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THE LANCET Oncology .

The Lancet Oncology, Early Online Publication, 22 June 2011
doi:10.1016/51470-2045(11)70147-4

Carcinogenicity of radiofrequency electromagnetic fields

Robert Baan 23, Yann Grosse 2, Béatrice Lauby-Secretan 2, Fatiha El Ghissassi @, Véronique Bouvard 2, Lamia
Benbrahim-Tallaa 2, Neela Guha 2, Farhad Islami 2, Laurent Galichet 3, Kurt Straif 2, on behalf of the WHO
International Agency for Research on Cancer Monograph Working Group

In May, 2011, 30 scientists from 14 countries met at the International Agency for Research on Cancer (IARC) in Lyon,
France, to assess the carcinogenicity of radiofrequency electromagnetic fields (RF-EMF). These assessments will be
published as Volume 102 of the IARC Monographs.!

Human exposures to RF-EMF (frequency range 30 kHz—300 GHz) can occur from use of personal devices (eg, mobile
telephones, cordless phones, Bluetooth, and amateur radios), from occupational sources (eg, high-frequency dielectric
and induction heaters, and high-powered pulsed radars), and from environmental sources such as mobile-phone base
stations, broadcast antennas, and medical applications. For workers, most exposure to RF-EMF comes from near-field
sources, whereas the general population receives the highest exposure from transmitters close to the body, such as
handheld devices like mobile telephones. Exposure to high-power sources at work might involve higher cumulative RF
energy deposited into the body than exposure to mobile phones, but the local energy deposited in the brain is
generally less. Typical exposures to the brain from rooftop or tower-mounted mobile-phone base stations and from TV
and radio stations are several orders of magnitude lower than those from global system for mobile communications
(GSM) handsets. The average exposure from use of digital enhanced cordless telecommunications (DECT) phones is
around five times lower than that measured for GSM phones, and third-generation (3G) phones em it, on average,
about 100 times less RF energy than GSM phones, when signals are strong. Similarly, the average output power of
Bluetooth wireless hands-free kits is estimated to be around 100 times lower than that of mobile phones.

EMFs generated by RF sources couple with the body, resulting in induced electric and magnetic fields and associated
currents inside tissues. The most important factors that determine the induced fields are the distance of the source
from the body and the output power level. Additionally, the efficiency of coupling and resulting field distribution
inside the body strongly depend on the frequency, polarisation, and direction of wave incidence on the body, and
anatomical features of the exposed person, including height, body-mass index, posture, and dielectric properties of
the tissues. Induced fields within the body are highly non-uniform, varying over several orders of magnitude, with local
hotspots.

Holding a mobile phone to the ear to make a voice call can result in high specific RF energy absorption-rate (SAR)
values in the brain, depending on the design and position of the phone and its antenna in relation to the head, how
the phone is held, the anatomy of the head, and the quality of the link between the base station and phone. When
used by children, the average RF energy deposition is two times higher in the brain and up to ten times higher in the
bone marrow of the skull, compared with mobile phone use by adults.2 Use of hands-free kits lowers exposure to the
brain to below 10% of the exposure from use at the ear, but it might increase exposure to other parts of the body.3

Epidemiological evidence for an association between RF-EMF and cancer comes from cohort, case-control, and time-
trend studies. The populations in these studies were exposed to RF-EMF in occupational settings, from sources in the
general environment, and from use of wireless (mobile and cordless) telephones, which is the most extensively studied
exposure source. One cohort study# and five case-control studies?—2 were judged by the Working Group to offer
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potentially useful information regarding associations between use of wireless phones and glioma.

The cohort study4 included 257 cases of glioma among 420 095 subscribers to two Danish mobile phone companies
between 1982 and 1995. Glioma incidence was near the national average for the subscribers. In this study, reliance on
subscription to a mobile phone provider, as a surrogate for mobile phone use, could have resulted in considerable
misclassification in exposure assessment. Three early case-control studies?—7 encompassed a period when mobile
phone use was low, users typically had low cumulative exposures, time since first use of a mobile phone was short, and
effect estimates were generally imprecise; the Working Group considered these studies less informative. Time-trend
analyses did not show an increased rate of brain tumours after the increase in mobile phone use. However, these
studies have substantial limitations because most of the analyses examined trends until the early 2000s only. Such
analyses are uninformative if excess risk only manifests more than a decade after phone use begins, or if phone use
only affects a small proportion of cases—eg, the most heavily exposed, or a subset of brain tumours.

The INTERPHONE study,8 a multicentre case-control study, is the largest investigation so far of mobile phone use and
brain tumours, including glioma, acoustic neuroma, and meningioma. The pooled analysis included 2708 glioma cases
and 2972 controls (participation rates 64% and 53%, respectively). Comparing those who ever used mobile phones with
those who never did yielded an odds ratio (OR) of 0-81 (95% C} 0-70—0-94). In terms of cumulative call time, ORs were
uniformly below or close to unity for all deciles of exposure except the highest decile (>1640 h of use), for which the
OR for glioma was 1-40 (95% ClI 1-03—1-89). There was suggestion of an increased risk for ipsilateral exposure {on the
same side of the head as the tumour) and for tumours in the temporal lobe, where RF exposure is highest. Associations
between glioma and cumulative specific energy absorbed at the tumour location were examined in a subset of 553
cases that had estimated RF doses.10 The OR for glioma increased with increasing RF dose for exposures 7 years or
more before diagnosis, whereas there was no association with estimated dose for exposures less than 7 years before
diagnosis.

A Swedish research group did a pooled analysis of two very similar studies of associations between mobile and cordless
phone use and glioma, acoustic neuroma, and meningioma.9 The analysis included 1148 glioma cases (ascertained 1997
—2003) and 2438 controls, obtained through cancer and population registries, respectively. Self-administered mailed
questionnaires were followed by telephone interviews to obtain information on the exposures and covariates of
interest, including use of mobile and cordless phones (response rates 85% and 84%, respectively). Participants who had
used a mobile phone for more than 1 year had an OR for glioma of 1:3 (95% CI 1-1—1-6). The OR increased with
increasing time since first use and with total call time, reaching 3-2 (2:0—5-1) for more than 2000 h of use. Ipsilateral
use of the mobile phone was associated with higher risk. Similar findings were reported for use of cordless phones.

Although both the INTERPHONE study and the Swedish pooled analysis are susceptible to bias—due to recall error and '
selection for participation—the Working Group concluded that the findi dismissed as reflecting bias
alone, and that a causal interpretation between mobile phone RF-EMF exposure and glioma is possible. A similar
Conclusion was drawn from these two studies for acoustic neuroma, although the case numbers were substantially
smaller than for glioma. Additionally, a study from Japanl! found some evidence of an increased risk for acoustic
neuroma associated with ipsilateral mobile phone use.

For meningioma, parotid-gland tumours, leukaemia, lymphoma, and other tumour types, the Working Group found the
available evidence insufficient to reach a conclusion on the potential association with mobile phone use.
Epidemiological studies of individuals with potential occupational exposure to RF-EMF have investigated brain tumours,
leukaemia, lymphoma, and other types of malignancy including uveal melanoma, and cancers of the testis, breast,
lung, and skin. The Working Group noted that the studies had methodological limitations and the results were
inconsistent. In reviewing studies that addressed the possible association between environmental exposure to RF-EMF
and cancer, the Working Group found the available evidence insufficient for any conclusion.

http:/ /www.thelancet.com/journals/lanonc/article/PIIS1470-2045(11)70147-4 /fulltext?version=printerFriendly Page 2 of 5



Carcinogenicity of radiofrequency electromagnetic fields : The Lancet Oncology 6/22/11 5:38 PM

The Working Group concluded that there is “limited evidence in humans” for the carcinogenicity of RF-EMF, based on
positive associations between glioma and acoustic neuroma and exposure to RF-EMF from wireless phones. A few
members of the Working Group considered the current evidence in humans “inadequate”. In their opinion there was
inconsistency between the two case-control studies and a lack of an exposure-response relationship in the INTERPHONE
study results; no increase in rates of glioma or acoustic neuroma was seen in the Danish cohort study,4 and up to now,
reported time trends in incidence rates of glioma have not shown a parallel to temporal trends in mobile phone use.

The Working Group reviewed more than 40 studies that assessed the carcinogenicity of RF-EMF in rodents, including
seven 2-year cancer bioassays. Exposures included 2450 MHz RF-EMF and various RF-EMF that simulated emissions from
mobile phones. None of the chronic bioassays showed an increased incidence of any tumour type in tissues or organs of
animals exposed to RF-EMF for 2 years. An increased total number of malignant tumours was found in RF-EMF-exposed
animals in one of the seven chronic bioassays. Increased cancer incidence in exposed animals was noted in two of 12
studies with tumour-prone animals!2, 13 and in one of 18 studies using initiation-promotion protocols.'4 Four of six co-
carcinogenesis studies showed increased cancer incidence after exposure to RF-EMF in combination with a known
carcinogen; however, the predictive value of this type of study for human cancer is unknown. Overall, the Working
Group concluded that there is “limited evidence” in experimental animals for the carcinogenicity of RF-EMF.

The Working Group also reviewed many studies with endpoints relevant to mechanisms of carcinogenesis, including
genotoxicity, effects on immune function, gene and protein expression, cell signalling, oxidative stress, and apoptosis.
Studies of the possible effects of RF-EMF on the blood-brain barrier and on a variety of effects in the brain were also
considered. Although there was evidence of an effect of RF-EMF on some of these endpoints, the Working Group
reached the overall conclusion that these results provided only weak mechanistic evidence relevant to RF-EMF-induced
cancer in humans.

In view of the limited evidence in humans and in experimental animals, the Working Group classified RF-EMF as

“possibly carcinogenic to humans” (Group 2B). This evaluation was supported by a large majority of Working Group
members.

Full-size image (24K) Download to PowerPoint

For more on the IARC Monographs see http://monographs.iarc.fr/
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Institute for Health and the Environment, University at Albany, Rensselaer, New York
Ten-Year INTERPHONE Cell Phone Study Reports Increased Risk for Brain Cancer
Experts call for changes in cell phone design, warnings, ban on use by children.

May 18, 2010: Today’s release of the final results of the ten-year long World Health
Organization INTERPHONE Study confirms previous reports showing what many experts have
warned — that regular use of a cell phone by adults can significantly increase the risk of glioma
by 40% with 1640 hours or more of use (this is about one-half hour per day over ten years).
Tumors were more likely to occur on the side of the head most used for calling. David
Carpenter MD MPH, Biolnitiative Report co-editor and Director of the Institute for Health and
the Environment at University at Albany, Rensselaer, NY says that “While this study is not
perfect, the risks documented in it must be taken seriously as a warning to limit cell phone use, to
restrict the use of cell phones, especially by children, and to call on manufacturers for redesign
of cell phones and PDAs. It should also serve as a warning to governments that the deployment
of new wireless technologies may bring risks to the public that are widespread, involuntary and
increase long-term health care costs.”

The study appears in the International Journal of Epidemiology. Thirteen teams from countries
around the world combined their results.

Michael Kundi, head of the Institute of Environmental Health, Medical University of Vienna
says of the study “Authors emphasize that no increased risk was detected overall. But this is not
unexpected. No exposures to carcinogens that cause solid tumors like brain cancer or lung
cancers, for example from tobacco and asbestos have ever been shown to significantly increase
cancer risk in people with such short duration of exposure. The latency period for brain cancer
is 15-30 years.”

The INTERPHONE findings lend support to previous studies from Sweden’s Orebro University
Hospital, University of Utah and UC Berkeley where meta-analyses have all reported increased
risk of glioma when combining results of brain tumor studies.

Lennart Hardell, Orebro University, Sweden concludes “The final INTERPHONE results
support findings of several research groups, including our own, that continuing use of a mobile
phone increases risk of brain cancer. We would not expect to see substantially increased brain
tumor risk for most cancer-causing agents except in the longer term (10 year and longer) as is
the case here in the population of regular cell phone users.”



“The patients included in this study were 30-59 years old, excluding younger and older users.
Use of cordless phones was neglected in the analysis. Radiofrequency radiation from some
cordless phones can be as high as mobile phones in some countries, so excluding such use would
underestimate the risk.”

With more than four billion cell phone users around the world, the potential for a brain cancer
epidemic leads experts to call for changes in cell phone design, warnings, and a ban on use by
children. Children are more at risk than adults from the effects of most toxic exposures in life,
including both chemicals and radiofrequency radiation from cell phones. Experts are worried
about the effects of radiofrequency radiation on the developing brain and nervous system of
children.

Public health warnings were raised in the Biolnitiative Report on possible risks from cell phones
and other exposures to electromagnetic fields (EMF) in 2007. It advised against the continuing
deployment of sources of EMF and radiofrequency radiation from wireless technologies in
advance of health studies, and argued for new biologically-based public safety limits to deal with
emerging risks from new technologies. Results of the INTERPHONE study provide strong
confirmation of the importance of these warnings.

Contact: info@bioinitiative.org, carpent@uamail.albany.edu
lennart.hardell@orebroll.se, michael. kundi@meduniwien.ac.at

Reports: Brain tumour risk in relation to mobile telephone use: results of the
INTERPHONE international case-control study, The INTERPHONE Study Group, May 2010,
International Journal of Epidemiology, 1-20.doi:10.1093/ije/dyq079
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December 3, 2008

To: Principal Investigators of Interphone Study Groups

Australia Dr Bruce Armstrong
Dr Graham Giles
New Zealand Dr Alistair Woodward
Israel, Dr. Siegal Sadetzki
Italy Dr Susanna Lagorio
Canada Dr Daniel Krewski
Dr Jack Siemiatycki

brucea@health.usyd.edu.au
Graham.Giles@cancervic.org.au
a.woodward@aukland.ac.nz
siegals@gertner.health.gov.il
susanna.lagorio@iss.it
dkrewski@uottawa.ca
j-siemiatycki@umontreal.ca

We understand that each of you has participated in the Interphone Study Group on various
aspects (brain tumors, acoustic neurinoma, parotid gland tumors) and cell phone use, and that
your study results remain unpublished. After four years, results have been published from
eight different countries but some results remain unpublished (see Exhibit 1).

We ask for your cooperation in publishing your study results in the very near future. We have
been in recent contact with Dr. Elizabeth Cardis. She has provided contact information for
each of you so we can directly obtain these results through your publication of them in the

peer-reviewed literature.

This will enable scientists and other experts not directly involved in the Interphone studies to
get the whole pattern of results without further delay. Thank you for your kind support.

With best personal regards,
The Biolnitiative Working Group by:

Martin Blank, PhD
Michael Kundi, PhD
Carl Blackman, PhD
Cindy Sage, MA

David Carpenter, MD
David Gee

Lennart Hardell, MD, PhD
Olle Johansson, PhD
Henry Lai, PhD

Kjell Hansson Mild, PhD
Eugene Sobel, PhD

cc. Professor Elisabeth Cardis

mb32@columbia.edu
michael.kundi@meduniwien.ac.at
ctbl@bellsouth.net
sage(@silcom.com
carpent@uamail.albany.edu
David.Gee@eea.curopa.cu
lennart.hardell@orebroll.se
olle.johansson(@ki.se
hlai@u.washington.edu
kjell.hansson.mild@radfys.umu.se
sobel55@earthlink.net

ecardis@creal.cat



Exhibit 1

Interphone studies from 13 different countries.
No = results have not been published, Yes = results have been published

Country Glioma Acoustic neuroma Meningioma
Australia No No No
Canada No No No
Japan Yes Yes Yes
New Zealand No No No
Israel No No No
Italy No No No
France Yes Yes Yes
Germany Yes Yes Yes
UK Yes Yes Yes
Denmark Yes Yes Yes
Finland Yes Yes Yes
Norway Yes Yes Yes
Sweden Yes Yes Yes
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H. Christensen, J. Schiiz, M. Kosteljanetz, H. Poulsen, J. Boice Jr, J. McLaughlin, et al,
Cellular telephones and risk for brain tumors: a population-based, incident case-control study,
Neurology 64 (2005) 1189-1195. Denmark

S. Hepworth, M. Schoemaker, K. Muir, A. Swerdlow, MJA. van Tongeren, PA. McKinney,
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Appendix Table 1 — Outcome of fieldwork: ascertainment and interviewing by country
a) Meningioma cases

Overall Country
= UK
3
8 o ACC,E = 2 3 > =
: £ B £ S 8 g - c N g 5 < -
Data collection Number of 2 = S = s 5 s = s 2 g g = S
outcome cases % < ($) a i - o K] = S 4 z ) =2 %)
Number of cases
ascertained 3115 413 134 155 252 190 275 390 124 102 72 191 205 222 390
Outcome of attempt to interview
% refused 339 11 17 13 14 7 9 3 8 8 5 15 1 6 10 24
% MD refused 69 2 4 7 0 0 5 0 0 1 15 3 0 2 0 3
% died or too ill 66 2 1 2 6 0 2 4 1 2 0 3 0 2 4 4
% untraced or other
reasons’ 216 7 16 7 0 2 8 3 1 0 0 7 22 0 5 13
% interviewed 2425 78 62 70 81 92 76 91 90 89 80 72 77 90 81 56
Interview
% self respondent 2383 98 100 96 98 99 99 98 97 92 100 98 99 98 99 100
% face-to-face 2294 95 100 100 100 99 95 100 100 65 100 100 53 93 100 100
Delay between diagnosis and interview? (months)
median 3.4 3.9 7.7 3.2 1.3 34 0.0 4.1 8.2 1.8 4.1 15.4 5.7 2.3 5.6
5-95 percentiles 0.0/21.9 1.4/17.7 |25/22.9|0.8/13.7/ 0.0/8.4 | 0.2/27.9 | -0.4/9.5 |0.2/24.2| 0.9/19.7 | 0.4/12.8 | 1.8/9.0 |-0.1/29.9/0.3/15.7| 1.0/11.4 1.8/23.9
Delay between case and control interviews® (months)
median -2.1 -0.3 -0.3 -0.5 -0.5 -4.1 -3.1 -9.3 -3.2 -5.1 -4.1 -0.4 -0.5 -2.9 0.0
5-95 percentiles -16.1/6.3 -9.2/10.6 |-3.6/7.8|-5.2/2.0|-6.2/2.0|-14.1 /-0.8/-11.1 /6.5 |-33.0 /6.5| -15.0 /5.5 |-14.4 /-1.3|-29.2/11.7|-14.9 /11.4| -8.1 /6.6 | -9.4/-0.9 -8.4/8.7

! This includes 7 cases who were interviewed but for whom data were lost (these are included as non-interviewed subjects in the current paper,
unlike in Cardis et al 2007 (26)).

