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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 

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, 

Use of mobile phones of the analogue type gave odds ratio 

latency >20 years. For total wireless phone use, the highest risk 

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, 

phones. The percentage tumour volume increased per year of 

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 audi-
tory 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 

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-stan-
dardised incidence rates ranged during 1987-2007 from 6.1 per 

Sweden had the lowest average rate of 6.4 per 1,000,000 and 

increased significantly during the time period 1987-2007 

The aetiology of acoustic neuroma is not well known. 
Risk factors such as exposure to ionising radiation during 
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cranial nerve is expected to receive relatively high exposure 

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 

sets of studies provided corroborative results, demonstrating 
an association between acoustic neuroma and exposure to 
RF-EMF from wireless phones. We have recently summarised 

In May 2011, the International Agency for Research on 

of RF-EMF on humans. The evaluation included radiation 
from mobile phones and from other devices that emit similar 

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 

In order to obtain results relating to longer-term use of wire-
less 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 

study periods 1997-2003 and 2007-2009.

Materials and methods

Wireless technology. Wireless technology has been used in 

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 

is being established. Nowadays, mobile phones are used more 

5.9 billion mobile phone subscriptions were reported at the end 

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-

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 

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 

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 

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. 

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 question-
naire 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 
-

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 

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 
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calculated using unconditional logistic regression analysis 
including the whole control sample (i.e. matched to both 

The cumulative number of hours of use was calculated using 
number of years and average time used per day. Use in a 

handsfree device. We adopted a minimum latency period of 

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, 
-

divided into four categories (blue-collar worker, white-collar 

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 cumula-
tive use were also analysed as continuous variables (per year 

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 relation-
ship 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 

using the Wald test. Tumour volume was estimated using the 
ellipsoid formula:

  4     D1  D2  D3 ---   
  3     2  2  2

1 2 3  Change of tumour 
volume per year of latency and per 100 h of cumulative use 
was analysed using linear regression analysis, adjusted for age 

a

 Total, >1 year 2.9 1.5 3.9 1.6 1.5 1.5 1.5
  2.0-4.3 1.1-2.1 0.4-35 1.2-2.2 1.1-2.1 1.1-2.0 1.1-2.0

 >1-5 years 2.2 1.4 4.1 1.3 1.5 1.4 1.2
  1.2-4.0 0.996-2.0 0.5-36 0.9-1.8 1.05-2.1 1.01-1.9 0.8-1.6

 >5-10 years 3.2 1.8 - 2.3 1.6 1.6 1.9
  2.0-5.2 1.1-2.8  1.6-3.3 1.1-2.5 1.1-2.3 1.3-2.7

 >10-15 years 3.0 1.8 - 2.1 1.4 1.6 2.0
  1.6-5.7 0.97-3.4  1.3-3.5 0.8-2.6 0.97-2.8 1.3-3.2

>15-20 years 3.5 1.8 - 2.1 0.5 1.1 1.7
  1.5-8.5 0.8-4.2  1.02-4.2 0.1-2.1 0.5-2.5 0.9-3.3

 >20 years 7.7 - - 4.5 6.5 8.1 4.4
  2.8-21   2.1-9.5 1.7-26 2.0-32 2.2-9.0

a
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and gender. The volumes were log-transformed to normalize 
the distribution. The percentage changes were calculated 
from the 
(e

Results

2,038 women. The mean age was 52 years for cases (median 53, 

Table I summarises the results for acoustic neuroma and 

the longest latency group >20 years.

latency group >15 years. The results for digital 3G were based 
on low numbers with short latency period. Overall, mobile 

the highest risk in the longest latency group >20 years yielding 

with higher risk in the longest latency group >20 years with 

a

 All Ipsilateral  Contralateral
 ---------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------

a

side as the tumour was located.

neuroma.a

First quartile 2.5 1.5 9.1 1.6 1.2 1.3 1.2
 1.6-3.9 1.04-2.1 0.9-89 1.1-2.2 0.8-1.8 0.9-1.9 0.8-1.7

Second quartile  3.1 1.2 1.5 1.5 1.6 1.3 1.5
 1.8-5.5 0.7-2.0 0.1-26 0.9-2.3 1.03-2.3 0.9-2.0 1.02-2.2

Third quartile 4.2 2.2 2.7 2.4 2.1 1.9 1.9
 2.1-8.4 1.3-3.6 0.2-47 1.5-3.8 1.3-3.2 1.3-2.8 1.3-2.8

Fourth quartile 6.6 2.1 - 2.6 1.9 2.1 2.2
 2.6-17 1.2-3.9  1.5-4.4 1.1-3.2 1.4-3.3 1.5-3.4

a
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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 ipsilat-
eral wireless phone use than for contralateral.

