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bstract

During recent years there has been increasing public concern on potential cancer risks from microwave emissions from wireless phones.
e evaluated the scientific evidence for long-term mobile phone use and the association with certain tumors in case–control studies, mostly

rom the Hardell group in Sweden and the Interphone study group. Regarding brain tumors the meta-analysis yielded for glioma odds ratio
OR) = 1.0, 95% confidence interval (CI) = 0.9–1.1. OR increased to 1.3, 95% CI = 1.1–1.6 with 10 year latency period, with highest risk for
psilateral exposure (same side as the tumor localisation), OR = 1.9, 95% CI = 1.4–2.4, lower for contralateral exposure (opposite side) OR = 1.2,
5% CI = 0.9–1.7. Regarding acoustic neuroma OR = 1.0, 95% CI = 0.8–1.1 was calculated increasing to OR = 1.3, 95% CI = 0.97–1.9 with
0 year latency period. For ipsilateral exposure OR = 1.6, 95% CI = 1.1–2.4, and for contralateral exposure OR = 1.2, 95% CI = 0.8–1.9 were
ound. Regarding meningioma no consistent pattern of an increased risk was found. Concerning age, highest risk was found in the age group
20 years at time of first use of wireless phones in the studies from the Hardell group. For salivary gland tumors, non-Hodgkin lymphoma
nd testicular cancer no consistent pattern of an association with use of wireless phones was found. One study on uveal melanoma yielded for
robable/certain mobile phone use OR = 4.2, 95% CI = 1.2–14.5. One study on intratemporal facial nerve tumor was not possible to evaluate

ue to methodological shortcomings. In summary our review yielded a consistent pattern of an increased risk for glioma and acoustic neuroma
fter >10 year mobile phone use. We conclude that current standard for exposure to microwaves during mobile phone use is not safe for
ong-term exposure and needs to be revised.

2009 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

During the last decade there has been a rapid development
f wireless technology and along with that an increased use
f wireless telephone communication in the world. Most per-
ons use mobile phones and cordless phones. Additionally
ost populations are exposed to radiofrequency/microwave

RF) radiation emissions from wireless devices such as cellu-
ar antennas and towers, broadcast transmission towers, voice
nd data transmission for cell phones, pagers and personal

igital assistants and other sources of RF radiation.

Concerns of health risks have been raised, primarily an
ncreased risk for brain tumors, since the brain is the near field

∗ Corresponding author.
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arget organ for microwave exposure during mobile phone
alls. Especially the ipsilateral brain (same side as the mobile
hone has been used) is exposed, whereas the contralateral
ide (opposite side to the mobile phone) is much less exposed
1]. Thus, for risk analysis it is of vital importance to have
nformation on the localisation of the tumor in the brain and
hich side of the head that has been predominantly used
uring phone calls.

Since Sweden was one of the first countries in the world
o adopt this wireless technology a brief history is given in
he following. First, analogue phones (NMT; Nordic Mobile
elephone System) were introduced on the market in the

arly 1980s using both 450 and 900 Megahertz (MHz) carrier
aves. NMT 450 was used in Sweden since 1981 but closed
own in December 31, 2007, whereas NMT 900 operated
uring 1986–2000.

mailto:lennart.hardell@orebroll.se
dx.doi.org/10.1016/j.pathophys.2009.01.003
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Table 1
Odds ratios (ORs) and 95% confidence intervals (CIs) from 11 case–control studies on glioma including meta-analysis of the studies. Numbers of exposed
cases and controls are given.

Author, year of publication, country, reference number No. of cases No. of controls OR 95% CI

Inskip et al., 2001, USA [23] 201 358 1.0 0.7–1.4
Auvinen et al., 2002, Finland [24] Not given Not given 1.5 1.0–2.4
Lönn et al., 2005, Sweden [25]a 214 399 0.8 0.6–1.0
Christensen et al., 2005, low-grade glioma, Denmark [26]a 47 90 1.1 0.6–2.0
Christensen et al., 2005, high-grade glioma, Denmark [26]a 59 155 0.6 0.4–0.9
Hepworth et al., 2006, UK [27]a 508 898 0.9 0.8–1.1
Schüz et al., 2006, Germany [28] 138 283 1.0 0.7–1.3
Hardell et al., 2006, Sweden [12], all glioma 346 900 1.4 1.1–1.7

Low-grade glioma 65 900 1.4 0.9–2.3
High-grade glioma 281 900 1.4 1.1–1.8

Lahkola et al., 2006, Denmark, Norway, Finland, Sweden, UK [29] 867 1 853 0.8 0.7–0.9
Hours et al., 2007, France [30] 59 54 1.2 0.7–2.1
Klaeboe et al., 2007, Norway [31]a 161 227 0.6 0.4–0.9
Takebayashi et al., 2008, Japan [17] 56 106 1.2 0.6–2.4
M >1
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eta-analysis
a Not included in meta-analysis because already part of pooled data in La
b Total number could not be calculated since numbers were not presented

