based studies were Euro-
pean. Eleven were case—control studies (1, 12-13, 15—
17, 20-24), and one was a cohort study (14). All of the
studies included in the meta-analysis used incident in-
tracranial tumor cases. Exposure assessment was based
on interviews or questionnaires in all but two studies
that used telephone company records (14-15). Six of the

Table 1. Key features of the studies included in the meta-analysis. (OR = odds ratio, 95% Cl = 95% confidence interval, US = United

States)
Study Country End points Number2 Exposure assessment  Telephone Longest OR®  95% CIb
types duration
of mobile
phone use
Hardell et al, Sweden Intracranial tumors (astrocytic, oligo 34 cases, Postal questionnaire + Analogue, >5years 0.83 0.49-1.42
1999 (1) dendroglial and ependymal tumors, 69 controls  telephone interview digital
mixed glioma, meningioma)
Muscat et al, us Malign intracranial tumors (astrocytic, 17 cases, Interview Not >4 years 07 0414
2000 (12) oligodendroglial and ependymal 22 controls specified
tumors, mixed glioma)
Inskip et al, us Intracranial tumors (glioma, menin- 22 cases, Interview Not >5 years 09¢ 0.5-1.6
2001 (13) gioma, acoustic neuroma) 31 controls specified
Johansen et al, Denmark Cancer (brain and nervous system, 66 gliomas, Company records, Not Mean 0.92¢f 0.74-1.16
2001 (14) gliomas, meningiomas) 16 menin- 420 095 mobile phone  specified  follow-up
giomas ¢ subscribers time
3.1 years
Auvinen et al, Finland Intracranial tumors (glioma, 18 cases, Company records Analogue, >2 years 1.5 0.9-25
2002 (15) meningioma) 64 controls digital
Hardell et al, Sweden Intracranial tumors (astrocytic, oligo- 153 cases,  Postal questionnaire + Analogue, >5 years 099 0.6-1.5
2002 (16) dendroglial and ependymal tumors, 124 controls telephone interview digital
mixed glioma, meningioma, pituitary
tumors, acoustic neuroma)
Muscat et al, US  Acoustic neuroma 11 cases, Interview Not 3-6years 1.7 0.5-5.1
2002 (17) 6 controls specified
Lonn et al, Sweden Glioma, meningioma 136 cases,  Interview Analogue, >5years" 0.73" 0.55-0.96
2005 (20) 171 controls digital
Christensen et Denmark Glioma, meningioma 83 cases, Interview Not >5years" 0.66' 0.46-0.95
al, 2005 (21) 193 controls specified
Schoemaker et Nordic  Acoustic neuroma 127 cases,  Interview Analogue, >5years" 0.957 0.75-1.18
al, 2005 (22)  countries 646 controls digital
Hardell et al, Sweden Acoustic neuroma, meningioma 87 cases, Postal questionnaire + Analogue, >5years" 14" 1.02-1.93
2005 (23) 129 controls telephone interview digital
Hardell et al, Sweden Malign intracranial tumors 98 cases, Postal questionnaire +  Analogue, >5years™ 1.49" 1.10-2.02
(in press) (24) 129 controls telephone interview digital

2 The number of cases and controls in the subcategories of the original studies that are included in the meta-analysis. The subcategories were selected to
achieve the maximum length of mobile phone use.
b The overall estimate for the use of mobile phones that was used in the meta-analysis.

¢ Relative risk.

4 Among mobile phone users (a cohort study with 135 cancer cases of the brain and nervous system).
¢ Standardized incidence ratio.
f Calculated by the authors of the meta-analysis through the pooling of different exposure or tumor categories reported in the original studies.

9 Digital phones.

" Calculated by pooling the original categories in the articles, 5-9 years (or 5-10) and >10 years, to one category of >5 years.
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studies (1, 16, 20, 22, 23-24) reported excluding the
exposure within <1 year from the index date (diagnosis
of cases and corresponding date among the controls) in
the analysis, while such restriction of exposure was not
reported in the rest of the studies. The participation rates
among the cases varied between 73% and 92%, and
among controls it ranged from 51% and 91%.

