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Original article

Background: there is concern about potential effects of radiofre-
quency fields generated by mobile phones on cancer risk. Most previ-
ous studies have found no association between mobile phone use and 
acoustic neuroma, although information about long-term use is limited.
Methods: We conducted a population-based, nation-wide, 
 case-control study of acoustic neuroma in Sweden. eligible cases 
were persons aged 20 to 69 years, who were diagnosed between 2002 
and 2007. controls were randomly selected from the population reg-
istry, matched on age, sex, and residential area. Postal questionnaires 
were completed by 451 cases (83%) and 710 controls (65%).
Results: ever having used mobile phones regularly (defined as 
weekly use for at least 6 months) was associated with an odds ratio 
(Or) of 1.18 (95% confidence interval = 0.88 to 1.59). the asso-
ciation was weaker for the longest induction time (≥10 years) (1.11 
[0.76 to 1.61]) and for regular use on the tumor side (0.98 [0.68 
to 1.43]). the Or for the highest quartile of cumulative calling 
time (≥680 hours) was 1.46 (0.98 to 2.17). restricting analyses to 

histologically confirmed cases reduced all Ors; the Or for ≥680 
hours was 1.14 (0.63 to 2.07). a similar pattern was seen for cordless 
land-line phones, although with slightly higher Ors. analyses of the 
complete history of laterality of mobile phone revealed considerable 
bias in laterality analyses.
Conclusions: the findings do not support the hypothesis that 
 long-term mobile phone use increases the risk of acoustic neuroma. 
the study suggests that phone use might increase the likelihood that 
an acoustic neuroma case is detected and that there could be bias in 
the laterality analyses performed in previous studies.

(Epidemiology 2014;25: 233–241)

There is a concern that radiofrequency fields emitted from 
mobile phones may affect cancer risk. exposure declines 

rapidly with distance to the source, and therefore, there is 
particular interest in acoustic neuroma (also known as ves-
tibular schwannoma)—a benign nerve-sheet tumor of the ves-
tibulocochlear nerve. Most epidemiologic studies on mobile 
phone use and acoustic neuroma have found overall risk 
estimates below or close to unity,1 with a few exceptions.2,3 
the  Swedish interPHOne study4 found an association 
(odds ratio [Or] = 1.9; 95% confidence interval [ci] = 0.9 to 
4.1) between long-term mobile phone use (10 or more years) 
and acoustic neuroma—a result that was not confirmed in 
the larger pooled analyses of interPHOne studies.5,6 For 
slow-growing tumors such as acoustic neuroma, the evidence 
 concerning long induction times is still insufficient.1

energy absorption in the head from a mobile phone is 
highly localized. Higher risk estimates for mobile phone use 
on the same side as the tumor would therefore provide stron-
ger support for a causal association. Studies on glioma often 
found increased risks on the side where the mobile phone was 
usually held, but these were accompanied with risk reductions 
on the other side.1 corresponding results for acoustic neuroma 
have been mixed. acoustic neuroma is a slow-growing tumor 
that could be present many years before diagnosis.7 early 
symptoms are hearing loss and tinnitus. these symptoms may 
have led patients with acoustic neuroma to change the side 
where they hold their mobile phone long before the tumor was 
discovered, or to choose the unaffected side if the tumor was 
already present at the time mobile phone use began. to date, 
studies available have assessed only the side of mobile phone 
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use at one point in time, usually at the time of data collection 
or diagnosis.

For the purpose of studying the association between 
long-term mobile phone use and acoustic neuroma, we con-
ducted a case-control study covering a time period when 
hand-held mobile phones had been available for up to 20 
years. in addition, we collected detailed information about the 
history of laterality of phone use to allow evaluation of poten-
tial reverse causality in laterality analyses.

METHODS
We conducted a population-based, case-control study 

of acoustic neuroma in Sweden between 1 September 2002 
and 31 august 2007. the material and data collection are 
described in detail in the study by Palmisano et al.8 in brief, 
incident cases of acoustic neuroma (international classi-
fication of Diseases, icD-10 c72.4 or D33.3 and icD-O-2 
9560.0) between 20 and 69 years of age at diagnosis were 
identified nationwide in collaboration with treating clinics. 
in addition, we searched the Swedish regional cancer reg-
isters, which provide the basis for the nation-wide register.9 
We also used local acoustic neuroma registries at the otorhi-
nolaryngology clinics in the Uppsala and linköping regions, 
which are more complete than the cancer registries because 
clinics sometimes wait for histological confirmation before 
reporting cases. the delay between radiologic diagnosis and 
a subsequent diagnostic surgical procedure can be substantial. 
Patients who undergo stereotactic radiation and patients with 
small nongrowing tumors that do not require treatment may 
not ever be entered into the cancer registers.

information about tumor laterality, date of diagnosis, 
radiologic exams, and histologic confirmation was obtained 
from medical records. Date of diagnosis (reference date) was 
defined as the date of the first medical examination resulting 
in an acoustic neuroma diagnosis.

two controls per case were randomly selected from 
the nation-wide Swedish population register, matched on age 
(5-year strata), sex, and residential region (six geographic 
regions). controls were assigned a reference date and a fictive 
“tumor” laterality corresponding to their matched case.

cases and controls diagnosed with neurofibromatosis 
(nine cases and two controls) or tuberous sclerosis (one case) 
were excluded. these are rare genetic conditions associated 
with nervous system tumors. acoustic neuroma is associated 
primarily with neurofibromatosis type 2.