Cumulative use of wireless phones was analysed in quar-

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. 

The highest increase in risk per 100 h cumulative use and 

-
icant increase for cordless phone use. The digital types of 

increased risks per 100 h of cumulative use and per year of 
latency.

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 

latency.a

 -------------------------------------------------------------------- --------------------------------------------------------------------

Analogue 1.049 1.022-1.076 1.098   1.062-1.136

Mobile phone, total 1.009 1.001-1.017 1.060   1.031-1.089
Cordless phone 1.007 0.998-1.016 1.028   0.992-1.065

Wireless phone 1.008 1.002-1.014 1.056   1.029-1.085

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

Figure 1. Restricted cubic spline plot of the relationship between cumulative 
use of wireless phones and acoustic neuroma. The solid line indicates the OR 

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 

age at diagnosis, gender, SEI-code and year of diagnosis.
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before tumour diagnosis.
For 218 cases with acoustic neuroma, tumour volume 

could be calculated on the basis of information in available 
-

ence according to gender or age, although for cases aged 

was calculated than for lower age (median 4.2 versus 2.0 cm3

100 h of cumulative use increased for all types of wireless 

seven cases so calculations were not meaningful.

Discussion

The main result of this study was an asso-
ciation 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 

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 

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 

A high risk was calculated for use of both mobile and cord-

Most of the RF-EMF emissions from a handheld phone are 
absorbed on the side of the brain on which the phone is used 

wireless phone use, but increased risks were also calculated 
for contralateral use. One contributing factor to the latter 

use due to that circumstance.
In our present study, cumulative use of wireless phones was 

divided into quartiles depending on cumulative use of wire-
less 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 statisti-

of wireless phones overall, but the trend was of borderline 

-
tive 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 statisti-
cally significant for analogue phones, in accordance with 

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 respec-

Strengths and limitations. In our new case-control study for the 
period 2007-2009 there were few cases with acoustic neuroma 

results was less meaningful although the whole control sample 

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 justi-

study periods. Assessment of use of both mobile and cordless 
phones was the same including the similar protocol for supple-
mentary 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 case-
control studies. We investigated in more detail the possibility 

a

 

1.4 -0.6 to 3.5 0.18
  -         - -
1.7 -0.1 to 3.5 0.06
1.2 -1.1 to 3.6 0.31
1.0 -0.1 to 2.2 0.08

aAdjustment was made for age at diagnosis and gender.
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interviews was analysed by comparing change of exposure 
in cases and controls after these interviews. No statistically 

are unlikely to be explained by observational bias. To further 
validate exposure in the present study we used meningioma 

with meningioma cases as referents. The corresponding results 

results clearly show that the results in this study can not be 
explained by recall or observational bias.

assessed. These data are to be analysed further, but in view of 
our previous results an interaction with wireless phone use is 
unlikely.

the risk for acoustic neuroma in the 1997-2003 time period 

dose-response relationship. The literature on dental and head 

In the German part of Interphone, medical ionising radiation 

In a study from Brazil on 44 acoustic neuroma patients and 

with an increased risk for acoustic neuroma encompassing 

343 matched control patients with degenerative spinal disor-

methods including selection of controls.
Loud noise has been suggested as a risk factor for acoustic 

‘extremely high noise’, and the results are available for the 

>10 years latency group. However, there was no interaction 

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. 

acoustic neuroma. Exclusion of these cases did not change the 
results.

Stereotactic radiosurgery is one option for treatment of 

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 wire-
less phone use.

One advantage of this study was the high response rate 

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 

Results from other studies. A case-case study on acoustic 

-
pating neurosurgery departments. The diagnosis was based 

-

Two datasets were analysed, one comprising 362 cases with 
no tumour-related symptoms one year before diagnosis, and 

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 

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.

1,105 cases and 2,145 controls. Overall no increased risk was 
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only four exposed cases and nine exposed controls. Overall, 

We conducted a meta-analysis on mobile phone use and 
its association with acoustic neuroma based on results by the 

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 

-

In the study by Han et al
use was statistically significant more common among the 

-

wireless phone use in total. The authors noted that they had 

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 

use only at baseline, no details on handedness use, no informa-
tion on tumour laterality and no assessment of use of cordless 
phones.

association between use of mobile and cordless phones and 

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 observa-
tional bias.
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