The digital system (GSM; Global System for Mobile Com-
unication) using dual band, 900 and 1800 MHz, started

o operate in 1991 and now dominates the market. The
hird generation of mobile phones, 3G or UMTS (Univer-
al Mobile Telecommunication System), using 1900 MHz
F broad band transmission has been introduced worldwide

ince a few years, in Sweden since 2003.
Desktop cordless phones have been used in Sweden since

988, first analogue 800–900 MHz RF fields, but since early

990s the digital 1900 MHz DECT (Digital Enhanced Cord-
ess Telecommunications) system is used. In our studies on
umor risk associated with use of wireless phones, we have
lso assessed use of cordless phones. However, most other

≥
m
e
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able 2
dds ratios (ORs) and 95% confidence intervals (CIs) from six case–control studie
eriod. Numbers of exposed cases and controls are given.

tudy Total

uthor, year of publication, country,
atency, reference number

No. of
cases/controls

OR 95% CI

önn et al., 2005, Sweden, ≥10 years
25]a

25/38 0.9 0.5–1.5

hristensen et al., 2005, Denmark,
ow-grade glioma, ≥10 years [26]a

6/9 1.6 0.4–6.1

hristensen et al., 2005, Denmark,
igh-grade glioma, ≥10 years [26]a

8/22 0.5 0.2–1.3

epworth et al., 2006, UK, ≥10
ears [27]a

66/112 0.9 0.6–1.3

chüz et al., 2006, Germany, ≥10
ears [28]

12/11 2.2 0.9–5.1

ardell et al., 2006, Sweden, >10
ears [12], all glioma

78/99 2.7 1.8–3.9

Low-grade glioma 7/99 1.5 0.6–3.8
High-grade glioma 71/99 3.1 2.0–4.6

ahkola et al., 2006, Denmark,
orway, Finland, Sweden, UK, ≥10
ears [29]

143/220 0.95 0.7–1.2

eta-analysis 233/330 1.3 1.1–1.6
a Not included in meta-analysis because already part of pooled data in Lahkola e
667b >3554b 1.0 0.9–1.1

t al., 2006 [29].
publication [24].

esearch groups have not published such data at all, or only
n a scanty way, so exposure to RF from DECT is not further
iscussed here. Instead the reader is referred to our previous
ublications on this issue [2–13].

The initial studies on brain tumor risk had too short
atency periods to give a meaningful interpretation. How-
ver, during recent years studies have been published
hat enable evaluation of ≥10-years latency period risk,
lthough still mostly based on low numbers [14,15]. A

10-years latency period seems to be a reasonable mini-
um period to indicate long-term carcinogenic risks from

xposure to RF fields during use of mobile or cordless
hones.

s on glioma including meta-analysis of the studies using ≥10 year latency

Ipsilateral Contralateral

No. of
cases/controls

OR 95% CI No. of
cases/controls

OR 95% CI

15/18 1.6 0.8–3.4 11/25 0.7 0.3–1.5

– – – – – –

– – – – – –

Not given 1.6 0.9–2.8 Not given 0.8 0.4–1.4

– – – – – –

41/28 4.4 2.5–7.6 26/29 2.8 1.5–5.1

2/28 1.2 0.3–5.8 4/29 2.1 0.6–7.6
39/28 5.4 3.0–9.6 22/29 3.1 1.6–5.9
77/117 1.4 1.01–1.9 67/121 1.0 0.7–1.4

118/145 1.9 1.4–2.4 93/150 1.2 0.9–1.7

t al., 2006 [29].
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Table 3
Odds ratios (ORs) and 95% confidence intervals (CIs) from nine case–control studies on acoustic neuroma including meta-analysis of the studies. Numbers of
exposed cases and controls are given.

Author, year of publication, country, reference number No. of cases No. of controls OR 95% CI

Inskip et al., 2001, USA [23] 40 358 0.8 0.5–1.4
Lönn et al., 2004, Sweden [32]a 89 356 1.0 0.6–1.5
Christensen et al., 2004, Denmark [33]a 45 97 0.9 0.5–1.6
Schoemaker et al., 2005, Denmark, Finland, Sweden, Norway, Scotland, England [34] 360 1934 0.9 0.7–1.1
Hardell et al., 2006, Sweden [11] 130 900 1.7 1.2–2.3
Takebayashi et al., 2006, Japan [35] 51 192 0.7 0.4–1.2
Klaeboe et al., 2007, Norway [31]a 22 227 0.5 0.2–1.0
Schlehofer et al., 2007, Germany [36] 29 74 0.7 0.4–1.2
Hours et al., 2007, France [30] 58 123 0.9 0.5–1.6
M
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eta-analysis
a Not included in meta-analysis because already part of pooled data in Sc

Long-term exposure to RF fields from mobile phones and
rain tumor risk is of importance to evaluate, not the least
ince the use of cellular phones is globally widespread with
igh prevalence among almost all age groups in the popula-
ion. In the following we discuss mobile phone use and the
ssociation with brain tumors, but also other tumor types that
ave been studied. Recently, we published a detailed review
f studies on brain tumors [14] followed by meta-analyses
f published studies regarding glioma, acoustic neuroma and
eningioma [15]. We have now recalculated these results
ith the addition of two new recently published articles from

he Interphone study group [16,17]. Studies from individual
ountries were only included in the meta-analyses if they
ere not also included in the joint publications for several

ountries. For odds ratio (OR) and 95% confidence interval
CI) we used fixed effects model as in the recent publication
y Kundi [18]. The analyses were done using Stata/SE 10
Stata/SE 10 for Windows; StataCorp., College Station, TX).