“Date of interview — date of diagnosis

® Date of case interview — date of control interview
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b) Glioma cases
Overall Country
= UK
3
S o —:% - 2 3 > c
i g g = g g £ s > s ’; S = £ S

Data collection Number of 3 & S < s o o s = ] S 2 S 3
outcome cases % < O [a)] LL LL O K2 = S zZ Z a = 3
Number of cases
ascertained 4301 100 536 273 248 211 155 312 206 128 90 132 236 298 628 848
Outcome of attempt to interview

% refused 470 11 16 7 16 12 19 5 6 1 4 10 1 8 10 15

% MD refused 198 5 4 7 0 0 7 0 0 1 26 4 0 9 2 8

% died or too ill 637 15 14 18 10 1 6 11 6 6 3 14 0 5 16 33

%untracedorother | og; g 9 6 1 2 6 1 0 0 0 9 22 1 3 7

reasons

% interviewed 2765 64 56 62 73 84 61 82 87 92 67 64 76 76 68 36
Interview

% self respondent 2416 87 86 82 94 97 89 90 81 56 98 80 69 93 92 95

% face-to-face 2606 94 99 97 100 99 97 100 99 61 100 100 52 94 100 100
Delay between diagnosis and interview (months)

median 2.9 3.5 6.1 2.2 05 1.9 0.1 3.5 6.2 14 3.8 15.0 2.7 2.1 4.4

5-95 percentiles 0.0/18.8 1.3/18.8|2.9/12.2/0.5/11.2/0.0/5.0| 0.3/24.1 |-0.3/15.1|0.2/20.6/0.4/175| 0.3/6,5 | 1.8/85 |-0.1/33.2/0.5/12.4| 1.0/85 1.4/19.8
Delay between case and control interviews (months)

median -2.3 -0.5 -1.2 -0.5 -0.9 -4.5 -3.0 -8.1 -4.6 -6.0 -4.6 0.1 -1.2 -2.9 -0.6

5-95 percentiles -13.9/7.1 -11.2/10.8/-8.6 /5.8|-7.2/2.2|-7.8/2.1|-11.4 /-0.9/-11.6 /13.0/-32.8 /4.0|-17.2 /13.5/-16.3 /-1.3|-38.3 /3.0|-10.9/17.0|-12.0 /3.6|-10.4 /-0.9 -13.5 /7.4

“This includes 12 cases who were interviewed but for whom data were lost (these are included as non-interviewed subjects in the current paper,
unlike in Cardis et al 2007 (26))
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c) Controls (all)

Overall Country
= UK
8
8 o Ac"r‘s = 2 3 > =
, £ B £ g 8 £ = S S s 3 £ £
Data collection Number of g S & = S 5 o ) s g S S S 2
outcome controls % < © a o i O & £ S Z 3 > 2 3
Number of controls
sampled 14354 1608 1330 1277 1337 639 1869 911 486 568 350 404 617 1747 1211
Outcome of attempt to interview
% refused 4303 30 37 32 32 42 21 29 25 13 25 16 21 22 20 47
% MD refused 126 1 0 0 0 0 0 0 0 0 0 0 0 0 7 0
% died or too ill 49 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0
% untraced or other
reasons’ 2218 15 21 18 16 16 5 6 9 17 25 35 10 12 27 5
% interviewed 7658 53 42 49 52 42 74 64 66 70 51 49 69 66 45 48
Interview
% self respondent 7615 99 100 99 100 100 100 100 100 95 100 88 100 100 100 100
% face-to-face 7179 94 98 98 100 99 88 100 99 35 100 100 54 94 100 100

This includes 38 controls who were interviewed but for whom data were lost



Appendix Table 2 — ORs between mobile phone use and brain tumours (meningioma and glioma separately) using the “Inskip method” for
comparing side of use with side of tumour, by different windows of time before the reference date — excludes use with hands-free devices

a) Meningioma

Overall Highest decile of cumulative call time only
1S'_ime window/ | Leftsided Right sided OR! 95% CI Left sided |Right sided OR! 95% CI
ide of use tumours tumours tumours tumours

Overall

Left 185 153 1.00 21 13 1.00

Right 255 278 1.07 1.00 1.16 25 32 1.22 0.96 1.62
Regular users 1-4 years before reference date

Left 111 86 1.00 5 2 1.00

Right 147 163 1.10 1.00 1.22 3 5 1.52 0.81 3.88
Regular users 5-9 years before reference date

Left 58 54 1.00 8 9 1.00

Right 91 86 1.00 0.90 1.14 15 15 0.97 0.76 1.36
Regular users 10 years or more before reference date

Left 16 13 1.00 8 2 1.00

Right 17 29 1.22 0.95 1.68 7 12 1.81 0.98 4.09

b) Glioma
Overall Highest decile of cumulative call time only
'Sl'_ime window/ | Leftsided Right sided OR! 95% ClI Left sided |Right sided OR! 95% CI
ide of use tumours tumours tumours tumours

Overall

Left 281 170 1.00 48 20 1.00

Right 345 499 1.27 1.19 1.37 37 68 1.55 1.24 1.99
Regular users 1-4 years before reference date

Left 125 86 1.00 8 1 1.00

Right 167 247 1.23 1.12 1.37 4 7 2.37 0.93 8.59
Regular users 5-9 years before reference date

Left 116 54 1.00 21 9 1.00

Right 128 169 1.34 1.19 1.53 18 25 1.40 1.04 2.01
Regular users 10 years or more before reference date

Left 40 30 1.00 19 10 1.00

Right 50 83 1.24 1.05 1.50 15 36 1.57 1.13 2.30

! ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.



Appendix Table 3 — ORs between mobile phone use and brain tumours (meningioma and glioma separately); joint analyses of effects of phone
technology (analogue and digital) and phone use — excludes use with hands-free devices

Type of phone Meningioma Glioma
signal Exposure category Cases Controls opgl 95% Cl | Cases Controls OR'  95% Cl
Analogue Never regular user or non analogue user | 2182 2392 1.00 2283 2518 1.00
Ever regular analogue user 227 270 0.81 0.65 1.03 425 454 100 083 121
Cumulative call time (hours) of exclusive analogue use
<5 hours 14 21 063 029 137 30 26 134 066 272
5h-114.9 84 111 072 051 1.01 161 188 092 070 1.22
115-359.9 59 55 113 071 1.80 85 103 093 065 1.33
360-1639.9 48 49 084 051 1.39 91 108 0.86 060 124
1640 + 22 34 050 025 0.99 58 29 195 108 3.54
Digital Never regular user or non digital user 1266 1306 1.00 1252 1276 1.00
Ever regular digital user 1143 135 0.79 068 092 | 1456 1696 0.76 0.66 0.88
Cumulative call time (hours) of exclusive digital use
<5 hours 160 209 086 065 1.12 156 202 069 052 0.92
5h-114.9 511 642 0.72 060 0.86 639 764 080 0.68 0.96
115-359.9 194 259 081 063 1.05 266 332 071 056 0.89
360-1639.9 182 189 080 0.60 1.06 267 320 065 051 0.83
1640 + 96 57 184 117 2.88 128 78 146 098 2.17
Unknown or both | Never regular user or only analogue or
only digital user 2174 2395 1.00 2292 2574 1.00
Ever regular user of unknown signal type
or both analogue and digital phones 235 267 105 084 132 416 398 113 093 138
Cumulative call time (hours) of exclusive unknown or both use
<5 hours 27 30 119 064 222 30 36 110 060 202
5h-114.9 106 124 108 0.78 151 177 179 103 0.78 1.35
115-359.9 40 54 081 049 134 88 82 112 076 1.66
360-1639.9 44 49 095 056 161 81 74 146 095 2.26
1640 + 18 10 443 142 139 40 27 137 069 270

! ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.



Appendix Table 4 — Results of additional sensitivity analyses on ORs between mobile phone use and brain tumours (meningioma and glioma
separately) for the highest decile of cumulative call time, covering method of analysis, adjustment for confounders and influence of individual
study centres

Meningioma Glioma
Cases Controls  OR! 95 % ClI Cases Controls  OR! 95 % ClI
Main analysis (baseline for comparison) 130 107 1.15 0.81 1.62 210 154 1.40 1.03 1.89
Method of analysis
Stratified analysis 130 107 1.10 0.82 1.48 207 154 1.39 1.08 1.77
Adjustment for confounders
Epilepsy 130 107 1.16 0.82 1.63 210 154 1.44 1.07 1.96
Skull x-rays 5 years prior to reference date 130 107 1.17 0.83 1.66 210 154 1.49 1.09 2.03
Neck x-rays 5 years prior to reference date na’ 210 154 1.43 1.05 1.94
Full mouth x-rays 2 years prior to reference date na 210 154 1.40 1.03 1.90
Regular smoking na 210 154 141 1.04 1.90
Industrial work involving heating of food or other materials na 210 154 1.42 1.04 1.92
Working with electrical motors na 210 154 1.39 1.03 1.88
Working with ionising radiation na 210 154 1.41 1.04 1.91
Use of portable or non-portable transmitters 130 107 1.18 0.83 1.66 210 154 1.44 1.06 1.95
Impact of individual countries
Exclude Australia 114 95 1.16 0.80 1.69 176 132 1.39 0.99 1.95
Exclude Canada 125 101 1.15 0.81 1.64 196 147 141 1.03 1.93
Exclude Denmark 125 106 1.07 0.76 1.52 201 147 1.40 1.02 1.92
Exclude Finland 103 88 1.13 0.77 1.66 182 135 1.34 0.97 1.85
Exclude France 126 102 1.13 0.80 1.60 202 151 1.38 1.02 1.88
Excluding Germany 126 98 1.17 0.81 1.67 202 146 1.35 0.98 1.85
Excluding Israel 109 76 1.30 0.90 1.88 196 130 1.47 1.08 2.02
Excluding Italy 122 104 1.08 0.76 1.54 205 151 1.40 1.03 1.90
Excluding Japan 127 104 1.15 0.81 1.62 204 150 1.40 1.03 1.90
Excluding New Zealand 127 107 1.14 0.81 1.62 202 148 1.39 1.02 1.89
Excluding Norway 122 105 1.08 0.76 1.54 197 149 1.38 1.01 1.89
Excluding Sweden 124 99 1.28 0.89 1.84 198 148 1.36 0.99 1.85
Excluding UK-North 123 106 1.15 0.81 1.62 185 135 1.42 1.05 1.93
Excluding UK-South 117 100 1.12 0.78 1.62 184 133 1.46 1.04 2.03

! ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.
2 na: this factor was not related to mobile phone use in controls or to risk of disease in non mobile phone users and was therefore not considered as a
potential confounder for meningioma



Appendix Table 5 — Results of sensitivity analyses on ORs between mobile phone use and brain tumours (meningioma and glioma separately) for
regular use, covering possible indicators of sample representativeness and response quality

- . o Meningioma | Glioma
actors included in sensitivity analyses T T
Cases Controls OR 95 % CI Cases Controls OR 95 % CI
Main analysis (baseline for comparison) 1262 1488 0.79 0.68 0.91 1666 1894 0.81 0.70 0.94
Presentation of the study
Explicit mention of mobile phones 634 737 0.67 0.55 0.82 827 878 0.87 0.71 1.07
Mobile phones mentioned, but not stressed 502 619 0.86 0.68 1.08 710 888 0.72 0.57 0.91
No mention of mobile phones 126 132 154 0.74 3.23 129 128 0.85 0.46 1.58
Participation rates
Study centres with control participation rates < 60% 634 692 0.78 0.63 0.97 1015 1062 0.91 0.74 1.12
Study centres with control participation rates > 60% 628 796 0.79 0.64 0.96 651 832 0.70 0.56 0.86
Excluding study centres with hospital based case ascertainment? 1175 1395 0.79 0.68 0.91 1584 1815 0.81 0.69 0.94
Quality and timing of interview
Excluding proxy interviews 1241 1462 0.79 0.68 0.92 1480 1666 0.84 0.71 0.99
Excluding telephone interviews 1128 1351 0.77 0.65 0.89 1509 1737 0.82 0.70 0.96
With experienced interviewers only® 1190 1388 0.77 0.66 0.90 1551 1751 0.82 0.70 0.96
Balanced interviewer workload* 984 1138 0.78 0.66 0.93 1321 1490 0.79 0.66 0.93
Control interviews within 1 month of case interview 321 360 0.74 0.56 0.97 375 393 0.84 0.63 1.11
Interviewer judgement of quality of response®
Excluding non-responsive study subjects or subjects with poor memory 952 1141 0.79 0.67 0.93 1117 1282 0.81 0.67 0.97
Duration of call time
When answered by day/week/month 84 84 1.29 0.84 1.99 83 95 0.84 0.48 1.47
When answered by call 1054 1273 0.73 0.63 0.86 1304 1527 0.77 0.66 0.91
Exclusion of subjects who reported more than 5 hours per day® 1221 1452 0.78 0.67 0.90 1611 1844 0.80 0.69 0.93
Use of imputation and ranges
Excluding responses with imputed items 1082 1298 0.77 0.66 0.90 1301 1555 0.73 0.63 0.86
Using minimum rather than median when range given 1260 1483 0.79 0.69 0.92 1659 1889 0.80 0.69 0.93

L ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.

2 Japan and France-Paris excluded

®Included only interviewers who conducted at least 20 interviews

*Included only interviewers’ whose case/control interview ratio was between 1/4 and 3/4 (between 1/6 and 5/6 in Germany where 2 controls were matched to each case)

® Restricted to study subjects who the interviewers judged to be fairly or very cooperative and responsive and who were judged to remember fairly well, well or very well both their
current and past mobile phone use history.

® Exclusion was based on all use of a mobile phone; that is, including use with hands-free devices



Appendix Table 6 — Distribution of Regular User OR for meningioma and glioma by ratio of case to control participation rates

Menigioma

Glioma

Participation rate (%)

OR? for regular
use 1 year or

Participation rate (%)

OR? for regular
use 1 year or

Cases Controls Ratio'  more in the past | Cases Controls Ratio* more in the past
Australia 62 42 1.48 0.71 56 42 1.33 1.05
Canada 70 49 1.43 2.03 62 49 1.27 0.74
Denmark 81 52 1.56 1.10 73 52 1.40 0.8
Finland 92 42 2.19 0.68 84 42 2.00 0.85
France 76 74 1.03 0.77 61 74 0.82 1.00
Germany 91 64 1.42 1.04 82 64 1.28 0.83
Israel 90 66 1.36 0.50 87 66 1.32 0.96
Italy 89 70 1.27 1.02 92 70 1.31 0.62
Japan 80 51 1.57 0.91 67 51 131 0.58
New Zealand 72 49 1.47 0.65 64 49 1.31 1.12
Norway 77 69 1.12 0.80 76 69 1.10 0.39
Sweden 90 66 1.36 0.48 76 66 1.15 0.74
UK North 81 45 1.80 0.67 68 45 151 0.66
UK South 56 48 1.17 0.71 36 48 0.75 0.80

! Ratio of case to control participation rates
2 ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.



Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international
case-control study — IJE, May 2010

Appendix 2

We observed an overall decrease in risk of glioma and of meningioma with any regular use of a
mobile phone (main text Table 2). One means of correcting, at least crudely, for downward bias
in the risk estimates for mobile phone use might be to undertake analyses using the lowest
category of users as the reference category for risk estimates in higher categories. We present
here INTERPHONE results obtained using this approach and discuss their justification and
issues in their interpretation.

Material and Methods

These analyses were confined to INTERPHONE participants who were ever regular users of a
mobile phone and were done using as reference categories the lowest categories of time (years)
since first regular use, cumulative number of calls and cumulative duration of calls (see main
text Table 2). They included only matched sets where both the case and the control(s) were
regular users. As in the main analyses, we estimated odds ratios (OR) and their respective 95%
confidence intervals (CI) using conditional logistic regression for matched sets.

Results

The total study base for these analyses was 1211 glioma cases (44.7% of subjects used in the
main analysis), 1251 glioma controls (42.1%), 842 meningioma cases (35.0%) and 854
meningioma controls (32.1%). For meningioma, the ORs for each category of each variable
remained below 1.0 except in the highest category of cumulative call time (see Table). In
contrast, the ORs for glioma were, with few exceptions, all above 1.0 and the highest odds ratios
were found in one of the two highest exposure categories for each variable. The greatest increase
was with increasing time since start of use of a mobile phone.

Discussion

In assessing the effects of environmental exposures in epidemiological studies, the estimated risk
in a given exposure category is generally evaluated relative to the risk in unexposed people. This
approach is clearly appropriate when exposed and unexposed subjects are similar in all respects
except the exposure of interest; bias can occur, however, when this is not the case (1).
Dissimilarity between exposed and unexposed subjects can result from differences in selection
factors, such as a higher refusal rate among unexposed than exposed subjects, or from the
presence of an important confounder distinguishing exposed from unexposed subjects that has
not been measured or not controlled. In such situations, analyses excluding unexposed subjects
have been recommended (1;2).

Analyses of the INTERPHONE non-response questionnaire suggest the presence of participation
bias: less participation of non-users of mobile phones than users (3). In addition, controls were
less likely to participate than cases. A simulation study taking these biases into account has
shown that they could lead to a J-shaped exposure-response relationship (4). Given the
penetration of mobile phone technology at the time of the INTERPHONE study it is also
reasonable to speculate that non-regular mobile phone users differed from regular users with
respect to a number of unmeasured factors, some of which might have been confounding. If the
most appropriate reference group is unclear a priori, as these considerations suggest it might
reasonably have been, it has been recommended that analyses are done using both reference
groups (unexposed and lowest exposed) to see if the results depend on inclusion of the
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unexposed group and, if so, this fact should be reported (2). The use of the lowest exposed as a
reference group was not an a priori decision in this case, however.

Restricting analyses to regular users to correct for apparent downward bias in risk estimates
caused by participation bias assumes that this bias (less frequent participation by non-users) is
the main reason for the bias in risk estimates. It assumes also that participation bias affects
comparisons of non-users with users but not comparisons of different times since start of use or
levels of cumulative use in users. Neither of these assumptions is necessarily correct.

If participation bias were the main reason for reduced odds ratios in recent or light users relative
to non-users, the reduction would be expected to be less in study centres with higher
participation rates. There is, however, no clear trend in this direction. ORs well below unity were
observed in the lowest regular use category as much in centres with the highest participation
rates as in centres with the lowest (Appendix Table 6); and there are centres with high and with
low participation rates among the few in which ORs in this exposure category were close to or
above unity.

There is also evidence in our data that participation bias may affect the distributions of time
since start of use of a mobile phone. In analyses of the INTERPHONE non-responder
questionnaire, not only did we observe a higher proportion of regular mobile phone users among
participants but we also observed, in regular users, that participants tended to be earlier regular
users than non-participants (Table 4 in (3)). If this observation reflects a general pattern, it
provides evidence for greater participation bias in recent regular users than in longer-term
regular users. Failure to take account of this pattern when correcting for bias could lead to
overestimation of ORs in longer-term users, because their OR which is less affected by bias
would be “corrected” with the same factor as the OR for the recent regular users, which was
more affected by bias.

There is another observation that suggests that participation bias may not be the main reason for
the observed low odds ratios. In Table 2 of the main text, the reductions in the ORs for glioma in
the lowest exposure categories are much greater than those for meningioma. For example, the
OR for glioma at 1-1.9 years since first use is 0.62 (95% CI 0.46-0.81) while that for
meningioma is 0.90 (95% CI 0.68-1.18); each point estimate is not within the 95% confidence
interval of the other. The contrast is similar but not as great for the lowest categories of
cumulative call-time and number of calls.

Prodromal symptoms could, perhaps, explain this greater risk reduction in the lowest exposure
categories for glioma than for meningioma by making cases less likely to take up regular mobile
phone use close to the time of diagnosis of the glioma (reverse causation). While little has been
published on the duration and effects of prodromal symptoms of brain tumours, there is evidence
that epilepsy is strongly associated with and can precede subsequent glioma by up to 10 years
(5). There is a similar but much weaker association of epilepsy with subsequent meningioma.
Thus an impact of prodromal symptoms on uptake of mobile phones that is greater for glioma
than for meningioma is plausible. If prodromal symptoms rather than participation bias explained
the low relative risks in short-term users, then restricting analyses to regular users would
introduce upward bias in odds ratios for the higher exposure categories.

Disregarding the issues raised above, the Table could be taken to suggest that mobile phones
increase risk of glioma but not of meningioma; but there are some discordant patterns in these
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results. First, ORs for meningioma that are well below unity persist in lower levels of cumulative
use of mobile phones. It seems implausible that mobile phone use would increase the risk of
glioma but decrease the risk of meningioma, particularly at low levels of exposure. Second, the
OR for glioma increases more strongly with time since start of use than with cumulative use.
While it could be argued that this stronger increase is due to more accurate recall of the date of
first regular use than the amount of use, an OR of 1.68 (95% CI 1.16-2.41) 2-4 years after use
began seems implausible, given a very high prevalence of mobile phone use in recent years and
the absence of reports of increasing incidence of malignant brain tumours (mainly gliomas) in
people under 65 years of age, where use is greatest (6-8). Third, in the results using never regular
users as the reference category (main text Table 2) and the results presented here, there is little or
no upward trend in ORs for glioma across the first eight or nine deciles of cumulative call time
and cumulative number of calls; and the only materially increased OR was in the highest
exposure category (the tenth decile) for cumulative call time. This exposure category includes
some highly implausible reported values of mobile phone use (e.g., 12+ reported hours of use per
day), which were more common in glioma cases than in controls. This possible differential recall
bias is not removed by changing the reference category.

Conclusion

Analyses excluding never regular users of mobile phones may have reduced downward bias in
ORs for menigioma and glioma due to selective non-participation of people who were never
regular users. There is evidence, however, of persisting bias in the results of these analyses and it
is possible that the exclusion of never regular users has produced upward bias in the ORs,
particularly for glioma. Thus biases and error prevent a causal interpretation of these results.
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Appendix 2 Table — ORs between mobile phone use and brain tumours (meningioma and
glioma separately) by time since start of regular use, cumulative call time and cumulative
number of calls, excluding use with hands-free devices; analyses restricted to ever regular-
users

Meningioma Glioma

Cases Controls OR 95 % CI Cases Controls OR 95 % CI
Time since start of regular use (years)
1-1.9 years 116 112 1.00 93 159 1.00
2-4 362 367 0.90 0.62 1.31 460 451 1.68 1.16 241
5-9 288 308 0.75 0.51 1.10 468 491 154 1.06 2.22
10+ 76 67 0.86 0.51 1.43 190 150 2.18 1.43 3.31
Cumulative call time with no hands-free devices (hours)*
<5 hours 113 88 1.00 90 114 1.00
5.0-12.9 83 88 0.79 0.48 1.29 92 124 0.88 0.56 1.39
13-30.9 95 107  0.72 0.45 1.15 127 118 1.37 0.87 2.14
31-60.9 70 87 0.59 0.35 0.99 108 126 1.13 0.72 1.77
61-114.9 74 88 0.58 0.35 0.97 121 135 1.06 0.68 1.67
115-199.9 69 95 0.64 0.39 1.06 129 119 113 0.71 1.78
200-359.9 74 81 0.58 0.35 0.96 116 138 1.00 0.63 1.58
360-734.9 83 80 0.85 0.51 1.41 142 139 117 0.74 1.84
735-1639.9 85 69 081 0.49 1.36 126 125  1.09 0.69 1.72
1640+ 96 71 110 0.65 1.85 160 113 1.82 1.15 2.89
Cumulative number of calls with no hands-free devices (in hundreds)*
<1.5x 100 calls 109 81 1.00 92 102 1.00
1.5-34 86 98 0.54 0.32 0.90 91 123 0.95 0.59 1.52
3.5-74 92 97 0.76 0.46 1.27 108 148  0.85 0.55 1.32
7.5-13.9 88 91 0.76 0.45 1.26 121 111 1.19 0.74 1.89
14-25.4 75 107  0.56 0.34 0.92 133 134 110 0.70 1.73
25.5-41.4 71 72 0.60 0.35 1.02 121 124 1.19 0.75 1.88
41.5-67.9 85 94  0.63 0.38 1.05 126 122 1.02 0.64 1.62
68-127.9 102 89 0.79 0.49 1.29 136 147 113 0.73 1.77
128-269.9 79 63 0.76 0.44 1.32 154 120 149 0.94 2.36
270+ 55 62 0.66 0.37 1.17 129 120 131 0.82 211

! ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.
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about possible health risks related to radiofrequency electromagnet-
ic fields from this technology.

An interview-based case—control study with 2708 glioma and 2409
meningioma cases and matched controls was conducted in 13 coun-
tries using a common protocol.

A reduced odds ratio (OR) related to ever having been a regular
mobile phone user was seen for glioma [OR 0.81; 95% confidence
interval (CI) 0.70-0.94] and meningioma (OR 0.79; 95%
CI 0.68-0.91), possibly reflecting participation bias or other meth-
odological limitations. No elevated OR was observed >10 years
after first phone use (glioma: OR 0.98; 95% CI 0.76-1.26; meningi-
oma: OR 0.83; 95% CI 0.61-1.14). ORs were <1.0 for all deciles of
lifetime number of phone calls and nine deciles of cumulative call
time. In the 10th decile of recalled cumulative call time, >1640h,
the OR was 1.40 (95% CI 1.03-1.89) for glioma, and 1.15 (95% CI
0.81-1.62) for meningioma; but there are implausible values of re-
ported use in this group. ORs for glioma tended to be greater in the
temporal lobe than in other lobes of the brain, but the CIs around
the lobe-specific estimates were wide. ORs for glioma tended to be
greater in subjects who reported usual phone use on the same side
of the head as their tumour than on the opposite side.

Overall, no increase in risk of glioma or meningioma was observed
with use of mobile phones. There were suggestions of an increased
risk of glioma at the highest exposure levels, but biases and error
prevent a causal interpretation. The possible effects of long-term
heavy use of mobile phones require further investigation.

Brain tumours, mobile phones, radiofrequency fields

been accompanied by concerns about health and

Mobile phone use has increased dramatically in many
countries since its introduction in the early-to-mid
1980s. The expanding use of this technology has

safety. In the late 1990s, several expert groups critic-
ally reviewed the evidence on health effects
of low-level exposure to radiofrequency (RF)
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electromagnetic fields, and recommended research
into the possible adverse health effects of mobile tel-
ephony."™ As a result, the International Agency for
Research on Cancer (IARC) coordinated a feasibility
study in 1998 and 1999, which concluded that an
international study of the relationship between
mobile phone use and brain tumour risk would be
feasible and informative.”®

INTERPHONE was therefore initiated as an interna-
tional set of case—control studies focussing on four
types of tumours in tissues that most absorb RF
energy emitted by mobile phones: tumours of the
brain (glioma and meningioma), acoustic nerve
(schwannoma) and parotid gland. The objective was
to determine whether mobile phone use increases the
risk of these tumours and, specifically, whether RF
energy emitted by mobile phones is tumourigenic.

This article presents the results of analyses of brain
tumour risk in relation to mobile phone use in all
INTERPHONE study centres combined. Analyses of
brain tumours in relation to mobile phone use have
been reported from a number of cohort’”® and case—
control studies, including several of the national com-
ponents of INTERPHONE.'?®> No studies, however,
have included as many exposed cases, particularly
long-term and heavy users of mobile phones, as this
study.

Methods

Study design

The INTERPHONE study is an international, largely
population-based case—control study. The common
core study protocol is described in detail elsewhere.”>2¢
Sixteen study centres from 13 countries (Australia,
Canada, Denmark, Finland, France, Germany, Israel,
Italy, Japan, New Zealand, Norway, Sweden and the
UK) were included. To maximize statistical power, the
INTERPHONE study focussed on tumours in younger
people, 30-59 years of age, as they were expected to
have had the highest prevalence of mobile phone use
in the previous 5-10 years, and on regions likely to
have the longest and highest use of mobile phones
(mainly large urban areas).

Eligible cases were all patients with a glioma or
meningioma of the brain diagnosed in the study re-
gions during study periods of 2-4 years between 2000
and 2004. Cases were ascertained from all neuro-
logical and neurosurgical facilities in the study re-
gions (except in Paris and Tokyo where some did
not agree to participate), and in some centres also
from cancer registries. All diagnoses were histologi-
cally confirmed or based on unequivocal diagnostic
imaging. To facilitate interviews soon after diagnosis,
cases were ascertained actively within treatment facil-
ities wherever possible. Completeness of ascertain-
ment was checked through secondary sources, such
as population- or hospital-based cancer registries,

medical archives and hospital discharge or billing
files.¢

One control was selected for each case from a locally
appropriate population-based sampling frame, except
in Germany where two controls were chosen. The
sampling procedure involved individual matching in
seven centres (Canada-—Ottawa, Canada-Vancouver,
France, Israel, Japan, New Zealand and UK North)
and frequency matching elsewhere. The matching
variables were age (within 5 years), sex and region
of residence within each study centre. In Israel, the
subjects were also matched on ethnic origin. Where
stratified matching had been used, individual match-
ing was conducted post hoc, with cases being assigned
one control (two in Germany), interviewed as close as
possible in time to the case, from those who fitted the
matching criteria.

Detailed information on past mobile phone use was
collected during face-to-face interviews with the study
subject, or a proxy, if the subject had ever been a
regular user of a mobile phone (had an average
of at least one call per week for a period of
>6 months).?® A proxy was sought when the study
subject had died or was too ill to be interviewed. The
interviews were conducted by a trained interviewer
using a computer-assisted questionnaire, except in
Finland where a paper version was used. The ques-
tionnaire also included sections on socio-demographic
factors, occupational exposure to electromagnetic
fields and ionizing radiation, medical history (sub-
ject’s and family), medical ionizing and non-ionizing
radiation exposure and smoking. For cases, informa-
tion was also collected on the anatomic location
and histological type of the tumours. Where possible,
location data were obtained from magnetic resonance
imaging (MRI) reports or images; they were otherwise
obtained from surgical records or clinical notes.
Details of the specific source for each case were not
recorded in the INTERPHONE database. Those collect-
ing the data did not know the reported mobile phone
use of individual cases.

Statistical methods

Data from countries with multiple centres were com-
bined for the analyses, except in the UK where the
UK South and UK North, each with large numbers of
subjects, were kept separate. The word ‘centre’ in the
remainder of this article is used to refer to the 14
analytic entities (12 countries, UK North and UK
South). All analyses were carried out for all centres
combined and for each centre separately. Formal tests
for heterogeneity of risk across centres were con-
ducted by allowing for an interaction between
centre and the exposure variables.

The analyses presented here focus on past mobile
phone use as reported by or for the study subjects.
The main analyses were based on conditional logistic
regression for matched sets.>” The date of diagnosis of
the case was used as the reference date for cases and
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controls in each matched set. For the main analyses,
the reference category for odds ratios (ORs) was the
set of subjects who reported that they had never been
regular users. Exposure variables included ever having
been a regular user (as defined above), time (years)
since first regular use, cumulative number of calls and
cumulative duration of calls. To allow for a latency
period of 1 year, the year before the reference date
was included in the reference category for time since
first regular use and all other exposure variables were
censored at 1 year before the reference date.
Cumulative number and duration of calls were ana-
lysed as categorical variables, based on deciles of the
distribution of these variables among all controls who
were regular users, including those matched to pa-
tients with an acoustic neuroma or a parotid gland
tumour, so that the same cut-off points are used in
all analyses.?® Cumulative use excluded use of mobile
phones with hands-free devices: for all time periods
for which the subject reported the use of hands-free
devices the amount of use was reduced by 100, 75, 50
or 25% depending on whether hands-free devices
were used always or almost always, more than half,
about half or less than half of the time, respectively.
For ease of presentation, some results are shown for
the following grouping of deciles: 1, 2-5, 6-7, 8-9 and
10, chosen post hoc to reflect the spread of the highly
skewed distribution of these variables. For conveni-
ence, we will systematically use the term ‘regular
user’ in text and tables to refer to ever having been
a regular user.

