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Pooled analysis of case-control studies on acoustic
neuroma diagnosed 1997-2003 and 2007-2009
and use of mobile and cordless phones
/(11$57+$5'(//1, MICHAEL CARLBERG1)5('5,.6g'(549,671,3 and.-(//+$166210,/'2
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Abstract. We previously conducted a case-control study of
acoustic neuroma. Subjects of both genders aged 20-80 years,
diagnosed during 1997-2003 in parts of Sweden, were included,
and the results were published. We have since made a further
study for the time period 2007-2009 including both men and
women aged 18-75 years selected from throughout the country.
These new results for acoustic neuroma have not been published
to date. Similar methods were used for both study periods. In
each, one population-based control, matched on gender and age
ZLWKLQÀYH\HDUV ZDVLGHQWLÀHGIURPWKH6ZHGLVK3RSXODWLRQ
Registry. Exposures were assessed by a self-administered
questionnaire supplemented by a phone interview. Since the
number of acoustic neuroma cases in the new study was low
we now present pooled results from both study periods based
on 316 participating cases and 3,530 controls. Unconditional
logistic regression analysis was performed, adjusting for age,
JHQGHU \HDU RI GLDJQRVLV DQG VRFLRHFRQRPLF LQGH[ 6(, 
Use of mobile phones of the analogue type gave odds ratio
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latency >20 years. For total wireless phone use, the highest risk
ZDVFDOFXODWHGIRUWKHORQJHVWODWHQF\WLPH!\HDUV25 
&, 6HYHUDORIWKHFDOFXODWLRQVLQWKHORQJODWHQF\
category were based on low numbers of exposed cases. Ipsilateral
use resulted in a higher risk than contralateral for both mobile
and cordless phones. OR increased per 100 h cumulative use
and per year of latency for mobile phones and cordless phones,
WKRXJKWKHLQFUHDVHZDVQRWVWDWLVWLFDOO\VLJQLÀFDQWIRUFRUGOHVV
phones. The percentage tumour volume increased per year of
ODWHQF\DQGSHUKRIFXPXODWLYHXVHVWDWLVWLFDOO\VLJQLÀFDQW
for analogue phones. This study confirmed previous results
demonstrating an association between mobile and cordless
phone use and acoustic neuroma.
Introduction
Acoustic neuroma or vestibular schwannoma is a benign
tumour in the eighth cranial nerve that leads from the inner
ear to the brain. It is a slowly growing tumour in the auditory canal and expands gradually into the cerebellopontine
angle with potential compression of vital brain stem centres. It
tends to be encapsulated and grows in relation to the auditory
and vestibular portions of the nerve. This tumour type does
not undergo malignant transformation. Tinnitus and hearing
SUREOHPVDUHWKHXVXDOÀUVWV\PSWRPVRIDFRXVWLFQHXURPD
Although it is a benign tumour it may cause persistent disabling
symptoms after treatment such as loss of hearing and tinnitus
that severely affect the daily life.
Acoustic neuroma is a rare tumour. The average age-standardised incidence rates ranged during 1987-2007 from 6.1 per
LQ)LQQLVKPHQWRLQ'DQLVKPHQ:RPHQLQ
Sweden had the lowest average rate of 6.4 per 1,000,000 and
WKHKLJKHVWUDWHZDVIRXQGLQ'HQPDUN  7KHLQFLGHQFH
increased significantly during the time period 1987-2007
ZKHQDOO1RUGLFFRXQWULHV 'HQPDUN)LQODQG1RUZD\DQG
6ZHGHQ DQGERWKJHQGHUVZHUHFRPELQHGSHU\HDU
FRQÀGHQFHLQWHUYDO &,  WR
The aetiology of acoustic neuroma is not well known.
Risk factors such as exposure to ionising radiation during
FKLOGKRRG   DQG ORXG QRLVH   KDYH EHHQ VXJJHVWHG
1HXURÀEURPDWRVLVLVRQHHVWDEOLVKHGULVNIDFWRUIRUDFRXVWLF
QHXURPDZLWKOLIHWLPHULVN  
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'XULQJ FDOOV ZKHQ D ZLUHOHVV SKRQH PRELOH SKRQH RU
FRUGOHVVSKRQH'(&7 LVKHOGFORVHWRWKHKHDGWKHHLJKWK
cranial nerve is expected to receive relatively high exposure
WRUDGLRIUHTXHQF\HOHFWURPDJQHWLFÀHOGV 5)(0) 7KXV
there is a particular concern about increased risk for acoustic
neuroma due to exposure to RF-EMF emissions during use
of these devices. Results for long-term use of wireless phones
and the risk for acoustic neuroma have been published by the
+DUGHOOJURXS  DQGE\WKH:+2,QWHUSKRQHVWXG\JURXS
RQO\PRELOHSKRQHXVHZDVSXEOLVKHGIRU,QWHUSKRQH  %RWK
sets of studies provided corroborative results, demonstrating
an association between acoustic neuroma and exposure to
RF-EMF from wireless phones. We have recently summarised
DQGGLVFXVVHGWKHVHUHVXOWV  
In May 2011, the International Agency for Research on
&DQFHU ,$5& DW:+2HYDOXDWHGWKHFDUFLQRJHQLFHIIHFW
of RF-EMF on humans. The evaluation included radiation
from mobile phones and from other devices that emit similar
QRQLRQLVLQJHOHFWURPDJQHWLFÀHOGV7KHFRQFOXVLRQVVWDWHG
that there were positive associations between exposure to
radiofrequency radiation from wireless phones and glioma,
and acoustic neuroma. It was concluded that RF-EMF is a
*URXS%LHD¶SRVVLEOH·KXPDQFDUFLQRJHQ  
In order to obtain results relating to longer-term use of wireless phones we decided to perform a new case-control study on
brain tumours encompassing study subjects during the time