One case–control study was excluded since no separate

ata were presented for glioma, acoustic neuroma or menin-
ioma [19], and another since no overall data on acoustic
euroma were published, only for some time periods without
esults for ≥10 year latency period [20].

[
I
i
T

able 4
dds ratios (ORs) and 95% confidence intervals (CIs) from four case–control stud
ear latency period. Numbers of exposed cases and controls are given.

tudy Total

uthor, year of publication, country,
atency, reference number

No. of
cases/controls

OR 95% CI

önn et al., 2004, Sweden, ≥10 years
32]a

14/29 1.8 0.8–4.3

hristensen et al., 2004, Denmark,
10 years [33]a

2/15 0.2 0.04–1.1

choemaker et al., 2005, Denmark,
inland, Sweden, Norway, Scotland,
ngland, ≥10 years [34]

47/212 1.0 0.7–1.5

ardell et al., 2006, Sweden, >10
ears [11]

20/99 2.9 1.6–5.5

eta-analysis 67/311 1.3 0.97–1.9
a Not included in meta-analysis because already part of pooled data in Schoemak
668 3581 1.0 0.8–1.1

er et al., 2005 [34].

Due to several methodological limitations a Danish cohort
tudy on “mobile phone subscribers” [21] is not possible to
nclude in the meta-analysis, and the same methodological
hortcomings prevail in the published updated cohort [22].
n the following only a short overview of the results for brain
umors is given, since we have discussed these issues in more
etail elsewhere [14,15]. The other tumor types that have
een studied are salivary gland tumors, non-Hodgkin lym-
homa (NHL), testicular cancer, eye melanoma and facial
erve tumor.

. Glioma

Glioma is a malignant type of brain tumor and com-
rises about 60% of all central nervous system tumors. The
ighly malignant glioblastoma multiform, with poor survival,
s included in this group.

Eleven case–control studies present results for glioma

12,17,23–31]. Of these eight [17,25–31] were part of the
nterphone study and four of these [25–27,31] were included
n a pooled-analysis with additional data for Finland [29].
he results are presented in Table 1. Overall no decreased

ies on acoustic neuroma including meta-analysis of the studies using ≥10

Ipsilateral Contralateral

No. of
cases/controls

OR 95% CI No. of
cases/controls

OR 95% CI

12/15 3.9 1.6–9.5 4/17 0.8 0.2–2.9

– – – – – –

31/124 1.3 0.8–2.0 20/105 1.0 0.6–1.7

10/28 3.5 1.5–7.8 6/29 2.4 0.9–6.3

41/152 1.6 1.1–2.4 26/134 1.2 0.8–1.9

er et al., 2005 [34].
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r increased risk was found for glioma in the meta-analysis;
R = 1.0, 95% CI = 0.9–1.1.
Results for 10 year latency period are presented in Table 2.

ix studies [12,25–29] gave such information and three
25–27] of these were also part of the publication by Lahkola
t al. [29]. The meta-analysis yielded significantly increased
isk for glioma with OR = 1.3, 95% CI = 1.1–1.6 increasing to
R = 1.9, 95% CI = 1.4–2.4 for ipsilateral exposure. The lat-

er results were based on 118 exposed cases and 145 exposed
ontrols. Regarding contralateral exposure to microwaves
rom mobile phones a lower risk was calculated, OR = 1.2,
5% CI = 0.9–1.7 (n = 93 cases, 150 controls). It should be
oted that in the study by Takebayashi et al. [17] analyses of
aximum microwave energy absorbed at the location of the

umor gave OR = 1.6, 95% CI = 0.6–4.2 related to the high-
st quartile of cumulative phone time weighted by maxSAR
nd OR = 5.8, 95% CI = 0.96–36 for subjects with cumulative
axSAR-hour of ≥10 W/kg-h.

. Acoustic neuroma

These tumors are benign and do not undergo malignant
ransformation. They tend to be encapsulated and grow in
elation to the auditory and vestibular portions of nerve
III. They are slow growing tumors initially in the audi-

ory canal, but gradually grow out into the cerebellopontine
ngle, where they come into contact with vital brain stem
enters.

Nine case–control studies have been published [11,23,
0–36], see Table 3. Seven [30–36] were part of the
nterphone study and three [31–33] were included in the
ublication by Schoemaker et al. [34]. Analysis of the total
aterial yielded OR = 1.0, 95% CI = 0.8–1.1 increasing to

.3, 95% CI = 0.97–1.9 using 10 year latency period, Table 4.
or ipsilateral exposure OR increased further to 1.6, 95%
I = 1.1–2.4, whereas contralateral exposure gave a non-

ignificantly increased risk, OR = 1.2, 95% CI = 0.8–1.9.