The articles to be included in the analyses were re-
viewed independently by two authors (AL & KT), and
all of the relevant data (odds ratios, relative risks, and
standardized incidence ratios with 95% confidence in-
tervals) were retrieved and entered into evidence tables.

In the absence of heterogeneity, we carried out the
meta-analysis using the inverse variance-weighted
method for combining the odds ratios (25). This ap-
proach is equivalent to a fixed-effects analysis, on the
assumption that the effect is constant across studies and
all differences between the studies are attributable to
random variation (25). Most of the studies used identi-
cal factors, such as age and gender, for matching or ad-
justment. The weights were calculated on the basis of
the width (subtraction of the lower and upper limit) of
the confidence interval (CI), due to problems with the
rounding of the original confidence intervals in some
of the studies. When evidence for heterogeneity between
studies was found, a random effects analysis was used,
which allowed the true risks to vary between studies and
assumed a random distribution for these estimates
around a common central value.

To improve the accuracy, we recalculated the over-
all odds ratio for intracranial tumors for one study (16)
because the original confidence intervals in the article
were reported only with one decimal. For four studies
(20, 22-24), we pooled two exposure categories, 5-9
years (or 5-10 years) and >10 years into >5 years, to
achieve similar exposure classification as in the other
reports. Furthermore, different tumor categories were
also pooled prior to the meta-analysis of the total odds
ratio (all tumors combined) for the articles that report-
ed them only separately (14, 21). When the estimates
were reported only separately for analogue and digital
phones (but not for all mobile phones combined), we
used the odds ratio for digital phones for the calcula-
tions of the total odds ratio since it is possible that the
same persons had been using both analogue and digital
telephones and thus were included in both categories in
the original reports (16, 23-24). In addition, digital
phone use was more common in most studies.

Our analysis concentrated on the persons most like-
ly to demonstrate an effect, if such exists (ie, the ex-
posed group was defined as those who had used a mo-
bile phone for the longest time, rather than ever users).
In most studies, these persons were those with at least 5
years of use, but, in four studies, the longest period was
shorter (4 years, from 3 to 6 years, 2 years and the
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cohort study with the mean follow-up time of 3.1 years,
table 1). A pooled odds ratio was calculated for all in-
tracranial tumors combined, based on both duration
(years) and cumulative hours of mobile phone use. The
odds ratio was also calculated separately for the follow-
ing three histological groups of tumors: gliomas (com-
prising astrocytic, oligodendroglial, and ependymal tu-
mors, as well as mixed gliomas—nine studies), menin-
giomas (eight studies), and acoustic neuromas (six stud-
ies). Furthermore, a pooled estimate was calculated sep-
arately for telephone types (analogue and digital, seven
studies), laterality (reported phone use on the same and
opposite side of the head where the tumor occurred, sev-
en and five studies, respectively), study base (hospital-
based versus population-based, 12 studies), as well as
tumors of the temporal (excluding acoustic neuromas,
eight studies), and occipital lobes (five studies). Final-
ly, we also conducted analyses of ipsilaterality (phone
use on the same side that the tumor occurred) by tumor
type.

Study heterogeneity was assessed using the Q sta-
tistic to determine whether the results of various stud-
ies were consistent enough to be combined. Further-
more, we assessed sensitivity (influence of single stud-
ies) by calculating pooled estimates while excluding
each study at a time. The effect of possible publication
bias was investigated by means of a funnel plot. Final-
ly, we performed a regression analysis to assess wheth-
er the intracranial tumor risk was related to the dura-
tion of mobile phone use. The regression analysis was
based on all but the one study that used a cohort design
(14). In the analysis, we used the geometric mean of the
duration of mobile phone use and weighted odds ratios
from each study as in the meta-analysis. From the stud-
ies, we included the maximum number of exposure cat-
egories available in the published reports. For each ex-
posure category, the duration of use was assigned as the
geometric mean of the lower and upper limit of that cat-
egory. If the authors had not reported an upper limit for
the duration of mobile phone use, we estimated the max-
imal duration by assuming that the use of mobile phones
had started in 1987 when the first handheld mobile tel-
ephones were introduced. The regression analysis was
carried out only for all tumor types combined.

