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bstract

We performed two case–control studies on brain tumours diagnosed during 1 January 1997 to 30 June 2000 and 1 July 2000 to 31 December
003, respectively. Living cases and controls aged 20–80 years were included. An additional study was performed on deceased cases with a
alignant brain tumour using deceased controls. Pooled results for glioma yielded for ipsilateral use of mobile phone odds ratio (OR) = 2.9,

5% confidence interval (CI) = 1.8–4.7 in the >10 years latency group. The corresponding result for cordless phone was OR = 3.8, 95%
I = 1.8–8.1. OR increased statistically significant for cumulative use of wireless phones per 100 h and per year of latency. For high-grade
lioma ipsilateral use of mobile phone gave OR = 3.9, 95% CI = 2.3–6.6 and cordless phone OR = 5.5, 95% CI = 2.3–13 in the >10 years
atency group. Heredity for brain tumour gave OR = 3.4, 95% CI = 2.1–5.5 for glioma. There was no interaction with use of wireless phones.
-ray investigation of the head gave overall OR = 1.3, 95% CI = 1.1–1.7 for glioma without interaction with use of wireless phones or heredity.
n conclusion use of mobile and cordless phone increased the risk for glioma with highest OR for ipsilateral use, latency >10 years and third
ertile of cumulative use in hours. In total, the risk was highest in the age group <20 years for first use of a wireless phone.

 2012 Elsevier Ireland Ltd. All rights reserved.
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.  Introduction

The use of mobile phones has increased rapidly especially
uring the last decade. Worldwide, an estimate of 5.9 billion
obile phone subscriptions has been reported at the end

f 2011 by the International Telecommunication Union
ITU; http://www.itu.int/ITU-D/ict/facts/2011/material/
CTFactsFigures2011.pdf).

In Sweden analogue mobile phones (NMT; Nordic Mobile
elephone System) were introduced in the early 1980s and
losed down in 2007. The digital phones (GSM; Global
ystem for Mobile Communication) started in the early
990s. Nowadays mobile phones are used more than landline
hones in Sweden (http://www.pts.se/upload/Rapporter/
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

ele/2011/sv-telemarknad-halvar-2011-pts-er-2011–21.
df). Another type of wireless phone is cordless desktop
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hones, e.g., Digital Enhanced Cordless Telecommunication
DECT), used instead of fixed landline phones.

During use of wireless phones radiofrequency electromag-
etic fields (RF-EMF) are emitted. The brain is the major
arget organ for near-field exposure during handheld use.
hus, fear of an increased risk for brain tumours from RF
elds emitted from mobile phones has dominated the debate
uring the last decade.

More than a decade ago we published results from our
rst case–control study on brain tumours diagnosed during
994–1996 and use of mobile phones [1]. Overall we did not
nd an association, but there was some indication of increased
isk in the most exposed part of the brain [2]. The results were
ased on rather low numbers of exposed subjects and different
ypes of brain tumours. However, these findings stimulated
s to continue this research area with a larger number of
ases diagnosed during 1997–2003 including cases with both
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

enign and malignant brain tumour.
Several reviews on this research area have been published

ince before [3–7]. Furthermore, International Agency for
esearch on Cancer (IARC) concluded on May 31, 2011 that
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 M. Carlberg, L. Hardell / Pa

xposure to RF-EMF emissions is a possible human carcino-
en, Group 2B [8]. This decision was in large part based on
he Hardell group studies and the IARC Interphone study
9,10], but also on occupational studies. The full text with

 comprehensive review will be published as a Monograph
11].

The aim of this article is to give an overview of our
esults regarding glioma for the study period 1997–2003 with
ome further analyses of other risk factors. The studies were
pproved by the ethical committees.

. Materials  and  methods

First, cases diagnosed during 1 January 1997 to 30 June
000 were included. These results were published separately
12,13]. This was followed by the next study period, 1 July
000 to 31 December 2003 [14]. The methods were the same
ncluding the same inclusion criteria and an identical ques-
ionnaire in both studies. However, the geographical area
iffered somewhat during these two study periods, see the
ublications for further details.

All cases were reported to a cancer registry and had
istopathological verification of tumour diagnosis. Both men
nd women aged 20–80 years at the time of diagnosis were
ncluded and all were alive at the time of inclusion in the study.

atched controls were identified from the Swedish Popu-
ation Registry. The study included use of wireless phones
mobile and cordless phones), as well as asking questions
n e.g., occupational exposures. Use of wireless phones was
arefully assessed by a self-administered questionnaire. The
nformation was supplemented over the phone. The ear that
ad mostly been used during calls with mobile phone and/or
ordless phone was assessed by separate questions; >50% of
he time for one side, or equally for both sides. This infor-

ation was checked during the supplementary phone calls.
oreover every person that had used a mobile phone received

fter that a letter asking them again to specify the ear that had
een used during phone calls and to what extent that side of
he head was mostly used. There was a very good agreement
or the result using these three methods to assess these data.

Tumour localisation for the cases was defined by using
edical records including computer tomography (CT) and/or
agnetic resonance imaging (MRI). The matched control
as assigned the same side as the tumour of the respective

ase. Use of the wireless phone was defined as ipsilateral
≥50% of the time), or contralateral (<50% of the time) in
elation to tumour side. In the calculation of cumulative hours
f use over the years we used information on time period
years of use) and average number of minutes per day during
hat period. Use in a car with external antenna was disre-
arded as well as use of a handsfree device. We adopted a
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

inimum latency period of one year, i.e. exposure ≤1 year
efore diagnosis was disregarded (corresponding time for the
atched control). Hence, we could define latency period and

umulative use for the different phone types.
f
(

siology xxx (2012) xxx–xxx

The questionnaire contained also a number of other ques-
ions on e.g., occupations, exposure to different agents,
moking habits, medical history including hereditary risk fac-
ors, and exposure to ionising radiation. Also these questions
ere supplemented over the phone by the interviewer at the

ame time as regarding use of wireless phones. A structured
rotocol was used also for these questions.

In a review commissioned by the former Swedish Radia-
ion Protection Agency (now called the Swedish Radiation
afety Authority) it was suggested that the exclusion of
eceased cases was a source of bias in our studies [15]. The
cientific reason for this suggestion was not given.