Exposure Assessment
information about exposure and potential confounding 

factors was collected through mailed questionnaires that sent 
simultaneously to cases and their matched controls starting 
from October 2007.

Participants were asked whether they had ever been reg-
ular mobile phone users, defined as having made or received a 
call on average at least once per week during at least 6 months. 

regular users were asked the first year of regular use, whether 
they had stopped using mobile phones, and (if so) what year 
they stopped. information about average number of calls, 
calling time, and hands-free use was collected in predefined 
categories every 3 years starting from 1987 (when hand-held 
mobile phones were introduced) (eappendix, http://links.lww.
com/eDe/a761, for exact phrasing of questions).

cumulative call time and number of calls were calcu-
lated using the mid-point of the intervals, except for >60 min-
utes/day and >10 calls per day, for which the lowest value was 
used. this decision was on the basis of analyses of mobile 
phone-operator data available for a subset of participants (n = 
394), among whom only one person had used a mobile phone 
on average >60 minutes/day, and 2% had made or received 
>10 calls per day. Use of hands-free devices lowers exposure 
to the head to <10%, and exposure from Bluetooth hands-free 
equipment is 100 times lower than from mobile phones.10 
therefore, for reporting “always or almost always using 
hands-free device,” “more than half of the time,” “about half 
of the time,” and “less than half of the time” exposure was 
reduced by 100%, 75%, 50%, and 25%, respectively, for the 
specific time period. exposure within 1 year of the reference 
date was not considered.

Participants were asked on which side of the head they 
usually hold the phone, and whether they had ever changed 
sides. if they had changed sides, they were asked the year 
and reason for the change, and how they had held the phone 
before the change. exposure on the same side as the tumor 
(ipsilateral exposure) was defined as having held the mobile 
phone on the tumor side or on both sides during any period 
before the reference date. contralateral exposure was 
defined analogously (holding the phone on the side opposite 
the tumor, or on both sides). acoustic neuroma often causes 
hearing loss and tinnitus on the affected side long before 
diagnosis.7 therefore, when defining laterality of phone 
use in the main laterality-specific analyses, we disregarded 
 hearing-dependent side changes within 5 years before the 
reference date. Because previous studies determined later-
ality of phone use at only one point in time, we also per-
formed laterality-specific analyses using information about 
preferred side of the head at specific time points, reflecting 
various ways of asking about laterality of phone use; at the 
time of data collection, at reference date, and at 1, 5, and 10 
years before the reference date.

information about use of cordless phones (ie,  land-line 
phones with cordless hand-sets connected by radio link to 
a base station) was collected in the same way as for mobile 
phones, except that questions about laterality of cord-
less phone use and details about proportion of time using 
 hands-free devices were not included.

nonresponders who declined participation during tele-
phone reminders were asked short questions about mobile 
phone use (ever use, regular use, and start of regular use) and 
education.

http://links.lww.com/EDE/A761
http://links.lww.com/EDE/A761
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Statistical Analysis
associations between indicators of mobile or cordless 

phone use and acoustic neuroma were calculated as Ors with 
95% cis using conditional logistic regression. We adjusted 
for possible confounding from smoking, education, marital 
status, and parity, each of which has been reported to be asso-
ciated with acoustic neuroma risk,8,11–14 and in the cordless 
phone analyses also for hands-free use. adjustment did not 
have any noticeable effect on the risk estimates, and therefore, 
we present unadjusted Ors.

cumulative call time and cumulative number of calls 
were categorized with cut points approximately at the quar-
tiles of the exposure distribution among controls, decided a 
priori. We made a post hoc decision to analyze cumulative 
call time ≥1,640 hours, based on findings in the combined 
interPHOne analyses.6,15

Separate analyses were conducted for use of analog 
phones and digital phones (eappendix, http://links.lww.com/
eDe/a761, provides exact phrasing of questions about net-
work), and for participants unable to report mobile phone 
type. We also performed analyses stratified on age, sex, and 
histological confirmation of cases.

