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ABSTRACT

Objectives The rapid increase of mobile phone use has increased public concern about its possible health
effects in Japan, where the mobile phone system is unique in terms of the characteristics of the signal
transmission. To examine the relationship between mobile phone use and acoustic neuroma, a case-control
study was initiated.

M ethods The study followed the common, core protocol of the international collaborative study,
INTERPHONE study. A prospective case recruitment was done in Japan for 2000-2004. One hundred and one
acoustic neuroma cases, who were 30-69 years of age and resided in the Tokyo area, and 339 age-, sex-, and
residency-matched controls were interviewed using a common computer-assisted personal interview system.
Education- and marital status-adjusted oddsratio was calculated with aconditional logistic regression analysis.
Results Fifty-one cases (52.6%) and 192 controls (58.2%) were regular mobile phone users on the
reference date, which was set as 1 year before the diagnosis, and no significant increase of acoustic neuroma
risk was observed, with the odds ratio (OR) being 0.73 (95% confidence interval : 0.43-1.23). No
exposure-related increase in the risk of acoustic neuroma was observed when the cumulative length of use (<4
years, 4-8 years, >8years) or cumulative cal time (<300 h, 300-900 h, >900h) was used as an exposure index.
The OR was 1.09 (95%CI:0.58-2.06) when the reference date was set as 5 years before the diagnosis. Further,
laterality of mobile phone use was not associated with tumors.

Conclusions These results suggest that there is no significant increase in the risk of acoustic neuromain
association with mobile phone use in Japan.

M ain messages

[ Use of mobile phonein Japan is prevaent, more than 50%, at present for both male and femaesin Japan

[l Any increased risk of acoustic neuromawas not shown in association with regular mobile phone use

[ Risk of acoustic neuroma did not increase with the duration of mobile phone use, nor with the tota call
time

[T Noincreased risk was observed even when mobile phone use in recent years was not accounted for

Policy Implications

[ Thereis no significant increase in the risk of acoustic neuroma in association with mobile phone use in
Japan

7 Future studies should focus on long-term users with more than 10 years of use and on those who have used
analogue phonesin the past
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INTRDUCTION

The penetration of mobile telephony has been increasing in Japan as well asin other countries. In particular,
the digital mobile phone system, first introduced into the Japanese market in 1993, gained popularity in only a
few years. A remarkable change occurred in 1994 when hand-held units began to be sold rather than rented.
This triggered an explosive increase. According to the statistics for 2005, the number of mobile phone
subscribers is approximately 91 million in Japan (Information and Communications in Japan, Ministry of
Internal Affairs and Communications). The rapid increase of mobile phone use and the results of
epidemiological studies reported from abroad in recent years have increased public concern about the possible
health effects related to handheld cellular phone use . Among the various possible hedlth effects, brain
tumors have received the keenest public attention. Since electromagnetic field (EMF) exposure is relatively
high only for the glial and meningial tissue close to the surface of the head, glioma and meningioma are the
main concerns ®”®. Among head and neck tumors, acoustic neuroma is of particular concern due to the
proximity of the tumor location to the antenna area, where the exposure to the EMF emitted from mobile
phonesis highest ”°.

In light of need for further confirming evidence, the International Agency for Research on Cancer (IARC)
explored the possibility of conducting a large-scale epidemiological study in 1997, and in 2000 began to
coordinate an international collaborative case-control study on mobile phone use and brain tumors
(INTERPHONE study). Thirteen countries participated in this study, including Japan *°.  Our study followed
the common, core protocol of the INTERPHONE study, but the age range was wider in order to include more
subjects. A questionnaire on habitual alcohol drinking and some nutritional indices, which were not included
in the INTERPHONE study protocol, were also added. Thus, we decided that the Japanese study was worth
reporting separately. Furthermore, the mobile telephone system in Japan is unique in terms of the
characterigtics of the signal. The analog system (1% generation) of mobile phones was introduced in 1979.
This system is no longer in use in Japan nor in many other countries. Of the 2™ generation systems, the
Personal Digital Cellular (PDC) system prevailed from 1993 until quite recently. It is a Time Division
Multiple Access (TDMA) system like the Global System for Mobile Communications (GSM) but it has a
different waveform with a 50-Hz frame frequency (217-Hz in GSM) and 3-slot communications in a frame
(8-dotsin GSM). A Code Division Multiple Access (CDMA) system, with the same specifications asthe | S-95
system in the US, was also introduced in part in 1998. IMT-2000 (3" generation) services began in 2001, and
their market penetration israpidly increasing. These differences between the situation in Japan and elsewhere
suggest that a separate analysisfor Japan is warranted.