period 2007-2009. The ethics committee also approved this
new study.
The results for malignant brain tumours and meningioma
are being published separately. This report presents the results
for acoustic neuroma. Since the cases in this new study were
IHZ Q  ZHGHFLGHGWRPDNHDSRROHGDQDO\VLVIRUWKHWZR
study periods 1997-2003 and 2007-2009.
Materials and methods
Wireless technology. Wireless technology has been used in
6ZHGHQVLQFHWKHHDUO\V,QLWLDOO\DQDORJXHSKRQHV 107
1RUGLF0RELOH7HOHSKRQH6\VWHP ZHUHXVHGEXWWKLVV\VWHP
was finally closed down in 2007. Since the early 1990s the
market has been increasingly dominated by digital GSM phones.
In 2003 the third generation of mobile phones, 3G or UMTS
8QLYHUVDO0RELOH7HOHFRPPXQLFDWLRQ6\VWHP ZDVLQWURGXFHG
LQ6ZHGHQ&XUUHQWO\WKHIRXUWKJHQHUDWLRQ* 7HUUHVWULDO* 
is being established. Nowadays, mobile phones are used more
WKDQODQGOLQHSKRQHVLQ6ZHGHQ  :RUOGZLGHDQHVWLPDWHG
5.9 billion mobile phone subscriptions were reported at the end
RIE\WKH,QWHUQDWLRQDO7HOHFRPPXQLFDWLRQ8QLRQ  
'HVNWRS FRUGOHVV SKRQHV '(&7  KDYH EHHQ XVHG LQ
6ZHGHQVLQFHÀUVWXVLQJDQDORJXH0+]5)
ÀHOGVEXWVLQFHHDUO\VXVLQJDGLJLWDO0+]V\VWHP
They are very common, overtaking telephones connected to
landlines. These devices also emit RF-EMF radiation when
used and should be given equal consideration with mobile
phones when human health risks are evaluated.
Inclusion criteria. This report is based on results from two
study periods, 1997-2003 and 2007-2009. The same methods
were used for both periods including similar questions on use
of mobile and cordless phones. All studies were of the case-
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control design and included both men and women who were
alive. Cases were reported to us from the cancer registries. The
diagnosis was based on histopathology in all cases. Tumour
ORFDOLVDWLRQ VLGHRIKHDG ZDVEDVHGRQUHSRUWVWRWKHFDQFHU
registries and medical records, which were obtained after
informed consent from the patients.
Cases with both benign and malignant brain tumours were
included in the study. For each case one control matched on age
in 5-year groups and gender, living in the same geographical
region as the respective case, was drawn from the population
registry. They were assigned the same year as the diagnosis
of the respective case as cut-off in assessment of exposure.
All these controls were used in the analysis of the results for
acoustic neuroma.
The results for the time period 1997-2003, which included
the age group 20-80 years, have been published previously
and further details can be found in these reports [Hardell et al
 @&DVHVDQGFRQWUROVDJHG\HDUVDWWKHWLPHRI
diagnosis living in certain geographical areas in Sweden, as
presented in those publications, were included during that time
period.
Our new study included cases aged 18-75 years at the time
of diagnosis during 2007-2009. Again, the diagnosis was
YHULÀHGE\KLVWRSDWKRORJ\LQDOOFDVHV7KH\ZHUHUHSRUWHGWR
us from cancer registries and the whole of Sweden was now
included. For administrative reasons the Gothenburg region
could only be included for the years 2008 and 2009.
For both study periods the responsible physician was
contacted for permission before the case was included.
0HGLFDOUHFRUGVLQFOXGLQJFRPSXWHUWRPRJUDSK\ &7 DQGRU
PDJQHWLFUHVRQDQFHLPDJLQJ 05, ZHUHXVHGIRUFDOFXODWLRQ
of tumour volume.
Exposure assessment. The questionnaire was similar for both
study periods. Use of wireless phones, i.e. both mobile and
cordless phones, was assessed by a self-administered questionnaire supplemented by a phone interview. The questionnaire
also contained a number of other questions on e.g. occupation,
exposure to different agents, smoking habits, medical history
including hereditary risk factors, and exposure to ionizing
radiation. These questions were also supplemented over the
phone by the interviewer. A structured protocol was used for
all questions during the interviews.
The ear that had been most regularly used during calls with
PRELOHDQGRUFRUGOHVVSKRQHZDVDVVHVVHGE\VHSDUDWHTXHVWLRQV!RIWKHWLPHIRURQHVLGHRUHTXDOO\IRUERWKVLGHV
The matched control was assigned the same side as the tumour of
the respective case in the series of studies. The whole procedure
was conducted without knowledge of exposure status. Use of the
ZLUHOHVVSKRQHZDVGHÀQHGDVLSVLODWHUDO RIWKHWLPH RU
FRQWUDODWHUDO RIWKHWLPH LQUHODWLRQWRWXPRXUVLGH
Each questionnaire received a unique Id-number that did
not disclose whether it was a case or a control. Thus, case or
control status was not disclosed to the interviewer or during
further data processing. All information was coded and entered
into a database. Case or control status was not disclosed until
the statistical analyses.
Statistical methods. All analyses were done using StataSE 12.1
6WDWD6(IRU:LQGRZV6WDWD&RUS&ROOHJH6WDWLRQ7; 
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7DEOH,2GGVUDWLR 25 DQGFRQÀGHQFHLQWHUYDO &, IRUDFRXVWLFQHXURPDEDVHGRQFDVHVDQGFRQWUROVa
/DWHQF\