RESULTS
in total, 542 eligible acoustic neuroma cases and 1095 

controls were identified, of whom 451 cases (83%) and 710 
controls (65%) participated. the most common reasons for 
nonparticipation were subject refusal (cases, 9%; controls, 
31%) and physician’s refusal or illness/disability (cases, 6%; 
controls, 2%). Four cases and six controls had died before 

contact. Because of the matched design, analyses include 
only case-control sets for which the case and at least one con-
trol contributed exposure information, leaving 422 cases and 
643 controls for analyses of mobile phone use and 417 cases 
and 635 controls for analyses of cordless phone use. table 1 
shows demographic characteristics of cases and controls. Of 
the cases, 47% were histologically confirmed.

the proportions of regular mobile phone users among 
cases and controls were similar (71% and 70%, respectively) 
although slightly lower (69%) among controls in complete 
matched strata. the prevalence of regular mobile phone use 
among controls increased over the study period, from 62% in 
2002 to 81% in 2007.

the relative risk estimate for regular mobile phone 
use was close to 1.0 in the overall analysis (Or = 1.18 [95%  
ci = 0.88 to 1.59]) and also when restricting to histologi-
cally confirmed cases (0.99 [0.65 to 1.52]) (table 2). risk 
estimates did not increase with time since first regular use; 
the highest Or was found for intermediate-term exposure (5 
to 9 years), whereas the Or with long-term mobile phone use 
(≥10 years) was 1.11 (0.76 to 1.61) overall, and 0.94 (0.55 
to 1.62) for histologically confirmed cases. results for at 
least 13 years of use were essentially the same as for ≥10 
years. an increased risk estimate was observed in the high-
est quartile (≥680 hours) of cumulative calling time: Or = 
1.46 (0.98 to 2.17) overall, and 1.14 (0.63 to 2.07) for histo-
logically confirmed cases. the Or for reporting ≥1,640 hours 
was 1.51 (0.92 to 2.49) based on 45 exposed cases and 55 
exposed controls, and 1.49 (0.71 to 3.10; 21 exposed cases, 
22 exposed controls) for histologically confirmed cases (not 

TABLE 1. Basic Characteristicsa of Acoustic Neuroma Cases and Controls

Cases Controls

Eligible  
(n = 542)

Participants  
(n = 451)

Matched Data  
(n = 423)

Eligible  
(n = 1,095)

Participants  
(n = 710)

Matched Data  
(n = 645)

age at reference date; mean (SD) 52.3 (11.6) 53.1 (11.3) 53.1 (11.2) 51.6 (12.1) 52.7 (11.8) 53.3 (11.5)

age (yrs)

    20–39 96 (18) 72 (16) 67 (16) 210 (19) 117 (16) 99 (15)

    40–49 111 (20) 86 (19) 79 (19) 221 (20) 135 (19) 112 (17)

    50–59 159 (29) 139 (31) 132 (31) 348 (32) 232 (33) 220 (34)

    60+ 176 (32) 154 (34) 145 (34) 316 (29) 226 (32) 214 (33)

Sex

    Women 249 (46) 207 (46) 192 (45) 484 (44) 316 (45) 286 (44)

    Men 293 (54) 244 (54) 231 (55) 611 (56) 394 (55) 359 (56)

educationb

    compulsory school 123 (27) 115 (27) 197 (28) 184 (29)

    Vocational/secondary school 113 (25) 110 (26) 177 (25) 160 (25)

    Upper secondary school 92 (21) 86 (20) 118 (17) 103 (16)

    University 122 (27) 111 (26) 212 (30) 192 (30)

    Missing 1 (0) 1 (0) 6 (1) 6 (1)

ano. (%), except where otherwise indicated.
bthe highest completed education translated from the Swedish educational system.

http://links.lww.com/EDE/A761
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TABLE 2. ORs for Acoustic Neuroma According to Various Characteristics of Mobile Phone Use

All Histologically Confirmed Cases Only

Cases (n = 422)
No. (%)

Controls (n = 643)
No. (%)

OR
(95% CI)

Cases (n = 202)
No. (%)

Controls (n = 296)
No. (%)

OR
(95% CI)

Any type of mobile phone

Frequency of use

    never or rarelya 120 (28) 201 (31) 1.00 59 (29) 86 (29) 1.00

    regular useb 302 (72) 442 (69) 1.18 (0.88–1.59) 143 (71) 210 (71) 0.99 (0.65–1.52)

Duration of regular use (yrs)

    <5 81 (19) 130 (20) 1.06 (0.73–1.54) 47 (23) 68 (23) 0.96 (0.58–1.61)

    5–9 119 (28) 151 (23) 1.39 (0.97–1.97) 55 (27) 76 (26) 1.10 (0.65–1.84)

    ≥10 102 (24) 161 (25) 1.09 (0.75–1.59) 41 (20) 66 (22) 0.93 (0.54–1.60)

time since first regular use began (yrs)

    <5 80 (19) 130 (20) 1.04 (0.72–1.52) 46 (23) 68 (23) 0.94 (0.56–1.57)

    5–9 119 (28) 150 (23) 1.40 (0.98–2.00) 55 (27) 75 (22) 1.11 (0.66–1.86)

    ≥10 103 (24) 162 (25) 1.11 (0.76–1.61) 42 (21) 67 (23) 0.94 (0.55–1.62)

        10–12 42 (10) 67 (10) 1.10 (0.68–1.76) 18 (9) 31 (10) 0.83 (0.41–1.68)