METHODS

The study area was Tokyo, including 23 wards (the metropolitan area) and 14 cities (the municipal area) as
well as 25 cities adjacent to Tokyo. According to a preliminary survey conducted prior to the case-control
study, 30 out of 172 neurosurgery departmentsin Tokyo treated approximately 90% of brain tumor or acoustic
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neuroma cases in the area Among those 30 departments, 21 brain surgery departments and 1
otorhinolaryngology department agreed to participate in the study.  The case group consisted of hospitalized
acoustic neuroma cases aged 30 to 69 who were diagnosed and treated in the participating departments. Case
recruitment was done prospectively over the period from 1 December 2000 to 30 November 2004 at the
participating departments. Of the 120 incident eligible acoustic neuroma cases, 101 cases (84.2%)
participated in the study. Thirteen could not be contacted by the study group, and 6 refused to participate. Cases
treated surgically were verified histopathologically (Code 9560/0 of ICD-O 3" ed.), but some were diagnosed
by magnetic resonance imaging. Date of diagnosis was defined as the date when a neuroma was first
identified radiologicaly.

Controls were selected from the general population using a random digit dialing method, in which phone
numbers for fixed home phones were generated randomly. Controls were individually matched to the cases
on age (5-yr category), sex and residency. Controls were sought until at least two controls were found that
corresponded to each case. For the acoudtic neuroma study, 339 (52.4%) controls were interviewed out of 647
control candidates who were identified as eligible. In addition, 136 (21.0%) control candidates who did not
agree to have aface-to-face interview agreed to respond to a brief survey, which included age, sex, brief history
of mobile phone use, and some life style factors, over the phone or by a self-administered paper questionnaire.

Each caseand its matched controls wereinterviewed by the sameinterviewer. The interviewers were nurses
or other health professionals, who were trained specifically for this sudy. A Japanese version of the
computer-assisted interview system developed for the INTERPHONE study was used for the face-to-face
interviews *°. The interviews were conducted in the hospital for cases and at home or at the workplace for
controls.

A subject was classified as a regular mobile phone user if he/she had used mobile phones for at least 6
months. Regular mobile phone users were asked about the start and stop dates for each mobile phone used,
the average duration and frequency of calls, and other usage patternsin chronological order. Use of the PHS
system, which is a kind of cordless telephone system similar to DECT (Digital European Cordless
Communication) that has a much lower power of emission than cellular telephones, was not included in the
analysis presented in the Results, while a separate analysis including PHS use showed the similar results.
Demographical variables, medical history, and occupational history were also recorded for all subjects.
Clinical information regarding the cases was obtained from the participating departments.

After the interview was conducted, four cases were found to have been diagnosed before December 1999,
more than one year before the study started. These four cases and their matched controls (9 controls) were
excluded from the analysis. Thus, 97 cases and 330 matched controls were subject to analyss.

For the dtatistical analysis, the reference date for mobile phone use was set a one year before the date of
diagnosis for each case to eliminate any effect of exigting disease on recent mobile phone use, and the same
date was applied for the matched controls. The selection of control candidatestook 14 weeks on average, and
thus the interviews of the controls were inevitably performed at later dates. The average time difference
between the interviews of the cases and matched controls was 25 weeks. The use of the same reference date
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for both the cases and matched controls was therefore expected to avoid overestimation of mobile phone use
for the controls.

For regular mobile phone use, two indices were considered: cumulative length of use and cumulative call
time. The cumulative length of use was calculated by summing the length of use of each mobile phone. To
calculate the length of use of the most recent mobile phone, either the reference date or the stop date of the last
mobile phone, whichever came first, was adopted as the end of use date. The cumulative call time was the
sum of call times (in hours) for all phones used. The call time for each phone was the product of the length of
use (in days) and call duration (incoming and outgoing) per day. Call duration was calculated by multiplying
the average length of one call by the number of calls per day.