$FRXVWLFQHXURPD Q 
Total, >1 year

>1-5 years

>5-10 years

>10-15 years

>15-20 years

>20 years


$QDORJXH
25&,
&D&R 


'LJLWDO
* 
25&,
&D&R 

2.9
2.0-4.3
 

1.5
1.1-2.1
 

3.9
0.4-35
 

1.6
1.5
1.5
1.5
1.2-2.2
1.1-2.1
1.1-2.0
1.1-2.0
      

2.2
1.2-4.0
 

1.4
0.996-2.0
 

4.1
0.5-36
 

1.3
0.9-1.8
 

1.5
1.05-2.1
 

1.4
1.01-1.9
 

1.2
0.8-1.6


3.2
2.0-5.2
 

1.8
1.1-2.8
 

-

2.3
1.6-3.3
 

1.6
1.1-2.5
 

1.6
1.1-2.3
 

1.9
1.3-2.7


3.0
1.6-5.7
 

1.8
0.97-3.4
 

-

2.1
1.3-3.5
 

1.4
0.8-2.6
 

1.6
0.97-2.8
 

2.0
1.3-3.2


3.5
1.5-8.5
 

1.8
0.8-4.2
 

-

2.1
1.02-4.2
 

0.5
0.1-2.1
 

1.1
0.5-2.5
 

1.7
0.9-3.3


7.7
2.8-21
 

-

-

4.5
2.1-9.5
 

6.5
1.7-26
 

8.1
2.0-32
 

4.4
2.2-9.0


 

'LJLWDO
0RELOH
8076*  SKRQHWRWDO
25&,
25&,
&D&R 
&D&R 

 

 

 

 

&RUGOHVV
SKRQH
25&,
&D&R 

'LJLWDO
W\SH
25&,
&D&R 

:LUHOHVV
SKRQH
25&,
&D&R

a

1XPEHUVRIH[SRVHGFDVHV &D DQGFRQWUROV &R DUHJLYHQ$GMXVWPHQWZDVPDGHIRUDJHDWGLDJQRVLVJHQGHU6(,FRGHDQG\HDURIGLDJQRVLV

2GGV UDWLRV 25  DQG  FRQILGHQFH LQWHUYDOV &,  ZHUH
calculated using unconditional logistic regression analysis
including the whole control sample (i.e. matched to both
PDOLJQDQWDQGEHQLJQFDVHV WRLQFUHDVHWKHSRZHURIWKHVWXG\
/DWHQF\SHULRG WLPHEHWZHHQÀUVWH[SRVXUHDQGGLDJQRVLV 
ZDVGHÀQHGXVLQJ\HDURIÀUVWXVHRIDZLUHOHVVSKRQHDQG
\HDURIGLDJQRVLV WKHVDPH\HDUIRUWKHPDWFKHGFRQWURO 
The cumulative number of hours of use was calculated using
number of years and average time used per day. Use in a
FDUZLWKH[WHUQDODQWHQQDZDVGLVUHJDUGHGVRZDVXVHRID
handsfree device. We adopted a minimum latency period of
RQH\HDU \HDU IRUH[SRVXUHOHVVWKDQWKDWZDVLQFOXGHG
in the unexposed category. The same year as for each case's
diagnosis was used for the corresponding control as the cut-off
for exposure accumulation. Note that latency was calculated
separately for the respective phone type or combination of
phones that were analysed.
Adjustment was made for the matching variables gender,
DJH DVDFRQWLQXRXVYDULDEOH DQG\HDURIGLDJQRVLV,QDGGLWLRQDGMXVWPHQWZDVPDGHIRUVRFLRHFRQRPLFLQGH[ 6(, 
divided into four categories (blue-collar worker, white-collar
ZRUNHUVHOIHPSOR\HGQRZRUN VLQFHDQDVVRFLDWLRQEHWZHHQ
ZKLWHFROODUZRUNDQGEUDLQWXPRXUVKDVEHHQUHSRUWHG  
Latency was analysed using five time periods, >1-5 years,

>5-10 years, >10-15 years, >15-20 years and >20 years.
Cumulative use of the various phone types and combinations
was analysed in quartiles based on the distribution of total use
of wireless phones among the controls. Latency and cumulative use were also analysed as continuous variables (per year
RIODWHQF\SHUKFXPXODWLYHXVH WRIXUWKHUH[SORUHWKH
dose-response relations. Laterality was not analysed for the
whole group of wireless phone users since the side could differ
for mobile phone and cordless phone for the same person.
Restricted cubic splines were used to visualize the relationship between cumulative use and latency of wireless phones
and acoustic neuroma. Adjustment was made for the same
variables as in the logistic regression. Four knots were used at
the 5th, 35th, 65 and 95th percentiles as suggested by Harrell
 3YDOXHIRUQRQOLQHDULW\ZDVHVWLPDWHGE\WHVWLQJLIWKH
FRHIÀFLHQWRIWKHVHFRQGDQGWKLUGVSOLQHZDVHTXDOWR]HUR
using the Wald test. Tumour volume was estimated using the
ellipsoid formula:
D2
4  
D1 [ 
--[ D
3
3
2
2
2
'1'2'3GLDPHWHUVLQWKHWKUHHD[LV  Change of tumour
volume per year of latency and per 100 h of cumulative use
was analysed using linear regression analysis, adjusted for age
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7DEOH,,2GGVUDWLR 25 DQGFRQÀGHQFHLQWHUYDO &, IRUDFRXVWLFQHXURPDWRWDOLSVLODWHUDODQGFRQWUDODWHUDOH[SRVXUHa