The reference group for these analyses, never regular
users, included people who had some mobile phone
use but never as much as one call a week on average
for >6 months (~32% of meningioma and 26% of
glioma cases, and 30% of meningioma and 26%
of glioma controls) and people who had never used
a mobile phone (~11% of meningioma and 9% of
glioma cases, and 8% of meningioma and 6% of
glioma controls). These percentages are approximate
because never use and never regular use were defined
at different dates; the reference date and the date of
interview, respectively. We are not able to determine
whether inclusion of subjects with some occasional
mobile phone use in the reference group had a ma-
terial effect on our results because this difference in
definition dates prevented us from distinguishing par-
ticipants with only occasional use from those with no
use at all at their reference dates. Moreover, because
numbers of never users at the date of interview were
small, particularly in certain age- and gender-specific
sub-groups (such as young men), never users were
not a suitable reference group for this analysis.

All analyses were adjusted for educational level; an
a priori decision had been made to adjust for it as a
surrogate for socio-economic status (SES). Creation of
consistent educational levels across the 13 countries is
described elsewhere.?® In practice, this adjustment
had little impact on OR estimates, changing their

values by <2% in most instances and in all cases
by <5%. Using a 10% change-in-estimate criterion
for confounding,”® no other covariate among those
collected (see list above) was included in the main
analyses. The interval between the start date of inter-
views in the study centre and the date of each sub-
ject’s interview was modelled by fitting the
interaction of this interval with study centre.

A common protocol was applied to impute missing
data for cases and controls.’® The study questionnaire
allowed ranges to be given instead of exact answers to
a number of questions, including number and dur-
ation of calls and dates of start and end of mobile
phone use; in such instances, the main analyses in
this article were based on the mid-point of the re-
ported range.

Because absorption of RF energy from mobile
phones is highly localized,* three different types of
analyses were conducted to account for tumour loca-
tion. First, analyses were conducted by the anatomical
lobe of the brain in which the tumour occurred.
Secondly, separate analyses were conducted for the
subjects who reported using the mobile phone
mainly on one or the other side of the head, and
the preferred side was compared with the side on
which the tumour occurred. For this, each control
was assigned the location of the tumour of his or
her matched case. Exposure was considered to be ip-
silateral if the phone was used predominantly on the
same side as the tumour or on both sides of the head,
and contralateral if used mainly on the side of the
head opposite to the tumour. Laterality was not as-
signed if the tumour was reported to be centrally
located (i.e. it crossed the midline of the brain);
these cases were excluded from laterality analyses.
Thirdly, case—case analyses were carried out on the
concordance between tumour side and laterality of
phone use using the method proposed by Inskip and
collaborators.'®

Sensitivity analyses

To complement these primary analyses, we undertook
sensitivity analyses to try to determine whether any of
the following might have biased the results: (i) any
study centre; (ii) required mention of mobile phones
in the introductory letter to subjects in some centres;
(iii) centres with a hospital-based design or particu-
larly low participation rates; (iv) respondents whose
interviews were considered by the interviewer to be of
poor quality; (v) subjects for whom proxies provided
the responses or a telephone interview was given; (vi)
interviewers who had little experience or who had
unbalanced case to control workloads; (vii) difference
between the interview dates of cases and their
matched controls (on average, each control was inter-
viewed 3 months later than its matched case®® and
mobile phone use was increasing rapidly during the
study period); (viii) subject’s choice between two
ways of responding to call time questions (time per
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day, week or month, or time per call); (ix) subjects
who reported implausibly high amounts of mobile
phone use (by excluding them or by retaining them
and truncating their use at a specific lower value
when they reported a higher one); (x) method of
calculating accumulated call time; (xi) use of match-
ing and conditional analysis; (xii) the choice of a par-
ticular imputation algorithm; and (xiii) adjustment
for possible confounders.

Results

During the study period, 3115 meningioma and 4301
glioma cases, and 14 354 potential controls were iden-
tified. Interviews were completed with 2425 meningi-
oma cases (78%; range 56-92%), 2765 glioma cases
(64% participation; range by centre 36-92%) and
7658 controls (53%; range 42-74%; Appendix 1,
Table 1, Supplementary data are available at IJE
online). The most common reasons for non-
participation were subject refusal (11% of men-
ingiomas, 11% of glioma cases and 30% of controls);
illness, death or physician refusal (4% of meningi-
omas, 20% of gliomas and 1% of controls); and inabil-
ity to contact the subject (7% of meningiomas, 5% of
gliomas and 15% of controls).

The main analyses, based on matched sets only,
included 2409 meningioma cases with 2662 matched
controls and 2708 glioma cases with 2972 matched
controls. Among meningioma cases, 24% were men
and 76% women; among glioma cases, 60% were
men and 40% women (Table 1). Although the
median age of meningioma cases was only slightly
older than that of glioma cases (51 and 49 years, re-
spectively), 23% of glioma cases were diagnosed
before the age of 40, compared with 13% of meningi-
oma cases.

The proportion of proxy interviews was higher in
glioma cases (13%) than in controls (1%) or meningi-
oma cases (2%). Whereas 17% of glioma cases who
were regular users had imputations because of miss-
ing information in at least one of their mobile
phone-related variables, the corresponding fractions
were 9% among regular user meningioma cases and
8% among regular user controls. The proportion of
subjects who answered questions about mobile
phone use by giving a range of values rather than a
particular amount of use (for any of the use dimen-
sions) was very similar (~42%) for meningioma cases,
glioma cases and controls.

The prevalence of regular mobile phone use 1 year
before the reference date was 52% for meningioma
cases (ranging from 34 to 73% across study centres)
and 56% in matched controls (35-78%). It was higher
for glioma cases (62% overall, range: 42-80%) and
controls (64% overall, range: 45-84%), reflecting the
different sex distributions of these tumours.

The majority of subjects in the study were not heavy
mobile phone users; the median lifetime cumulative

call time among meningioma controls using mobile
phones was ~75h, with a median call time of
~2h/month and a median lifetime number of calls
about 1500. Corresponding values for glioma controls
were ~100h lifetime, 2.5h/month and about 2000
calls. The distributions of time since start of mobile
phone use and cumulative call time were highly
skewed, with few long-term and heavy users, and
varied across study centres and by age and sex (not
shown).

Relation between mobile phone use and
risk of brain tumours

Meningioma

A reduced OR of meningioma was found for regular
mobile phone use in the past >1 year, OR 0.79 [95%
confidence interval (CI) 0.68-0.91; Table 2]. There
was some suggestion of heterogeneity of risk across
centres (P=0.08) with ORs <1.0 except in Canada,
Denmark, Germany and Italy (data not shown). ORs
were <1.0 for regular users in all categories of time
since start of use and cumulative number of calls.
Analyses by cumulative call time showed ORs <1.0
in the first nine deciles and an OR of 1.15 (95% CI
0.81-1.62) in the highest decile. Analyses of cumula-
tive call time among recent-, medium- and long-term
users (Table 3) showed no indication of excess risk
except in the highest call time category in those who
started phone use 1-4 years before the reference date:
OR 4.80 (95% CI 1.49-15.4).

There was no appreciable effect modification by age
or sex on any of these results (data not shown).

In analyses by anatomical location of the meningi-
oma, the OR for temporal lobe tumours with regular
use was 0.55 (95% CI 0.36-0.82) and the ORs were
<1.0 in all categories of time since start of use, cu-
mulative call time and cumulative number of calls.
ORs for other lobes were also mostly <1.0 (Table 4).

The OR for mainly ipsilateral use among regular
users was 0.86 (95% CI 0.69-1.08), and that for
contralateral use was 0.59 (95% CI 0.46-0.76;
Table 5). The ORs by time since start of use were
<1.0 in all categories of ipsilateral and contralateral
use. When analysing by any of the exposure metrics
in Table 5, the ratios of the ORs for ipsilateral use
to contralateral use were always one or above one
regardless of level of exposure and they were highest
(~2 or 3) for the two highest categories of cumulative
call time and the second highest category of cumula-
tive number of calls. A case—case analysis, based on
Inskip’s method, showed an OR of 1.07 (95% CI 1.00-
1.16; Appendix 1, Table 2, Supplementary data are
available at IJE online) for ipsilateral use.

The OR for those who reported regular use of only
an analogue phone was 0.81 (95% CI 0.65-1.03) and
for only a digital phone it was 0.79 (95% CI 0.68-
0.92). Focussing on the highest decile of cumulative
call time, the OR among those who used only an ana-
logue phone was 0.50 (95% CI 0.25-0.99); among
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Table 1 Selected characteristics of meningioma and glioma cases included in the main analyses®

Meningioma Glioma
Characteristics of the study population n (%) n (%)
All interviewed cases 2425 (100) 2765 (100)
Cases included in main analysis® 2409 (99) 2708 (98)
Cases with histological confirmation 2249 (93) 2659 (98)
Demographic characteristics
Men 572 (24) 1624 (60)
Women 1837 (76) 1084 (40)
Aged 30-39 years at diagnosis 316 (13) 635 (23)
Aged 40-49 years at diagnosis 806 (33) 841 (31)
Aged 50-59 years at diagnosis 1287 (53) 1232 (45)
Distribution by country
Australia 253 (11) 296 (11)
Canada 4 (4) 170 (6)
Denmark 124 (5) 179 (7)
Finland 231 (10) 177 (7)
France 44 (6) 94 (3)
Germany 250 (10) 256 (9)
Israel 350 (15) 180 (7)
Italy 110 (5) 118 (4)
Japan 2 (3) 60 (2)
New Zealand 2 (2) 83 (3)
Norway 143 (6) 154 (6)
Sweden 183 (8) 222 (8)
UK North 173 (7) 421 (16)
UK South 220 (9) 298 (11)

“The controls for each case series have the same distributions of characteristics as the cases to which they are matched.
"Excluded are cases for whom no controls could be found (55 for glioma and 15 for meningioma) and cases in matched sets (two
for glioma and one for meningioma), where the regular use status of the case or the control was unknown.

those who used only a digital phone it was 1.84 (95%
CI 1.17-2.88); and among those using both 4.43 (95%
CI 1.42-13.9; Appendix 1, Table 3, Supplementary
data are available at IJE online).

Glioma

A reduced risk of glioma was seen for regular mobile
phone use in the past >1 year (OR 0.81, 95% CI 0.70-
0.94; Table 2) relative to never regular users. There
was little evidence of heterogeneity in results across
centres (P=0.68). ORs were <1.0 in all study centres
except Australia, France and New Zealand.

Analyses by time since start of use showed a
reduced OR in all categories of use; the OR for
>10 years since start of use was 0.98 (95% CI 0.76—
1.26; Table 2). The pattern of results by duration of
mobile phone use was similar (data not shown).

Analyses by categories of cumulative call time
showed decreased ORs in eight of the first nine de-
ciles (five of which had upper confidence bounds

<1.0) and an increased OR of 1.40 (95% CI 1.03—
1.89) in the highest exposure category, =>=1640h.
Analyses by cumulative number of calls showed ORs
<1.0 in all categories, with the OR in the highest
decile approaching unity.

Analyses of cumulative call time stratified by short-,
medium- and long-term wuse (Table 3) showed
reduced risks in the lower call time categories in all
strata of time since start of use and ORs >1.0 in the
highest category (>1640h cumulative call time) in
each of the three strata. The highest OR was in the
short-term users but its CI was very wide.

The lobe of the brain in which the tumour was
located was known for 96% of cases. The OR for tem-
poral lobe tumours with regular use was 0.86 (95% CI
0.66-1.13; Table 4). The point estimates for the high-
est categories of cumulative call time, cumulative
number of calls and time since start of use were
higher for tumours in the temporal lobe than in
other locations, but their 95% CIs were wide. Only
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Table 2 ORs between mobile phone use and brain tumours (meningioma and glioma separately) by regular use, time since
start of use, cumulative call time and cumulative number of calls—excludes use with hands-free devices

Meningioma Glioma
Cases Controls OR? (95% CI) Cases Controls OR? (95% CI)
Regular use in the past >1 year
No 1147 1174 1.00 1042 1078 1.00
Yes 1262 1488 0.79 (0.68-0.91) 1666 1894 0.81 (0.70-0.94)
Time since start of use (years)
Never regular user 1147 1174 1.00 1042 1078 1.00
1-1.9 178 214 0.90 (0.68-1.18) 156 247 0.62 (0.46-0.81)
2-4 557 675 0.77 (0.65-0.92) 644 725 0.84 (0.70-1.00)
5-9 417 487 0.76 (0.63-0.93) 614 690 0.81 (0.60-0.97)
=10 110 112 0.83 (0.61-1.14) 252 232 0.98 (0.76-1.26)
Cumulative call time with no hands-free devices (h)®
Never regular user 1147 1174 1.00 1042 1078 1.00
<5h 160 197 0.90 (0.69-1.18) 141 197 0.70 (0.52-0.94)
5-12.9 142 159 0.82 (0.61-1.10) 145 198 0.71 (0.53-0.94)
13-30.9 144 194 0.69 (0.52-0.91) 189 179 1.05 (0.79-1.38)
31-60.9 122 145 0.69 (0.51-0.94) 144 196 0.74 (0.55-0.98)
61-114.9 129 162 0.75 (0.55-1.00) 171 193 0.81 (0.61-1.08)
115-199.9 96 155 0.69 (0.50-0.96) 160 194 0.73 (0.54-0.98)
200-359.9 108 133 0.71 (0.51-0.98) 158 194 0.76 (0.57-1.01)
360-734.9 123 133 0.90 (0.66-1.23) 189 205 0.82 (0.62-1.08)
735-1639.9 108 103 0.76 (0.54-1.08) 159 184 0.71 (0.53-0.96)
>1640 130 107 1.15 (0.81-1.62) 210 154 1.40 (1.03-1.89)
Cumulative number of calls with no hands-free devices (in hundreds)®
Never regular user 1147 1174 1.00 1042 1078 1.00
<1.5 x 100 calls 159 180 0.95 (0.72-1.27) 147 182 0.74 (0.55-0.99)
1.5-3.4 136 182 0.62 (0.46-0.83) 141 200 0.71 (0.54-0.95)
3.5-74 148 176 0.90 (0.68-1.19) 161 201 0.76 (0.58-1.00)
7.5-13.9 143 173 0.80 (0.61-1.07) 174 179 0.90 (0.68-1.20)
14-254 122 181 0.60 (0.45-0.81) 180 206 0.78 (0.59-1.02)
25.5-41.4 111 126 0.81 (0.58-1.13) 156 190 0.83 (0.62-1.10)
41.5-67.9 129 146 0.79 (0.58-1.09) 163 194 0.71 (0.53-0.94)
68-127.9 134 126 0.92 (0.67-1.26) 186 200 0.93 (0.70-1.23)
128-269.9 100 100 0.81 (0.57-1.16) 193 180 0.96 (0.72-1.28)
=270 80 98 0.80 (0.55-1.17) 165 162 0.96 (0.71-1.31)

90Rs adjusted for sex, age, study centre, ethnicity in Israel and education.
bCategories are based on the deciles of the distribution among all eligible regular user controls (see text).

for the highest decile of cumulative call time was the
OR for temporal lobe tumours appreciably elevated
(1.87, 95% CI 1.09-3.22).