A conditional logistic regression analysis was performed to estimate an odds ratio (OR). In the analysis,
educational level (junior high school, high school or 2-yr college, 4-yr college or graduate school) and marital
status (married, single, divorced, deceased) were adjusted for. The reference category for the calculation of OR
was the non-user unless specified otherwise. To examine whether there was an association between the
laterality of mobile phone use and the risk of tumor, we employed a conditional logistic regression analysisin
which a subject was assumed to be exposed to EMF only when the self-reported side of mobile phone use was
in agreement with higher tumor laterality (ipsilateral use). For the controls, they were classified as exposed
when the laterality of mobile phone use was the same as the laterality of the tumor of the matched case. If
cases or controls answered that they could not specify the side of mobile phone use, the matched pair was
excluded from the analysis. A similar analysis was done for contralateral use, in which a subject was assumed
to be exposed when the self-reported side of mobile phone use was the opposite of the tumor laterality of the
case. A control was classified as exposed, when the laterality of mobile phone use was the opposite of the
laterality of thetumor of the matched case. |f asubject answered that he/she used both earsfor phone use, we
assumed that the subject was “exposed” for both ipsilateral and contralateral analysis.  The reference groups
were defined asthe non-regular user or regular user who used the opposite side of the tumor for ipsilateral use
and as the non-regular user or regular user who used the same side of the tumor for contralateral use. These
statistical analyses were done using STATA/SE Ver. 8.2 (StataCorp, TX, USA). All satistical tests were
two-sided. Further, a case-only analysis was done to examine the association between the laterality of the
tumor and that of the phone use by the method proposed by Inskip et al *.  Briefly, the relative risk of atumor
with relation to side of phone use was estimated to be [(/OR +1)+2], Wwhere OR was calculated from
the 2x2 table of side of phone use and the side of tumor, and the p-value was obtained by Fisher’s exact test
(two-sided).

The study was approved by the institutional review boards of the participating ingtitutes. In addition, the
study protocol was reviewed by the Privacy Protection Subcommittee organized independently of the research
group. The procedure during the study period was also monitored by this subcommittee, and no problem was
identified with regard to privacy protection.
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RESULTS

Among the 97 cases analyzed, 80 (82.5%) underwent surgical operation, 7 (7.2%) received gamma-knife
radiation therapy, and 10 (10.3%) were not treated surgically or radiologicaly. Prior to the diagnosis, 92
(94.9%) complained of subjective symptoms such as hearing difficulty, but 5 (5.2%) were found to be
incidentally without symptoms.

The basic characteristics of the casesand controlsat the reference date are shown in Table 1. Therewereno
substantial differences between the cases and controls in terms of age, sex and residential area as well as
educational level nor marital status. The latter two variables were selected a priori as confounding variables,
and were expected to reflect socioeconomic status.

Among the cases, the mean age at the reference date was 47.4 (SD 9.6) for mobile phone users, whilethat for
non-users was 54.7 (SD 8.9). Similarly, for controls, the mean (SD) age was 48.4 (SD 9.8) for mobile phone
usersand 55.6 (SD 9.8) for non-users. Asexpected, mobile phone userstended to be younger than non-users,
but the degree of this difference was quite similar between the cases and controls.

Table 2 summarizesthe risk estimates of mobile phoneuse. We reported an adjusted OR here, although the
inclusion or exclusion of educational and marital status did not change the risk estimates substantially. No
significant increase of acoustic neuroma risk was observed, with the OR being 0.73 with a 95% confidence
interval (Cl) of 0.43-1.23, when regular mobile phone use was compared between cases and controls. In
addition, the OR was also estimated by setting the reference date as 5 years before the diagnosis of acoustic
neuromato further avoid the effectsof existing disease.  Nineteen cases (19.6%) and 62 controls (18.8%) had
used mobile phonesregularly, and OR was 1.09 (95% Cl : 0.58-2.06) when the reference date was set at 5 years
before the diagnosis.

When cumulative length of use was included in the conditional logistic regression model as a continuous
variable, OR for a one-year increase in cumulative length of use was 0.998 (95%CI: 0.991-1.006; p=0.652).
Cumulative length of use was further categorized into 4 classes: non-user (0), >0 - <4 years, 4 - <8 years, and 8
years or more since regular use of 10 yearsor more wasfound to be very rare, asit was present in only one case
(1.0%) and eight controls (2.4%). When the cumulative length of use as classified above was compared
between cases and controls, no significant increasing trend in risk was observed (p=0.636). ORsfor lessthan 4
years, less than 8 years, and 8 years or longer were 0.70, 0.76, and 0.79, respectively.