. Meningioma

Meningioma arises from the pia or archnoid, which are the
overing layers of the central nervous system. The majority
re benign tumors that are encapsulated and well-demarched
rom surrounding tissue.

Regarding meningioma results have been published
rom nine case–control studies, Table 5 [11,16,17,23,25,26,
8,30,31]. Of these, seven [16,17,25,26,28,30,31] were
art of the Interphone studies. The Lahkola et al. study
16] included three separately published Interphone studies
25,26,31]. The meta-analysis in Table 5 gave a signifi-

antly reduced OR = 0.9, 95% CI = 0.8–0.9. These results
ere mainly caused by the findings in the Interphone study

16] with the largest numbers of cases and controls yielding
R = 0.8, 95% CI = 0.7–0.9 in that study.

l
a
i
t

gy 16 (2009) 113–122

Using 10 year latency period OR was close to unity and
omewhat increased for ipsilateral exposure, OR = 1.3, 95%
I = 0.9–1.8, Table 6. Regarding contralateral exposure OR
as non-significantly decreased to 0.8, 95% CI = 0.5–1.3.
he results for laterality were based on only two studies

11,16].

. Brain tumor risk in different age groups

We grouped cases and controls according to age when they
tarted to use a mobile or a cordless phone [11,12]. Con-
istently we found the highest risk for those with first use
20 years age. Thus, for malignant brain tumors OR = 2.7,
5% CI = 1.3–6.0 was calculated for mobile phones and
R = 2.1, 95% CI = 0.97–4.6 for cordless phones. The corre-

ponding results for benign brain tumors were OR = 2.5, 95%
I = 1.1–5.9 and OR = 0.6, 95% CI = 0.2–1.9, respectively.
reviously, we published results for diagnosis of brain tumor

n different age groups [37] and found highest OR = 5.9,
5% CI = 0.6–55 for ipsilateral use of analogue phones in
he youngest age group 20–29 years at the time of diagnosis.
sing a >5 years latency period increased the risk further.

. Brain tumor risk for use of mobile phone in urban
nd rural areas

There is a difference in output power of digital mobile
hones between urban and rural areas. Adaptive power con-
rol (APC) regulates power depending on the quality of the
ransmission. In rural areas with on average longer distance to
he base station the output power level is higher than in urban
reas with dense population and shorter distance to the base
tations. We studied the risk for brain tumors in urban versus
ural living from the data in our study with cases diagnosed
anuary 1, 1997 to June 30, 2000 [38]. Regarding digital
hones OR = 1.4, 95% CI = 0.98–2.0 was obtained for liv-
ng in rural areas increasing to OR = 3.2, 95% CI = 1.2–8.4
ith >5 years latency period. The corresponding results for

iving in urban areas were OR = 0.9, 95% CI = 0.8–1.2 and
R = 0.9, 95% CI = 0.6–1.4, respectively.

. Salivary gland tumors

The salivary glands, especially the parotid gland, are tar-
ets for near-field microwave exposure during calls with
ireless phones. A Finnish study reported OR = 1.3, 95%
I = 0.4–4.7 for those who had ever had a mobile phone

ubscription [24].
Results from three case–control studies have been pub-
ished, one from Sweden, one from the Nordic countries
nd one from Israel. During the same period as our stud-
es on brain tumors we performed a study on salivary gland
umors [39]. Our study included the whole Swedish pop-
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Table 5
Odds ratios (ORs) and 95% confidence intervals (CIs) from nine case–control studies on meningioma including meta-analysis of the studies. Numbers of
exposed cases and controls are given.

Author, year of publication, country, reference number No. of cases No. of controls OR 95% CI

Inskip et al., 2001 (USA) [23] 67 358 0.8 0.5–1.2
Lönn et al., 2005 (Sweden) [25]a 118 399 0.7 0.5–0.9
Christensen et al., 2005 (Denmark) [26]a 67 133 0.8 0.5–1.3
Schüz et al., 2006 (Germany) [28] 104 234 0.8 0.6–1.1
Hardell et al., 2006 (Sweden) [11] 347 900 1.1 0.9–1.3
Klaeboe et al., 2007 (Norway) [31]a 96 227 0.8 0.5–1.1
Hours et al., 2007 (France) [30] 71 80 0.7 0.4–1.3
Lahkola et al., 2008 (Denmark, Norway, Finland, Sweden, UK) [16] 573 1696 0.8 0.7–0.9
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akebayashi et al., 2008, Japan [17]
eta-analysis
a Not included in meta-analysis because already part of pooled data in La

lation. Cases were recruited by using the regional cancer
egistries, and most had a malignant disease. They were diag-
osed during 1994–2000, but with some variation for the
ifferent medical regions in Sweden. Population based con-
rols were used as reference group. The questionnaire was
nswered by 267 (91%) of the cases and 750 (92%) of the
ontrols. Of the cases 245 had a cancer diagnosis. Overall no
ssociation was found; analogue phones yielded OR = 0.9,
5% CI = 0.6–1.4, digital OR = 1.0, 95% CI = 0.7–1.5 and
ordless phones OR = 1.0, 95% CI = 0.7–1.4. No effect of
umor induction period was found, although regarding >10
ear latency period only 6 cases had used an analogue phone,
R = 0.7, 95% CI = 0.3–1.7, whereas no case had used a dig-

tal or cordless phone with that latency period. The results
id not change significantly for ipsilateral or contralateral
umors.