As a response to that critique we performed a study on
he cases with a malignant brain tumour who had died before
nclusion in the case–control studies 1997–2003. These cases
epresented patients with a poor prognosis, mostly with astro-
ytoma grade IV tumour. Controls were selected from the
eath Registry in Sweden.
Two groups of controls were included, one group con-

isted of controls that had died from other types of malignant
iseases than brain tumour and one group of controls that had
ied from other diseases than cancer. Relatives to both cases
nd controls were identified through the Swedish Population
egistry at the Swedish Tax Agency. The study encompassed
64 cases and 464 controls that had died from a malignant
isease and 463 controls with other causes of death. Exposure
as assessed by a questionnaire sent to the next of kin to each
eceased case and control. The questionnaire was similar as
n previous studies.

This investigation confirmed the previous results of an
ssociation between mobile phones and malignant brain
umours [16]. It was concluded that the critique made by
oice and McLaughlin [15] was scientifically unfounded.

Use of wireless phones is widespread among children and
dolescents [17,18]. This has given concern of an especially
igh risk for brain tumours in young users. Children’s brain
bsorbs higher radiation from RF-EMF emissions than adults
19,20]. This is due to the smaller head, thinner skull bone
nd higher conductivity of the brain tissue. The developing
rain is more sensitive to toxins [21] and it has been shown
hat the brain is developing until the age of about 20 years
22]. Previously, we found that the brain tumour risk was
ighest in the youngest age group at diagnosis, 20–29 years
23], which warrants further analyses.

In the following we give an overview of the results regard-
ng use of wireless phones for the study period 1997–2003
16,24,25], but also results on X-ray investigations, heredity
nd potential interaction with use of wireless phones. We give
lso results based on age at first use of a mobile or a cordless
hone.

.1. Statistical  methods
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

All analyses were done using StataSE 10.1 (Stata/SE 10.1
or Windows; StataCorp., College Station TX). Odds ratios
OR) and 95% confidence interval (CI) were calculated using

dx.doi.org/10.1016/j.pathophys.2012.07.001
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Table 1
Odds ratio (OR) and 95% confidence interval (CI) for glioma and use of wireless phones [16,24,26]. Numbers of exposed cases (Ca) and controls (Co) are
given. Adjustment was made for vital status, age, gender, SEI-code and year of diagnosis.

>1–5 year latency >5–10 year latency >10 year latency Total, >1 year latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI

Glioma (n = 1148)
Wireless phone
Study 1997–2000 (living) 159/441 1.0, 0.8–1.3 107/221 1.3, 0.98–1.7 33/51 1.6, 0.97–2.5 299/713 1.1, 0.9–1.4
Study 2000–2003 (living) 73/214 1.4, 0.9–2.1 92/163 2.0, 1.4–3.1 74/82 2.9, 1.9–4.7 239/459 1.9, 1.3–2.7
Study 1997–2003 (deceased) 39/42 1.0, 0.6–1.6 50/37 1.4, 0.8–2.3 43/16 2.7, 1.4–5.3 132/95 1.4, 0.95–2.0
Studies 1997–2003 (all) 271/697 1.0, 0.9–1.3 249/421 1.4, 1.2–1.8 150/149 2.1, 1.6–2.8 670/1267 1.3, 1.1–1.5

Mobile phone
Study 1997–2000 (living) 148/358 1.1, 0.9–1.5 58/142 1.1, 0.8–1.5 31/44 1.7, 1.04–2.8 237/544 1.2, 0.9–1.5
Study 2000–2003 (living) 70/183 1.4, 0.9–2.2 68/118 1.9, 1.2–3.0 57/55 3.2, 1.9–5.3 195/356 1.9, 1.3–2.7
Study 1997–2003 (deceased) 32/30 1.1, 0.6–1.9 30/26 1.2, 0.6–2.2 35/7 5.2, 2.1–13 97/63 1.5, 0.97–2.3
Studies 1997–2003 (all) 250/571 1.1, 0.9–1.4 156/286 1.3, 0.99–1.6 123/106 2.5, 1.8–3.3 529/963 1.3, 1.1–1.6

Ipsilateral (living) 141/205 1.7, 1.3–2.2 81/124 1.6, 1.1–2.3 57/45 2.9, 1.8–4.7 279/374 1.8, 1.4–2.3
Contralateral (living) 63/192 0.8, 0.6–1.2 40/87 1.1, 0.7–1.6 29/29 2.4, 1.4–4.4 132/308 1.0, 0.8–1.3

Cordless phone
Study 1997–2000 (living) 97/267 1.0, 0.7–1.3 64/119 1.5, 1.03–2.1 3/10 0.7, 0.2–2.6 164/396 1.1, 0.9–1.5
Study 2000–2003 (living) 80/170 1.9, 1.2–2.9 52/100 2.0, 1.2–3.2 29/35 2.9, 1.6–5.3 161/305 2.0, 1.4–3.0
Study 1997–2003 (deceased) 28/26 1.1, 0.6–2.1 36/25 1.5, 0.8–2.7 13/10 1.2, 0.5–2.9 77/61 1.3, 0.8–2.0
Studies 1997–2003 (all) 205/463 1.2, 0.9–1.5 152/244 1.5, 1.2–1.9 45/55 1.7, 1.1–2.6 402/762 1.3, 1.1–1.6
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Ipsilateral (living) 106/188 1.4, 1.1–1.9 74/106 

Contralateral (living) 61/142 1.0, 0.7–1.5 37/73 

nconditional logistic regression analysis. The unexposed
ategory consisted of subjects that reported no use of mobile
r cordless phones, or latency period ≤1 year. Adjustment
as made for vital status, sex, age (as a continuous variable),

ocio-economic index (SEI) and year of diagnosis. The same
ear as for the case was used for the corresponding control.
ote, that laterality of the tumour was not available for all

ases, e.g., midline tumours or tumours in both hemispheres.
aterality analysis was not made for the group of wireless
hone use since it could differ for mobile phone and cord-
ess phone for the same person. Only living cases and controls
ere included in these analyses since laterality use of wireless
hones was not assessed in the study on deceased cases and
ontrols [16]. Other results than use of wireless phones were
ased on questionnaire data for living cases and controls.