OR for a 300-hour increase in cumulative call time was estimated to be 1.000 (95%CI: 0.999-1.002;
p=0.541) when cumulative call time was included in the conditional logistic regression model as a continuous
variable. When cumulative call time was further divided into 4 categories (non-user (0), >0 - <300 hours,
300- <900 hours, and 900 hours or more), no significant increasing trend was observed for the risk of acoustic
neuromain relation to increasing cumulative call time (p=0.256). ORs for lessthan 300 hours, less than 900
hours and 900 hours and more were 0.67, 1.37, and 0.67, respectively.

Table 1. Case-control comparisons of basic characterigtics at reference date.
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Control Case Tota
Age
30-39 78(23.64) 22(22.68) 100 (23.42)
40-49 46(13.94) 14(14.43) 60 (14.05)
50-59 150(45.45) 46(47.43) 196 (45.90)
60-69 56(16.97) 15(15.46) 71 (16.63)
Sex
male 132(40.00) 45(46.39) 177 (41.45)
female 198(60.00) 52(53.61) 250 (58.55)
Residential area
Tokyo(met?) 124(37.58) 42(43.30) 166 (38.88)
Tokyo(mun?) 54(16.36) 18(18.56) 72 (16.86)
Chiba 42(12.73) 10(10.31) 52 (12.18)
K anagawa 48(14.55) 12(12.37) 60 (14.05)
Saitama 62(18.79) 15(15.46) 77 (18.03)
Timing of interview
00/12-01/11 25(7.58) 20(20.62) 45 (10.54)
01/12-02/11 65(19.69) 32(32.99) 97 (22.71)
02/12-03/11 134(40.61) 33(34.02) 167 (39.11)
03/12-04/11 99(30.00) 12(12.37) 111 (26.00)
04/12-05/03 7(2.12) 0( 0.00) 7(1.64)
Education
Junior high school® 18(5.45) 9(9.28) 27(6.32)
High school? 192(58.19) 51(52.57) 243(56.91)
College/Graduate”  120(36.36) 37(38.15) 157(36.76)
Marital status
Single 26(7.88) 14(14.43) 40 (9.37)
Married 280(84.85) 79(81.44) 359 (84.07)
Divorced 13(3.94) 1( 1.03) 14 ( 3.28)


http://oem.bmjjournals.com

Downloaded from oem.bmjjournals.com on 4 October 2006

Deceased 11(3.33) 3(3.09) 14 (3.28)

Ymetropolitan area of Tokyo, ?municipalities of Tokyo,

JUp to 9 yrs, “Up to 14 yrs, ¥16 yrs or more.
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Table 2. Case-control comparisons of indices for mobile phone use

Control

Case Odds ratio” (95% Cl)
M obile phoneuse
Non user 138(41.82) 46(47.42) 1.0
Regular user 192(58.18) 51(52.58) 0.73 (0.43-1.23)
Cumulative length of use (year)
Non user 138(41.82) 46(47.42) 1.0
<dyr 111(33.64) 26(26.80) 0.70 (0.39 - 1.27)
4-Tyr 69(20.91) 21(21.65) 0.76 (0.38 — 1.53)
8yr+ 12(3.64) 4(4.12) P*=0.702 0.79 (0.24 —2.65)
Cumulative call time (hour)
Non user 138(41.82) 46(47.42) 1.0
<300h 147(44.55) 35(36.08) 0.67 (0.38 - 1.17)
300-900h 17(5.15) 9(9.28) 1.37 (0.54 — 3.50)
900h+ 28(8.48) 7(7.22) P"=0.694 0.67 (0.25-1.83)
Type of mobile phone used
Non user 138(41.82) 46(47.42) 1.0
Analoguet+Digital  10( 3.03) 5(5.15) 1.19(0.37-3.79)
Digital only 182(54.15) 46(47.42)

0.68 (0.40 — 1.18)

Laterality of tumor location versus mobile phone use?

Ipsilateral use?

Reference

255(77.74) 76(79.17) 1.0
Ipsi-use 73(22.26) 20(20.83) 0.90 (0.50 — 1.62)
Contralateral use ¥
Reference 199(60.67) 59(61.46) 1.0
Contra-use 129(39.33) 37(38.54)

0.93 (0.55 — 1.59)

1) Adjusted for education and marital status
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2) One case was excluded from the analysis because the laterality of mobile phone use was unknown. For the
analysis, the matched pair was excluded from the analysis.