Results

The total number of cases in the published studies was
5799, of which 2424 were among mobile phone users.
Our analyses included a total of 2870 cases, including
748 cases with at least 2-5 years of mobile phone use.
The largest subgroup was gliomas (total 1352 cases, 339
classified as exposed in this analysis), followed by
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meningiomas (527 and 149), and acoustic neuromas
(605 and 167). These figures have some uncertainties
since the number of persons in different exposure or tu-
mor categories were not reported in some reports (1, 16,
23-24). The proportion of microscopically confirmed
cases ranged between 25% and 100% (the lower per-
centage is related to acoustic neuromas that are usually
detected in computer scans).

As there was evidence for heterogeneity between the
studies for all tumor types combined on the basis of the
duration of mobile phone use, a random effects model
was used. The pooled estimate based on the 11 studies
was very close to unity, and the upper limit of the con-
fidence interval was below 1.2 (figure 1). The sensitiv-
ity analysis showed that the odds ratio was not strongly
influenced by any single study (figure 2).

The pooled odds ratio for all tumors combined, on
the basis of the cumulative hours of mobile phone use,

Hardell 199912 —_—
Muscat 2000" —_———
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Figure 1. Results of the original studies and meta-analysis (random
effects model) of mobile phone use and intracranial tumors. The odds
ratios are on a log scale. Pooled odds ratio = 0.98 (95% confidence
interval 0.83-1.16). It is indicated which studies included gliomas,’
meningiomas,? and acoustic neuromas.®
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Figure 2. Results of the sensitivity analysis for all types of intracranial
tumors combined based on the duration of mobile phone use (years).
Each study was excluded at a time from the analysis to assess its
influence. The study removed from the analysis is indicated next to the
error bar. It is indicated which studies included gliomas,' meningi-
omas,? and acoustic neuromas.®
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was very close to unity and was obtained from a ran-
dom effects model (table 2). The type of study base had
little influence on the results, as the pooled odds ratio
for the population-based studies (from the random ef-
fects model) was only slightly higher than that of the
hospital-based studies, obtained from the fixed effects
model (table 2).

The analyses by histological type gave similar re-
sults. The pooled odds ratios for gliomas (from the ran-
dom effects model) and meningiomas (from the fixed
effects model) were slightly below one, whereas, for
acoustic neuromas (from the fixed effects model), the
estimate was slightly above one (table 2). The exclu-
sion of the four studies with a maximal exposure dura-
tion shorter than 5 years did not materially affect the
results for any tumor type.

The pooled estimates for the use of analogue and
digital telephones were obtained with a random effects
analysis and were both slightly above one and nonsig-
nificant. The pooled odds ratio for analogue telephones
was somewhat higher than for digital telephones. No ev-
idence of increased risks was found for temporal or oc-
cipital tumors, on the basis of the random and fixed ef-
fects model, respectively. However, for the ipsilateral
tumors (ie, those occurring on the same side on which
the phone was predominantly used) the odds ratio was
above one, with borderline nonsignificance. When the
tumor types were analyzed separately by laterality in
relation to phone use, a nonsignificantly elevated odds
ratio was found for the ipsilateral gliomas, whereas the
odds ratios were closer to unity for meningiomas and
acoustic neuromas. The odds ratio for the contralateral
tumors was very close to one (table 2).

In the regression analysis, we found little evidence
of an increasing risk of intracranial tumors with dura-
tion of mobile phone use (regression coefficient 0.0072,
P=0.41). Finally, a funnel plot was used to assess pos-
sible publication bias, but it revealed no indication of
such selection (figure 3).

Discussion

Our objective was to pool published risk estimates and
thereby assess the influence of random variation and
heterogeneity between the study results. This meta-anal-
ysis showed little evidence of an association between
mobile phone use and the risk of all intracranial tumors
combined. Our findings are in line with the previously
narrative summaries in which the quality of the studies
also included in this meta-analysis has been assessed (5,
26). In the subgroup analyses, no strong or consistent
association was found with different subgroups of tu-
mors defined by morphologic type (glioma, meningioma,
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Table 2. Pooled estimates of intracranial tumor risk among mobile phone users and measures of heterogeneity between the studies
included in the analyses.