        ≥13 61 (14) 95 (15) 1.12 (0.72–1.73) 24 (12) 36 (12) 1.05 (0.54–2.02)

cumulative hours of usec,d

    <38 70 (17) 109 (17) 1.09 (0.73–1.62) 30 (15) 46 (16) 0.97 (0.55–1.71)

    38–189 73 (17) 109 (17) 1.12 (0.74–1.69) 39 (20) 59 (20) 0.91 (0.51–1.60)

    190–679 66 (16) 107 (17) 1.13 (0.75–1.70) 34 (17) 49 (17) 1.03 (0.57–1.87)

    ≥680 89 (21) 110 (17) 1.46 (0.98–2.17) 37 (19) 51 (18) 1.14 (0.63–2.07)

cumulative no. callsc,d

    <1,100 72 (17) 102 (16) 1.21 (0.82–1.78) 33 (17) 44 (15) 1.07 (0.61–1.86)

    1,100–4,400 71 (17) 108 (17) 1.07 (0.71–1.61) 35 (18) 54 (19) 0.86 (0.49–1.53)

    4,400–13,850 79 (19) 111 (17) 1.22 (0.83–1.80) 42 (21) 56 (19) 1.08 (0.62–1.90)

    ≥13,850 75 (18) 114 (18) 1.20 (0.79–1.82) 30 (15) 51 (18) 0.92 (0.50–1.72)

Analog phonese,f

Frequency of use

    never or rarelya 87 (60) 120 (67) 1.00 39 (63) 51 (65) 1.00

    regular use 57 (40) 59 (33) 1.43 (0.87–2.35) 23 (37) 28 (35) 1.11 (0.56–2.20)

time since first regular use began (yrs)

    <5 6 (4) 3 (2) 2.85 (0.70–11.6) 1 (2) 3 (4) 0.46 (0.05–4.51)

    5–9 15 (10) 12 (7) 1.83 (0.76–4.38) 10 (16) 4 (5) 4.03 (1.07–15.2)

    ≥10 36 (25) 44 (25) 1.17 (0.66–2.08) 12 (19) 21 (27) 0.76 (0.32–1.79)

Digital phonese,f

Frequency of use

    never or rarelya 113 (35) 177 (39) 1.00 56 (36) 74 (34) 1.00

    regular use 208 (65) 281 (61) 1.26 (0.90–1.75) 101 (64) 142 (66) 0.95 (0.59–1.52)

time since first regular use began (yrs)

    <5 51 (16) 77 (17) 1.14 (0.73–1.78) 30 (19) 46 (21) 0.86 (0.47–1.56)

    5–9 89 (28) 101 (22) 1.53 (1.02–2.32) 43 (27) 55 (25) 1.09 (0.61–1.94)

    ≥10 68 (21) 103 (22) 1.13 (0.74–1.73) 28 (18) 41 (19) 0.91 (0.49–1.70)

No reported networkf

Frequency of use

    never or rarelya 82 (75) 97 (73) 1.00 33 (73) 40 (77) 1.00

    regular use 27 (25) 36 (27) 0.89 (0.47–1.67) 12 (27) 12 (23) 1.29 (0.48–3.53)

areference category.
bregular use is defined as ever having called or received a call at least once per week on average, during 6 months or more.
cthe total number of exposed does not add up because some regular users entered incomplete data on amount of phone use.
dcut points approximately at the 25th, 50th, and 75th percentiles.
eUsers of both analogue and digital phones are included in both analyses.
fthe matched design results in smaller numbers of cases and controls because of exclusion of incomplete pairs in the stratified analyses.
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shown). etable 1 (http://links.lww.com/eDe/a761) shows 
stratified analyses and P values for heterogeneity of effects. 
none of the differences between histologically confirmed and 
nonconfirmed cases were greater than would be expected by 
chance (eg, P values were 0.27 and 0.40 for regular use of 
mobile and cordless phones, respectively).

regular use of analog mobile phones was associated 
with an increased Or, but with wide cis, and risk estimates 
decreased with time since first use (table 2). For digital-phone 
use, the Or estimate was slightly higher than the overall Or, 
whereas “unknown network” was associated with a reduced 
Or, indicating that controls were less able to specify which 
network they had used.