For regular use in the past >1 year, the OR for
ipsilateral mobile phone use was 0.84 (95% CI 0.69—
1.04) and that for contralateral use was 0.67 (95% CI
0.52-0.87; Table 5). The ORs by time since start of
use were <1.0 in all categories, except for ipsilateral
use beginning >10 in the past (OR 1.21, 95% CI

0.82-1.80). The ORs by cumulative number of calls
were <1.0 irrespective of laterality and exposure
level, except for ipsilateral use in the two highest
categories. The results by cumulative call time
showed a similar pattern, but the OR for ipsilateral
use in the highest category was appreciably elevated
(OR 1.96, 95% CI 1.22-3.16) and that for contralateral
use was slightly elevated (OR 1.25, 95% CI 0.64-2.42).
The ratios of the ipsilateral ORs to the contralateral
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Table 3 ORs between mobile phone use and brain tumours (meningioma and glioma separately) by cumulative call time,
stratified by recency of starting regular use—excludes use with hands-free devices

Meningioma Glioma

Cases Controls OR? (95% CI) Cases Controls OR? (95% CI)
Cumulative Call time (h)

Non-regular users

1147 1174 1.00 1042 1078 1.00

Short-term users: start of phone use 1-4 years before reference date
<5h 150 186 0.92 (0.69-1.22) 127 182 0.68 (0.50-0.93)
5-114.9 401 500 0.74 (0.61-0.90) 449 533 0.82 (0.67-0.99)
115-359.9 95 126 0.79 (0.55-1.12) 121 154 0.74 (0.52-1.03)
360-1639.9 67 72 0.77 (0.49-1.20) 80 95 0.75 (0.50-1.13)
>1640 22 5 4.80 (1.49-15.4) 23 8 3.77 (1.25-11.4)

Medium-term users: start of phone use 5-9 years before reference date
<5h 7 9 0.67 (0.23-1.96) 10 13 0.86 (0.32-2.28)
5-114.9 122 145 0.73 (0.54-0.98) 180 208 0.86 (0.66-1.12)
115-359.9 95 140 0.67 (0.48-0.93) 156 192 0.71 (0.53-0.95)
360-1639.9 129 131 0.83 (0.60-1.14) 174 204 0.72 (0.54-0.95)
>1640 64 62 1.03 (0.65-1.65) 94 73 1.28 (0.84-1.95)

Long-term users: start of phone use >10 years before reference date
<5h 3 2 131 (0.21-8.07) 4 2 1.13 (0.16-7.79)
5-114.9 14 15 0.79 (0.36-1.73) 20 25 0.63 (0.32-1.25)
115-359.9 14 22 0.49 (0.24-1.01) 41 42 0.89 (0.53-1.50)
360-1639.9 35 33 1.00 (0.58-1.72) 94 90 0.91 (0.63-1.31)
>1640 a4 40 0.95 (0.56-1.63) 93 73 1.34 (0.90-2.01)

%ORs adjusted for sex, age, study centre, ethnicity in Israel and education.

ORs were all above one with one exception (0.99 for
2-4 years since start of use) and the highest (~2)
were in 1-1.9 and >10 years since start of use, the
lowest category of cumulative call time, and the
highest category of cumulative number of calls. For
cumulative number of calls, there was a consistent
trend towards increasing ratios with increasing
exposure.

Case—case analyses of the concordance between
tumour side and preferred side of phone use using
the Inskip method showed an elevated risk for ipsi-
lateral use among regular users (OR 1.27, 95% CI
1.19-1.37) and among those in the highest decile of
cumulative call time (OR 1.55, 95% CI 1.24-1.99;
Appendix 1, Table 2, Supplementary data are available
at IJE online). When stratified on time since first use,
the point estimate of the OR using Inskip’s method in
the highest decile was higher among short-term
heavy users (OR 2.37, 95% CI 0.93-8.59) than
among medium (OR 1.40, 95% CI 1.04-2.01) and
long-term (OR 1.57, 95% CI 1.13-2.30) heavy users,
resembling an analogous pattern in Table 3.

The OR for ever use of an analogue phone was 1.00
(95% CI 0.83-1.21) and for ever use of a digital phone
0.76 (95% CI 0.66-0.88). Increased ORs were seen in

the highest decile of cumulative call time with
analogue phones (OR 1.95, 95% CI 1.08-3.54) and
with digital phones (OR 1.46, 95% CI 0.98-2.17;
Appendix 1, Table 3, Supplementary data are available
at IJE online).

There was no evidence of heterogeneity of effects
across centres for cumulative call time, cumulative
number of calls, time since start of use or ipsilateral
or contralateral use. Nor was there any appreciable
effect modification by age or sex in any of the results
mentioned above (data not shown).

Sensitivity analyses
Selected findings of sensitivity analyses are shown in
Table 6 and Appendix 1, Table 4 (Supplementary
data are available at IJE online). Because of a hint
of a possible excess risk in subjects in the highest
decile of mobile phone cumulative call time, for
glioma (OR 1.40) and to a lesser extent for meningi-
oma (OR 1.15), we focus presentation of sensitivity
analyses on the findings in this highest decile, corres-
ponding to 1640 or more cumulative hours of use.
For meningioma, some point estimates differed from
the OR of 1.15 from the main analysis, but the esti-
mates were imprecise and, with one exception based
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on nine cases and four controls, fell well within the
CI of this ‘benchmark’ value.

For glioma, results from the various sensitivity ana-
lyses were generally similar to those from the primary
analysis. All the OR estimates, except one based on
nine cases and three controls, are well within the 95%
CI of the OR from the main analysis. When subjects
with high reported use were included, but with use
truncated at 5h/day, the OR was hardly affected.
When subjects who reported >5h call time/day
(38 cases and 22 controls) were excluded altogether,
on the premise that such responses were unreliable,
the OR decreased to 1.27 (95% CI 0.92-1.75).

Results of sensitivity analyses focusing on the OR
for regular use in the past >1 year are shown in
Appendix 1, Table 5 (Supplementary data are avail-
able at IJE online). All the OR estimates, except two
ORs for meningioma relating to the presentation of
the study, are well within the 95% CI of the OR
from the main analysis.

Discussion

The INTERPHONE study is the largest case—control
study of mobile phones and brain tumours conducted
to date, including the largest numbers of users with at
least 10 years of exposure and the greatest cumulative
hours of use of any study. An exhaustive analysis of
this large data set involved estimation of hundreds of
ORs; rather than focus on the most extreme values,
the interpretation should rest on the overall balance
of evidence. The null hypothesis of no association
would be expected to produce an approximately sym-
metric pattern of negative and positive log ORs. A
skewed distribution could be due to a bias or to a
true effect. Our results include not only a dispropor-
tionately high number of ORs <1, but also a small
number of elevated ORs. This could be taken to indi-
cate an underlying lack of association with mobile
phone use, systematic bias from one or more sources,
a few random but essentially meaningless increased
ORs, or a small effect detectable only in a subset of
the data.

For meningioma, there is little evidence to counter a
global null hypothesis, and we conclude that
INTERPHONE finds no signs of an increased risk of
meningioma among users of mobile telephones.

For glioma, an increased OR was seen in analyses in
the highest decile of cumulative call time, including
tumours in the temporal lobe and subjects who re-
ported having used the mobile phone mainly on the
same side as where the tumour occurred. Still, the
evidence for an increased risk of glioma among
the highest users was inconclusive, as the increase
could be due to one or more of the possible sources
of error discussed below.

In the following sections, we explore possible ex-
planations for the apparently decreased risk of men-
ingioma and glioma for regular users compared with

never regular users, and the apparently increased risk
of glioma in a subset of users.

Decreased risk with ever regular use of a
mobile phone

An apparently decreased risk of brain tumours with
ever regular use of a mobile phone (relative to never
regular use) has been seen in other studies.'®??
Putting aside a genuine protective effect as implaus-
ible, we have considered other reasons for these
observations.

Sampling bias

In all but two centres, a population-based design was
used. This requires that the cases in the study were
representative of all cases in the respective population
and that the controls represented all non-cases,
within matching strata. In practice, it is difficult to
demonstrate that these conditions have been fulfilled
in any case—control study. Cases may be missed due
to lack of detection, misdiagnosis or incomplete regis-
tration (such problems may be more likely for men-
ingioma than for glioma). It is uncertain whether the
sampling frames used to select controls represented
the study base in some countries. To the extent pos-
sible, we conducted sensitivity analyses that examined
the effects of different recruitment strategies between
centres; they did not show substantial changes in the
results (Table 6).

Levels of participation

Constrained by the requirements of ethical review
committees and facing the population’s increasing
reluctance to participate in interview studies, we at-
tained participation rates of 78% among meningioma
cases, 64% among glioma cases and 53% among con-
trols.”® Although such proportions are not unusually
low, they raise the possibility of selection bias with
respect to mobile phone use.

Controls in 11 centres and cases in 9 centres who
refused the full interview were asked to respond to a
brief non-respondent questionnaire on mobile phone
use. The cases and controls who complied with this
short inquiry reported a lower lifetime prevalence of
ever regular use of a mobile phone than did respond-
ents to the full interview, implying that information
from those who participated in the full interview may
overestimate prevalence among all eligible subjects.
Because participation and refusal differed between
cases and controls, such non-representativeness may
have distorted the OR estimates.’® Although caution
is required in extrapolating from the findings of the
sub-study, we estimated, in the more plausible scen-
arios, that non-participation bias may have led to a
reduction in the ORs for regular use of 5-15%,*°
which is less than the observed reductions below
the null in the ORs in ever regular mobile phone
users for meningioma (21%, 95% CI 32-9) and
glioma (19%, 95% CI 30-6; Table 2).
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Prodromal symptoms

Prodromal symptoms of a brain tumour could dis-
suade subjects from becoming phone users or reduce
their use before diagnosis (reverse causation). Glioma
is typically diagnosed quite soon after first symptoms.
Although prodromal symptoms might result in low-
ered ORs among very recent users (e.g. <2 years since
starting use), these are unlikely to explain the reduc-
tion in ORs observed among the vast majority of the
users in our study population who started using
mobile phones 2-10 years before disease onset.

Timing of interviews

As the use of mobile phones has become more
common over time, the later interview dates of con-
trols could have spuriously increased the prevalence
of exposure in the control group. However, restricting
analyses to matched sets in which the cases and con-
trols were interviewed within 1 month of each other
resulted in very little change in the OR for regular use
>1 year in the past (Table 6) and hence seems un-
likely to explain the low ORs overall. Further, the use
of a common reference date for each case and its
matched control should have minimized any bias
induced by differential timing of interviews.

Confounding

Higher socio-economic status has been associated
with a higher risk of brain cancer in some but not
all relevant studies,”’?? and with mobile phone use,
particularly when the technology was new.” We ad-
justed for education level in all analyses, but acknow-
ledge this is an imperfect indicator of SES. Otherwise,
there are few well-established risk factors for
brain tumours; analyses adjusting for measured
potential confounders had little impact on the ORs
(Appendix 1, Table 4, Supplementary data are avail-
able at IJE online).

Low overall risks among mobile phone users

The reduced OR for regular users compared with
never regular users seems unlikely to reflect a genuine
protective effect and makes our results difficult to in-
terpret.”® It could result from the sources of error dis-
cussed above, although based on the evidence we
have regarding their magnitude and effects’*>* they
may not account fully for the observed reduction in
risk.

It might be possible to correct, at least crudely, for
assumed downwards bias in the ORs for mobile
phone use by undertaking a series of analyses using
the lowest category of users as the reference category
for OR estimates in higher categories. Results of such
an analysis of the mobile phone use variables in
Table 2 are shown in the Table of Appendix 2 (see
Supplementary data available at IJE online), accom-
panied by a discussion of the strengths and weak-
nesses of this approach. We have also done some
work to characterize possible sources of bias’®?* and

are currently exploring the possibility of correcting the
OR estimates mathematically for their effects.

Elevated risks of glioma among heavy users

There was some evidence of an elevated risk of glioma
in the highest decile of cumulative call time, with the
highest point estimates seen for tumours in the tem-
poral lobe and for subjects who reported having used
their mobile phone mainly on the same side as that
on which the tumour occurred. We explore here pos-
sible interpretations of these findings.

Biases related to possible differential quality of
exposure data

When compared with controls, glioma cases had a
higher proportion of proxy respondents, a higher
number of imputations for missing values, and a
higher proportion of subjects judged by their inter-
viewer to be non-responsive or having poor memory
(data not shown). However, sensitivity analyses
showed that these differences, on their own, did not
explain the results seen in the highest decile of cu-
mulative call time (Table 6).

Differential error between cases and controls in re-
porting of mobile phone use could substantially affect
our results; such information bias could arise from
several sources. First, a brain tumour, particularly in
the frontal or temporal lobes, may adversely affect
cognition and memory.”> Secondly, cases may be
more motivated to recall and report a publicized po-
tential risk factor for their disease.

To investigate the accuracy of self-reported phone
use, two validation sub-studies were conducted in
some of the INTERPHONE centres. Amongst healthy
volunteers using software-modified phones (recording
number and times of calls), phone use in the past
year was reported with substantial random error;
with over- and under-estimation both frequent.’®
Errors were larger for duration of calls than for
number of calls, and phone use was under-estimated
by light users and over-estimated by heavy users. In
another sub-study, records of mobile phone use up to
6 years previously were obtained for some participants
in three INTERPHONE centres, allowing us to com-
pare the interview responses with the records.’”
Overall, there was little evidence that recall quality
differed between cases and controls, but there was
some indication of greater over-reporting by cases
than by controls for the period 3-5 years before inter-
view. These sub-studies provide no information re-
garding differential reporting error for periods more
distant than 5 years before interview.

Some subjects reported very high daily average call
times and this was more common among cases than
controls. Thirty-eight cases and 22 controls reported
>5h use/day and 10 cases and no controls reported
> 12 h/day. There is reasonable doubt about the cred-
ibility of such reports. Excluding all subjects who re-
ported >5h use/day reduced the ORs in the highest
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decile of cumulative time from 1.40 to 1.27 (95% CI
0.92-1.74). In contrast, truncating the average call
time to 5h/day had little effect on the OR. It is not
clear which of these two approaches (if either) is
more appropriate. However, the key question is
whether these cases with unreasonably high values
reflect a general tendency for cases to overestimate
more than controls, which could contribute to the
apparent excess risk in the highest decile. As noted
earlier, there is evidence that cases tended to overesti-
mate their past exposure more than controls did.*’

Non-differential error (random variability or uncer-
tainty in the exposure estimates) may also affect the
findings. With dichotomous exposure indicators such
bias is towards the null, but for polytomous variables
the effect is difficult to predict.’**°

Location of tumours and laterality of use of phones
Absorption of RF energy from mobile phones is highly
localized.?® Thus, an association of phone use with
tumours occurring near the location of the phone
would constitute stronger evidence for aetiology
than an association with more distant tumours.

Ipsilateral ORs were almost always greater than
contralateral ORs. There was no consistent pattern
with regard to level of exposure, although a trend
towards a stronger effect of ipsilateral use relative to
contralateral use with increasing exposure was
observed for cumulative number of calls. Results of
case—case analyses (using Inskip’s method'®) also
suggested higher risks of gliomas with ipsilateral
phone use, but again no consistent trend with
increasing exposure. The observation of an unlikely
ipsilateral effect in low exposure categories suggests
that cases might have over-reported use on the side of
the tumour.

There is, though, evidence of lack of such reporting
bias from a sub-study. In three centres (Australia,
Canada and Japan), participants (172 glioma and
160 meningioma cases and 340 controls who were
regular users) were asked at the end of their interview
to put a mobile phone to their ear as if answering a
call. The concordance between the reported side of
use of the phone and the side where it was held
was lower for cases (72% glioma cases, 66% meningi-
oma) than controls (95%). The greater degree of con-
cordance among controls suggests differential
reporting quality. Among cases, however, there was
as much discrepancy in the contralateral direction
(52 instances) as in the ipsilateral direction (48 in-
stances). Thus, it is possible that the ipsilateral effect
is a true effect, is due to reporting bias or is a mixture
of both.

Few studies have related field strength to anatomic
structures, but a recent investigation of 110 phone
models found that exposure is generally highest in
the temporal lobe.?” While laterality analyses may be
biased by the respondent’s knowledge of the side of
the tumour, results for tumours in different lobes are

probably less susceptible to reporting bias. ORs for
glioma in the highest exposure categories were
higher for tumours in the temporal lobe than in
other lobes, but the CIs around the lobe-specific esti-
mates for each measure were wide.

Coherence and consistency

The strongest evidence of an increased risk of glioma
was found for cumulative call time, which is a func-
tion of the number and duration of calls.
Conceptually, cumulative call time might be the
most relevant measure of exposure. However, in val-
idation studies, the number of calls was recalled more
accurately than the duration of calls.**?” For the cu-
mulative number of calls, the ORs, while highest in
the highest deciles, were consistently below one. In
the absence of a known biological mechanism, it is
hard to know whether more weight should be put on
results from the more accurate or the conceptually
preferred exposure measure.

The apparently increased risk of glioma for cumula-
tive call time was restricted to the top decile,
>1640h. There was no upward trend across the
first nine deciles of cumulative call time. In contrast
with the excess risk seen on the scale of cumulative
call time, risk did not appear to be increased by length
of time since first exposure or by duration of expos-
ure. The pattern of point estimates of ORs in the high
call time categories in three strata of time since ex-
posure started—3.8 in the most recent and 1.3 in the
more distant ones (Table 3)—is not what one would
expect if there were a causal association; although the
CI in the newest users was wide and encompassed the
point estimates for heavy use in the two longer use
groups. By analogy with known carcinogens, the lack
of a consistently increasing risk with dose, duration of
exposure and time since first exposure weigh against
cause and effect. Nevertheless, given the uncertainty
surrounding possible effects of RF on the brain, no
strong case can be made for the plausibility or im-
plausibility of any observed exposure response
pattern.