3) Ipsilateral use: A case was classified as exposed when the laterality of mobile phone use was the same as the
laterality of tumor. A control was classified as exposed, when the laterality of mobile phone use was the same as
the laterality of the tumor of the matched case. If a subject used both earsfor phone use, the subject was classified as
exposed. The reference group was defined asthe non-regular usersor regular users whose phone use occurred on the
side opposite the tumor.

4) Contralateral use: A case was classified as exposed when the laterality of mobile phone use was the opposite of
the laterality of the tumor. A control was classified as exposed when the laterality of mobile phone use was the
opposite of the laterality of the tumor of the matched case. If a subject used both earsfor phone use, the subject was
classified as exposed. The reference group was defined as the non-regular users or regular users whose phone use
occurred on the same side as the tumor.

#, Pfor trend

10
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All the mobile phones used by the cases and controls were classified as the analogue type or digital type
according to the make of phones, and the risk of acoustic neuroma was estimated for each type. Since there
was no subject who used only analogue-type phones, the type of phone was classified in one of these two
categories. both analogue and digital or digital only. The OR for both analogue and digital was 1.19 (95% ClI:
0.37-3.79) and that for digital only was 0.68 (95% CI: 0.40-1.18).

With regard to the laterality of mobile phone use and the laterality of tumor location, no significant
association was found when ipsilateral use was assumed. OR was 0.90 (95% CI: 0.50-1.62). Also, no
association was found when contralateral use was assumed. OR was 0.93 (95% CI: 0.55-1.59). Laterdity
was further examined by the method proposed by Inskip et al.” with acase-only design (Table 3). Therelative
risk of developing acoustic neuroma on the same side as the side of regular mobile phone use was 0.72

(p=0.01).

Table 3. Case-only analysis: Tumor side and mobile phone use

Regular side of mobile phone use

Tumor side Right Left Both Don’'t know Total
Right 5 12 4 1 22
Left 18 1 0 27
Both 0 0 2 0 2
Total 23 20 7 1 51
DISCUSSION

The present study did not show any increased risk of acoustic neuromain association with mobile phone use
in Japan. No increasing tendency was observed for acoustic neuroma risk in association with increasing
cumulative length of use, nor with increasing cumulative call time.  The small non-significant decrease in risk
for three categories of cumulative length of use (0.70, 0.76 and 0.79) could probably be explained by the effect
of exigting latent disease, as will be discussed later.  The OR for the 300-600-hour category of cumulative call
time showed anon-significant increase of 1.37, but thisincrease could be attributed to statistical uncertainty, as
indicated by the wide confidenceinterval. When the mobile phones were classified into analogue and digital
types, negative results were consistently observed for those who had used both analogue and digital mobile

11
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phones as well as for those who had used only digital phones. Thisfinding further supports the hypothesis
that mobile phones, analogue and digital, did not increase the risk of acoustic neuroma.

Thus far, five epidemiological studies on the national level have been reported regarding mobile phone use
and acoustic neuroma; three studies were conducted before the INTERPHONE study was initiated °7* ™, and

the remaining two studies were a part of the INTERPHONE study ***2,

In a case-control study of brain
tumorsin the United States, 96 acoustic neuroma cases diagnosed between 1994 and 1998 were compared with
frequency-matched controls, and no increase in risk was found in association with mobile phone use, duration
of use, or frequency of use . Another case-control study conducted in the United States also reported
negativeresults®. Inthiscase-control study, 90 acoustic neuroma cases were compared with hospital controls,
The OR was estimated to be 0.9, and no risk wasfound to be associated with the frequency, duration or lifetime
hoursof use. Inacase-control study of brain tumors conducted in Sweden, 148 acoustic neuroma cases were
compared with population-based matched controls, and an increased risk of acoustic neuroma was found in
relation to the use of analogue phones; the OR was 4.4 with 95% Cl 2.1-9.2 **.  Curiously, however, the ORs
for ipsilateral use, i.e., mobile phone use on the same side as the tumor location, and for contra-lateral use, i.e.,
mobile phone use on the opposite side of the tumor location, showed similar increases in risk; the OR for
ipsilateral use was 4.2 (95% Cl 1.6-11), whereas that for contra-lateral use was 3.7 (95% CI 1.4-9.8).