. Results

The results on use of wireless phones were based on
251 cases with malignant brain tumour (response rate 85%)
nd 2438 controls (response rate 84%). The corresponding
esponse rates for only living subjects were 90% and 89%,
espectively.

.1. Glioma
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

Most cases had glioma (n  = 1148) so we present in the
ollowing results for that type of tumour. Results for other
alignant brain tumours can be found in another publica-

ion [26]. Latency was divided in three categories, >1–5

<
o
C

 1.3–2.6 20/15 3.8, 1.8–8.1 200/309 1.6, 1.2–2.1
 0.9–2.1 11/20 1.5, 0.7–3.3 109/235 1.2, 0.9–1.6

ears, >5–10 years, and >10 years from first use of a wire-
ess phone until diagnosis of glioma. Both use of mobile and
ordless phone gave an increased risk overall, highest in the
atency group >10 years, increasing further for ipsilateral use;

obile phone OR = 2.9, 95% CI = 1.8–4.7 and cordless phone
R = 3.8, 95% CI = 1.8–8.1. Highest ORs were found in the
10 year latency group for total wireless phone use as well
see Table 1).

OR increased statistically significant for cumulative use
f wireless phones per 100 h and latency time (see Table 2).
umulative use of wireless phones yielded highest risk in the

hird tertile (>426 h) with OR 1.5, 95% CI 1.2–1.9. Similar
esults were found for mobile phone and cordless phone use.

It is common that both mobile and cordless phones are
sed by the same person. In Table 3 results are shown for
ubjects with use of both phone types, mobile phone only,
nd cordless phone only. No statistically significant risk
as found in the shortest latency period. For only use of
obile phone OR increased with latency yielding for >10

ear latency OR = 2.6, 95% CI = 1.7–4.1. For only cordless
hone use highest risk was obtained in the >5–10 year latency
ime; OR = 1.9, 95% CI = 1.3–2.9. However, the calculations
n the longest latency period were based on few subjects
egarding cordless phone.

.2.  Age-dependent  risk
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

We used three age groups for first use of a wireless phone;
20 years, 20–49 years and 50–80 years. For glioma first use
f a wireless phone <20 years of age gave OR = 2.3, 95%
I = 1.3–4.3 (Table 4). A similar pattern of increased risk in

dx.doi.org/10.1016/j.pathophys.2012.07.001
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Table 2
Odds ratio (OR) and 95% confidence interval (CI) for glioma and cumulative lifetime use in hours (tertiles), per 100 h cumulative use and per year of latency
of mobile and cordless phones [26]. Numbers of exposed cases (Ca) and controls (Co) are given in tertiles. Adjustment was made for vital status, age, gender,
SEI-code and year of diagnosis.

First tertile (h) Second tertile (h) Third tertile (h) Per 100 h cumulative use Per year of latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI OR, CI OR, CI

Glioma (n = 1148)
Wireless phone 183/426 1.2, 0.9–1.4 202/425 1.2, 0.97–1.5 285/416 1.5, 1.2–1.9 1.014, 1.008–1.019 1.056, 1.037–1.075
Mobile phone 152/322 1.3, 1.05–1.7 156/333 1.2, 0.9–1.5 221/308 1.5, 1.2–1.9 1.023, 1.013–1.034 1.060, 1.039–1.082
Cordless phone 116/271 1.1, 0.9–1.5 111/241 1.2, 0.9–1.6 175/250 1.6, 1.3–2.1 1.012, 1.004–1.019 1.049, 1.023–1.075

Wireless phone: first tertile 1–91 h; second tertile 92–426 h; third tertile >426 h.
Mobile phone: first tertile 1–36 h; second tertile 37–183 h; third tertile >183 h.
Cordless phone: first tertile 1–122 h; second tertile 123–456 h; third tertile >456 h.

Table 3
Odds ratio (OR) and 95% confidence interval (CI) for glioma and use of different combinations of wireless phones [26]. Numbers of exposed cases (Ca) and
controls (Co) are given. Adjustment was made for vital status, age, gender, SEI-code and year of diagnosis.

>1–5 year latency >5–10 year latency >10 year latency Total, >1 year latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI

Glioma (n = 1148)
Both mobile and cordless phone 52/153 0.9, 0.6–1.3 118/213 1.4, 1.05–1.8 91/92 2.2, 1.6–3.1 261/458 1.4, 1.1–1.7
Mobile phone only 142/328 1.2, 0.9–1.5 76/135 1.4, 0.98–1.9 50/42 2.6, 1.7–4.1 268/505 1.3, 1.1–1.6
C 1
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ordless phone only 77/216 1.0, 0.8–1.4 55/73 

he <20 years group was also found for mobile and cordless
hone use.

.3. Astrocytoma

Astrocytoma is the most common type of glioma. The
everity of the disease is depending on grade; grades I–II
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

re grouped as low-grade and grades III–IV as high-grade
strocytoma. Results for low-grade glioma are presented in
able 5. OR increased with latency, though the results for

able 4
dds ratio (OR) and 95% confidence interval (CI) for glioma in different age
roups for first use of the wireless phone [16,24,26]. Numbers of exposed
ases (Ca) and controls (Co) are given. Adjustment was made for vital status,
ge, gender, SEI-code and year of diagnosis.

Glioma (n = 1148)

Ca/Co OR, CI

ireless phone 670/1267 1.3, 1.1–1.5
20 years old 25/27 2.3, 1.3–4.3
0–49 years old 377/746 1.3, 1.1–1.6
50 years old 268/494 1.3, 1.1–1.6

obile phone 529/963 1.3, 1.1–1.6
20 years old 17/14 3.1, 1.4–6.7
0–49 years old 315/581 1.4, 1.1–1.7
50 years old 197/368 1.3, 1.01–1.6

ordless phone 402/762 1.3, 1.1–1.6
20 years old 16/16 2.6, 1.2–5.5
0–49 years old 206/437 1.2, 0.9–1.5
50 years old 180/309 1.4, 1.1–1.7
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.9, 1.3–2.9 9/15 1.2, 0.5–2.9 141/304 1.3, 0.99–1.6

atency >10 years were based on low numbers. Overall ipsi-
ateral use of mobile phone gave OR = 1.8, 95% CI = 1.02–3.1
nd cordless phone OR = 1.7, 95% CI = 0.98–3.1.