Comparison of meningioma and glioma
results

While the ORs for meningioma were lower than that
for glioma in high exposure subgroups, there were
some similar patterns. First, the OR for all regular
users compared with never regular users was very
similar. Secondly, there was no trend in relation to
cumulative call time except for an elevated OR in
the highest decile. Thirdly, the increase in the last
decile was more pronounced for cumulative call
time than number of calls. Fourthly, the highest OR
for cumulative call time was seen among subjects
who had recently started regular use. Fifthly, the
ORs were greater for ipsilateral than contralateral
use and the ratios of ipsilateral ORs divided by their
corresponding contralateral ORs were of a similar

2102 ‘2 fe uo Aueq|y e AisieAiun e /Blo'seulnolployxoally/:dny wouy papeojumoq


http://ije.oxfordjournals.org/

688 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

magnitude. However, while there was evidence of a
higher risk of gliomas in the temporal lobe than else-
where with several different exposure metrics, there
was no such evidence for meningioma. Although ORs
for meningioma were generally lower than that for
glioma, the otherwise similar patterns of associations
of mobile phone use with meningioma and glioma
could indicate shared aectiology or shared bias.

Interpretation of these findings

We have no certain explanation for the overall
reduced risk of brain cancer among mobile phone
users in this study, although selection bias is almost
certainly a contributor. There is some evidence that
very high users experienced excess risk of glioma,
but that evidence is inconclusive because of possible
bias. Further light may be shed on dose-response re-
lations by work now being undertaken with the
INTERPHONE data using precise coordinate localiza-
tion of tumours within the brain in relation to esti-
mates of absorbed RF energy.

The possibility of raised risk in heavy users of
mobile phones is an important issue because of
their ever-increasing use. Moreover, few subjects in
our study had used mobile phones for >12 years;
therefore, our results are uninformative with respect
to lag periods longer than this.

Consistency with previous research

Our results are consistent with most of the research
published to date. A large Danish cohort study of
mobile telephone subscribers,®’ with an average
follow-up time of 8.5 years, found no increased risk
of brain tumours in subscribers of >10 years. The
first case—control studies conducted included cases
diagnosed in the mid-to-late 1990s and therefore
could only address possible risks among short-term
mobile phone users.'*'#'¥23 In addition, the highest
cumulative call times in these studies were much less
than in ours. Generally, these studies reported ‘nega-
tive’ results. In contrast, increased risks of malignant
brain tumours at higher levels of accumulated use of
analogue and digital mobile phones and cordless
desktop phones were reported from a sequence of
three case—control studies from the same authors
with cases in the last diagnosed as late as 2003.">7"
However, the methods of these studies have been
questioned.*!

Some of the INTERPHONE centres have published
their results for brain tumours'"!¢!71%22242> an{d two
pooled analyses from Northern European centres have
also been published.?>?! Most cases in these reports
are included in the present analyses and constitute
69% of gliomas and 57% of meningiomas.
The centre-specific analyses are consistent with our
all-centre results.

Much biological research has been done in recent
years on possible biological effects of RF fields. This
work covers in vitro and in vivo exposure, alone and in

combination with other physical or chemical agents,
and has found no evidence that RF fields are carcino-
genic in laboratory rodents or cause DNA damage in
cells in culture.*? Possible effects of RF fields on other
biological endpoints are still being explored.

The possible effects of long-term heavy use of
mobile phones on risk of brain tumours require fur-
ther investigation, given increasing mobile phone use,
its extension to children and its penetration world-
wide. The problems presented by selection and infor-
mation bias in this and probably other studies suggest
that new studies should, in general, only be done if
they can substantially reduce or eliminate selection
bias, obtain detailed and high-quality exposure infor-
mation over the full period of use and offer sufficient
statistical power to detect comparatively small effects
in people with heavy or long continued exposure.
Monitoring of age- and gender-specific incidence
rates may also be valuable, particularly if informed
by good longitudinal data on mobile phone use by
age and sex, and having regard to features such as
brain tumour location that may allow more specific
inferences about possible mobile phone use effects.

Conclusion

This is the largest study of the risk of brain tumours
in relation to mobile phone use conducted to date and
it included substantial numbers of subjects who had
used mobile phones for >10 years. Overall, no in-
crease in risk of either glioma or meningioma was
observed in association with use of mobile phones.
There were suggestions of an increased risk of
glioma, and much less so meningioma, at the highest
exposure levels, for ipsilateral exposures and, for
glioma, for tumours in the temporal lobe. However,
biases and errors limit the strength of the conclusions
we can draw from these analyses and prevent a causal
interpretation.

Supplementary data

Supplementary data are available at IJE online.
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KEY MESSAGE

analyses and prevent a causal interpretation.

e INTERPHONE is the largest case—control study of mobile phone use and brain tumours yet and
includes the largest numbers of users with at least 10 years of exposure. A reduced OR for glioma
and meningioma related to ever having been a regular mobile phone user possibly reflects partici-
pation bias or other methodological limitations.No elevated OR for glioma or meningioma was
observed >10 years after first phone use.There were suggestions of an increased risk of glioma,
and much less so meningioma, in the highest decile of cumulative call time, in subjects who reported
usual phone use on the same side of the head as their tumour and, for glioma, for tumours in the
temporal lobe. Biases and errors limit the strength of the conclusions that can be drawn from these
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1. Background

ABSTRACT

Background: The rapid increase in mobile telephone use has generated concern about possible health
risks of radiofrequency electromagnetic fields from these devices. Methods: A case-control study of 1105
patients with newly diagnosed acoustic neuroma (vestibular schwannoma) and 2145 controls was
conducted in 13 countries using a common protocol. Past mobile phone use was assessed by personal
interview. In the primary analysis, exposure time was censored at one year before the reference date
(date of diagnosis for cases and date of diagnosis of the matched case for controls); analyses censoring
exposure at five years before the reference date were also done to allow for a possible longer latent
period. Results: The odds ratio (OR) of acoustic neuroma with ever having been a regular mobile phone
user was 0.85 (95% confidence interval 0.69-1.04). The OR for >10 years after first regular mobile phone
use was 0.76 (0.52-1.11). There was no trend of increasing ORs with increasing cumulative call time or
cumulative number of calls, with the lowest OR (0.48 (0.30-0.78)) observed in the 9th decile of
cumulative call time. In the 10th decile (>1640 h) of cumulative call time, the OR was 1.32 (0.88-1.97);
there were, however, implausible values of reported use in those with >1640 h of accumulated mobile
phone use. With censoring at 5 years before the reference date the OR for >10 years after first regular
mobile phone use was 0.83 (0.58-1.19) and for >1640 h of cumulative call time it was 2.79 (1.51-5.16),
but again with no trend in the lower nine deciles and with the lowest OR in the 9th decile. In general, ORs
were not greater in subjects who reported usual phone use on the same side of the head as their tumour
than in those who reported it on the opposite side, but it was greater in those in the 10th decile of
cumulative hours of use. Conclusions: There was no increase in risk of acoustic neuroma with ever regular
use of a mobile phone or for users who began regular use 10 years or more before the reference date.
Elevated odds ratios observed at the highest level of cumulative call time could be due to chance,
reporting bias or a causal effect. As acoustic neuroma is usually a slowly growing tumour, the interval
between introduction of mobile phones and occurrence of the tumour might have been too short to
observe an effect, if there is one.

© 2011 Elsevier Ltd. All rights reserved.

international consortium of case-control studies with a common
protocol focusing on four tumour types in tissues that absorb most

Mobile phone use has increased rapidly since its introduction in
the early to mid-1980s, with an estimated 5.3 billion mobile phone
subscriptions world-wide at the end of 2010, according to the
International Telecommunication Union (ITU; http://www.itu.int/
net/pressoffice/press_releases/2010/39.aspx). Concerns about
possible health effects have accompanied the expanding use of
this technology. The INTERPHONE study was initiated as an
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RF energy emitted by mobile phones: glioma, meningioma,
vestibular schwannoma (more commonly known as acoustic
neuroma), and parotid gland tumours [1,2]. We recently reported
on the association of mobile phone use with cerebral glioma and
meningioma [3], and this paper reports results for acoustic
neuroma.

Acoustic neuroma (AN), a benign tumour, arises in the eighth
cranial nerve that leads from the inner ear to the brainstem. ANs
are estimated to comprise about 5% of primary brain and central
nervous system tumours and 63% of tumours of cranial and spinal
nerves, with an estimated incidence rate of 10.4 per million
person-years in the US during 2004-2007 [4]. Other estimated
incidence rates from the US [5] or UK [6] were around 10 or lower
per million person-years, but those from Denmark were about 20
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per million person-years [7]. Thus there may be variation in
completeness of reporting of these tumours, in part at least to
infrequent routine registration of benign tumours; the high Danish
rates were from a specialised AN registry with population-wide
ascertainment. The gender ratio in all reports was close to one and
the incidence rate peak appeared to be in the age group of 50-65
years [4-7]. The Danish registry reported that AN rates had risen
steeply from the mid-1970s until the mid-2000s and remained
stable or fell slightly thereafter [7].

In principle, most ANs occur in tissue absorbing relatively high
levels of RF energy when a mobile phone handset is held to the ear
[8,9]. As ANs usually grow slowly and first symptoms may appear
years before clinical diagnosis [10,11], assessment of mobile phone
use well before tumour detection will provide greater confidence
that exposure preceded disease and could have contributed to its
development, if a positive association is observed.

Several studies have reported on the possible association
between mobile phone use and the risk of AN. They include case-
control studies in six countries reporting mainly INTERPHONE data
[12-17], a Danish retrospective cohort study of mobile phone
subscribers [18,19], two US case-control studies [20,21], three
Swedish case-control studies [22-24] and a recent case-case
study from Japan [25]. Their results were inconclusive, particularly
for users of 10 years or more, as summarized in a recent European
Commission risk assessment report [26]. All studies were limited
by having few long-term and heavy mobile phone users. The
present combined international analysis of the INTERPHONE study
is based on the largest number of AN cases and, in particular, the
largest number of long-term mobile phone users reported to date.

2. Materials and methods
2.1. Study design

INTERPHONE is an international, mainly population-based,
case-control study. The common core study protocol is described
in detail elsewhere [1,2]. Sixteen study centres from 13 countries
(Australia, Canada, Denmark, Finland, France, Germany, Israel,
Italy, Japan, New Zealand, Norway, Sweden, and the UK) were
included. To maximize statistical power, INTERPHONE focused on
tumours in patients 30-59 years of age as they were expected to
have had the highest prevalence of mobile phone use in the
previous five to ten years, and on countries and regions (mainly
large urban areas) likely to have the longest and highest use of
mobile phones.

Eligible cases were all patients with a schwannoma of the
acoustic nerve (ICD-9 code 225.1 or ICD-10 code D33.3, and ICD-O
topography code C72.4 and morphology code 9560/0) diagnosed in
the study regions during study periods of two to four years
between 2000 and 2004. In most centres, cases were ascertained
from neurological and neurosurgical facilities in the study region,
in several centres also from otorhinolaryngological units or local
cancer registries, and from one radiotherapy unit (in France). All
diagnoses were histologically confirmed or based on the unequiv-
ocal diagnostic imaging. To facilitate interviews as soon as possible
after diagnosis, cases were ascertained actively within treatment
facilities wherever possible. Completeness of ascertainment was
checked through secondary sources, such as population- or
hospital-based cancer registries, medical archives and hospital
discharge or billing files [2].

Two controls were selected for each case from a locally
appropriate, population-based sampling frame [2]. The sampling
procedure involved individual matching in seven centres (Canada
- Ottawa, Canada - Vancouver, France, Israel, Japan, New Zealand
and UK North) and frequency matching elsewhere. The matching
variables were age (within 5 years), sex, and region of residence

within each study centre. In Israel, subjects were also matched on
ethnic origin. Where frequency matching had been used,
individual matching was done post hoc, with cases being assigned
two controls, interviewed as close as possible in time to the case,
from those who fitted the matching criteria. While in some centres
controls were specifically sampled for the AN cases, in other
centres they were taken from the pool of INTERPHONE controls
drawn for all tumours together, or a mixture of both approaches.
The proportions of AN controls already used in the combined
analyses of glioma and meningioma were 94% (Australia), 65%
(Canada - Montreal), 32% (Denmark), 72% (Finland), 59% (Israel),
88% (Norway), 79% (Sweden), and 81% (UK South); it was 0% in all
other centres [3].

Detailed information on past mobile phone use was collected
during face-to-face interviews with the study subject or a proxy
[2], with the median time between interview date and reference
date being 171 days for cases and 320 days for controls. A proxy
was sought when the study subject had died or was too ill to be
interviewed. Proxy interviews were conducted with 3 cases (0.3%)
and 43 controls (0.6%). The interviews were conducted using a
computer-assisted questionnaire, except in Finland where a paper
version was used. The questionnaire also included sections on
socio-demographic factors, occupational exposure to electromag-
netic fields and ionizing radiation, exposure to loud noise, medical
history (subject’s and family), ionizing and non-ionizing medical
radiation exposures and smoking. Central workshops were held to
train and retrain interviewer instructors who were responsible for
training the interviewers of each centre and monitored interview
quality; furthermore, questionnaire versions in languages other
than English were back-translated to minimise inaccuracies
introduced during translation and periodic meetings of fieldwork
coordinators were held to deal with issues arising from the
interviews.

2.2. Statistical methods

Data from countries with multiple centres were combined for
the analyses, except in the UK where the UK South and UK North,
each with large numbers of subjects, were kept separate. The word
“centre” in the remainder of this paper is used to refer to these 14
analytic entities (12 countries, UK North and UK South). All
analyses were carried out for all centres combined and for each
centre separately. Formal tests for heterogeneity of risk across
centres were conducted by allowing for an interaction between the
centre and the exposure variables (no heterogeneity was identi-
fied; data not shown).

The analyses presented here focus on past mobile phone use
as reported by the study subjects or their proxies. The analyses
were based on the conditional logistic regression for matched
sets. The date of diagnosis of the case was used as the reference
date for the case and the controls in each matched set. For the
main analyses, the reference category for odds ratios was the set
of subjects who reported that they had never been regular users.
Ever having been a regular user was defined a priori as at least
one call per week on average for a period of six months or more.
For convenience, the term “regular user” will be used in the text
and in the tables to refer to ever having been a regular user.
Numbers of never users at the date of interview were small,
particularly in certain age- and gender-specific subgroups such
as young men; consequently, never users were not considered a
suitable reference group.

The exposure variables considered were: regular user status
and time (years), cumulative number of calls and cumulative
duration of calls (cumulative call time) since first regular use.
Cumulative number of calls and cumulative call time were
analyzed as categorical variables, based on the deciles of the
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distribution of these variables among all controls who had ever
been regular users, including those matched to patients with a
glioma, meningioma or a parotid gland tumour, so that the same
cut-off points are used in all combined analyses of the INTER-
PHONE group [3]. Cumulative use excluded use of mobile phones
with hands-free devices. For all time periods for which the subject
reported the use of hands-free devices, the amount of use was
reduced by 100%, 75%, 50% or 25% depending on whether hands-
free devices were used always or almost always, more than half,
about half, or less than half of the time. For ease of presentation,
some results are shown for the following five groups of exposure
deciles - 1, 2-5, 6-7, 8-9 and 10 - chosen post hoc to reflect the
spread of the highly skewed distribution of these variables. All
analyses were adjusted for educational attainment, which served
as a measure of socio-economic status. The interval between the
start date of interviews in the study centre and the date of each
subject’s interview was included in the models by fitting the
interaction of this interval with study centre. A common protocol
was applied to impute missing data for cases and controls [2]. The
study questionnaire allowed ranges to be given instead of exact
answers to some of the questions, including number and duration
of calls and dates of start and end of mobile phone use; in such
instances, the main analyses in this paper were based on the mid-
point of the reported range, whereas sensitivity analyses were
conducted using the lower and upper bounds.

It should be noted that deciles to categorize cumulative number
of calls and cumulative call time were determined from the total
amount of use (including use of mobile phones with hands-free
devices); therefore, for example, 10% of controls had a total
cumulative call time of 1640 h or more. For this analysis, each
subject’s cumulative exposure was calculated excluding use with
hands-free devices. Thus defining the exposure categories as
described above means that less than 10% of subjects are allocated
to upper categories of the distribution, e.g., 5% of acoustic neuroma
controls in the highest category of >1640 h of mobile phone use
without hands-free devices.