Two case-control studies that were part of the INTERPHONE study, one conducted in Denmark and the
other in Sweden, reported inconsistent results.  In the case-control study in Denmark, 106 acoustic neuroma
cases were compared with 212 matched controls, and no increase in risk was found in association with the use
of mobile phones. No increase in risk was identified for mobile phone use of 10 years or more, as compared
with short-term use.  Further, no difference was found based on the laterality of mobile phone use and tumor
location . In the case-control study in Sweden, however, an increased risk was found in relation to the use of
mobile phones for 10 years or more, the OR being 1.9 (95% CI 0.9-1.5), and an even higher increase in risk
was found when the phone use considered was restricted to the same side as the tumor (OR=3.9, 95% ClI
1.6-9.5). However, the overall risk for mobile phone use did not show any increase, with the OR being 1.0 *°.

Recently, apooled case-control analysis of 678 cases and 3,553 controls from case-control studiesin Sweden,
Denmark, Norway, Finland and the United Kingdom (two study sites) was reported **. All studies were
conducted as part of the INTERPHONE STUDY. No increase in risk was identified in association with
mobile phone use (OR being 0.9). No increased risk was found in relation to the duration of use, lifetime
cumulative hours of use, or the number of mobile phone calls made. An increase inrisk wasfound, however,
for ipsilateral use of mobile phones for 10 years or more, with the OR being 1.8 with a 95% CI of 1.1-3.1.
Thisresult should be interpreted with caution, however, because more than one-third of such cases were from
the Swedish study. Thus, the results that have been reported so far are inconsistent.  Three studies reported
negative results * °*2, whereas two reported increased risk ™ .

Such inconsistencies are generally explained by differences in study design and differences in exposure
characterigtics, in addition to statistical uncertainty.  With regard to the study design, the potential effect of
exigting latent disease should be taken into account. The OR for regular use was rather lower than unity

12
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(0.73), though the difference was not significant. This means that acoustic neuroma cases tended to not use
mobile phones when compared to controls. The reference date for the use of mobile phones was set at one
year before the diagnosis of the tumor, so that the effect of existing latent disease on the use of mobile phones
did not distort therisk estimation. The lower OR can be explained as a statistical uncertainty, but it might also
suggest that some of the cases might have been affected, even one year before diagnosis, by symptomsof |atent
disease. Thefact that 95% of the cases reported having symptoms prior to diagnosis and significant decrease of
the risk estimate of developing a tumor on the side of phone use in the case-only analysis support this
possibility. The numbersof mobile phone users at one and five years before diagnosis were compared so asto
estimate the fraction of the cases and controls who started using mobile phones between one and five years
before diagnosis.  Among the cases, 33.0% were found to have started using mobile phones during that period,
whereas 39.4% of controls did so during the same period. This also suggests that latent disease affected the
use of mobile phones among the cases. This possible bias can be called ‘latent disease bias', which would
affect the risk estimate downward for recent use. It should also be mentioned, however, that, even when we
excluded the use of mobile phones five years prior to diagnosis, the observed OR did not show any increase in
risk.

With regard to the exposure characteristics, two factors are worth considering: one isthat the type of mobile
phone, such as analogue or digital, and the type of signal transmission mode differ by country; the other isthe
use patterns of mobile phones, such asthe duration and frequency of use. In particular, the difference between
the analogue and digital types of mobile phone is of special interest, because the two studies in Sweden
reported increased risk among analogue phone users, whereas the two studies in Denmark and Japan did not
find any increased risk for analogue phone users. The two U.S. studies did not analyze this difference *°.
The most evident association was reported by Hardel et a *'. The OR of acoustic neuroma was evidently
increased among analogue-type mobile phone users but was only dlightly increased among digital mobile
phone users. However, the laterality of the tumors was not related to the OR increase in their study; the
increase was observed both in ipsilateral use and contralateral use. Thus it seems unlikely that the observed
increase in risk for analogue phone use was caused by the exposure to EMF from the phone. The study by
Lonn et al did show a stronger increase in risk for ipsilateral use, but it was not restricted to analogue phones ™.

Since a case-control study relies on inquiring into past exposure on the basis of the subjects' recall, the risk
estimate should be carefully examined for possible biases that might distort it. In particular, therisk estimate
of mobile phone use and acoustic neuroma is vulnerable to biases because the disease is closely related to
hearing problems on the affected side *°.