The Nordic part of the Interphone case–control study of an
ssociation between use of mobile phones and parotid gland
umors was published in 2006 [40]. Detailed information
bout mobile phone use was obtained from 60 (85%) cases

ith malignant tumor, 112 (88%) with benign tumor and 681

70%) controls. Regular mobile phone use gave OR = 0.7,
5% CI = 0.4–1.3 for malignant tumors and OR = 0.9, 95%
I = 0.5–1.5 for benign parotid gland tumors. For ipsilat-

a
f
w
T

able 6
dds ratios (ORs) and 95% confidence intervals (CIs) from five case–control stud

atency period. Numbers of exposed cases and controls are given.

tudy Total I

uthor, year of publication, country,
atency, reference number

No. of
cases/controls

OR 95% CI N
c

önn et al., 2005, Sweden, ≥10 years
25]a

12/36 0.9 0.4–1.9 5

hristensen et al., 2005, Denmark,
10 years [26]a

6/8 1.0 0.3–3.2 –

chüz et al., 2006, Germany, ≥10
ears [28]

5/9 1.1 0.4–3.4 –

ardell et al., 2006, Sweden, >10
ears [11]

38/99 1.5 0.98–2.4 1

ahkola et al., 2008 (Denmark,
orway, Finland, Sweden, UK) [16]

73/212 0.9 0.7–1.3 3

eta-analysis 116/320 1.1 0.8–1.4 4
a Not included in meta-analysis because already part of pooled data in Lahkola e
55 118 0.7 0.4–1.2
17 3386 0.9 0.8–0.9

t al., 2008 [16].

ral mobile phone use a latency period of ≥10 year yielded
R 0.7, 95% CI = 0.1–5.7 for malignant tumors (n = 1) and
R = 2.6, 95% CI = 0.9–7.9 for benign tumors (n = 6). Con-

ralateral use was reported by one case with benign tumor
nd no case with malignant tumor in the same latency group.

As part of the Interphone study results on parotid gland
umor were reported from Israel [41]. It included 402 benign
nd 58 malignant incident cases, total 460 (87%) of 531 eligi-
le for the time period 2001–2003. Population based matched
ontrols were used, in total 1266 (66%) out of 1920 eligible
ubjects. Thirteen cases had a latency period of ≥10 year,
hich gave OR = 0.9, 95% CI = 0.4–1.8. No significantly

ncreased risk was found for duration of use; ≥10 year yielded
R = 1.0, 95% CI = 0.5–2.1. However, for cumulative num-
er of calls >5479 OR = 1.6, 95% CI = 1.1–2.2 was found for
psilateral and both ears used equally, whereas contralateral
se gave OR = 0.8, 95% CI = 0.5–1.2. Similarly, cumulative
all time >266.3 h yielded OR = 1.5, 95% CI = 1.1–2.1; con-
ralateral use gave OR = 0.8, 95% CI = 0.6–1.3.

In the meta-analysis using 10 year latency period no over-

ll increased risk was found, OR = 0.8, 95% CI = 0.5–1.4, but
or ipsilateral use it increased to OR = 1.7, 95% CI = 0.96–2.9,
hereas contralateral use gave OR = 0.4, 95% CI = 0.2–1.2,
able 7.

ies on meningioma including meta-analysis of the studies using ≥10 year

psilateral Contralateral

o. of
ases/controls

OR 95% CI No. of
cases/controls

OR 95% CI

/18 1.3 0.5–3.9 3/23 0.5 0.1–1.7

– – – – –

– – – – –

5/28 2.0 0.98–3.9 12/29 1.6 0.7–3.3

3/113 1.1 0.7–1.7 24/117 0.6 0.4–1.03

8/141 1.3 0.9–1.8 36/146 0.8 0.5–1.3

t al., 2008 [16].
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Table 7
Odds ratios (ORs) and 95% confidence intervals (CIs) from three case–control studies on salivary gland tumors including meta-analysis of the studies using
≥10 year latency period.

Study Total Ipsilateral Contralateral

Author, year of publication,
country, latency, reference
number

No. of
cases/controls

OR 95% CI No. of
cases/controls

OR 95% CI No. of
cases/controls

OR 95% CI

Hardell et al., 2004, Sweden,
>10 years [39]

6/35 0.7 0.3–1.7 5/13 1.5 0.5–4.2 1/15 0.3 0.03–2.1

Lönn et al., 2006, malignant,
Sweden, ≥10 years [40]

2/36 0.4 0.1–2.6 1/23 0.7 0.1–5.7 0/19 –a –a

Lönn et al., 2006, benign,
Sweden, ≥10 years [40]

7/15 1.4 0.5–3.9 6/9 2.6 0.9–7.9 1/9 0.3 0.0–2.3

Sadetzki et al., 2007, Israel,
≥

13/26 0.9 0.4–1.8 10/16 1.6 0.7–3.7 3/10 0.6 0.2–2.3

M 22/61
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10 years [41]
eta-analysis 28/112 0.8 0.5–1.4
a Not included in meta-analysis because OR could not be estimated.