Because absorption of RF energy from mobile phones is highly
localized [8,9], separate analyses were conducted for the subjects
who reported using the mobile phone mainly on one or the other
side of the head relative to the side on which the tumour occurred.
For these analyses, each control was assigned the side of the head
of the AN of his or her matched case. Exposure was considered to be
ipsilateral if the phone was used predominantly on the same side
as the tumour or on both sides of the head, and contralateral if used
mainly on the side of the head opposite to the tumour. The
question asked “When you use a mobile phone, do you generally
use it on the right or left side of your head?” with left, right and
both sides as response options.

All exposure variables, except time since first use, were
censored at 1 year before the reference date, as in the previous
analyses of glioma and meningioma [3]. In addition, for AN, we
report also all exposure variables censored at 5 years before the
reference date, in an attempt to take into account the slow growth
and possible long diagnostic delay for AN (as described earlier).
Within this long pre-diagnostic time period, hearing loss or
hearing problems (such as tinnitus) are common symptoms, which
might influence mobile phone use, either by reducing the
likelihood the subject will start using a mobile phone or by
leading to a reduction in mobile phone use, or a change in the
preferred ear of use.

3. Results
Altogether, 1361 AN cases were identified during the study

period. Interviews were completed with 1121 cases (82%
participation; range by centre 70-100%). For 16 cases, no matching

control was found, leaving 1105 cases for analyses. Overall, 14354
controls were considered eligible for the AN analysis, of which
7658 completed the interviews (53% participation; range by centre
35-74%). A total of 2145 controls was included in the final analysis
matched either 1:1 (65 cases) or 1:2 (1040 cases) to the AN cases.
The most common reasons for non-participation were subject
refusal (11% of eligible cases and 30% of eligible controls);
physician refusal or subject illness or death (2% cases, 1% of
controls); and inability to contact the subject (3% cases, 16%
controls).

Of the 1105 cases, 49% were men and 51% women and 22% were
aged 30-39 years at diagnosis, 33% 40-49 years and 45% 50-59
years (Table 1). Among cases, 79% reported severe hearing
difficulties, i.e., hearing loss or buzzing sounds in the ear, before
diagnosis. One or both of these symptoms were recalled as
appearing during the year before diagnosis in 22% of cases, 1-4
years before diagnosis in 33%, 5-9 years in 12%, and 10 or more
years in 13%. Among controls the respective figures were 2%, 7%,
5%, and 10%, with 75% not reporting any hearing problems.

Overall, the odds ratio was 0.85 (95% confidence interval (CI)
0.69-1.04) for regular use of mobile phones when censoring
exposure at one year before the reference date and 0.95 (CI 0.77-
1.17) when censoring exposure at five years before the reference
date (Table 2). Analyses by time since first use showed odds ratios
close to or below one, including for users beginning 10 or more
years ago, irrespective of the censoring. For cumulative call time,
the highest odds ratios were observed in the highest category of
use: the odds ratios for >1640 h were 1.32 (CI 0.88-1.97) when
censoring exposure at one year and 2.79 (CI 1.51-5.16) when
censoring exposure at five years. There was, however, no preceding
trend: odds ratios fluctuated between 0.48 and 1.04 in the first nine
categories (0.48, C1 0.30-0.78, in the 9th category) for censoring at

Table 1
Selected characteristics of acoustic neuroma cases and controls included in the
analyses.

Characteristics of the study population Cases, n (%)

All interviewed 1121 7658

Controls, n (%)

Included in main analysis® 1105 (100) 2145 (100)
Cases with histological confirmation 883 (80)

Year of diagnosis®

2000 137 (12)

2001 431 (39)

2002 338 (31)

2003 199 (18)

Sex

Men 538 (49) 1035 (48)
Women 567 (51) 1110 (52)
Age

Aged 30-39 at diagnosis 240 (22) 446 (21)
Aged 40-49 at diagnosis 364 (33) 720 (34)
Aged 50-59 at diagnosis 501 (45) 979 (46)
Centre

Australia 127 (11) 254 (12)
Canada (centres combined) 84 (8) 168 (8)
Denmark 70 (6) 139 (6)
Finland 75 (7) 145 (7)
France 107 (10) 209 (10)
Germany 67 (6) 134 (6)
Israel 72 (7) 141 (7)
Italy 30 (3) 60 (3)
Japan 69 (6) 137 (6)
New Zealand 18 (2) 21 (1)
Norway 38 (3) 75 (3)
Sweden 102 (9) 197 (9)
UK North 94 (9) 170 (8)
UK South 152 (14) 295 (14)

2 Cases for whom no matching controls could be found were excluded.
b Few cases in the year 2000 group were diagnosed in 1999 (n=9) and few in the
year 2003 group in 2004 (n=19).
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ORs for acoustic neuroma with mobile phone use in categories of regular use, time since start of use, cumulative call time and cumulative number of calls - excludes use with

hands-free devices.

Exposure up to 1 year before reference date®

Exposure up to 5 years before reference date®

Cases Controls ORP (95% CI) Cases Controls ORP (95% CI)
Regular use in the past
No 462 837 1.00 801 1560 1.00
Yes 643 1308 0.85 (0.69-1.04) 304 585 0.95 (0.77-1.17)
Time since start of use (years)
Never regular user 462 837 1.00 801 1560 1.00
1-1.9 63 169 0.73 (0.49-1.09)
2-4 276 554 0.87 (0.69-1.10)
5-9 236 444 0.90 (0.69-1.16) 236 444 0.99 (0.78-1.24)
>10 68 141 0.76 (0.52-1.11) 68 141 0.83 (0.58-1.19)
Cumulative call time with no hands-free devices (h)"
Never regular user 462 837 1.00 801 1560 1.00
<5 58 144 0.77 (0.52-1.15) 42 80 1.07 (0.69-1.68)
5.0-12.9 63 129 0.80 (0.54-1.18) 30 53 1.06 (0.60-1.87)
13-30.9 80 136 1.04 (0.71-1.52) 40 59 1.32 (0.80-2.19)
31-60.9 66 131 0.95 (0.63-1.42) 36 70 0.86 (0.52-1.41)
61-114.9 74 137 0.96 (0.66-1.41) 21 71 0.63 (0.35-1.13)
115-199.9 68 128 0.96 (0.65-1.42) 22 53 0.71 (0.39-1.29)
200-359.9 50 144 0.60 (0.39-0.91) 29 49 0.83 (0.48-1.46)
360-734.9 58 126 0.72 (0.48-1.09) 26 60 0.74 (0.42-1.28)
735-1639.9 49 126 0.48 (0.30-0.78) 22 59 0.60 (0.34-1.06)
>1640 77 107 1.32 (0.88-1.97) 36 31 2.79 (1.51-5.16)
Cumulative number of calls with no hands-free devices (in hundreds)
Never regular user 462 837 1.00 801 1560 1.00
<1.5x 100 59 135 0.76 (0.51-1.14) 40 92 0.85 (0.54-1.34)
1.5-34 60 137 0.68 (0.45-1.03) 48 38 2.32 (1.39-3.87)
3.5-74 73 135 1.11 (0.76-1.61) 24 65 0.64 (0.35-1.17)
7.5-13.9 87 138 1.22 (0.84-1.77) 30 51 0.91 (0.51-1.61)
14-25.4 79 132 1.11 (0.75-1.64) 26 67 0.92 (0.53-1.58)
25.5-41.4 55 137 0.64 (0.42-0.98) 29 55 0.89 (0.53-1.51)
41.5-67.9 50 133 0.74 (0.49-1.12) 18 62 0.54 (0.30-0.97)
68-127.9 62 133 0.65 (0.43-0.98) 42 62 1.02 (0.63-1.66)
128-269.9 56 115 0.67 (0.44-1.02) 21 54 0.62 (0.34-1.12)
>270 62 113 0.93 (0.61-1.41) 26 39 1.55 (0.84-2.86)

2 The reference category consists of subjects who were not regular users 1 year (or 5 years) before the reference date.

b ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.

¢ Categories of regular use are based on the deciles of the distribution among all eligible regular user controls.

one year and between 0.60 and 1.32 (0.60, CI 0.34-1.06, in the 9th
category) for censoring at five years. For cumulative number of
calls there was no trend across categories and little indication of
higher ORs in the 10th category of use (Table 2).

As mobile phone use varies by age, we examined age groups
<50 years at the reference date and 50-59 years separately, but
effect estimates were generally similar or, if different, not
consistently higher for either one of the two age groups. Effect
estimates were usually somewhat higher for men than women, but
their confidence intervals overlapped widely (data not shown).

The odds ratio for mainly ipsilateral regular use was 0.77 (CI
0.59-1.02), and that for mainly contralateral use 0.92 (C1 0.70-1.22),
when censoring at one year before reference date; the respective
odds ratios were 0.98 (CI 0.73-1.30) and 0.93 (CI 0.68-1.27) when
censoring at five years before reference date (Table 3). All odds ratios
for ipsilateral and contralateral use by time since first use and by
cumulative use were close to or below one with no trend, except
odds ratios in the highest categories of cumulative call time and
cumulative number of calls. In the highest category of cumulative
call time (>1640 h), the odds ratios, censored at one year, were 2.33
(CI 1.23-4.40) for ipsilateral use and 0.72 (CI 0.34-1.53) for
contralateral use and, censored at five years, 3.53 (CI 1.59-7.82)
foripsilateral use and 1.69 (CI 0.43-6.69) for contralateral use. These
patterns for cumulative number of calls were similar but the odds
ratios for ipsilateral use were weaker (Table 3).

The increased OR with >1640 h of mobile phone use shown in
Table 2, was present only for people who started mobile phone use
>10 years before the reference date (Table 4) and was limited to
ipsilateral users. For these long-term users, however, there were

much reduced ORs for intermediate categories of cumulative use
both overall (ORs of 0.28 (CI 0.09-0.86) and 0.39 (CI 0.20-0.74) in
the two intermediate categories) and for ipsilateral users (Table 4).
There were 16 cases (1.4%) and 22 controls (1.0%) who reported
5 h or more of mobile phone use per day, an implausible amount,
most of them contributing to the category of >1640h of
cumulative call time. While truncation of use hardly altered the
effect estimate for >1640h of use, the odds ratios decreased
somewhat when those subjects were excluded (Table 5; the small
differences in the ORs for the standard analyses compared to those
in Table 2 are due to combining deciles of intermediate categories).
We also conducted several sensitivity analyses to investigate
the influence of various study indicators on the relative risk
estimation, which had been defined in advance of the analyses [2].
Table B.1 shows the changes in the odds ratios of sub-group
analyses by manner of presentation of the study, by centres with
different participation rates, by indicators of interview quality and
by use of imputations for missing values for the highest category of
cumulative call time; no consistent patterns were detected.

4. Discussion

The INTERPHONE study provides the largest numbers of mobile
phone users with at least 10 years of exposure and the greatest self-
reported cumulative hours of use of any case-control study on the
subject to date. The odds ratios for any regular use were below one.
Odds ratios for the highest category of reported cumulative call time
were above one, but with no evidence of a preceding trend and with
the lowest OR in the 9th decile. In the highest cumulative use



Table 3
ORs for acoustic neuroma with mobile phone use according to side of use of mobile phones and in categories of regular use, time since start of use, cumulative call time and cumulative number of calls® - excludes use with hands-free
devices.

Exposure up to 1 year before reference date Exposure up to 5 years before reference date

Ipsilateral phone use Contralateral phone use Ipsilateral phone use Contralateral phone use

Cases Controls ORP (95% CI) Cases Controls ORP (95% CI) Cases Controls ORP (95% CI) Cases Controls OR (95% CI)
Regular use in the past
No 416 615 1.00 405 625 1.00 788 1399 1.00 770 1358 1.00
Yes 271 471 0.77 (0.59-1.02) 261 390 0.92 (0.70-1.22) 159 266 0.98 (0.73-1.30) 117 182 0.93 (0.68-1.27)
Time since start of use (years)
Never regular user 416 615 1.00 405 625 1.00 788 1399 1.00 770 1358 1.00
1-1.9 23 62 0.42 (0.22-0.81) 32 51 1.75 (0.90-3.42)
2-4 103 204 0.70 (0.49-1.00) 123 189 0.80 (0.56-1.13)
5-9 101 153 0.95 (0.64-1.41) 89 120 0.96 (0.64-1.43) 112 196 0.95 (0.69-1.30) 100 141 1.06 (0.75-1.49)
>10 44 52 1.18 (0.69-2.04) 17 30 0.69 (0.33-1.42) 47 70 1.05 (0.65-1.68) 17 41 0.58 (0.30-1.11)
Cumulative call time with no hands-free devices (h)“
Never regular user 416 615 1.00 405 625 1.00 788 1399 1.00 770 1358 1.00
<5 23 44 0.81 (0.43-1.52) 28 56 0.83 (0.44-1.56) 21 36 1.00 (0.52-1.92) 18 25 1.46 (0.71-3.02)
5.0-114.9 108 200 0.71 (0.50-1.00) 131 151 1.28 (0.90-1.83) 58 116 0.78 (0.51-1.18) 58 79 1.08 (0.69-1.71)
115-359.9 47 95 0.67 (0.40-1.12) 49 92 0.66 (0.41-1.07) 25 45 0.71 (0.39-1.29) 18 34 0.61 (0.30-1.24)
360-1639.9 46 86 0.51 (0.30-0.88) 37 65 0.67 (0.38-1.15) 28 47 1.01 (0.57-1.78) 17 39 0.58 (0.30-1.12)
>1640 47 46 2.33 (1.23-4.40) 16 26 0.72 (0.34-1.53) 27 22 3.53(1.59-7.82) 6 5 1.69 (0.43-6.69)
Cumulative number of calls with no hands-free devices (in hundreds)®
Never regular user 416 615 1.00 405 625 1.00 788 1399 1.00 770 1358 1.00
<1.5x 100 24 46 0.67 (0.35-1.28) 29 49 0.98 (0.52-1.84) 20 42 0.85 (0.44-1.65) 17 26 1.32 (0.62-2.81)
1.5-25.4 108 193 0.81 (0.57-1.14) 143 158 1.36 (0.96-1.93) 60 105 0.90 (0.59-1.35) 58 68 1.28 (0.81-2.02)
25.5-67.9 48 108 0.56 (0.34-0.90) 34 90 0.51 (0.31-0.86) 25 46 0.80 (0.45-1.44) 15 45 0.45 (0.22-0.89)
68-269.9 50 81 0.68 (0.40-1.13) 44 66 0.67 (0.39-1.14) 36 52 1.13 (0.67-1.92) 21 34 0.68 (0.35-1.33)
>270 41 43 1.67 (0.90-3.09) 11 27 0.52 (0.21-1.26) 18 21 2.00 (0.89-4.51) 6 9 1.40 (0.43-4.53)

2 The reference category consists of subjects who were not regular users 1 year (or 5 years) before the reference date. Because the main analyses in this paper use matched conditional logistic regression, all matched sets in which
the case and/or both controls were regular contralateral user are excluded from the ipsilateral analyses; similarly, sets in which the case and/or both controls were regular ipsilateral users were excluded from the contralateral
analyses. This explains the differences in the numbers of cases and controls in the reference category and the fact that the number of ipsilateral and contralateral regular user cases (and controls) does not add up to the total number
of regular users in the previous table.

b ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.

¢ Deciles of exposure used in Table 2 have been collapsed into six categories for these analyses: deciles 1, 2-5, 6-7, 8-9 and 10.
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Table 4

ORs for acoustic neuroma with mobile phone use according to side of use of mobile phones and in categories of cumulative call time, stratified by recency of starting regular

use - excludes use with hands-free devices.