Tumor type(s), Included studies Model Pooled 95% CI Heterogeneity
or other OR
restrictions Fixed effect ~ Random
analysis effect analysis

All intracranial Hardell et al 1999 (1), Muscat et al 2000 (12), Inskip et al Random effects 0.98 0.83-1.16 x?=26.67, y?=10.88,
tumors, duration 2001 (13), Johansen et al 2001 (14), Auvinen et al 2002 (15), P=0.01 P=0.45
of mobile phone Hardell et al 2002 (16), Muscat et al 2002 (17), Lonn et al
use (years) 2005 (20), Christensen et al 2005 (21), Schoemaker et al

2005 (22), Hardell et al 2005 (23), Hardell et al 2005 (24)
All intracranial Hardell et al 1999 (1), Muscat et al 2000 (12), Inskip et al 2001 Random effects 0.98 0.73-1.30 y?=38.05, x?>=9.27,
tumors, cumulative (13), Hardell et al 2002 (16), Muscat et al 2002 (17), L6nn et al P<0.01 P=0.41
hours of mobile 2005 (20), Christensen et al 2005 (21), Schoemaker et al 2005
phone use ° (22), Hardell et al 2005a (23), Hardell et al 2005 (24)
All intracranial Hardell et al 1999 (1), Johansen et al 2001 (14), Auvinen et Random effects 0.99 0.82-1.21 x?=24.59, x?=8.48,
tumors, population al 2002 (15), Hardell et al 2002 (16), Lonn et al 2005 (20), P=0.01 P=0.39

based studies 2 Christensen et al 2005 (21), Schoemaker et al 2005 (22),
Hardell et al 2005a (23), Hardell et al 2005b (24)

All intracranial Muscat et al 2000 (12), Inskip et al 2001 (13), Muscat et al Fixed effects 0.87 0.59-1.30 x?=1.78,

tumors, hospital 2002 (17) P=0.41

based studies

Gliomas ¢ ¢ Hardell et al 1999 (1), Muscat et al 2000 (12), Inskip et al Random effects 0.96 0.78-1.18 x2=20.01, x2=28.64,
2001 (13), Johansen et al 2001 (14), Auvinen et al 2002 P=0.01 P=0.37

(15), Hardell et al 2002 (16), Lonn et al 2005 (20),
Christensen et al 2005 (21), Hardell et al 2005 (24)

Meningiomas ¢ Hardell et al 1999 (1), Inskip et al 2001 (13), Johansen et al Fixed effects 0.87 0.72-1.05 x?=7.28,

2001 (14), Auvinen et al 2002 (15), Hardell et al 2002 (16), Lonn P=0.40
et al 2005 (20), Christensen et al 2005 (21), Hardell et al (23)
Acoustic Hardell et al 1999 (1), Inskip et al 2001 (13), Hardell et al Fixed effects 1.07 0.89-1.30 x2=5.69,
neuromas ¢ 2002 (16), Muscat et al 2002 (17), Shoemaker et al 2005 P=0.34

(22), Hardell et al 2005 (23)

Analogue phone ¢ Hardell et al 1999 (1), Auvinen et al 2002 (15), Hardell et al Random effects 1.17 0.91-1.49 x?=1
2002 (16), Lonn et al 2005 (20), Schoemaker et al 2005 P=0.0
(22), Hardell et al 2005 (23), Hardell et al 2005 (24)

Digital phone ¢ Hardell et al 1999 (1), Auvinen et al 2002 (15), Hardell et al Random effects 1.04 0.80-1.35 x?=14. =5.
2002 (16), Lonn et al 2005 (20), Hardell et al 2005 (23), P=0.02 P=0.47
Hardell et al 2005 (24), Shoemaker et al 2005 (22)