In addition to the effect of the aforementioned “existing latent disease” on the risk estimate, several other
factors are worth considering in interpreting the results.  The recall bias is another potentially serious source
of bias in a case-control study. In general, cases tend to make more effort than controls to recall their
experiences in the padt, as they think these experiences might be related to their disease. The difference in
recall between cases and controlstendsto be larger for eventsin the remote past than for recent events. The
present case-control study was carefully designed to avoid such recall bias, but thereis, of course, no guarantee
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of the absence of recall bias, especially for mobile phone use occurring a long time before the diagnosis. In
the present study, however, no increase in risk was observed in relation to mobile phone use along time before
the diagnosis. As already discussed, mobile phones rapidly became popular around 1994 in Japan, and there
are very few cases or controls who used mobile phones more than 10 years ago.

Another potential recall bias, which seems uniqueto the case-control study of mobile phone use and acoustic
neuroma, is related to the laterality of mobile phone use and tumor location. It is possible that a case subject
may recall whether he/she used mobile phones more frequently on the side of the head that was affected by the
disease than on the other side. The results of ipsilateral and contralateral analysis, however, showed no
increase in risk associated with mobile phone use on the side of the head affected by the disease.

Taking account of the slow-growing nature of this benign tumor, we need to consider the possibility of
detection bias at work. Symptoms such astinnitusand hearing difficulty often trigger adiagnosis of acoustic
neuroma, and the use of mobile phones might increase the likelihood of finding such symptoms, and might
thus lead to earlier diagnosis of the disease among mobile phone users. If this detection bias is at work, an
increase in OR would be expected due to a higher detection rate of disease among mobile phone users as
compared to non-users. We compared the age at tumor diagnosis of mobile phone users and that of non-users
in order to examine this possibility. The difference between cases and controls was small; 7.3 yearsfor cases
and 7.2 yearsfor controls, indicating that a detection bias did not distort the resultsin our study.

Asour study depended on the voluntary participation of cases and controls, the possibility of selection bias
should also be considered *°. The selection bias, which could have lowered the observed OR, could have
resulted in alower participation rate of mobile phone users among cases and a higher participation rate of users
among controls.  Among cases, there seemsto be little possibility, if any, that users had a lower participation
rate. Contrarily, efforts were madeto avoid a higher participation rate of users by masking the major purpose
of our study, because knowing the study purpose could raise mobile phone users’ interest in the study, leading
to ahigher participationrate. Even so, we cannot totally discount the possibility that the participation rate was
higher among those who were interested in the potential health hazards of mobile phone use. Also, it is not
likely that mobile phone users had a higher participation rate among controls. A differential participation rate
could have been introduced in our study in the phase of recruitment by random digit dialing, and aso in the
phase of soliciting to participate in the study. In the random-digit dialing procedure, efforts were made to
avoid missing individuals who were away from home for a greater number of hours. We assumed that mobile
phone users tended to be more active outside of the home, and missing those who were more active would
result in a smaller number of mobile phone usersin the control group. Also, in the procedure through which
participation was solicited by telephone contact, efforts were made to avoid missing those with busier lives,
because we assumed that mobile phone users tended to be busier and that the participation rate of users would
be lower than it should have been unless we made efforts not to miss such users. In fact, the proportion of
regular mobile phone users among the control candidates who did not participate in the full interview but
agreed to respond to a brief questionnaire (21% of eligible controls) was comparable with that for the controls
who participated in the full, face-to-face interview (52.4% of eligible controls). Overall, it seemsthat selection
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bias was less likely to be at work in the process of case and control selection. It should be mentioned that the
higher participation rate among cases than controls may lower the OR to some extent, since Lahkola et al
suggested that mobile phone users were more often among fully-participated controls than totally-refused
controls *®, but we could not compare these figures with totally-refused controls unfortunately.

In summary, the five studies reported thus far and the present study have not shown any consistent increased
risk of acoustic neuroma in association with mobile phone use. In this study, the risk of acoustic neuroma
does not increase with the duration of mobile phone use, nor with the total call time. Future studies should
focus on long-term users with more than 10 years of use and on those who have used analogue phones in the
past. Case-only studies based on the analysis method proposed by Inskip et al would also be valuable.
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