$QDORJXH
'LJLWDO * 
'LJLWDO 8076* 
0RELOHSKRQHWRWDO
&RUGOHVVSKRQH
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---------------------------------------------------------&D&R
25
&,


















Ipsilateral
------------------------------------------------------&D&R
25
&,

Contralateral
------------------------------------------------------&D&R
25
&,





































a

1XPEHUVRIH[SRVHGFDVHV &D DQGFRQWUROV &R DUHGLVSOD\HG$GMXVWPHQWZDVPDGHIRUDJHDWGLDJQRVLVJHQGHU6(,FRGHDQG\HDURI
GLDJQRVLV,SVLODWHUDOXVHRIWKHSKRQHRQWKHVDPHVLGHDVWKHWXPRXUZDVORFDWHG&RQWUDODWHUDOXVHRIWKHSKRQHRQWKHVDPH
side as the tumour was located.

7DEOH,,,2GGVUDWLR 25 DQGFRQÀGHQFHLQWHUYDO &, IRUGRVHUHVSRQVHEHWZHHQXVHRIZLUHOHVVSKRQHVDQGDFRXVWLF
neuroma.a
4XDUWLOH




$QDORJXH
25&,
&D&R 


'LJLWDO
* 
25&,
&D&R 

'LJLWDO
8076* 
25&,
&D&R 

0RELOH
SKRQHWRWDO
25&,
&D&R 

&RUGOHVV
SKRQH
25&,
&D&R 

'LJLWDO
W\SH
25&,
&D&R 

:LUHOHVV
SKRQH
25&,
&D&R

First quartile

2.5
1.6-3.9
 

1.5
1.04-2.1
 

9.1
0.9-89
 

1.6
1.1-2.2
 

1.2
0.8-1.8
 

1.3
0.9-1.9
 

1.2
0.8-1.7


3.1
1.8-5.5
 

1.2
0.7-2.0
 

1.5
0.1-26
 

1.5
0.9-2.3
 

1.6
1.03-2.3
 

1.3
0.9-2.0
 

1.5
1.02-2.2


4.2
2.1-8.4
 

2.2
1.3-3.6
 

2.7
0.2-47
 

2.4
1.5-3.8
 

2.1
1.3-3.2
 

1.9
1.3-2.8
 

1.9
1.3-2.8


6.6
2.6-17
 

2.1
1.2-3.9
 

-

2.6
1.5-4.4
 

1.9
1.1-3.2
 

2.1
1.4-3.3
 

2.2
1.5-3.4



Second quartile

Third quartile

Fourth quartile


 

a

1XPEHUVRIH[SRVHGFDVHV &D DQGFRQWUROV &R DUHGLVSOD\HG$GMXVWPHQWZDVPDGHIRUDJHDWGLDJQRVLVJHQGHU6(,FRGHDQG\HDURI
GLDJQRVLV)LUVWTXDUWLOHKVHFRQGTXDUWLOHKWKLUGTXDUWLOHKIRXUWKTXDUWLOH!KSWUHQGDQDORJXHS 
GLJLWDO * S GLJLWDO 8076* S PRELOHSKRQHWRWDOS FRUGOHVVSKRQHS GLJLWDOW\SHS ZLUHOHVVSKRQH
S 

and gender. The volumes were log-transformed to normalize
the distribution. The percentage changes were calculated
from the ơFRHIÀFLHQWVLQWKHPRGHOXVLQJWKHH[SUHVVLRQ
(eơFRHIÀFLHQW [
Results
2IWKHFDVHVZLWKDFRXVWLFQHXURPD  DQVZHUHG
WKH TXHVWLRQQDLUH  ZHUH PHQ DQG  ZRPHQ 2I WKH
 FRQWUROV    SDUWLFLSDWHG  PHQ DQG
2,038 women. The mean age was 52 years for cases (median 53,
UDQJH   DQG  \HDUV IRU DOO FRQWUROV PHGLDQ 
UDQJH 

Table I summarises the results for acoustic neuroma and
XVHRIZLUHOHVVSKRQHV$QDORJXHSKRQHV\LHOGHG25 
&, LQFUHDVLQJWR25 &, LQ
the longest latency group >20 years.
8VH RI GLJLWDO * SKRQHV \LHOGHG D WRWDO 25  
&, ZLWKVRPHZKDWKLJKHU25LQWKHORQJHVW
latency group >15 years. The results for digital 3G were based
on low numbers with short latency period. Overall, mobile
SKRQHXVHJDYHDVWDWLVWLFDOO\VLJQLÀFDQWLQFUHDVHGULVNZLWK
the highest risk in the longest latency group >20 years yielding
25 &, 
&RUGOHVV SKRQH XVH JDYH 25    &,  
with higher risk in the longest latency group >20 years with
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7DEOH,92GGVUDWLR 25 DQGFRQÀGHQFHLQWHUYDO &, IRUDFRXVWLFQHXURPDSHUKRIFXPXODWLYHXVHDQGSHU\HDURI
latency.a

7\SHRISKRQH

3HUKFXPXODWLYHXVH
-------------------------------------------------------------------25
&,

3HU\HDURIODWHQF\
-------------------------------------------------------------------25
&,

Analogue
'LJLWDO * 
'LJLWDO 8076* 
Mobile phone, total
Cordless phone
'LJLWDOW\SH
Wireless phone

1.049


1.009
1.007

1.008

1.098


1.060
1.028

1.056

1.022-1.076


1.001-1.017
0.998-1.016

1.002-1.014

1.062-1.136


1.031-1.089
0.992-1.065

1.029-1.085

a

Adjustment was made for age at diagnosis, gender, SEI-code and year of diagnosis.