Ors for ipsilateral use of mobile phones were generally 
lower than Ors for contralateral use (table 3). among cases 

who were regular users, 52% reported that they had changed 
their preferred side of mobile phone use. the proportion 
among controls was 8%. For cases, the most common reason 
for changing side of phone use was hearing loss (91%) and 
for controls “practical reasons” (40%) (etable 2, http://links.
lww.com/eDe/a761, shows reasons for side changes). Most 
changes took place within the 2 years before the reference 
date or after that date, but some changes were reported >10 
years before reference date. Side changes were more common 
among cases regardless of time period (etable 3, http://links.
lww.com/eDe/a761, which shows distribution of time since 
side change).  laterality-specific analyses using information 
about the preferred side of the head at various time points 
show that Ors for ipsilateral use were reduced closer in time 
to diagnosis, and approached unity at 5 and 10 years before 

TABLE 3. ORs for Acoustic Neuroma According to Laterality of Mobile Phone Usea

Ipsilateralb Contralateralc

Cases (n = 227)
No. (%)

Controls (n = 299)
No. (%)

OR
(95% CI)

Cases (n = 229)
No. (%)

Controls (n = 298)
No. (%)

OR
(95% CI)

Any type of mobile phone

Frequency of use

    never or rarelyd 110 (48) 143 (48) 1.00 98 (43) 144 (48) 1.00

    regular usee 117 (52) 156 (52) 0.98 (0.68–1.43) 131 (57) 154 (52) 1.33 (0.89–1.99)

time since first regular use began (yrs)

    <5 39 (17) 51 (17) 1.05 (0.62–1.78) 35 (15) 41 (14) 1.41 (0.80–2.48)

    5–9 38 (17) 53 (18) 0.95 (0.57–1.58) 57 (25) 57 (19) 1.51 (0.92–2.49)

    ≥10 40 (18) 51 (17) 1.01 (0.61–1.68) 39 (17) 56 (19) 1.09 (0.63–1.88)

cumulative hours of usef

    <38 26 (12) 44 (15) 0.78 (0.45–1.38) 35 (15) 33 (11) 1.69 (0.94–3.05)

    38–189 28 (12) 32 (11) 1.18 (0.63–2.20) 30 (13) 41 (14) 1.05 (0.56–1.95)

    190–679 24 (11) 35 (12) 0.98 (0.52–1.84) 31 (14) 38 (13) 1.31 (0.74–2.32)

    ≥680 38 (17) 43 (14) 1.20 (0.69–2.08) 33 (15) 39 (13) 1.26 (0.70–2.25)

cumulative no. callsf

    <1,100 27 (12) 41 0.88 (0.50–1.55) 36 (16) 39 (13) 1.42 (0.82–2.47)

    1,100–4,400 31 (14) 31 1.44 (0.76–2.74) 27 (12) 31 (11) 1.31 (0.70–2.44)

    4,400–13,850 28 (12) 42 0.86 (0.48–1.51) 35 (15) 43 (15) 1.26 (0.73–2.18)

    ≥13,850 29 (13) 39 1.06 (0.60–1.90) 31 (14) 38 (13) 1.30 (0.70–2.41)

Analog phones

Frequency of use

    never or rarelyd 84 (71) 108 (78) 1.00 76 (77) 96 (81) 1.00

    regular use 34 (29) 30 (22) 1.43 (0.79–2.58) 23 (23) 22 (19) 1.44 (0.69–3.00)

Digital phones

Frequency of use

    never or rarelyd 100 (54) 132 (57) 1.00 95 (50) 132 (55) 1.00

    regular use 85 (46) 99 (43) 1.15 (0.76–1.74) 95 (50) 107 (45) 1.35 (0.86–2.12)

aParticipants reporting that they held the phone on both sides or changed side of use during the exposure period (first regular use until 1 year before reference date) are considered 
exposed on both sides except if the participant changed side because of hearing loss within 5 years before reference date. in the latter situation, the side before the change is considered 
exposed. controls are assigned the same tumor laterality as their matched case.

bipsilateral use is defined as holding the phone on the same side as the tumor.
ccontralateral use is defined as holding the phone on the opposite side as the tumor.
dreference category.
eregular use is defined as ever having called or received a call at least once per week on average, during 6 months or more.
fcut points approximately at the 25th, 50th, and 75th percentiles.

http://links.lww.com/EDE/A761
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diagnosis, whereas Ors for contralateral use were increased 
closer to the reference date, became lower with increasing 
time before the reference date, but were above unity also for 
laterality information referring to 10 years before the refer-
ence date (table 4).

regular use of cordless phones was associated with an 
Or of 1.41 (95% ci = 1.07 to 1.86) overall, and 1.24 (0.83 to 
1.86) for histologically confirmed cases. Ors did not increase 
with increasing time since first use; the lowest Or was found 
for ≥10 years since first use. the Or increased with cumu-
lative number of hours of cordless phone use; 1.67 (1.13 to 
2.49) overall, and 1.52 (0.87 to 2.66) for histologically con-
firmed cases in the highest quartile (≥900 hours). no similar 
pattern was found for cumulative number of calls (table 5). 
adjustment for hands-free use (32 cases and 38 controls) had 
no notable effect on the estimates.

there were no material differences in results between 
men and women or between age groups for any of the evalu-
ated exposure indices (not shown).

the nonresponder questionnaire was answered by 93 
(24%) of the nonparticipating controls and seven (8%) of the 
nonparticipating cases. among them, 62 controls (67%) and 
four cases (57%) reported regular mobile phone use 1 year 
before the reference date.