Temporal tumors *  Hardell et al 1999 (1), Muscat et al 2000 (12), Inskip et al 2001 Random effects 1.02 0.68-1.52 y?=32.69, x?>=6.
(13), Johansen et al 2001 (14), Hardell et al 2002 (16), L6nn et P< 0.01 P=0.4
al 2005 (20), Hardell et al 2005 (23), Hardell et al 2005 (24)

Occipital tumors ¢ Muscat et al 2000 (12), Inskip et al 2001 (13), Johansen et Fixed effects 0.82 0.54-1.25 x?=3.29,

al 2001 (14), Hardell et al 2002 (16), Lonn et al 2005 (20) P=0.52
Contralateral Hardell et al 2002 (16), Lénn et al 2005 (20), Schoemaker et al Random effects 1.02 0.78-1.35 y2=11.56, 2= 4.30,
tumors i 2005 (22), Hardell et al 2005 (23), Hardell et al 2005 (24) P=0.02 P=0.37
Ipsilateral Hardell et al 1999 (1), Inskip et al 2001 (13), Hardell et al 2002 Random effects 1.36 0.99-1.87 2 =24.51 x?=10.70,
tumors M (16), Muscat et al 2002 (17), Lonn et al 2005 (20), Schoemaker P=0.01 P=0.15
et al 2005 (22), Hardell et al 2005 (23), Hardell et al 2005 (24)
Ipsilateral gliomas # Hardell et al 1999 (1), Inskip et al 2001 (13), Lénn et al Random effects 1.33 0.78-2.28 x2=10.34, y2=267,
2005 (20), Hardell et al 2005 (24) P=0.02 P=0.45
Ipsilateral Hardell et al 1999 (1), Inskip et al 2001 (13), Lonn et al Fixed effects 1.16 0.82-1.63 y2=1.96,
meningiomas | 2005 (20), Hardell et al 2005 (24) P=0.58
Ipsilateral acoustic  Inskip et al 2001 (13), Muscat et al 2002 (17), Schoemaker Random effects 1.05 0.41-2.67 x?>=10.91, x%>=4.62,
neuromas ! et al 2005 (22), Hardell et al 2005 (23) P=0.01 P=0.20

2The longest duration of exposure was >5 years in all other reports, except in that of Muscat et al (12), in which >4 years was used, that of Johansen et al
(14) with a mean follow-up time of 3.1 years, that of Auvinen et al (15), in which >2 years was used, and that of Muscat et al (17), which used 36 years.

b The exposure was defined as >424 hours in all other reports, except in that of Hardell et al (16), in which >55 hours was used, in that of Muscat et al (17),
in which >60 hours was used, and in those of Hardell et al (23, 24), in which >64 hours was used.

¢The glioma group consisted of astrocytic, oligodendroglial, and ependymal tumors and mixed gliomas.

9The exposure was defined as >5 years in all other reports, except in those of Hardell et al (1, 16), in which >1 years was used, in that of Muscat et al (12),
in which >4 years was used, in that of Johansen et al (14), which reported “ever use”, in that of Auvinen et al (15), in which >2 years was used, and in that
of Muscat et al (17) in which 3-6 years was used.

¢The exposure was defined as >5 years in all other reports except in that of Auvinen et al (15), in which >2 years was used.

The exposure was defined as >5 years in all other reports, except in that of Hardell et al (1), in which >1 years was used, in that of Muscat et al (12), which
reported “ever use”, in that of Inskip et al (13), which reported “used more than five times”, and in that of Johansen et al (14), in which the exposure
duration was undefined.

9 The exposure was defined as “ever use” in that of Muscat et al 12, “used more than five times” in that of Inskip et al (13), >1 years in that of Hardell et
al (16), and >5 years in that of L6nn et al (20), whereas in that of Johansen et al (14) the exposure duration was undefined.

" Contralateral = tumor located on the side opposite of that generally used for the mobile phone, ipsilateral = tumor located on the same side generally
used for the mobile phone.

i The exposure was defined as >1 years in all other reports except in those of Lénn et al (20) and Hardell et al (24), in which >5 years was used.

i The exposure was defined as >1 years in all other reports, except in that of Inskip et al (13) in which >0.5 years was used and in those of Lénn et al (20)
and Hardell et al (24) in which >5 years was used.
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acoustic neuroma) or anatomic location (temporal or
occipital lobe) of intracranial tumors. The regression
analysis showed no clear association between the dura-
tion of mobile phone use and the risk of intracranial tu-
mors.

