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Indications of possible
brain-tumour risk in mobile-phone
studies: should we be concerned?

Elisabeth Cardis,1 Siegal Sadetzki2

Mobile-phone use has increased dramati-
cally in most countries since its introduc-
tion in the early to-mid 1980s. The
expanding use of this technology has been
accompanied by concerns about health
and safety. In the late 1990s, several expert
groups critically reviewed the evidence on
health effects of low-level exposure to
radiofrequency (RF) electromagnetic
fields, and recommended research into the
possible adverse health effects of mobile
telephone use.1e4 As a result, a number of
studies have been conducted,5e14

including a large 13-country collaborative
study, Interphone, with over 2700 glioma
and 2400 meningioma cases and their
matched controls, which was recently
published.15

Studies on the health effects of mobile
phones are very complex, and interpreta-
tion of the results necessitates under-
standing and careful consideration of
various aspects including the timing of the
study, the exposure variables of relevance
and the influence of methodological limi-
tations. Indeed, the results of studies to
date, in particular those of the recently
published Interphone international anal-
yses,15 have been interpreted differently
by various groups: some have taken them
to suggest that mobile phones are safe,
others that they cause tumours, while
some have suggested that the limitations
of the studies were such that no conclu-
sion could be drawn.

This editorial discusses the main issues
in the interpretation of the findings
reported in recently published studies of
brain tumours in relation to mobile-phone
use, particularly the largest of these,

Interphone, and their potential public-
health implications.

TIMING OF THE STUDY
Most published studies to date have found
no increased risk (and in many instances
even a decreased risk) associated with ever
having used a mobile telephone. These
studies, however, were conducted at
a time when mobile communication was
still a relatively new phenomenon with
low levels of use compared with today. As
an illustration, though the largest study,
Interphone, started in 2000, the maximum
duration of use among the study partici-
pants was about 12 years, and only 5 years
had passed from the start of heavier use.
For most known carcinogens, however,
identification of increased risk of solid
tumours (particularly brain tumours) has
required long follow-up periods of subjects
with substantial exposure. For example,
while the atomic bombs were dropped on
Hiroshima and Nagasaki in August 1945,
an excess risk of solid tumours was
reported in the survivors only in the 1960s,
and no elevation in risk of brain tumours
was noted for about 50 years.16 17

The decision to conduct epidemiological
studies of brain tumours in relation to
mobile phones under these circumstances
was based on the urgency of data
regarding possible health effects of this
widespread technology and the possibility
that the effect of exposure could be seen
relatively early after exposure based on the
hypothesis that RF might act in the later
stages of carcinogenesis.2 3 18

Although no firm conclusion can
be drawn at present, owing to methodo-
logical limitations, several studies have
found suggestions of an increased risk of
brain tumours in relatively long-term
users.11 19e21 In Interphone, no such
increase was seen in the main analyses;
however, in a subanalysis where short-
term users (instead of never users) were
used as the reference category, an
increased risk was seen among long-term

users, with an indication of a trend for
increasing risk with increasing time since
start of use.22

EXPOSURE VARIABLES OF RELEVANCE
Risk, if it exists, is expected to be found in
categories that reflect a higher exposure,
that is among long-term and/or heavy
users and in tumours in the most exposed
regions of the brain.
In all studies published to date, the

exposure distribution was very skewed,
and most mobile-phone users were low
users compared with today. For example,
in the Interphone study, the median
cumulative call time over life was around
100 h, and the median call time 2e2.5 h
per month. Even the highest decile of
cumulative call time (1640 h or more), if
spread over 10 years, corresponded to only
about 27 min of phone use per day. Thus,
if a risk exists, it will be diluted in analyses
of ‘ever use’ or ‘ever regular use’ of mobile
phones. Analyses by level of use (in terms
of amount and duration) are therefore
essential in order to evaluate whether
a risk exists.
Such analyses have been conducted in

most published studies. In the Interphone
study, although no increased risk was seen
for ever having been a regular mobile-
phone user (actually a reduced risk was
observed), a 40% increase in risk was seen
for glioma in the highest decile of cumu-
lative call time. This observation could
reflect recall bias, with cases over-
estimating their duration of use in the
highest category of use, as there was no
indication of an exposureeresponse rela-
tionship in lower deciles. It could also
reflect a genuine risk among heavy users,
while the lack of exposureeresponse could
be due to the relatively narrow exposure
range spanned by the lower deciles, which
may not allow discrimination of an
exposureeresponse relationship. Thus,
although we would not expect a major
overall increase in risk of brain tumours
due to the relatively low level of use
which characterises most published
studies to date, observations in the
highest-exposed group are particularly
important, as this could be a sentinel
group, signalling effects that might be
found in studies with higher and more
relevant exposure patterns.
Another important issue is that expo-

sure from mobile phones is very localised:
most of the RF energy (97e99% depending
on frequency) is absorbed in the brain
hemisphere on the side of the head where
the phone is used (ipsilateral), mainly in
the temporal lobe, and decreases rapidly
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with increasing depth.23 The risk, if it
exists, is therefore likely to be confined
only to a small proportion of the entire
brain. Thus, analyses of all brain tumours
together are also likely to dilute the risk.