Third tertile of cumulative use of wireless phones gave
R = 1.7 of borderline statistical significance (Table 6). Also

he ORs per 100 h cumulative use and year of latency were
f borderline statistical significance. In Table 7 results are
resented for use of both mobile and cordless phones for
he subject as well as mobile phone or cordless phone only.
ncreased ORs were found but based on low numbers.

The most common type of astrocytoma is the high-grade
ype. Clearly we found increased risk for use of both mobile
nd cordless phones increasing with latency period (Table 8).
lso in the shortest latency group, >1–5 years, ipsilat-

ral use of mobile phone yielded increased risk, OR = 1.8,
5% CI = 1.3–2.6 and cordless phone use OR = 1.6, 95%
I = 1.1–2.3. No increased risk was found for contralateral
se in that latency group. Highest risk was found in the
10 years latency group for ipsilateral use; mobile phone
R = 3.9, 95% CI = 2.3–6.6 and cordless phone OR = 5.5,
5% CI = 2.3–13. Contralateral use in the latency groups
5–10 years and >10 years gave increased ORs, although
ith lower point estimates than for ipsilateral use.
ORs for use of both mobile and cordless phones increased

ith cumulative number of hours in tertiles with highest risk
n the third tertile, OR = 1.8, 95% CI = 1.4–2.4 (Table 9). OR
ncreased statistically significant per 100 h of cumulative use
nd year of latency for wireless phones and also mobile and
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

ordless phones separately.
In Table 10 results are displayed for use of mobile or cord-

ess phones only, and use of both phone types. Both phone

dx.doi.org/10.1016/j.pathophys.2012.07.001
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Table 5
Odds ratio (OR) and 95% confidence interval (CI) for low-grade (I-II) astrocytoma and use of wireless phones [16,24,26]. Numbers of exposed cases (Ca) and
controls (Co) are given. Adjustment was made for vital status, age, gender, SEI-code and year of diagnosis.

>1–5 year latency >5–10 year latency >10 year latency Total, >1 year latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI

Astrocytoma, low-grade (n = 132)
Wireless phone
Study 1997–2000 (living) 27/441 1.2, 0.7–2.0 19/221 1.8, 0.96–3.4 5/51 1.9, 0.7–5.3 51/713 1.4, 0.8–2.3
Study 2000–2003 (living) 18/214 1.6, 0.6–4.3 13/163 1.4, 0.5–4.0 6/82 1.6, 0.5–5.4 37/459 1.5, 0.6–3.8
Study 1997–2003 (deceased) 0/42 – 3/37 3.0, 0.5–17 1/16 1.9, 0.1–24 4/95 1.5, 0.3–7.6
Studies 1997–2003 (all) 45/697 1.2, 0.8–2.0 35/421 1.6, 0.99–2.7 12/149 1.7, 0.8–3.4 92/1267 1.4, 0.9–2.1

Mobile phone
Study 1997–2000 (living) 28/358 1.4, 0.8–2.5 8/142 1.2, 0.5–2.9 4/44 1.9, 0.6–5.9 40/544 1.4, 0.8–2.4
Study 2000–2003 (living) 14/183 1.4, 0.5–4.2 8/118 1.1, 0.3–3.9 3/55 1.4, 0.3–6.4 25/356 1.3, 0.5–3.7
Study 1997–2003 (deceased) 0/30 – 2/26 2.1, 0.3–15 1/7 3.1, 0.2–46 3/63 1.2, 0.2–6.7
Studies 1997–2003 (all) 42/571 1.4, 0.8–2.2 18/286 1.3, 0.7–2.4 8/106 1.7, 0.7–4.0 68/963 1.4, 0.9–2.2

Ipsilateral (living) 24/205 2.0, 1.1–3.6 12/124 1.6, 0.7–3.7 3/45 1.1, 0.3–4.1 39/374 1.8, 1.02–3.1
Contralateral (living) 11/192 1.0, 0.5–2.2 3/87 0.5, 0.1–1.8 4/29 2.1, 0.6–7.6 18/308 1.0, 0.5–1.9

Cordless phone
Study 1997–2000 (living) 15/267 1.1, 0.5–2.1 12/119 2.0, 0.98–4.3 2/10 2.0, 0.3–11 29/396 1.4, 0.8–2.5
Study 2000–2003 (living) 16/170 1.5, 0.5–4.2 8/100 1.3, 0.4–4.1 3/35 1.3, 0.3–5.9 27/305 1.4, 0.5–3.7
Study 1997–2003 (deceased) 1/26 1.4, 0.1–15 1/25 1.0, 0.1–13 0/10 – 2/61 1.0, 0.1–6.9
Studies 1997–2003 (all) 32/463 1.2, 0.7–2.1 21/244 1.6, 0.9–2.8 5/55 1.4, 0.5–3.9 58/762 1.3, 0.8–2.1

Ipsilateral (living) 15/188 1.4, 0.7–2.8 15/106 2.4, 1.2–5.1 4/15 3.2, 0.7–13 34/309 1.7, 0.98–3.1
Contralateral (living) 14/142 1.2, 0.6–2.6 4/73 1.1, 0.3–3.3 0/20 – 18/235 1.1, 0.5–2.1

Table 6
Odds ratio (OR) and 95% confidence interval (CI) for low-grade (I-II) astrocytoma and cumulative lifetime use in hours (tertiles), per 100 h cumulative use and
per year of latency of mobile and cordless phones [26]. Numbers of exposed cases (Ca) and controls (Co) are given in tertiles. Adjustment was made for vital
status, age, gender, SEI-code and year of diagnosis.

First tertile (h) Second tertile (h) Third tertile (h) Per 100 h cumulative use Per year of latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI OR, CI OR, CI

Astrocytoma, low-grade (n = 132)
Wireless phone 26/426 1.4, 0.8–2.4 26/425 1.2, 0.7–2.0 40/416 1.7, 0.998–2.7 1.008, 0.997–1.019 1.040, 0.994–1.089
Mobile phone 23/322 1.6, 0.9–2.8 21/333 1.2, 0.7–2.2 24/308 1.3, 0.7–2.3 1.021, 1.001–1.042 1.035, 0.981–1.093
Cordless phone 15/271 1.1, 0.6–2.1 18/241 1.3, 0.7–2.4 25/250 1.7, 0.9–2.9 1.005, 0.989–1.022 1.038, 0.977–1.102

Wireless phone: first tertile 1–91 h; second tertile 92–426 h; third tertile >426 h.
M  h.
C 456 h.
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obile phone: first tertile 1–36 h; second tertile 37–183 h; third tertile >183
ordless phone: first tertile 1–122 h; second tertile 123–456 h; third tertile >

ypes were risk factors for astrocytoma grades III–IV. Mobile
hone only gave highest risk in the >10 year latency group
ith OR = 2.8, 95% CI = 1.7–4.6. Use of only cordless phone
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

ave in the latency group >5–10 years OR = 2.4, 95% CI
.6–3.7, whereas the numbers in the >10 year latency group
ere too low for meaningful interpretation.