DISCUSSION
this study, which includes the largest number of mobile 

phone users with >10 years of phone use reported to date, did 
not find results in support of the hypothesis that long-term 

mobile phone use increases the risk of acoustic neuroma. We 
observed Ors close to 1.0 for regular mobile phone use, for the 
longest induction times (≥10 years) and for ipsilateral mobile 
phone use. risk estimates were generally higher for contralat-
eral use than for ipsilateral use, and also higher when taking 
into consideration changes of the preferred side of phone use 
possibly caused by prodromal symptoms such as hearing loss. 
an increased risk in the highest quartile of cumulative calling 
time was found, but no corresponding increase in the highest 
category of cumulative number of calls. increased risks were 
essentially confined to cases without histological confirmation 
of the tumor. analyses of the complete history of laterality of 
mobile phone use revealed considerable potential reverse cau-
sality in laterality-specific estimates. For cordless land-line 
phones, increased Ors were found for regular use and in the 
highest categories of cumulative calling time, but not in the 
category with long-term use (≥10 years)—and again, mainly 
for cases without histological confirmation.

Laterality Analyses
this is the first study to assess laterality of mobile 

phone use at various times before diagnosis, and also possible 
changes of laterality. as unilateral hearing loss is a common 
early symptom of acoustic neuroma, cases may have had to 
change their preferred side of mobile phone use long before 
the tumor was diagnosed. Previous studies have asked only 
for the preferred side of mobile phone use at one point in 
time, either at the time of the interview or “before diagnosis.” 
cases might have been influenced by the knowledge about 

TABLE 4. ORs for Acoustic Neuroma According to Laterality of Mobile Phone Use Determined for Different Points in Time in 
Relation to the Reference Date

Ipsilateral Contralateral

Cases
No. (%)

Controls
No. (%)

OR
(95% CI)

Cases
No. (%)

Controls
No. (%)

OR
(95% CI)

When filling out questionnaire

    never or rarelya 107 (73) 97 (49) 1.00 99 (35) 185 (48) 1.00

    regular use 40 (27) 101 (51) 0.31 (0.18–0.53) 195 (65) 200 (52) 2.09 (1.45–3.00)

at reference date

    never or rarelya 107 (62) 119 (51) 1.00 99 (37) 164 (47) 1.00

    regular use 66 (38) 114 (49) 0.64 (0.42–0.98) 168 (63) 183 (53) 1.69 (1.16–2.46)

One year before reference date

    never or rarelya 108 (55) 129 (50) 1.00 98 (40) 154 (48) 1.00

    regular use 88 (45) 129 (50) 0.79 (0.53–1.19) 148 (60) 164 (52) 1.54 (1.04–2.27)

Five years before reference date

    never or rarelya 108 (50) 139 (49) 1.00 98 (43) 144 (48) 1.00

    regular use 108 (50) 142 (51) 0.97 (0.66–1.42) 130 (57) 153 (52) 1.33 (0.89–1.99)

ten years before reference date

    never or rarelya 109 (47) 143 (47) 1.00 97 (44) 140 (49) 1.00

    regular use 122 (53) 161 (53) 1.00 (0.69–1.46) 122 (56) 143 (51) 1.29 (0.86–1.95)

areference category.
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their tumor laterality when retrospectively reporting about 
preferred side of mobile phone use. the pattern of the results 
in previous studies5,6 indicates recall bias in reported side of 
use. Our results demonstrate that information about the side of 
mobile phone use at a single point in time is not sufficient to 
cover the etiologically relevant time period.

a large proportion of the cases reported changes of 
their preferred side, as did a small proportion of the controls. 
We found strongly reduced risk estimates for ipsilateral use, 
and increased risk estimates for contralateral use, when lat-
erality was reported for the time of the data collection, at the 
time of diagnosis, or at 1 year before diagnosis. However, 
for laterality information referring to 5 and 10 years before 
diagnosis, the risk estimate for ipsilateral use was approxi-
mately 1.0 and for contralateral use slightly, >1.0. the later-
ality analysis is not compatible with an exposure-dependent 
causal relation between radiofrequency fields and the risk of 
acoustic neuroma.

Detection Bias
We carried out sensitivity analyses restricting the material 

to histologically confirmed cases to reduce misclassification of 

the disease, which could have diluted risk estimates. We found 
that increased Ors were confined mainly to cases without his-
tological confirmation although differences were small and 
may have been because of random variation. another potential 
explanation for the unexpected pattern is that phone use may 
increase the probability of tumor detection by drawing atten-
tion to the unilateral hearing loss that is commonly caused by 
the disease. Such an effect would bias the risk estimates upward 
and mainly be present for the smallest and least symptomatic 
tumors, whereas people with more severe disease would have 
had their tumor detected anyway, and detection bias would be 
less likely. Patients whose tumors are surgically removed and 
therefore can be histologically confirmed generally have larger 
tumors than those treated with expectancy or radiotherapy.