The findings in several studies of an
increased risk for glioma among the
highest users on the side of the head
where the phone was used11 15 24e26 and,
in Interphone, in the temporal lobe15 are
therefore important. These are the find-
ings that would be expected if there was
a risk, as these are the a priori relevant
exposure variables.

INFLUENCE OF METHODOLOGICAL
LIMITATIONS
Similar to other epidemiological studies,
a number of biases affect the results of
caseecontrol studies of mobile phones,
including Interphone, in particular, the
growing problem of high refusal rates
among population controls and potential
differential recall between cases and
controls.

The observations of an overall reduced
risk among regular users in several stud-
ies13e15 and the fact that most of the risk
estimates are below 1 in the Interphone
study15 indicate a potential selection bias.
This is confirmed, in the later study, by
the observation of high refusal rates
among controls and results of non-
response questionnaires that suggest that
non-users may have been under-repre-
sented in the study, particularly among
controls. If this is the case, all of the ORs
in this study may have been under-
estimated. Although it is difficult to
quantify this precisely, different plausible
scenarios investigated by Vrijheid and
collaborators indicate that the underesti-
mation could be by a factor of 5 to 20%.27

One approach for compensating for
potential selection bias is the conduct of
users only analyses, excluding unexposed
subjects. This approach has been widely
used in occupational epidemiological
studies. It has been recommended in the
presence of dissimilarity between exposed
and unexposed subjects, such as differ-
ences in refusal rates, or in the presence
of an important confounder distin-
guishing users and non-users.28 29 This
method was applied to the Interphone
data, resulting in ORs above 1 for glioma,
but not meningioma, with indications of
an increased risk with increasing duration
of use, as well as among the heaviest
users.22

The observation, in many studies, of
increased ORs on the side of the head

where the phone was used among long-
term or heavy users could be a real effect
of mobile phones on glioma development
or an artefact of differential recall between
cases and controls often seen in casee
control studies. In Interphone, a number
of different analyses address the issue of
laterality recall bias. A substudy in which
subjects were handed a telephone at the
end of the interview to verify the reported
side of phone use indicated that cases were
as likely to misreport phone use on both
the ipsi- and contralateral sides of the
head. This argues against a laterality recall
bias. Case-only analyses indicated an
increased risk among ever regular users,
and analyses in which the ratios of ipsi to
contralateral ORs were considered showed
high ratios among short-term and low
users, suggesting a possible recall bias.
Apart from these low use categories,
however, the ratios tended to increase
with time since start of use, with cumu-
lative call time and with numbers of calls,
suggesting a true effect of mobile-phone
use. Taken together, these results suggest
that the ipsilateral effect may be a mixture
of bias and a true effect.
The observation of an increased OR in

the highest decile of cumulative call time
in the temporal lobe (the anatomical
region of the brain with the highest
amount of absorbed RF energy) is also
relevant to this interpretation. While
laterality is a subjective variable reported
by subjects who might tend to over-report
using mobile phones on the side of the
head where their tumour is located,
anatomical location is an objective
parameter obtained from clinical records.
This observation, therefore, also provides
support for a genuine effect, as does the
fact that sensitivity analyses conducted to
evaluate the robustness of the findings
generally showed similar results.
It is not possible to evaluate the

magnitude and direction of the different
possible biases on the study results and to
estimate the net effect of mobile phones
on the risk of brain tumours. The overall
balance of the above-mentioned argu-
ments, however, suggests the existence of
a possible association.
While more studies are needed to

confirm or refute these results, indications
of an increased risk in high- and long-term
users from Interphone and other studies
are of concern. There are now more than 4
billion people, including children, using
mobile phones. Even a small risk at the
individual level could eventually result in
a considerable number of tumours and
become an important public-health issue.

Simple and low-cost measures, such as the
use of text messages, hands-free kits and/
or the loud-speaker mode of the phone
could substantially reduce exposure to the
brain from mobile phones. Therefore,
until definitive scientific answers are
available, the adoption of such precau-
tions, particularly among young people, is
advisable.

Acknowledgements The authors would like to thank
the reviewers for their valuable suggestions.