25 &, EXWEDVHGRQORZQXPEHUV:LUHOHVV
SKRQHXVHRYHUDOOJDYH25 &, LQFUHDVLQJ
ZLWKODWHQF\!\HDUVWR25 &, 
Table II summarises the results for use of wireless phones
in relation to tumour side. For all studied phone types except
digital 3G, somewhat higher ORs were calculated for ipsilateral wireless phone use than for contralateral.
Cumulative use of wireless phones was analysed in quarWLOHV 7DEOH,,, 1RWHWKDWIRUWKHYDULRXVSKRQHW\SHVWKH
FXPXODWLYHWLPHZDVFRXQWHGIRUXVHRIWKHVSHFLÀFSKRQHEXW
for the category ‘mobile phones’ all types of mobile phones
were included, and for ‘wireless phones’ use of cordless
phones was also included. In general, the highest ORs were
found in the fourth quartile with >1,486 h cumulative use.
0RELOHSKRQHXVHLQWKHIRXUWKTXDUWLOHJDYH25 
&,  SWUHQG  FRUGOHVVSKRQHXVH\LHOGHG
25 &,  SWUHQG  DQGZLUHOHVVSKRQH
XVHRYHUDOOJDYH25 &,  SWUHQG  
The highest increase in risk per 100 h cumulative use and
SHU\HDURIODWHQF\ZDVIRXQGIRUDQDORJXHSKRQHV25 
&, DQG25 &, 
UHVSHFWLYHO\ 7DEOH,9 7KHUHZDVDVWDWLVWLFDOO\QRQVLJQLIicant increase for cordless phone use. The digital types of
ZLUHOHVVSKRQHVJDYHVWDWLVWLFDOO\VLJQLÀFDQWO\LQFUHDVHGULVN
SHUKFXPXODWLYHXVH25 &, 
DQGSHU\HDURIODWHQF\25 &, 
2YHUDOOXVHRIZLUHOHVVSKRQHVJDYHVWDWLVWLFDOO\VLJQÀFDQW
increased risks per 100 h of cumulative use and per year of
latency.
*HQGHUVSHFLÀFDQDO\VHV\LHOGHGVLPLODUUHVXOWV&XPXODWLYH
XVHRIZLUHOHVVSKRQHVJDYH25 &, IRU
PHQLQWKHIRXUWKTXDUWLOHDQG25 &, IRU
ZRPHQWKXVWKHUHVXOWVIRUERWKJHQGHUVZHUHVWDWLVWLFDOO\
VLJQLÀFDQWZLWK&,RYHUODSSLQJ25V GDWDQRWVKRZQ 
Fig. 1 illustrates the results for cumulative use of wireless
phones using the restricted cubic splines method. The sharpest
increase in risk was seen up to approximately 3,000 h of
FXPXODWLYHXVHXSWRKWKHLQFUHDVHZDVOHVV SQRQ
OLQHDULW\    )LJ  GHPRQVWUDWHV D OLQHDU UHODWLRQVKLS
SQRQOLQHDULW\  EHWZHHQLQFUHDVLQJULVNDQGODWHQF\

Figure 1. Restricted cubic spline plot of the relationship between cumulative
use of wireless phones and acoustic neuroma. The solid line indicates the OR
HVWLPDWHDQGWKHEURNHQOLQHVUHSUHVHQWWKH&,$GMXVWPHQWZDVPDGHIRU
age at diagnosis, gender, SEI-code and year of diagnosis.

Figure 2. Restricted cubic spline plot of the relationship between latency
of wireless phones and acoustic neuroma. The solid line indicates the OR
HVWLPDWHDQGWKHEURNHQOLQHVUHSUHVHQWWKH&,$GMXVWPHQWZDVPDGHIRU
age at diagnosis, gender, SEI-code and year of diagnosis.
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7DEOH93HUFHQWDJHFKDQJHLQWXPRXUYROXPHSHU\HDURIODWHQF\DQGSHUKRIFXPXODWLYHXVHa
7\SHRISKRQH

$QDORJXH
'LJLWDO*
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Adjustment was made for age at diagnosis and gender.