it may be of interest to compare our findings with results 
for glioma, a severe and usually rapidly growing tumor, for 
which an almost total rate of detection is expected. the accu-
mulating evidence on mobile phone use and glioma speaks 
against an association, including results from a recent pro-
spective cohort study from the United Kingdom.16–18 after 
updating the follow-up to 2011, the United Kingdom cohort 
study found a slightly increased risk estimate for acoustic 

TABLE 5. ORs for Acoustic Neuroma According to Various Characteristics of Cordless Phone Use

All Histologically Confirmed Cases Only

Cases (n = 417)
No. (%)

Controls (n = 635)
No. (%)

OR
(95% CI)

Cases (n = 200)
No. (%)

Controls (n = 294)
No. (%)

OR
(95% CI)

Frequency of use

    never or rarelya 124 (30) 232 (37) 1.00 62 (31) 104 (35) 1.00

    regular useb 293 (70) 403 (63) 1.41 (1.07–1.86) 138 (69) 190 (65) 1.24 (0.83–1.86)

Duration of regular use (yrs)

    <5 116 (28) 166 (26) 1.35 (0.97–1.89) 52 (26) 78 (27) 1.15 (0.70–1.88)

    5–9 118 (28) 129 (20) 1.74 (1.22–2.46) 63 (32) 60 (20) 1.77 (1.07–2.94)

    ≥10 59 (14) 108 (17) 1.10 (0.73–1.64) 23 (12) 52 (18) 0.76 (0.41–1.40)

time since first regular use began (yrs)

    <5 110 (26) 165 (26) 1.29 (0.92–1.81) 47 (24) 78 (27) 1.04 (0.63–1.71)

    5–9 117 (28) 129 (20) 1.72 (1.21–2.45) 64 (32) 60 (20) 1.80 (1.09–2.99)

    ≥10 66 (16) 109 (17) 1.22 (0.82–1.80) 27 (14)) 52 (18) 0.90 (0.50–1.62)

cumulative hours of usec,d

    <84 64 (16) 96 (16) 1.22 (0.82–1.82) 30 (15) 41 (15) 1.20 (0.67–2.15)

    84–285 64 (16) 95 (16) 1.27 (0.85–1.89) 31 (16) 41 (15) 1.29 (0.70–2.38)

    285–900 70 (17) 97 (16) 1.42 (0.96–2.09) 28 (14) 50 (18) 0.97 (0.55–1.70)

    ≥900 84 (21) 97 (16) 1.67 (1.13–2.49) 44 (23) 49 (17) 1.52 (0.87–2.66)

cumulative no. callsc,d

    <1,140 56 (14) 98 (16) 1.06 (0.71–1.60) 26 (13) 48 (17) 0.88 (0.48–1.58)

    1,140–3,800 56 (14) 97 (16) 1.11 (0.74–1.68) 24 (12) 40 (14) 1.08 (0.58–2.00)

    3,800–12,300 103 (25) 97 (16) 2.09 (1.44–3.02) 51 (26) 47 (16) 1.75 (1.05–2.94)

    ≥12,300 68 (17) 97 (16) 1.32 (0.89–1.95) 32 (16) 48 (17) 1.11 (0.63–1.95)

areference category.
bregular use is defined as having ever called or received a call at least once per week on average during 6 months or more.
cthe total number of exposed does not add up because some regular users entered incomplete data on amount of phone use.
dcut points approximately at the 25th, 50th, and 75th percentiles.
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neuroma in the intermediate category of time since first use, 
but no increased risk among long-term users.

Selection Bias
in the interPHOne study, selection bias caused by 

differential participation between cases and controls was esti-
mated to have led to a 10% underestimation of risk.19 in our 
study as well, participation was higher among cases (83%) 
than controls (65%). results of the nonresponder survey indi-
cate that the difference in regular use between participating 
and nonparticipating controls was small. this suggests that 
any effect of nonparticipation on our risk estimates is likely 
to be small although caution is warranted when interpreting 
the nonresponder results, considering the small proportion of 
nonresponders reached.

Exposure Misclassification
We used mailed questionnaires for data collection, 

whereas all previous studies (except the three studies by 
Hardell et al2,3,20) used personal interviews. a mailed ques-
tionnaire allows greater differences in behavior between cases 
and controls when reporting about past exposures. cases are 
likely to spend a longer time filling out the questionnaire and 
to a greater extent consult various sources of information (eg, 
old mobile phone bills). the median time used by cases to 
fill out the questionnaire was 50% longer than for controls. a 
mailed questionnaire immediately discloses all included ques-
tions to the participants, which may affect the answers, espe-
cially to questions where affirmative answers lead to extensive 
follow-up questions. However, a mailed questionnaire avoids 
potential interviewer effects. “regular mobile phone use” was 
clearly defined in the questionnaire to avoid differences in 
interpretation between cases and controls. the prevalence of 
regular mobile phone use is largely as expected when com-
pared with the 59% reported in the Swedish interPHOne 
study,4 ending data collection august 2002.