. Non-Hodgkin lymphoma

The incidence of NHL increased since the 1960s in Swe-
en as well as in many western countries with reliable cancer
egistries. This trend has levelled off since the 1990s, and
ecreasing exposure to environmental contaminants such as
CBs and dioxins, and also certain pesticides has been pos-

ulated to be one explanation [42,43]. As part of a large
ase–control study on NHL, mainly on exposure to pesti-
ides [44], also questions on the use of wireless phones were
ncluded. The study covered the time period December 1,
999 to April 30, 2002. The questionnaire was answered by
10 (91%) cases and 1016 (92% controls). The majority of
he cases had B-cell NHL and we did not find any asso-
iation with use of wireless phones [45]. Regarding T-cell
HL (n = 53) we observed somewhat increased risks; use
f analogue phone gave OR = 1.5, 95% CI = 0.6–3.7, digi-
al phone OR = 1.9, 95% CI = 0.8–4.8 and cordless phone
R = 2.5, 95% CI = 1.1–5.6. For certain subtypes of T-cell
HL, the cutaneous and leukemia types, the risks increased

urther for analogue phone to OR = 3.4, 95% CI = 0.8–15, dig-
tal phone to OR = 6.1, 95% CI = 1.3–30, and cordless phone
o OR = 5.5, 95% CI = 1.3–24. These results were, however,
ased on low numbers.

A study from USA included 551 NHL cases and 462 fre-
uency matched controls [46]. Among regular mobile phone
sers NHL risk was not significantly associated with min-
tes per week, duration, cumulative lifetime or years of
rst use. However, total time >8 years gave OR = 1.6, 95%
I = 0.7–3.8. The risk increased with number of years, and
as significant for the not specified group of NHL after ≥6
ears use yielding OR = 3.2, 95% CI = 1.2–8.4.

. Testicular cancer
An increasing incidence of testicular cancer has been
oted in most western countries during the recent decades.
t is the most common cancer type in young men and is

m
p
d
9

1.7 0.96–2.9 5/34 0.4 0.2–1.2

ot regarded to be an occupational disease. Cryptorchidism
s an established risk factors, but also perinatal exposure
o persistent organic pollutants with hormone activity has
een suggested to be another risk factor [47,48]. There has
een concern in the population that use of mobile phones
ight be a risk factor for testicular dysfunction. We per-

ormed a case–control study mainly on the use of PVC
lastics as risk factor for testicular cancer [49], and included
n the questionnaire also questions on the use of wireless
hones. The results were based on answers from 542 (92%)
ases with seminoma, 346 (89%) with non-seminoma and
70 (89%) controls [50]. Overall no association was found
50]. Only 13 cases with seminoma had used an analogue
hone >10 years yielding OR = 2.1, 95% CI = 0.8–5.1 and
ne case with non-seminoma; OR = 0.3, 95% CI = 0.04–2.6.
o case had used a digital or cordless phone with latency
eriod >10 years. OR did not increase with cumulative use
n hours for the different phone types. Regarding use of

obile phone in the stand by mode border line significance
as found for seminoma, OR = 1.3, 95% CI = 1.03–1.7, but
ot for non-seminoma; OR = 0.9, 95% CI = 0.7–1.3. For dif-
erent localisations during stand by, highest risk was found
or seminoma for keeping the phone in ipsilateral trousers
ocket, OR = 1.8, 95% CI = 0.97–3.4 whereas contralateral
ocket gave OR = 1.0, 95% CI = 0.5–2.0.

0. Malignant melanoma of the eye

Stang et al. [51] conducted a hospital- and population-
ased case–control study of uveal melanoma and occu-
ational exposures to different sources of radiofrequency
adiation. A total of 118 cases with uveal melanoma and 475
ontrols were included. Exposure to RF-transmitting devices
as rated as (a) no RF exposure, (b) possible exposure to

obile phones, or (c) probable/certain exposure to mobile

hones. An elevated risk for exposure to RF-transmitting
evices was reported. Exposure to radio sets gave OR = 3.0,
5% CI = 1.4–6.3 and probable/certain exposure to mobile
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hones OR = 4.2, 95% CI = 1.2–14.5. The authors concluded
hat several methodologic limitations prevented their results
rom providing clear evidence on the hypothesized associa-
ion.

The study was commented among others Johansen et al.
52]. In their cohort of mobile phone subscribers in Denmark
o support for an association between mobile phones and ocu-
ar melanoma was found. However, as discussed elsewhere
14,15,18,55], there are several methodological limitations in
he Danish cohort [21,22] that hamper the interpretation of
heir findings.

The paper by Stang et al. [51] has also been commented
y Inskip [53] in an editorial, the main point being that miss-
ng from the paper is any consideration of occupational or
ecreational exposure to UV radiation.