A somewhat increased odds ratio for ipsilateral tu-
mors was found, but the finding was nonsignificant. On
the contrary, the pooled odds ratio for contralateral tu-
mors was very close to unity. It is evident that the re-
ported use of a mobile phone is subject to uncertainty
due to both random error and information bias (recall
bias). Several studies have shown substantial random
error already for the short-term recall of mobile phone
use (27-29). No studies have been reported with respect
to comparing the accuracy of reported mobile phone use
between cases and controls to evaluate possible infor-
mation bias. However, the fact that some studies have
shown decreased risks on the contralateral side suggests
information bias (16, 20).

Our analysis was based on users with the longest
possible duration of mobile phones. In most studies,
these were people with at least 5 years of mobile phone
use. This approach was chosen a priori, as mobile
phones have been introduced relatively recently and
therefore a sufficient duration of exposure and latency
to allow detection of possible effect was considered a
key limitation of the published studies. We felt that the
gains of having a well-defined exposed group with the
highest achievable duration of exposure outweighed the
disadvantage of excluding 50% of the persons in the in-
termediate exposure category. Five years is still, how-
ever, a relatively short time for the induction of intrac-
ranial tumors, even if the postulated mechanism, if any,
has been thought to be based on promotion rather than
on initiation because radiofrequency fields do not have
the energy to break the chemical bonds (cause ioniza-
tion) required for inducing mutations. Hence a limita-
tion of the studies conducted so far is the relatively small
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ed in the meta-analysis, showing no evi-
04 0.6 dence of publication bias concerning in-
tracranial tumors and mobile phone use.

number of persons with long-term (eg, more than
10 years) mobile phone use.

Meta-analyses of nonrandomized studies are more
prone to bias than those combining experimental stud-
ies. One source of uncertainty is different adjustment
for confounding between studies. All of the studies in
the current meta-analysis used adjustment for age and
gender. Other established risk factors for intracranial
tumors include hereditary factors and high doses of ion-
izing radiation. These are, however, relatively rare. In
several studies, the influence of these factors was as-
sessed by conducting separate analyses excluding per-
sons with such exposures. As none of the studies report-
ed a substantial effect in such analyses, confounding by
these factors appears unlikely. We did not use quality
assessment and scoring because the methodology in all
of the studies was similar.

We found statistically significant heterogeneity be-
tween the results from different studies in the main anal-
ysis of all intracranial tumors and additionally in 11 of
16 subgroup analyses. This finding could be due to dif-
ferences between the studies in procedures or definitions
related to end points or exposure assessment. An alter-
native explanation for inconsistent results is the varia-
bility of the true effect between study populations [eg,
due to exposure patterns such as the intensity of mobile
phone use, field strength (specific absorption rate) or
other features].

Furthermore, pooling studies requires that they have
been conducted in a comparable fashion, and the pub-
lished reports contain the essential information to be
extracted. We found some inconsistencies in the expo-
sure classification between the studies. Most important-
ly, the cut-point for the longest exposure duration var-
ied between studies. Furthermore, five studies did not
report analogue and digital phones separately, four did
not specify the laterality of mobile phone use, and three
studies of astrocytomas did not specify tumor lobe.



Due to the incomplete reporting of data in published
studies, we were not able to evaluate several factors si-
multaneously (eg, ipsilateral acoustic neuromas) in re-
lation to use of analogue phones. We chose to exclude
a cohort study with brain tumor mortality as the end
point because, in such analyses, determinants of survival
(case fatality) may also affect the results if correlated
with the exposure of interest (7). In this case, the study
was so small (2 exposed cases) that its inclusion would
not have affected our results.

The number of intracranial tumors among long-term
mobile phone users in the current meta-analysis was still
only approximately 750. However, results from this
meta-analysis indicate that the use of mobile phones for
up to 5 years does not increase intracranial tumor risk.
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