XVLQJGDWDXSWR\HDUVIURPÀUVWXVHRIDZLUHOHVVSKRQH
before tumour diagnosis.
For 218 cases with acoustic neuroma, tumour volume
could be calculated on the basis of information in available
&705,UHSRUWV7KHUHZDVQRVWDWLVWLFDOO\VLJQLÀFDQWGLIIHUence according to gender or age, although for cases aged
!\HDUV FXWRIIDWPHGLDQDJH DVRPHZKDWODUJHUYROXPH
was calculated than for lower age (median 4.2 versus 2.0 cm3 
3HUFHQWDJHWXPRXUYROXPHFKDQJHSHU\HDURIODWHQF\DQGSHU
100 h of cumulative use increased for all types of wireless
SKRQHVDQGZDVVWDWLVWLFDOO\VLJQLÀFDQWIRUDQDORJXHSKRQHV
7DEOH9 7KHUHVXOWVIRUGLJLWDO*SKRQHZDVEDVHGRQRQO\
seven cases so calculations were not meaningful.
Discussion
0DLQÀQGLQJVThe main result of this study was an association between use of wireless phones and acoustic neuroma.
Increased risk was found for all studied phone types with the
highest ORs in the longest latency period. Formally, the highest
OR overall was calculated for digital mobile phones of the
WKLUGJHQHUDWLRQ * EXWWKLVZDVQRWVWDWLVWLFDOO\VLJQLÀFDQW
and was based on low numbers of exposed cases. Since this
technology is rather new, data on long-term use are lacking.
It should be noted that most subjects had used several phone
types. Increased risks were found for use of only analogue and
RQO\GLJLWDO * PRELOHSKRQHV GDWDQRWVKRZQ 0RVWRIWKHVH
calculations were hampered by numbers too low to permit
meaningful interpretation of the results. Nevertheless, in the
>10 year latency group, only analogue mobile phone use gave
25 &, DQGRQO\GLJLWDO*PRELOHSKRQH
XVHJDYH25 &, 7KHFRUUHVSRQGLQJUHVXOW
IRURQO\FRUGOHVVSKRQHXVHZDV25 &, 
A high risk was calculated for use of both mobile and cordOHVVSKRQHVLQWKHODWHQF\JURXS!\HDUV\LHOGLQJ25 
&, 
Most of the RF-EMF emissions from a handheld phone are
absorbed on the side of the brain on which the phone is used
LSVLODWHUDO ZLWKWKHKLJKHVWGRVHLQWKHDUHDZKHUHDFRXVWLF
QHXURPDGHYHORSV  :HIRXQGKLJKHU25VIRULSVLODWHUDO
wireless phone use, but increased risks were also calculated
for contralateral use. One contributing factor to the latter
ÀQGLQJFRXOGEHWKDWKHDULQJGHÀFLWLVDQHDUO\FOLQLFDOVLJQRI

DFRXVWLFQHXURPDWKHVXEMHFWVPLJKWFKDQJHWKHHDUIRUSKRQH
use due to that circumstance.
In our present study, cumulative use of wireless phones was
divided into quartiles depending on cumulative use of wireless phones overall among controls. For wireless phones the
highest overall risk was found in the fourth quartile >1,486 h
of cumulative use. This corresponds to approximately 25 min
wireless phone use per day for 10 years. There was a statistiFDOO\VLJQLÀFDQWWUHQG S  IRULQFUHDVLQJFXPXODWLYHXVH
of wireless phones overall, but the trend was of borderline
VWDWLVWLFDOVLJQLÀFDQFHIRUPRELOHSKRQHV S  7KH25
VKRZHGDVWDWLVWLFDOO\VLJQLÀFDQWLQFUHDVHSHUKRIFXPXODtive use and per year of latency for both mobile and wireless
phone use. Cordless phone use also increased the OR per 100 h
of cumulative use and per year of latency.
Tumour volume increased per year of latency and per 100 h
of cumulative use of wireless phones. The result was statistically significant for analogue phones, in accordance with
RYHUDOOÀQGLQJVRIKLJKHUULVNIRUXVHRIWKDWSKRQHW\SH,W
should be noted that the increase in tumour volume was higher
for ipsilateral use of mobile phones of the digital 2G type and
for cordless phones than for contralateral use of the respecWLYHW\SH7KLVRXJKWWRPDNHWKHÀQGLQJVELRORJLFDOO\PRUH
UHOHYDQW GDWDQRWVKRZQ 
Strengths and limitations. In our new case-control study for the
period 2007-2009 there were few cases with acoustic neuroma
Q  HLJKW GLG QRW SDUWLFLSDWH  6WDWLVWLFDO DQDO\VLV RI WKH
results was less meaningful although the whole control sample
Q   IRU WKH VWXG\ SHULRG FRXOG EH XVHG :H GHFLGHG