Funding The study was supported by funding from the
European Fifth Framework Program, ‘Quality of Life and
Management of Living Resources’ (contract
QLK4-CT-1999901563) and the International Union
against Cancer (UICC). The UICC received funds for this
purpose from the Mobile Manufacturers’ Forum and
GSM Association. Provision of funds to the INTERPHONE
study investigators via the UICC was governed by
agreements that guaranteed INTERPHONE’s complete
scientific independence. The terms of these agreements
are publicly available at http://www.iarc.
fr/en/research-groups/RAD/RCAd.html.

Competing interests None.

Provenance and peer review Commissioned;
internally peer reviewed.

Accepted 27 September 2010

Occup Environ Med 2010;-:1e3.
doi:10.1136/oem.2010.061358

REFERENCES
1. Bernhardt JH, Matthes R, Repacholi MH, eds.

Non-Thermal Effects of RF Electromagnetic Fields
Proceedings of the International Seminar on Biological
Effects of RF Electromagnetic Fields and Related
Health Risks, 1996 Nov 20. Munich, Germany:
International Commission on Non-Ionizing Radiation
Protection, 1997.

2. McKinlay A. Possible health effects related to the
use of radiotelephonesdRecommendations of
a European Commission Expert Group. Radiol Protect
Bull 1997;187:9e16.

3. Repacholi MH. Low-level exposure to
radiofrequency electromagnetic fields: health effects
and research needs (Review article).
Bioelectromagnetics 1998;19:1e19.

4. Royal Society of Canada. A Review of the Potential
Health Effects of Radiofrequency Fields from Wireless
Telecommunications Devices. Ottawa: Royal Society
of Canada, 1999.

5. Dreyer NA, Loughlin JE, Rothman KJ. Cause-specific
mortality in cellular telephone users. JAMA
1999;282:1814e16.

6. Johansen C, Boice J Jr, McLaughlin J, et al. Cellular
telephones and cancerda nationwide cohort study in
Denmark. J Natl Cancer Inst 2001;93:203e7.

7. Schuz J, Jacobsen R, Olsen JH, et al. Cellular
telephone use and cancer risk: update of a nationwide
Danish cohort. J Natl Cancer Inst 2006;98:1707e13.

8. Auvinen A, Hietanen M, Luukkonen R, et al. Brain
tumors and salivary gland cancers among cellular
telephone users. Epidemiology 2002;13:356e9.

9. Hardell L, Nasman A, Pahlson A, et al. Use of
cellular telephones and the risk for brain tumours:
A caseecontrol study. Int J Oncol 1999;15:113e16.

10. Hardell L, Carlberg M, Hansson MK. Pooled analysis
of two caseecontrol studies on the use of cellular
and cordless telephones and the risk of benign brain
tumours diagnosed during 1997e2003. Int J Oncol
2006;28:509e18.

2 of 3 Cardis E, Sadetzki S. Occup Environ Med (2010). doi:10.1136/oem.2010.061358

Editorial

 group.bmj.com on January 27, 2011 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/
http://group.bmj.com/


11. Hardell L, Carlberg M, Hansson Mild K. Pooled
analysis of two caseecontrol studies on use of
cellular and cordless telephones and the risk for
malignant brain tumours diagnosed in 1997e2003.
Int Arch Occup Environ Health 2006;79:630e9.

12. Hardell L, Mild KH, Carlberg M, et al. Tumour
risk associated with use of cellular telephones or
cordless desktop telephones. World J Surg Oncol
2006;4:74.

13. Inskip PD, Tarone RE, Hatch EE, et al. Cellular-
telephone use and brain tumors. N Engl J Med
2001;344:79e86.

14. Muscat JE, Malkin MG, Thompson S, et al.
Handheld cellular telephone use and risk of brain
cancer. JAMA 2000;284:3001e7.

15. INTERPHONE Study Group. Brain tumour risk in
relation to mobile telephone use: results of the
INTERPHONE international caseecontrol study. Int J
Epidemiol 2010;39:675e94.

16. Shibata Y, Sadamori N, Mine M, et al. Intracranial
meningiomas among Nagasaki atomic bomb
survivors. Lancet 1994;344:1770.

17. Preston DL, Ron E, Yonehara S, et al. Tumors of the
nervous system and pituitary gland associated with

atomic bomb radiation exposure. J Natl Cancer Inst
2002;94:1555e63.

18. Cardis E, Kilkenny M. International caseecontrol
study of adult brain, head and neck tumours: results of
the feasibility study. Rad Prot Dos 1999;83:179e83.

19. HoursM, BernardM,Montestrucq L, et al. Cell phones
and risk of brain and acoustic nerve tumours: the
French INTERPHONE caseecontrol study. (In French).
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