O
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able 7
dds ratio (OR) and 95% confidence interval (CI) for low-grade (I-II) astrocytom

xposed cases (Ca) and controls (Co) are given. Adjustment was made for vital stat

>1–5 year latency >5–10 year lat

Ca/Co OR, CI Ca/Co O

strocytoma, low-grade (n = 132)
oth mobile and cordless phone 10/153 1.0, 0.4–2.1 17/213 1.
obile phone only 21/328 1.4, 0.8–2.4 9/135 1.
ordless phone only 14/216 1.3, 0.7–2.6 9/73 2.
.4.  Ionising  radiation

X-ray investigations of the head and neck region yielded
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

R = 1.0, 95% CI = 0.8–1.2 (n  = 290 cases, 792 controls),
ata not in table. No increased ORs were found for X-rays
f the neck or sinus. Dental X-rays overall or cumulative

a and use of different combinations of wireless phones [26]. Numbers of
us, age, gender, SEI-code and year of diagnosis.

ency >10 year latency Total, >1 year latency

R, CI Ca/Co OR, CI Ca/Co OR, CI

5, 0.8–2.8 7/92 1.4, 0.6–3.5 34/458 1.3, 0.7–2.2
5, 0.7–3.3 4/42 2.2, 0.7–6.8 34/505 1.4, 0.9–2.4
4, 1.05–5.3 1/15 1.7, 0.2–16 24/304 1.6, 0.9–2.8

dx.doi.org/10.1016/j.pathophys.2012.07.001


ARTICLE IN PRESSPATPHY-752; No. of Pages 10

6 M. Carlberg, L. Hardell / Pathophysiology xxx (2012) xxx–xxx

Table 8
Odds ratio (OR) and 95% confidence interval (CI) for high-grade (III-IV) astrocytoma and use of wireless phones [16,24,26]. Numbers of exposed cases (Ca)
and controls (Co) are given. Adjustment was made for vital status, age, gender, SEI-code and year of diagnosis.

>1–5 year latency >5–10 year latency >10 year latency Total, >1 year latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI

Astrocytoma, high-grade (n = 820)
Wireless phone
Study 1997–2000 (living) 91/441 1.0, 0.7–1.4 67/221 1.4, 0.98–2.0 22/51 1.6, 0.9–2.8 180/713 1.2, 0.9–1.5
Study 2000–2003 (living) 37/214 1.2, 0.7–2.0 64/163 2.4, 1.5–3.9 60/82 3.8, 2.3–6.4 161/459 2.1, 1.4–3.2
Study 1997–2003 (deceased) 35/42 1.0, 0.6–1.7 46/37 1.5, 0.9–2.5 39/16 2.8, 1.4–5.6 120/95 1.4, 0.97–2.1
Studies 1997–2003 (all) 163/697 1.0, 0.8–1.3 177/421 1.6, 1.3–2.0 121/149 2.5, 1.8–3.4 461/1267 1.4, 1.1–1.7

Mobile phone
Study 1997–2000 (living) 85/358 1.1, 0.8–1.6 38/142 1.2, 0.8–1.8 21/44 1.7, 0.98–3.1 144/544 1.2, 0.9–1.6
Study 2000–2003 (living) 38/183 1.3, 0.8–2.2 49/118 2.3, 1.4–3.9 50/55 4.3, 2.5–7.6 137/356 2.2, 1.4–3.3
Study 1997–2003 (deceased) 32/30 1.2, 0.7–2.2 27/26 1.2, 0.6–2.3 31/7 5.2, 2.1–13 90/63 1.6, 0.996–2.5
Studies 1997–2003 (all) 155/571 1.2, 0.9–1.5 114/286 1.5, 1.1–1.9 102/106 3.0, 2.1–4.2 371/963 1.5, 1.2–1.8

Ipsilateral (living) 85/205 1.8, 1.3–2.6 58/124 2.1, 1.4–3.1 47/45 3.9, 2.3–6.6 190/374 2.1, 1.6–2.7
Contralateral (living) 33/192 0.8, 0.5–1.2 25/87 1.3, 0.7–2.2 22/29 3.1, 1.6–5.9 80/308 1.1, 0.8–1.5

Cordless phone
Study 1997–2000 (living) 56/267 1.0, 0.7–1.4 42/119 1.7, 1.1–2.6 1/10 0.4, 0.1–3.6 99/396 1.2, 0.9–1.6
Study 2000–2003 (living) 47/170 2.0, 1.2–3.4 37/100 2.4, 1.4–4.2 22/35 3.7, 1.8–7.2 106/305 2.4, 1.5–3.7
Study 1997–2003 (deceased) 22/26 1.0, 0.5–2.0 35/25 1.7, 0.9–3.0 13/10 1.4, 0.6–3.4 70/61 1.4, 0.9–2.1
Studies 1997–2003 (all) 125/463 1.2, 0.9–1.5 114/244 1.7, 1.3–2.3 36/55 2.0, 1.2–3.2 275/762 1.4, 1.2–1.8

Ipsilateral (living) 68/188 1.6, 1.1–2.3 50/106 2.2, 1.5–3.4 15/15 5.5, 2.3–13 133/309 1.8, 1.4–2.5
Contralateral (living) 30/142 1.0, 0.6–1.6 25/73 1.7, 1.02–2.9 8/20 1.9, 0.8–4.7 63/235 1.3, 0.9–1.8

Table 9
Odds ratio (OR) and 95% confidence interval (CI) for high-grade (III-IV) astrocytoma and cumulative lifetime use in hours (tertiles), per 100 h cumulative use
and per year of latency of mobile and cordless phones [26]. Numbers of exposed cases (Ca) and controls (Co) are given in tertiles. Adjustment was made for
vital status, age, gender, SEI-code and year of diagnosis.