to include our previous study period 1997-2003 and make a
pooled analysis. Thus, 243 additional cases and 2,162 additional
controls were included in the pooled analysis. This was justiÀHGE\WKHIDFWWKDWDVLPLODUTXHVWLRQQDLUHZDVXVHGIRUERWK
study periods. Assessment of use of both mobile and cordless
phones was the same including the similar protocol for supplementary phone interviews regarding unclear facts or to verify
exposures. Furthermore, in the statistical analysis, adjustment
was made for year of diagnosis, gender, age and SEI-code.
Recall and observational bias might be an issue in casecontrol studies. We investigated in more detail the possibility
RIWKDWLQRQHRIRXUSUHYLRXVVWXGLHV  5HSRUWLQJDSUHYLRXV
FDQFHURULIDUHODWLYHKHOSHGWRÀOOLQWKHTXHVWLRQQDLUHGLGQRW
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FKDQJHWKHUHVXOWV3RWHQWLDOREVHUYDWLRQDOELDVGXULQJSKRQH
interviews was analysed by comparing change of exposure
in cases and controls after these interviews. No statistically
VLJQLÀFDQWGLIIHUHQFHVZHUHIRXQGVKRZLQJWKDWRXUUHVXOWV
are unlikely to be explained by observational bias. To further
validate exposure in the present study we used meningioma
FDVHV Q  DVWKHUHIHUHQWVWRWKHDFRXVWLFQHXURPDFDVHV
Q  6LPLODUUHVXOWVZHUHIRXQG7KXVZLUHOHVVSKRQHXVH
JDYHLQWRWDO !\HDUODWHQF\ 25 &, 
DQGLQWKHODWHQF\JURXS!\HDUV25 &, 
with meningioma cases as referents. The corresponding results
ZLWKSRSXODWLRQEDVHGFRQWUROVZHUH25 &, 
DQG25 &, UHVSHFWLYHO\ 7DEOH, 7KHVH
results clearly show that the results in this study can not be
explained by recall or observational bias.
,QRXUSUHYLRXVVWXG\RQDFRXVWLFQHXURPD  DGLDJQRVWLF
KHDG ;UD\ ZDV DVVRFLDWHG ZLWK DQ RYHUDOO LQFUHDVHG ULVN
25    &,   XQSXEOLVKHG GDWD  7KH ULVN
LQFUHDVHGWR25 &, IRU!RFFDVLRQVRI
;UD\ LQYHVWLJDWLRQV ZLWK ! \HDU ODWHQF\ +RZHYHU WKHUH
ZDVQRLQWHUDFWLRQZLWKPRELOHSKRQHXVH S  FRUGOHVV
SKRQHXVH S  RUZLUHOHVVSKRQHXVH S  ,QWKH
SUHVHQW VWXG\ ;UD\ LQYHVWLJDWLRQV RI WKH KHDG ZHUH DJDLQ
assessed. These data are to be analysed further, but in view of
our previous results an interaction with wireless phone use is
unlikely.
&HUWDLQO\ VRPH ;UD\ LQYHVWLJDWLRQV PLJKW EH WXPRXU
UHODWHGEXWXVLQJ!\HDUODWHQF\;UD\RIWKHKHDGJDYH
25 &, LQGLFDWLQJLWLVDULVNIDFWRUIRU
DFRXVWLFQHXURPD'HQWDO;UD\LQYHVWLJDWLRQVGLGQRWLQFUHDVH
the risk for acoustic neuroma in the 1997-2003 time period
VWXG\25 &,  Q FDVHVFRQWUROV
PLVVLQJGDWDIRUVHYHQFDVHVDQGFRQWUROV WKHUHZDVQR
dose-response relationship. The literature on dental and head
;UD\LQYHVWLJDWLRQVDQGWKHULVNIRUDFRXVWLFQHXURPDLVVFDQW\
In the German part of Interphone, medical ionising radiation
JDYH25 &, IRUDFRXVWLFQHXURPD  
In a study from Brazil on 44 acoustic neuroma patients and
FRQWUROVH[SRVXUHWR!FUDQLDO;UD\LQYHVWLJDWLRQJDYH
25 &,   
)UHTXHQW GHQWDO ;UD\ LQYHVWLJDWLRQV ZHUH DVVRFLDWHG
with an increased risk for acoustic neuroma encompassing
 SDWLHQWV ZKR XQGHUZHQW *DPPD .QLIH VXUJHU\ DQG
343 matched control patients with degenerative spinal disorGHUV  +HDGDQGQHFN&7ZDVDVVRFLDWHGZLWKDVWDWLVWLFDOO\
VLJQLÀFDQWO\GHFUHDVHGULVNZKLFKFDVWVGRXEWRQWKHVWXG\
methods including selection of controls.
Loud noise has been suggested as a risk factor for acoustic
QHXURPD  ,QWKHTXHVWLRQQDLUHZHDVNHGIRUH[SRVXUHWR
‘extremely high noise’, and the results are available for the
VWXG\SHULRG7KLVJDYH25 &, 
LQFUHDVLQJVRPHZKDWWR25 &, LQWKH
>10 years latency group. However, there was no interaction
ZLWKXVHRIZLUHOHVVSKRQHV S  RUWKHGLIIHUHQWSKRQH
types.
One strength of our whole study was that we included only
cases with a histopathological diagnosis of a brain tumour.
This was because we wanted a valid diagnosis of the brain
tumour for separate analysis depending on tumour type. If
necessary, the histopathological reports were supplemented