1. Intratemporal facial nerve tumor

So far only one investigation has studied the risk of
ntratemporal facial nerve (IFN) tumor and the use of mobile
hone [54]. A case–control approach was used with 18
atients with IFN tumors matched with controls (n = 192)
reated for other diseases, 51 patients treated for acoustic
euroma, 72 treated for rhinosinusitis, and 69 for dysphonia
nd gastroesophageal reflux. Risk of facial nerve tumorigen-
sis was compared by extent of mobile phone use. The OR of
eveloping an IFN tumor was 0.6, 95% CI = 0.2–1.9 with any
andheld mobile phone use and OR = 0.4, 95% CI = 0.1–2.1
or regular mobile phone use. However, they concluded that
he short duration of use precludes definite exclusion as a
isk for IFN tumor development. Certainly the cases were
oo few for a sound epidemiological study and it was not cor-
ect to include patients with acoustic neuroma in the reference
roup.

2. Discussion

A review on use of mobile phones and the association with
rain tumors included all case–control studies that we have
dentified in the peer-review literature. Most studies have
ublished data with rather short latency period and limited
nformation on long-term users.

No other studies than from the Hardell group has published
omprehensive results for use of cordless phones (DECT)
2–15]. As we have discussed in our publications it is perti-
ent to include also such use in this type of studies. Cordless
hones are an important source of exposure to microwaves
nd they are usually used for a longer time period on daily
asis as compared to mobile phones. Thus, to exclude such
se, as was done in e.g. the Interphone studies, could lead to

n underestimation of the risk for brain tumors from use of
ireless phones.
We have discussed shortcomings in the Interphone stud-

es in detail elsewhere [55]. Regarding glioma the Swedish

p
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nterphone study reported 23 ORs in Table 2 in that publi-
ation [25] and 22 of these were <1.0 and one OR = 1.0. For
eningioma all 23 ORs were <1.0, six even significantly so.
hese results indicate a systematic bias in the study unless use
f mobile phones prevents glioma and meningioma, which
s biologically unlikely. It should be noted that several of
he overall ORs also in other Interphone studies were <1.0,
ome even significantly so. As an example, in the Danish
nterphone study on glioma [26] all 17 ORs for high-grade
lioma were <1.0, four significantly decreased. Also other
nterphone studies reported ORs significantly <1.0, that is

protective effect or rather systematic bias in the studies
16,29,31].

Use of cellular telephones was mostly assessed by per-
onal interviews in the Interphone studies. It is not described
ow these personal interviews were organized, a tremendous
ask considering that vast parts of Sweden from north to south
ad to be covered. In the sparsely populated and extended area
n northern Sweden personal interviews must have meant lots
f long distance traveling and imposed additional stress on
he interviewers. No information was given in the articles on
ow or if this methodological problem was solved, for exam-
le were controls only included from more densely populated
reas.

The interviews in the Interphone study were extensive
nd computer aided. It is likely that such an interview cre-
tes a stressful situation for a patient with a recent brain
umor diagnosis and operation. These patients, especially
nder pressure with a newly diagnosed brain tumor and
ossible surgery, often have difficulties remembering past
xposures and inevitably have problems with concentration
nd may have problems with other cognitive shortcom-
ngs. In the Danish part of the Interphone study it was
oncluded that the patients scored significantly lower than
ontrols due to recalling words (aphasia), problems with
riting and drawing due to paralysis [26]. According to
ur experience a better option would have been to start
ith a mailed questionnaire, that can be answered by the
atient during a period of more well-being, if necessary
his can be complemented by a telephone interview. After
urgery it is easier to answer a questionnaire at home, also
ith the possibility to check phone bills to verify the use.
his procedure has the additional advantage that it can be
ccomplished without disclosure during the data collection,
hether a person is a case or a control. Certainly, know-

ng if it was a case or a control that was interviewed in
he Interphone study may have introduced observational
ias.

It has been argued that recall bias might be introduced
n case–control studies on cancer patients, since the patients
ould be more prone to find a cause for their disease than the

ontrols. However, the contrary is often the situation since

atients do not want to blame themselves for their disease. In
ne article we presented data on the patients own assumptions
f causes of their brain tumor [5]. Of 1429 cases only two
xpressed concern about mobile phones and no about cordless
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hones. Interestingly, cases with a previous cancer diagnosis
eported lower frequency for use of wireless phones than
hose with no previous cancer. No interviewer bias could be
emonstrated when exposure data in the questionnaire were
ompared before and after phone interviews [5].

The diagnosis of tumor type as well as grading is based
n histopathology. X-ray investigation or MR alone is insuffi-
ient. Of the 371 cases with glioma in the Swedish Interphone
tudy [25] histopathology examination of the tumor was
vailable for 328 (88%) cases, and for 225 (82%) of the
eningioma cases. Thus, it is possible that cases without his-

ology confirmation of the diagnosis may have had another
ype of brain tumor or even brain metastases. Such mis-
lassifications inevitably bias the result towards unity. It is
emarkable that 345 glioma cases were stratified according
o grade I–IV, although histopathology was available only for
28 cases. In our studies on brain tumors we have histopathol-
gy verification of all of the diagnoses. Also, the total number
f included cases [25] is not completely consistent with those
eported to the Swedish Cancer Registry as we have discussed
lsewhere [55]. The study included cases from neurosurgery,
ncology and neurology clinics as well as regional cancer
egistries in the study areas.