First tertile (h) Second tertile (h) Third tertile (h) Per 100 h cumulative use Per year of latency

Ca/Co OR, CI Ca/Co OR, CI Ca/Co OR, CI OR, CI OR, CI

Astrocytoma, high-grade (n = 820)
Wireless phone 113/426 1.1, 0.8–1.4 147/425 1.4, 1.1–1.8 201/416 1.7, 1.3–2.2 1.016, 1.010–1.022 1.072, 1.050–1.094
Mobile phone 93/322 1.3, 0.95–1.7 111/333 1.3, 1.01–1.7 167/308 1.8, 1.4–2.4 1.029, 1.017–1.041 1.076, 1.052–1.100
Cordless phone 79/271 1.2, 0.9–1.7 69/241 1.2, 0.9–1.7 127/250 1.8, 1.4–2.4 1.014, 1.006–1.023 1.067, 1.038–1.098

W 6 h.
M  h.
C 456 h.
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ireless phone: first tertile 1–91 h; second tertile 92–426 h; third tertile >42
obile phone: first tertile 1–36 h; second tertile 37–183 h; third tertile >183
ordless phone: first tertile 1–122 h; second tertile 123–456 h; third tertile >

ife time numbers were not risk factors for glioma. In total,
ncreased risk was found for X-ray of the head, OR = 1.3,
5% CI = 1.1–1.7 (n  = 149 cases, 289 controls). Using a
atency period of >1 year yielded in the group with more than
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

ne time X-rays of the head OR = 2.0, 95% CI = 1.3–3.0.
he risk was highest in the >1–5 year latency and more than
ne time X-rays of the head, OR = 2.8, 95% CI = 1.3–6.1.
or 9 cases and 8 controls no information was obtained for

w
T

able 10
dds ratio (OR) and 95% confidence interval (CI) for high-grade (III-IV) astrocyto

xposed cases (Ca) and controls (Co) are given. Adjustment was made for vital stat

>1–5 year latency >5–10 year lat

Ca/Co OR, CI Ca/Co O

strocytoma, high-grade (n = 820)
oth mobile and cordless phone 29/153 0.9, 0.6–1.4 78/213 1.
obile phone only 94/328 1.2, 0.9–1.6 55/135 1.
ordless phone only 40/216 0.8, 0.6–1.2 44/73 2.
ear of first X-ray of the head. There was no interaction with
se of mobile or cordless phones (data not in table).

.5. Heredity
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

First degree relative with cancer, excluding brain tumour,
as not a risk factor for malignant brain tumours (see
able 11). Brain tumour in a first degree relative was reported

ma and use of different combinations of wireless phones [26]. Numbers of
us, age, gender, SEI-code and year of diagnosis.

ency >10 year latency Total, >1 year latency

R, CI Ca/Co OR, CI Ca/Co OR, CI

5, 1.1–2.1 78/92 3.0, 2.0–4.4 185/458 1.6, 1.3–2.1
5, 1.04–2.2 37/42 2.8, 1.7–4.6 186/505 1.4, 1.1–1.8
4, 1.6–3.7 6/15 0.9, 0.3–2.6 90/304 1.2, 0.9–1.6

dx.doi.org/10.1016/j.pathophys.2012.07.001
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Table 11
Odds ratio and 95% confidence interval (CI) for first degree relative with reported cancer (brain tumours excluded) or brain tumour. Numbers of exposed cases
(Ca) and controls (Co) are given. Adjustment was made for age, gender, SEI-code and year of diagnosis.

Heredity, all cancer excluding brain tumour Heredity, brain tumour

Ca/Co OR 95% CI Ca/Co OR 95% CI

All malignant 279/704 1.1 0.9–1.3 39/31 3.2 2.0–5.3
Glioma 263/704 1.1 0.9–1.3 38/31 3.4 2.1–5.5

Astrocytoma 220/704 1.1 0.9–1.4 33/31 3.6 2.2–6.0
Grades I–II 31/704 1.1 0.7–1.7 5/31 4.3 1.6–12
Grades III–IV 189/704 1.1 0.9–1.4 28/31 3.5 2.1–6.0

Other gliomaa 43/704 0.9 0.6–1.3 5/31 2.3 0.9–6.0
Other malignant 16/704 0.8 0.4–1.4 1/31 1.0 0.1–8.0
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a Oligodendroglioma and other/mixed glioma.

y 39 cases with malignant brain tumour and 31 controls. This
ielded OR = 3.2, 95% CI 2.0–5.3. The results were similar
or glioma and subtypes of astrocytoma. There was no sta-
istically significant interaction between heredity and use of
ireless phones (see Table 12).

. Discussion

In the present analyses we included all cases, both living
nd deceased, with a malignant brain tumour in our previous
tudies giving higher statistical power for subgroup analysis.
ll controls for the study period 1997–2003 were included,
oth for cases with malignant and benign brain tumour as
e have discussed in another publication [26]. Thus, in the
nconditional logistic regression analysis we adjusted for
ital status, age, gender, SEI-code and year of diagnosis (the
ame year for the matched control as for the corresponding
ase).

The main result of this study was an increased risk for
lioma associated with use of both mobile and cordless
hones, and they were independent risk factors. The risk
ncreased with latency and cumulative use and OR was high-
st for ipsilateral use. It is noteworthy that increased OR was
ound for ipsilateral use also in the shortest latency group,
1–5 years. Similar results for glioma were found in the sep-
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

rate report of the French part of Interphone study [27] but
lso in Interphone in total [9]. Thus analyses restricted to ever
egular users yielded for glioma in the 2–4 years group of time
ince start of use OR = 1.68, 95% CI = 1.16–2.41 increasing

s
fi
t
O

able 12
dds ratio (OR) and 95% confidence interval (CI) for glioma and use of wireless pho
f exposed cases (Ca) and controls (Co) are given. Adjustment was made for age, g

Analogue Digital Mob

Ca/Co OR, CI Ca/Co OR, CI Ca/C

o heredity, unexp phone 282/978 (1.0), – 282/978 (1.0), – 282
eredity, unexp phone 14/12 4.5, 2.0–9.9 14/12 4.5, 2.0–9.9 14/1
o heredity, exp phone 151/293 1.4, 1.1–1.8 356/761 1.4, 1.1–1.7 412
eredity, exp phone 11/4 7.9, 2.5–25 17/15 3.2, 1.6–6.7 20/1

p, interaction = 0.76 p, interaction = 0.25 p, in
n the 10+ years group to OR = 2.18, 95% CI = 1.43–3.31 (see
ppendix 2 in that publication [9]).
Also for low-grade astrocytoma highest OR was found in

he >10 years latency group and for ipsilateral exposure in
ur study. Several calculations were based on low numbers
nd there was no consistent pattern of statistically significant
ncreased ORs.