by records from pathology departments around the country
after informed consent from the subject. Thus, we were able
to classify all brain tumours on the basis of WHO codes.
1HXURÀEURPDWRVLVW\SH,,ZDVLGHQWLÀHGLQWZRFDVHVZLWK
acoustic neuroma. Exclusion of these cases did not change the
results.
Stereotactic radiosurgery is one option for treatment of
DFRXVWLFQHXURPDHVSHFLDOO\VPDOOHURQHV  2EYLRXVO\
in these cases the diagnosis is made by CT and MRI without
histopathology. However, exclusion of cases with only clinical
diagnosis is unlikely to have biased the results, since criteria
for treatment are not expected to be related to habits of wireless phone use.
One advantage of this study was the high response rate
DPRQJERWKFDVHVDQGFRQWUROV7KHUHVSRQVHUDWHZDV
Q  DPRQJWKHÀQDOO\LQFOXGHGFDVHVZLWKDFRXVWLFQHXURPD
2IWKHFRQWUROV Q  DQVZHUHGWKHTXHVWLRQQDLUH,Q
WKH,QWHUSKRQHVWXG\RQDFRXVWLFQHXURPD  ORZHUUHVSRQVH
UDWHVZHUHREWDLQHGIRUERWKFDVHVDQGFRQWUROVVHHEHORZ7R
ensure that results are as valid as possible, a high response
rate is always necessary. In fact, non-responding controls in
Interphone tended to be less frequent users of mobile phones
than participating controls, leading to underestimation of the
ULVN  
Results from other studies. A case-case study on acoustic
QHXURPDDQGPRELOHSKRQHXVHZDVFRQGXFWHGLQ-DSDQ  
7KHFDVHVZHUHLGHQWLÀHGGXULQJDWSDUWLFLpating neurosurgery departments. The diagnosis was based
RQKLVWRSDWKRORJ\RU&705,LPDJLQJ2IFDVHV
 DJUHHGWRSDUWLFLSDWHDQGDQVZHUHGDPDLOHGTXHVWLRQQDLUH$WRWDORIFDVHVZHUHLQFOXGHGLQWKHÀQDODQDO\VLV
Two datasets were analysed, one comprising 362 cases with
no tumour-related symptoms one year before diagnosis, and
WKHRWKHUFRPSULVLQJFDVHVZLWKQRV\PSWRPVÀYH\HDUV
before diagnosis. Cases with ipsilateral mobile phone use were
regarded as exposed and those with contralateral use were
assumed to be unexposed and were treated as the reference
category. Overall, no increased risk was found. However,
for average daily call duration >20 min with reference date
RQH\HDUULVNUDWLR 55  &, LQFUHDVHG
WR55 &, ZLWKUHIHUHQFHGDWHÀYH\HDUV
before diagnosis. Unfortunately, no results were given for
cumulative hours of use over the years. For cordless phones
no increased risk was found but the analysis was not very
informative.
,Q WKH ,QWHUSKRQH VWXG\    DFRXVWLF QHXURPD
FDVHV SDUWLFLSDWHG UDQJH  E\ FHQWUH   2I WKH
FRQWUROV  FRPSOHWHGWKHLQWHUYLHZVUDQJH
E\FHQWUH7KHÀQDOPDWFKHGDQDO\VLV RU FRPSULVHG
1,105 cases and 2,145 controls. Overall no increased risk was
IRXQGFHQVRULQJH[SRVXUHDWRQH\HDURUDWÀYH\HDUVEHIRUHWKH
UHIHUHQFHGDWH25 &, DQG25 
&, UHVSHFWLYHO\&XPXODWLYHQXPEHURIKRXUV
RILSVLODWHUDOPRELOHSKRQHXVHKXSWRRQH\HDUEHIRUH
WKHUHIHUHQFHGDWHJDYH25 &, DQG
FRQWUDODWHUDOXVH25 &, IRUDFRXVWLF
QHXURPD   &XPXODWLYH QXPEHU RI KRXUV RI LSVLODWHUDO
PRELOHSKRQHXVHKRXUVXSWRÀYH\HDUVEHIRUHWKH
UHIHUHQFHGDWHJDYH25 &, DQGIRU
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FRQWUDODWHUDOXVH25 &, 7KHULVN
LQFUHDVHG IXUWKHU IRU FXPXODWLYH LSVLODWHUDO XVH  K
ZLWKVWDUW\HDUVEHIRUHWKHUHIHUHQFHGDWHWR25 
&, &RQWUDODWHUDOXVHLQWKDWJURXS\LHOGHG
25 &, KRZHYHUWKLVZDVEDVHGRQ
only four exposed cases and nine exposed controls. Overall,
25 &, ZDVREWDLQHGIRUORQJWHUPXVH
ZLWKVWDUW\HDUVEHIRUHWKHUHIHUHQFHGDWHDQGFXPXODWLYH
FDOOWLPHK
We conducted a meta-analysis on mobile phone use and
its association with acoustic neuroma based on results by the
+DUGHOOJURXS  DQGWKH,QWHUSKRQHVWXG\  7KHDQDO\VLV
was based on published results by Interphone since we do not
have access to their database. Our results were recalculated
to these exposure groups. A random-effects model was used
EDVHGRQDWHVWIRUKHWHURJHQHLW\LQWKHRYHUDOO  \HDUV
DQGK JURXSV)RUWKHODWHQF\JURXS\HDUVWKH
KLJKHVW ULVN ZDV REWDLQHG IRU LSVLODWHUDO XVH 25  
&, 7KHULVNLQFUHDVHGIXUWKHUIRUFXPXODWLYHXVHK\LHOGLQJ25 &, IRU
LSVLODWHUDOXVH  
In the study by Han et al   UHJXODU PRELOH SKRQH
use was statistically significant more common among the
FDVHV S   7KH DGMXVWHG 25 IRU  \HDUV  PRELOH
SKRQHXVHZDV&,  FUXGH25 
 &,    5HJDUGLQJ FRUGOHVV SKRQH XVH WKH
DGMXVWHG25IRU\HDUVXVHZDV&, 
FUXGH25 &,  +RZHYHUQRWDOOVWDWLVWLFDOO\VLJQLÀFDQWFRQIRXQGHUVZHUHLQFOXGHGLQWKHDGMXVWHG
PRGHO UHVLGHQF\ H[FOXGHG  DQG QR UHVXOWV ZHUH JLYHQ IRU
wireless phone use in total. The authors noted that they had
LQVXIÀFLHQWLQIRUPDWLRQRQPRELOHSKRQHXVH7KHUHVXOWVIRU
cordless phones were not discussed in detail.
An increased risk for acoustic neuroma associated with
reported use of mobile phone was found in a study from
8.  (YHUXVHJDYHLQWKH\HDUVJURXS55 
&, ZLWKLQFUHDVLQJULVNZLWKGXUDWLRQRIXVH
WUHQGS  7KHVWXG\ZDVOLPLWHGE\HJPRELOHSKRQH
use only at baseline, no details on handedness use, no information on tumour laterality and no assessment of use of cordless
phones.
,QFRQFOXVLRQWKLVVWXG\FRQÀUPHGSUHYLRXVUHVXOWVRIDQ
association between use of mobile and cordless phones and
DFRXVWLFQHXURPD7KHULVNLQFUHDVHGZLWKWLPHVLQFHÀUVW
use. For use of both mobile and cordless phones the risk was
highest in the longest latency group. Tumour volume increased
per 100 h of cumulative use and years of latency for wireless
phones. Using the meningioma cases as reference entity gave
similar results as with population based controls indicating
that the results could not be explained by recall or observational bias.
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