Cumulative call time (h) Overall Ipsilateral use® Contralateral use®
Cases Controls ORP (95% CI) Cases Controls ORP (95% CI) Cases Controls ORP (95% CI)
Non-regular users 462 837 1.00 416 615 1.00 405 625 1.00
Short-term users: start of phone use 1-4 years before reference date
<5 54 130 0.81 (0.53-1.24) 21 39 0.71 (0.36-1.38) 26 51 0.84 (0.43-1.64)
5-114.9 198 387 0.92 (0.71-1.20) 72 155 0.62 (0.41-0.93) 95 112 1.23 (0.81-1.85)
115-359.9 57 126 0.74 (0.49-1.13) 23 43 0.59 (0.29-1.23) 22 48 0.60 (0.31-1.18)
360-1639.9 26 69 0.55 (0.29-1.03) 9 24 0.41 (0.14-1.18) 10 25 0.38 (0.13-1.07)
>1640 4 11 0.63 (0.14-2.80) 1 5 0.80 (0.05-13.03) 2 4 1.22 (0.18-8.45)
Medium-term users: start of phone use 5-9 years before reference date
<5 4 10 0.84 (0.21-3.40) 2 5 1.43 (0.20-10.23) 2 3 0.89 (0.09-8.57)
5-114.9 77 130 0.97 (0.67-1.41) 30 39 0.88 (0.45-1.70) 34 34 1.53 (0.84-2.79)
115-359.9 55 122 0.95 (0.62-1.45) 24 44 0.97 (0.49-1.94) 21 36 0.71 (0.35-1.47)
360-1639.9 64 123 0.74 (0.49-1.12) 27 41 0.68 (0.34-1.37) 22 34 0.79 (0.38-1.63)
>1640 36 59 1.05 (0.62-1.78) 18 24 1.64 (0.70-3.82) 10 13 0.78 (0.29-2.10)
Long-term users: start of phone use >10 years before reference date
<5 0 4 - 0 0 - 0 2 -
5-114.9 8 16 0.81 (0.30-2.14) 6 6 1.34 (0.34-5.30) 2 5 0.80 (0.14-4.64)
115-359.9 6 24 0.28 (0.09-0.86) 0 8 - 6 8 0.86 (0.22-3.29)
360-1639.9 17 60 0.39 (0.20-0.74) 10 21 0.37 (0.14-0.99) 5 6 1.04 (0.24-4.52)
>1640 37 37 1.93 (1.10-3.38) 28 17 3.74 (1.58-8.83) 4 9 0.48 (0.12-1.94)

2 Exposure was considered to be ipsilateral if the phone was used predominantly on the same side as the tumour or on both sides of the head, and contralateral if used

mainly on the side of the head opposite to the tumour.
b ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.

Table 5

ORs for acoustic neuroma with cumulative call time in the highest category of mobile phone use (1640 h and more) - overall and by laterality of use, excludes use with hands-

free devices.”

Exposure up to 1 year before reference date

Overall Ipsilateral phone use Contralateral phone use

Cases Controls ORP (95% CI) Cases Controls ORP (95% CI) Cases Controls OR (95% CI)
Standard analysis 77 107 1.30 (0.87-1.94) 47 46 2.33(1.23-4.40) 16 26 0.72 (0.34-1.53)
Truncation of excessive phone use to 5h/day 76 106 1.31(0.88-1.96) 47 46 2.33 (1.23-4.40) 15 26 0.68 (0.31-1.47)
Exclusion of subjects with use 5h/day or more 61 87 1.16 (0.75-1.80) 38 38 2.11 (1.06-4.20) 12 22 0.53 (0.22-1.25)

Exposure up to 5 years before reference date

Overall Ipsilateral phone use Contralateral phone use

Cases Controls ORP (95% CI) Cases Controls ORP (95% CI) Cases Controls ORP (95% CI)
Standard analysis 36 31 2.86 (1.55-5.28) 27 22 3.53(1.59-7.82) 6 5 1.69 (0.43-6.69)
Truncation of excessive phone use to 5h/day 36 30 3.03 (1.62-5.67) 27 21 3.92 (1.72-8.96) 6 5 1.69 (0.43-6.69)
Exclusion of subjects with use 5h/day or more 27 24 2.86 (1.39-5.92) 20 18 3.14 (1.25-7.84) 4 4 1.06 (0.19-6.11)

2 Deciles of exposure used in Table 2 have been collapsed into six categories for these analyses: deciles 1, 2-5, 6-7, 8-9 and 10; the small difference in the OR of the standard
analysis compared to Table 2 are due to the collapsing of deciles of intermediate categories

b ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.

category, odds ratios were higher with reported ipsilateral use than
with reported contralateral use, although the confidence intervals
overlapped and ORs were below unity in some of the intermediate
exposure categories. The results for AN were broadly similar to those
of published INTERPHONE analyses of meningioma and glioma [3].

A number of previous publications on mobile phone use and AN
included cases (70%) in the present multicentre analysis, namely
those from Denmark [12], Sweden [13], Japan [14], Germany [15],
France [16], and the Nordic countries and UK together [17]; none of
these results were dissimilar to the present findings. In a Danish
nationwide cohort study of mobile phone subscribers a risk
estimate below unity (SIR 0.88 CI 0.52-1.48) was observed in
subscribers of 11+ years compared to short-term or never
subscribers, which is compatible with our overall estimate of
0.85 [27]. Two hospital-based case-control studies from the US
conducted in the late 1990s had very small numbers of long-term
users; their effect estimates were 1.9 (CI 0.6-5.9) for >5 years of

use [20] and 1.7 (CI1 0.5-5.1) for 3-6 years of use [21], higher than
in the present study but with wide confidence intervals and hence
not incompatible with our estimates. One early study from
Sweden found no increased risk of acoustic neuroma related to
self-reported mobile phone use, although based on the small
numbers [22]. However, two subsequent case-control studies by
the same investigators, not overlapping with INTERPHONE, found
arelatively strong association between mobile phone use and AN,
with pooled odds ratios of 2.3 (CI 1.2-4.1) for analogue phone use
with 1-5 years latency, 3.4 (CI 2.1-5.5) with >5-10 years, and 3.1
(CI1.7-5.7) with >10 years [23,24]. Araised risk for digital phone
use was also observed, with an odds ratio of 1.5 (CI 1.1-2.1), with
>1 year latency. These results are not compatible with our
findings. Results by cumulative use were reported by both studies
from the US, but use levels were quite low, >100 h [20] and >60 h
[21], and no consistent increases in risk were found. The two
Swedish studies found considerable risk increases also for quite
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low levels of use; pooled risk estimates were 2.5 (CI 1.6-4.0) and
3.6 (CI 2.2-5.8) for 1-85h and >85h of cumulative use of
analogue phones,and 1.5 (CI1.01-2.2)and 1.5 (C10.99-2.3) for 1-
64 h and >64 h of cumulative use of digital phones [24]. These
apparently large increases in risk with even low mobile phone use
are not compatible with the present INTERPHONE results. A recent
case-case study in Japan, including 787 AN cases investigating
laterality of mobile phone use, reported risk ratios of 1.08 (CI
0.93-1.28) for regular mobile phone use at one year prior to
diagnosis and 1.14 (CI 0.96-1.40) at five years prior to diagnosis
[25]. The authors reported a significantly increased risk for self-
reported mobile phone use for >20 min/day on average, though
biases may explain these findings.

Several issues of importance to interpretation of our analyses of
glioma and meningioma also apply to our AN analyses [3].
Selection bias occurs if the cases or the controls in a case-control
study are not representative with respect to exposure of all eligible
cases or all eligible controls in the relevant population. AN cases
were recruited mainly through neurosurgical or otorhinolaryngo-
logical clinics within the study area; under-ascertainment might
occur due to diagnosis and treatment outside the study area,
diagnosis and treatment in non-participating clinics in the study
area, or failure to identify tumours that had been diagnosed but not
treated because they were small. It seems unlikely that mobile
phone use would be associated with place of diagnosis or
treatment, especially since in most countries the study was
restricted to metropolitan areas. Mobile phone use, however,
might lead to earlier diagnosis (due to presentation with difficulty
hearing mobile phone conversations) which could over-represen-
tation of mobile phone users among cases. This effect, however,
would probably be reduced in analyses in which exposure was
censored at five years before the reference date.

The lower response proportion among controls compared to
cases is of concern, especially since INTERPHONE’s analyses of non-
responder questionnaires indicated that regular users of mobile
phones were more likely to participate than non-regular users [28].
We estimated, in the most plausible scenarios, that non-
participation bias might have led to a reduction in the odds ratios
for regular use of 5-15% [28], which could explain the 15%
reduction in the overall effect estimate shown in Table 2.

Information bias is another concern, as INTERPHONE validation
studies have shown substantial error in recall of past mobile phone
use [29-31]. The observed errors could lead to underestimation of
a true association or generate a spurious, or a spuriously strong,
association, and we cannot readily ascertain where the overall
impact of these errors lies. A generally large non-differential
random error, as observed for healthy volunteers using software-
modified phones (recording number and times of calls), would
tend to weaken an association, if there was one [29]. Light users
tended to under-estimate mobile phone use and heavy users
overestimated it [30], which could lead to over-estimation of the
strength of an association, if there was one [32]. Finally, greater
over-estimation of more distant past use by cases than controls
could produce a spurious positive association, particularly with
higher accumulated use [30]. The preferred side of the head during
mobile phone use may be inaccurately recalled and it might have
been affected by early symptoms of a then undiagnosed AN. We did
not specify a particular time of use when asking about the
preferred side of use and thus cannot address possible effects of
changes in preference.

Bias might also arise because controls were on average
interviewed 320 days after the reference date, compared with
171 days for cases. This difference could affect reporting. However
an analysis confined to matched sets with less than one month
between the case and control interviews estimated ORs that were
similar to the overall ORs (Table B.1).

Prodromal symptoms of an AN might have an important effect
on the exposure of cases. Specifically, they might discourage
affected people from becoming mobile phone users, reduce their
use in the period before diagnosis, or lead to change in the
preferred ear of use; particularly as unilateral hearing loss is a
common early symptom [33]. In addition to censoring exposure at
one year before the reference date we also censored it at five years
in secondary analyses, which could reduce the effect of prodromal
symptoms on the associations we studied. Censoring at five years
before the reference date did not greatly change any patterns that
were evident with censoring at one year.

Confounding is always a concern in epidemiological studies, but
little is known of the causes of AN [34]. Neurofibromatosis type I, a
rare hereditary disorder, is associated with a very high risk of AN,
but only 10 cases reported having this disorder and exclusion of
those subjects did not alter the results. Loud noise is thought to be
a risk factor, but studies are inconsistent [15,35-38], and
adjustment for this exposure did not alter our results. Neither
did exclusion of cases and controls exposed to therapeutic doses of
ionizing radiation. High socioeconomic status has been shown to
be related to a higher incidence of AN in two recent studies [39,40],
but adjustment for this factor had little impact on our results (data
not shown).

As in our brain tumour analyses [3], we carried out additional
analyses to assess the possible impact of various sources of error on
effect estimates. More odds ratios were below one than above one,
a pattern that could be due to selection bias among controls [28].
We therefore conducted an analysis restricted to regular users of
mobile phones, the advantages and disadvantages of which have
been discussed in Appendix 2 of our report on brain tumours [3]. It
produced uniformly higher exposure-category-specific odds ratios
(Table B.2), some of which were above one, but it did not show
more evidence of a trend towards increasing risk with increasing
mobile phone use than the original analysis (Table 2). We also
examined the sensitivity of the effect estimate for the highest use
category to implausible values for the amount of reported mobile
phone use (Table 5). Truncation of implausible values to an
assumed upper limit of plausibility (5 h use per day) had little
impact on the effect estimate but exclusion of subjects with
implausible values reduced it. Thus, the apparently somewhat
increased risk of AN in those with heavy mobile phone use is
influenced by implausible values. However, if these values reflect
truly heavy use, even if not as high as stated, their exclusion would
reduce an increased odds ratio for heavy use, if there truly was one.

In conclusion, we did not observe an increase in risk of AN with
ever regular use of a mobile phone or in mobile phone users who
began use 10 years or more before the reference date. Further, we
did not see any trend in AN risk with increasing cumulative use;
the lowest OR was in the 9th decile of cumulative call time. There
was an increased odds ratio for those with heavy (1640 h or more)
cumulative call time, particularly in long-term users and in those
who reported use of a mobile phone on the same side of their head
as the tumour occurred. This increase could be due to chance,
reporting bias or a causal effect. It is possible too that the interval
between introduction of mobile phones and occurrence of the
tumour we studied was too short to observe an effect, if there is
one, as acoustic neuroma is usually a slowly growing tumour.
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Appendix B

Table B.1
Results of sensitivity analyses on odds ratios between mobile phone use and acoustic neuroma for the highest decile of cumulative call time, covering possible indicators of
sample representativeness and response quality.

Factors included in sensitivity analyses Exposure up to 1 year before reference date Exposure up to 5 years before reference date
Cases Controls OR? (95% CI) Cases Controls OR? (95% CI)

Main analysis (baseline for comparison) 77 107 1.32 (0.88-1.97) 36 31 2.79 (1.51-5.16)

Presentation of the study”

Explicit mention of mobile phones 49 60 1.63 (1.00-2.67) 23 19 2.63 (1.25-5.55)

Mobile phones mentioned, but not stressed 22 33 0.95 (0.41-2.21) 12 11 3.95 (1.19-13.06)

No mention of mobile phones 6 14 0.60 (0.12-2.94) 1 1 0.14 (0.0-37.72)

Participation rates

Study centres with control participation rates < 60% 48 64 1.34 (0.79-2.27) 25 20 3.16 (1.48-6.77)

Study centres with control participation rates >60% 29 43 1.39 (0.74-2.63) 11 11 2.38 (0.81-7.02)

Interview characteristics

Excluding proxy interviews 77 107 1.33 (0.89-1.98) 36 31 2.78 (1.51-5.15)

Excluding telephone interviews 74 102 1.26 (0.83-1.90) 34 31 2.36 (1.27-4.38)

With interviewers conducting at least 20 interviews only 70 96 1.33 (0.87-2.03) 33 27 3.03 (1.59-5.80)

Interviewers’ workloads had similar numbers of 65 84 1.34 (0.86-2.08) 31 28 2.53 (1.33-4.80)
cases and controls ©

Control interviews within 1 month of case interview 25 17 1.52 (0.69-3.36) 10 3 4.16 (1.01-17.08)

Interviewer judgement of responsiveness of study subjects?

Excluding non-responsive study subjects or subjects 69 86 1.39 (0.90-2.15) 33 25 3.16 (1.57-6.37)

with poor memory
Use of imputation and ranges®

Excluding responses with imputed items 63 77 1.40 (0.90-2.18) 28 21 249 (1.20-5.18)
Using minimum rather than median when range given 64 73 1.68 (1.07-2.63) 26 19 3.62 (1.68-7.78)
Using maximum rather than median when range given 96 133 1.15 (0.79-1.68) 41 48 1.65 (0.99-2.77)

2 ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.

" Indicates whether mobile phones as purpose of the investigation were mentioned in the invitation letters to cases and controls.

¢ Included only interviewers’ whose case/control interview ratio was between 1/6 and 5/6.

d Restricted to study subjects who the interviewers judged to be fairly or very cooperative and responsive and who were judged to remember fairly well, well or very well
both their current and past mobile phone use history; after an interview had been completed the interviewer recorded his or her impression of the reliability of information on
a 5-point scale, overall and for each specific section [2].

¢ Indicates how missing values of amount of mobile phone use were treated in the calculation of cumulative call time

Table B.2
ORs between mobile phone use and acoustic neuroma tumours by regular use, time since start of use, cumulative call time and cumulative number of calls - excludes use with
hands-free devices - overall and only regular user; censored at one year before reference date.

Overall Only regular users

Cases Controls OR? (95% CI) Cases Controls OR? (95% CI)
Time since start of use (years)
Never regular user 462 837 1.00
1-1.9 63 169 0.73 (0.49-1.09) 51 93 1.00
2-4 276 554 0.87 (0.69-1.10) 225 330 1.41 (0.82-2.40)
5-9 236 444 0.90 (0.69-1.16) 209 300 1.38 (0.80-2.39)
>10 68 141 0.76 (0.52-1.11) 64 106 1.08 (0.58-2.04)
Cumulative call time with no hands-free devices (h)®
Never regular user 462 837 1.00
<5 58 144 0.77 (0.52-1.16) 43 81 1.00
5.0-114.9 283 533 0.93 (0.74-1.19) 232 317 1.12 (0.66-1.93)
115-359.9 118 272 0.77 (0.56-1.05) 103 184 0.92 (0.52-1.62)
360-1639.9 107 252 0.61 (0.44-0.85) 929 178 0.74 (0.41-1.34)
>1640 77 107 1.30 (0.87-1.94) 72 69 1.74 (0.90-3.36)
Cumulative number of calls with no hands-free devices (in hundreds)”
Never regular user 462 837 1.00
<1.5x100 59 135 0.76 (0.51-1.14) 46 71 1.00
1.5-25.4 299 542 1.02 (0.81-1.29) 243 337 1.20 (0.71-2.03)
25.5-67.9 105 270 0.68 (0.50-0.94) 90 165 0.86 (0.48-1.54)
68-269.9 118 248 0.65 (0.47-0.90) 111 172 0.87 (0.49-1.54)
>270 62 113 0.92 (0.61-1.39) 59 84 1.01 (0.53-1.95)

2 ORs adjusted for sex, age, study centre, ethnicity in Israel, and education.
P Deciles of exposure used in Table 2 have been collapsed into six categories for these analyses: deciles 1, 2-5, 6-7, 8-9 and 10.
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