Regarding high-grade astrocytoma the calculations were
ased on larger numbers (n  = 820) than for low-grade
n = 132). Clearly an increased risk was found for use of both
obile and cordless phones. The results are biologically rel-

vant. Thus, OR increased with latency time, cumulative use
nd was highest for ipsilateral use. In the >10 years latency
roup ipsilateral use of mobile phone yielded OR = 3.9, 95%
I = 2.3–6.6, and cordless phone OR = 5.5, 95% CI = 2.3–13.
lso contralateral use gave increased OR, although lower

han for ipsilateral use. Obviously this group of cases had
ower exposure in the tumour area than those with ipsilateral
se. It should be noted that contralateral use was defined as
ess than 50% use on the same side of the brain as the tumour
as located. Thus, some of these persons might in fact have
ad some use on the same side of the brain as the tumour
eveloped, although less than 50% of the time.

Exposure to ionising radiation is an established risk factor
or brain tumours (for overview see [28]). In a recent cohort
tudy childhood CT scans were reported to increase the sub-
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

equent risk of both leukaemia and brain tumours [29]. In our
rst study on brain tumours we found that X-ray investiga-

ions of the head and neck region increased the risk yielding
R = 1.64, 95% CI = 1.04–2.58 [2]. In the present study

nes in relation to heredity (first degree relative) for brain tumours. Numbers
ender, SEI-code and year of diagnosis.

ile phone DECT Wireless phone

o OR, CI Ca/Co OR, CI Ca/Co OR, CI

/978 (1.0), – 282/978 (1.0), – 282/978 (1.0), –
2 4.5, 2.0–10 14/12 4.5, 2.1–10 14/12 4.5, 2.0–10

/883 1.3, 1.1–1.6 312/692 1.4, 1.1–1.7 514/1153 1.3, 1.1–1.6
7 3.3, 1.7–6.5 13/9 4.1, 1.7–9.8 24/19 3.6, 1.9–6.8
teraction = 0.26 p, interaction = 0.50 p, interaction = 0.34

dx.doi.org/10.1016/j.pathophys.2012.07.001
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-ray investigations of the head increased the risk for glioma.
he highest risk was found in the group with a short latency
nd more than one X-ray investigation. No validation of expo-
ure by using medical records was done. It can therefore not
e excluded that some of the X-ray investigations of the head
ere related to diagnostic procedures. Nevertheless, using
1 year latency X-ray investigation of the head more than one

ime gave an increased risk overall. The statistical analyses
howed that use of wireless phones and X-ray investigations
f the head were independent risk factors for glioma.

First degree relative with a brain tumour was more fre-
uent among the glioma cases than the controls. This is in
greement with reported familial aggregation of glioma. Thus
n a large study there were 77% more glioma among family

embers than expected [30]. We found no association with
ther types of malignant tumours. Heredity and use of mobile
nd cordless phones were independent risk factors for glioma.

The higher risk for both mobile and cordless phone use
t young age seen in our study may reflect potentially higher
usceptibility to RF-EMF among children and adolescents
21] and higher exposure [20] than for adults. However,
ata on children are scarce besides our findings. The multi-
entre case–control study CEFALO, conducted in Denmark,
weden, Norway, and Switzerland included children and ado-

escents aged 7–19 years diagnosed with a brain tumour
etween 2004 and 2008 [31]. It has been commented in
etail by Söderqvist et al. [32] since serious methodological
roblems exist as exemplified below.

For example the data collection and analyses of use of
ordless phones were not valid. Use of cordless phones was
ssessed only ‘in the first 3 years’ of use, a most peculiar
efinition for which the authors gave no explanation for or
eference to. Furthermore, the study never considered wire-
ess phone use, including both mobile and cordless phones,
s the exposure category. IARC categorised wireless phone
se as a relevant exposure group [8]. Instead, Aydin et al. [31]
n the CEFALO study included use of cordless phones in the
unexposed’ category, so risk estimates for mobile phone use
ight therefore be underestimated. Similarly mobile phone

se was included among the ‘unexposed’ when considering
se of cordless phones and thereby potentially concealing an
ncreased risk.

The CEFALO study yielded a statistically non-significant
ncreased risk for brain tumours among regular users of

obile phones, OR = 1.36 (95% CI = 0.92–2.02). This OR
ncreased somewhat with cumulative duration of subscrip-
ions and duration of calls [31]. Further support of a true
ssociation was found in the results based on operator-
ecorded use for 62 cases and 101 controls, which for
ime since first subscription >2.8 years yielded a statis-
ically significant OR of 2.15 (95% CI = 1.07–4.29) with

 statistically significant trend (p  = 0.001). In spite of the
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

imitations in study design and analyses the data indicate
 moderately increased risk that together with our results
arrant precaution of exposure among children and adoles-

ents.
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The Interphone study on brain tumours was initiated by
ecommendations from several expert groups to study pos-
ible health effects of exposure to RF-fields [33,34]. It was
erformed at 16 research centres in 13 countries during vary-
ng time periods between 2000 and 2004 conducted under the
uidance of IARC.

Subgroup analyses showed statistically significant
ncreased risk for glioma in the highest exposure group, i.e.
hose who had used their mobile phone for ≥1640 h, yielding
R = 1.40, 95% CI = 1.03–1.89 [9]. The risk increased further

or ipsilateral exposure to OR = 1.96, 95% CI = 1.22–3.16
nd for tumours in the most exposed part of the brain, the
emporal lobe, OR = 1.87, 95% CI = 1.09–3.22 in the highest
xposure group for glioma. Analyses restricted to ever regu-
ar users clearly showed increasing risk for glioma based on
ime since start of regular use (years), cumulative call time
hours) and cumulative number of calls (see Appendix 2 in
hat publication [9]). In fact there is good agreement between
ur results and the Interphone findings if the same inclusion
nd exclusion criteria for cases and controls are used [35].