Among the controls in the glioma and meningioma study
82 (29%) refused to participate [25]. Among some of these
on-responders a short interview was made and only 34%
eported regular use of a cellular telephone compared with
9% of the responders. If this discrepancy extends to the
otal group of non-responders the true percentage of mobile
hone users in controls would be approximately 52%. Hence
his figure would be lower than in glioma (58% exposed) and
coustic neuroma cases (60%). Only for meningioma with
3% exposed cases a lower percentage was reported, how-
ver, considering the sex ratio (women:men) for meningioma
f about 2:1 a lower percentage of mobile phone users has
o be expected due to the lower rate of users among women.
t should be noted that a similar procedure in another Inter-
hone study yielded similar results regarding mobile phone
se among responders and non-responders [17].

It was discussed in a medical dissertation [56] that: ‘Our
wedish study, that includes a large number of long-term
obile phone users, does not support the few previously

eported positive findings, and does not indicate any risk
ncreases neither for short-term or long-term exposures.’
onsidering the methodological shortcomings and that in
ontrast to the cited assertion of ‘a large number of long-
erm users’ the study subjects included only 25 glioma and 12

eningioma cases with long-term use, its conclusion seems
o be going a long way beyond what can be scientifically
efended.

It might be mentioned that this area of research seems
o be controversial per se with unfounded statements [57],

asily rebutted [58] and not supported by evolving scientific
vidence [59]. Statements on no risk for brain tumors based
n short-time use of mobile phones [60] might be considered
n a larger context [61].

s
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t
i

gy 16 (2009) 113–122

We included in our studies use of mobile or cordless phone
any time’ in the exposed group and made dose-response
alculations based on number of hours of cumulative use. The
nexposed group included also subjects with use of wireless
hones with ≤1-year latency period. On the contrary, mobile
hone use in the Interphone studies was defined as ‘regular
se’ on average once per week during at least 6 months, less
han that was regarded as unexposed including also all use
ithin <1 year before diagnosis. This definition of ‘regular
se’ seems to have been arbitrary chosen and might have
reated both observational and recall bias in the interpretation
f such a definition.

Use of cordless phones was not assessed or not clearly
resented in the Interphone studies, e.g. [25,28]. We found a
onsistent pattern of an association between cordless phones
nd glioma and acoustic neuroma [11,12]. It has been shown
hat the GSM phones have a median power in the same
rder of magnitude as cordless phones [62]. Moreover, cord-
ess phones are usually used for longer calls than mobile
hones [11,12]. Including subjects using cordless phones in
he “unexposed” group in studies on this issue, as for example
n the Interphone investigations, would thus underestimate
he risk and bias OR against unity.

The case participation was good in our studies, 88% for
ases with benign brain tumors, 90% for malignant brain
umor cases and 89% for the controls. On the contrary case
articipation varied from 37% to 93% and control participa-
ion from 42% to 75% in the Interphone studies. Obviously
ow participation rates for cases and controls might give selec-
ion bias and influence the results in the Interphone studies.

Methodological issues in the Interphone studies have been
iscussed elsewhere [14,15,18,55,63–65]. It was concluded
hat the actual use of mobile phones was underestimated in
ight users and overestimated in heavy users. Random recall
ias could lead to large underestimation in the risk of brain
umors associated with mobile phone use. It was further sug-
ested that selection bias in the Interphone study resulted in
nder selection of unexposed controls. Refusal to participate
as related to less prevalent use of mobile phones, and this

ould result in a downward bias in estimates of the disease
isk associated with mobile phone use. As discussed by Kundi
18] there was also interview lag time between cases and con-
rols in the Interphone studies that might have been a source
f bias due to the fast increase of mobile phone use during
he study period. This could have resulted in underestimation
f risk.

For salivary gland tumors the results were based on
hree case-control studies. In the 10 year latency period the
eta-analysis gave an almost significantly increased risk

or ipsilateral use of mobile phones, and a non-significantly
ecreased risk for contralateral use. These results were based
n few cases. Regarding NHL and testicular cancer some

ubgroup analysis yielded increased risks, but these results
ere based on low numbers. Use of mobile phone increased

he risk significantly for melanoma of the eye. The study on
ntratemporal facial nerve tumors is not informative since
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t was based on few cases and included acoustic neuroma
atients in the control group. It is concluded that all studies
ere hampered by low numbers of long-term users and need

o be replicated for firm evidence of an association between
se of mobile phones and these tumor types.

In summary our review yielded a consistent pattern of
n increased risk for acoustic neuroma and glioma after >10
ears mobile phone latency. Our studies showed also an asso-
iation with use of cordless phones, an issue that has not been
tudied at all in most investigations or only rudimentary in
wo studies. We conclude that current standard for exposure to

icrowaves during mobile phone use is not safe for long-term
xposure and needs to be revised.
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