Validation studies have shown that self-reported mobile 
phone history is subject to recall errors, and that calling 
time tends to be more difficult to remember than number of 
calls.21,22 nondifferential recall errors could potentially dilute 
the risk estimates and distort dose–response relations. risk 
estimates in our study were somewhat higher during the first 
half of the study period compared with the risk estimates dur-
ing the last half; thus, it seems unlikely that a more prevalent 
misclassification in the earlier period has diluted a true asso-
ciation (not shown).

Differential exposure misclassification is a potential 
source of bias when using self-reported exposure informa-
tion collected retrospectively, especially when there is a 
debate and concern in society that draws attention to a pos-
sible association. in a validation study conducted within the 
interPHOne study, cases tended to overestimate the call-
ing time more for more distant time periods—a pattern that 
was not seen for number of calls in either cases or controls.23 
this indicates that results, especially for cumulative hours of 

use, may be affected by recall bias. no validation studies of 
recall of time since first use or of cordless phone use have 
been published.

Type of Network
average output power is higher from analog than from 

digital phones.10 We observed increased Ors for analog phone 
use but a reverse dose–response pattern for time since first use. 
Moreover, the risk estimate for regular use of digital phones 
was also higher than the overall analysis, whereas the risk esti-
mate was reduced for those who were unable to report type of 
network. this suggests that estimates for analog and digital 
phones have been biased because of more frequent missing 
data about network type among controls.

Cordless Phones
cordless phone use seemed to be associated with an 

increased risk of acoustic neuroma. risk estimates were, 
however, increased in all exposure categories, with the low-
est risk estimate for the longest duration of use—in con-
trary to what would have been expected if cordless phone 
use was causally related to acoustic neuroma. in addition, 
the average output power emitted from cordless phones (10 
mW) is considerably lower than that emitted from both ana-
logue (900 mW) and digital (gSM900 240 mW, gSM1800 
125 mW) mobile phones.10 the third generation of mobile 
phones (Universal Mobile telecommunications System) 
became available only toward the end of the study period 
(ie, after any etiologically relevant induction and latency 
periods). therefore, it seems unlikely that the reported expo-
sure reflects a causal relation to risk of neuroma formation. 
acoustic neuroma risk increased with increasing cumulative 
calling time with a cordless phone, with no consistent dose–
response pattern for cumulative number of calls. associa-
tions were much weaker in analyses restricted to cases with 
histologic confirmation, also without any consistent dose–
response pattern.

Comparability with Previous Studies
Our results are broadly consistent with most previous 

studies of mobile phones and acoustic neuroma.1,6,16,17,24 
Most epidemiologic studies have shown no increases in the 
overall risk estimates of acoustic neuroma risk and mobile 
phone use, with the exception of the studies by Hardell 
et al.2,3,25 the Hardell studies included only histologically 
confirmed cases reported to the regional cancer registers—
the subgroup for which our study found no associations. the 
Swedish national interPHOne study4 found a slightly 
increased risk among participants who started to use a 
mobile phone at least 10 years before diagnosis (Or = 1.9 
[95% ci = 0.9 to 4.1], 14 exposed cases). in the international 
interPHOne analysis, the corresponding result was Or = 
0.76 (0.52 to 1.11), based on 68 exposed cases, whereas our 
result was Or = 1.11 (0.76 to 1.61), based on 103 exposed 
cases. the interPHOne study found an increased risk in 
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the 10th decile of cumulative hours of use (≥1,640 hours), 
but with no dose–response pattern in the first nine exposure 
categories, and with the lowest risk estimate in the ninth 
decile. an increased risk for ≥1,640 hours of use was also 
observed in our study. in the interPHOne study, implau-
sible numbers of hours of phone use were more commonly 
reported among cases than among controls, and recall bias 
seemed likely to be one explanation for the increased risk 
in the most extreme category of cumulative hours of use. in 
our study, we collected hours of use in categories, and can 
therefore not identify implausible hours of use. For cordless 
phone use, few studies are available on acoustic neuroma. 
the Swedish interPHOne study found no indication 
of increased risk related to cordless phone use,4 whereas 
Hardell et al25 reported a 50% increased risk after <5 years 
of cordless phone use. the german interPHOne study 
reported results related to cordless phone use only for gli-
oma and meningioma, with no increased risks observed.26

Conclusion
this study, having more long-term mobile phone users 

(≥10 years) than all previous studies together, provides little 
support for the hypothesis that long-term mobile phone use 
increases the risk of acoustic neuroma. the study is the first 
to analyze a complete history of laterality of mobile phone 
use and shows that laterality analyses are prone to bias. the 
results suggest that detection bias may be present in studies 
of a slow-growing tumor such as acoustic neuroma. results 
for cordless phone use are compatible with an increased risk 
although this finding is difficult to interpret as radiofrequency 
exposure is considerably lower than from mobile phones. an 
alternative explanation is recall bias when reporting historical 
cordless phone use although a causal association cannot be 
ruled out. Prospectively collected exposure information would 
be required to draw more firm conclusions.
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