Estimated RF dose from mobile phone use in the tumour
rea was also associated with an increased risk for glioma in a
ublication from parts of the Interphone group [10]. The risk
ncreased with increasing total cumulative dose of specific
nergy (J/kg) absorbed at the estimated tumour centre for
ore than 7 years before diagnosis with an OR of 1.91, 95%
I = 1.05–3.47 in the highest quintile of exposure. For the
rst time amount of radiation absorbed (rather than just its
roxy which is years of exposure and cumulative hours of
se) was linked to tumour induction, which is an important
esult.

The Nordic part of Interphone published a study relating
rain tumour location to mobile phone radiation [36]. The
esults seemed to contradict the findings by Cardis et al. [10],
ut used a different, less clear method. Only 42 cases had
sed the mobile phone for 10 years or more and no analysis
as made of the highest exposed group with longest duration
f use. Thus, this study is much less informative and less
ophisticated that the one by Cardis et al. [10].

In Denmark a cohort of mobile phone subscribers was
esigned and started in co-operation between The Interna-
ional Epidemiology Institute (IEI), Rockville, MD, USA,
nd the Danish Cancer Society. The cohort was established
or the time period 1982–1995 by grants from two Danish
elecom operation companies (TeleDenmark Mobil and Son-
fon), by IEI, and by the Danish Cancer Society. A total of
23,421 subscribers were identified but the initial cohort con-
isted of only 58% of these subscribers. A thorough review of
he study including the latest publication [37] has been made
y us [38].

The IARC working group’s main reason for not using the
anish study as evidence for its evaluation was that it “could
ciation between glioma, wireless phones, heredity and ionising
s.2012.07.001

ave resulted in considerable misclassification in exposure
ssessment” [8]. The authors have themselves pointed out the
ain causes of such considerable exposure misclassification

37] such as mobile phone subscription holders not using the

dx.doi.org/10.1016/j.pathophys.2012.07.001
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hone were classified as “exposed”; non-subscribers using
he mobile phone were classified as “unexposed”; corporate
ubscribers of mobile phones (200,507 people), which are
ikely to have been heavy users, were classified as “unex-
osed”; persons with a mobile phone subscription later than
995 were classified as “unexposed”; and use of cordless
hones, which we have linked to excess risks of brain
umours, was not assessed, i.e. those who had used a cordless
hone only were also classified as “unexposed”.

Other limitations are the absence of analysis by laterality
nd of actual exposure data. These and other shortcomings
n this cohort study have been discussed elsewhere in more
etail [38]. It is clear from these limitations that the authors
onclusion that “In this update of a large nationwide cohort
tudy of mobile phone use, there were no increased risks
f tumours of the central nervous system, providing little
vidence for a causal association.” is not soundly based [37].

There are by now several meta-analyses and reviews on
his topic. We made a thorough review of the methods in
ur studies compared with the Interphone studies [39]. We
oncluded that several of the Interphone findings display dif-
erential misclassification of exposure due to observational
nd recall bias. There were low participation rates for both
ases and controls, for example in some countries only 51%
f the cases and 42% of the controls participated. This is to
e compared with 90% response rate for cases with malig-
ant brain tumours and 89% for controls in the Hardell-group
tudies on living subjects [24]. Furthermore, due to bed-side
nterviews in the Interphone studies it was known to the inter-
iewer if it was a case or a control that was interviewed. Use of
ordless phones was not properly assessed in the Interphone
tudy, or at least not reported.

Myung et al. compared methods and results in studies on
he use of mobile phones and the risk for brain tumours [6].
ur studies were judged to be of better quality compared with

nterphone. However, one important issue was not covered in
hat review, namely as noted above that we also assessed use
f cordless phones in contrast to the Interphone study group.
F-EMF emissions from a cordless phone are in the same
agnitude as from a digital mobile phone, something that

as been pointed out several times [14,40]. Moreover cordless
hones are used for longer calls than mobile phones. Includ-
ng such use in the ‘unexposed’ group as in the Interphone
tudy would bias the OR towards unity.

We regard bedside interviews of cases, as in the Interphone
tudy, to be a major disadvantage and ethically question-
ble. At that time the patient has not fully recovered from
.g., surgery, may not have been fully informed about the
iagnosis, treatment and prognosis and may even be under
edation by drugs. In fact patients scored significantly lower
han controls due to recalling of words (aphasia), problems
ith writing and drawing due to paralysis in the Danish part
Please cite this article in press as: M. Carlberg, L. Hardell, On the asso
radiation, Pathophysiology (2012), http://dx.doi.org/10.1016/j.pathophy

f Interphone [41]. Obviously observational bias could have
een introduced thereby during the bedside interviews. On
he contrary our cases received a postal questionnaire approx-
mately 2 months after diagnosis and could give the answers
siology xxx (2012) xxx–xxx 9

n a relaxed manner, a situation similar to the controls. In
rinciple all cases and controls were after that interviewed
ver the phone to verify and clarify different exposures. This
as blinded as to case or control status.
We investigated the possibility of recall and observational

ias in our second case–control study [12]. Use of wireless
hone was similar among cases and controls regardless if
hey reported a previous cancer or if a relative helped to fill in
he questionnaire. Potential observational bias during phone
nterviews was analysed by comparing change of exposure
n cases and controls after these interviews. No statistically
ignificant differences were found, showing that our results
ould not be explained by observational bias, for further
etails see discussion in that publication [12]. All interviews
ere performed by educated persons using structured instruc-

ions and protocol.

. Conclusions

Certainly results from the Hardell-group as well from the
nterphone group show an increased risk for glioma associ-
ted with long term mobile phone use. Also use of cordless
hones increases the risk when properly assessed and ana-
ysed. The risk is highest for ipsilateral exposure to the brain
f RF-EMF emissions. Adolescents seem to be at higher risk
han adults. IARC concluded that RF-EMF emissions over-
ll, e.g., occupational and from wireless phones, are ‘possibly
arcinogenic to humans’, Group 2B [8].
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