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ABSTRACT
This study investigated the association between mobile phone use and brain tumors in young people aged 10–29 years, spe-

cifically within the Japanese population. Building upon the international MOBI‐Kids study, this Japanese case‐control study
included 120 brain tumor patients and 360 controls treated in the Kanto area, broadening the age range and including all

primary brain tumors, unlike the international study. The data were evaluated using unconditional logistic regression, both

unadjusted and adjusted for age and sex, with respect to the duration and intensity of mobile phone use. The analysis accounted

for differences in the output power of various mobile phone generations prevalent in Japan, particularly the high‐output 2G
PDC system. Despite this rigorous exposure modeling, the study found no increased risk of brain tumors associated with mobile

phone use, even when factoring in the weighted power output. The findings align with other recent international studies that

also report no causal association. While acknowledging limitations such as potential recall bias and a relatively small sample

size for sub‐analyses, the study's strengths include its expanded age range and a realistic assessment of Japanese mobile phone

usage patterns. Due to the ever‐changing exposure conditions from wireless technology, further studies are needed to address

their relation to young people's health.

1 | Introduction

In 2011, the International Agency for Research on Cancer of the
World Health Organization (WHO) classified radiofrequency
electromagnetic fields (RF‐EMFs) as “possibly carcinogenic to

humans (Group 2B)” owing to the potential carcinogenic risk of
developing glioma and acoustic neuroma in adults (Baan
et al. 2011; WHO 2024). WHO recommended further examina-
tion of the potential effects of RF‐EMF on the onset of brain
tumors in children. According to the WHO research agenda
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(WHO 2010), an international case‐control study involving 14
countries (Australia, Austria, Canada, France, Germany, Greece,
India, Israel, Italy, New Zealand, Spain, the Netherlands, Korea,
and Japan) was initiated to investigate brain tumor risk as a
health effect for children and young people associated with
mobile phones (Sadetzki et al. 2014). In the International MOBI‐
Kids study (Castaño‐Vinyals et al. 2022), mobile phone use did
not increase the risk of brain tumors among adolescents aged
10–24 years (899 brain tumor patients and 1910 controls). This
study considered both RF and extremely low frequency as EMF
exposures, and included several validation studies (van Wel
et al. 2024; Goedhart et al. 2018; Turner et al. 2019)as well as the
patterns (Langer et al. 2017) and trends in mobile phone use
(Sato et al. 2016). We previously reported that mobile phone use
was not associated with increased odds ratios (OR) in Korean
and Japanese case‐control study (Kojimahara et al. 2024),
involving 118 patients with brain tumors and 236 matched
controls. Out of 66 Japanese brain tumor cases aged ≤ 24 years,
36 midline brain tumors were not included in the original MOBI‐
Kids international study.

Figure 1 shows the number of mobile phone contracts and
generations in Japan before and during the study period. In the

late 1980s, automobile shoulder phones were introduced in
Japan, followed by first‐generation mobile phones (1G, analog) in
1988. In 1993, personal digital cellular (PDC), a Japanese digital
second‐generation (2G) mobile communication system similar to
the Global System for Mobile Communications (GSM), became
widely used in Japan. In 1998, cdmaOne (2.5G), Faster Code
Division Multiple Access (cdma) than PDC, was introduced and
used for approximately 5 years as a bridge to the next generation.
In 2001, W‐CDMA, a third‐generation mobile communication
system (3G) was launched, and in 2012, the 2G service ended in
Japan, and a long‐term evolution system (LTE, 3.9–4G) was
launched. Of the 218 million mobile phone contracts in 2023,
LTE had 120.88 million and 5G mobile phones had 86.51 million
(Ministry for Internal Affairs and Communication of
Japan 2024). However, few studies have focused on the health
effects of mobile phone use in the Japanese population.

This study aimed to adopt a modified exposure assessment
using weights that account for the average output power of the
mobile phone generations devices in the actual environment
while utilizing the differences in output among various gener-
ations used in Japan. The incidence rate of total brain tumors
per population in 2023 was 4.5 cases (5.0 cases in men and 4.1
cases in women) (per 100,000 population), and the incidence
rate among young people is approximately half of that
(Foundation for Promotion of Cancer Research 2025). No
change has been noted since the introduction of mobile phones
in Japan. In contrast, in Northern Europe, where mobile phones
have been widely used for the longest time, it has been reported
that the age‐adjusted death rate for brain tumors has increased
since 2007 (Hardell and Carlberg 2017). However, Deltour et al.
(2022) reported no changes in glioma incidence rates from
mobile phone use published incidence rates in Nordic
countries.

FIGURE 1 | Trends in the number of mobile phone contracts in Japan before and during research period. 2G: second‐generation; 3G: third‐
generation; CDMA: code division multiple access; LTE: long‐term evolution; PDC: personal digital cellular; W‐CDMA: wideband code division

multiple access.

Summary

• Our study, focusing on young people in Japan, found no
association between brain tumors and mobile phone
use, based on a rigorous case‐control design expanding
the MOBI‐Kids international case control study.

• Analysis accounted for mobile phone generation differ-
ences, including Japan's high‐output 2G PDC system
with different phone types and power outputs.
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2 | Materials and Methods

2.1 | Study Design and Population

The MOBI‐Kids international study assessed the association
between mobile phone use and brain tumors in young people
between 2011 and 2015 in 14 countries, as previously described
(Castaño‐Vinyals et al. 2022). MOBI‐Kids Japan is an
unmatched case‐control study of 120 patients with brain tumors
and 360 controls, conducted as a sub‐analysis of the MOBI‐Kids
International matched case‐control study (Table 1). Compared
to the MOBI‐Kids international study, the present MOBI‐Kids
Japan study used more relaxed inclusion criteria focusing a
period when most Japanese used 2G PDC mobile phones. The
inclusion criteria for the study were as follows: first, patients
were aged 10‒ 29 years, in contrast to the MOBI‐Kids interna-
tional study (10–24 years). Second, all primary brain tumors
were allowed, in contrast to the MOBI‐Kids international study,
which excluded midline brain tumors such as craniophar-
yngiomas, or gliomas spread to midlines. Third, participants of
MOBI‐Kids JAPAN widely included those in residential areas
throughout Japan, in contrast to only the Kanto area in the
MOBI‐Kids international study.

Participants were recruited from pre‐registered medical insti-
tutions in the Kanto region. The case group included patients
with brain tumors from 19 medical institutions, whereas the
control group included patients with appendicitis from 14
medical centers. Inpatients and guardians who consented to
participate in the study after receiving an explanation from the
attending physicians were included. Parental approval was
required for the participation of patients aged < 18 years. The
Tokyo Women's Medical University Ethics Committee

approved this study (No. 2394‐R, 2011, revised in 2018). In-
formed consent was obtained from all the participants and/or
their legal guardians. All procedures were performed in
accordance with the principles of the Declaration of Helsinki.

2.2 | Questionnaires and Study Instruments

Trained interviewers administered a computer‐assisted ques-
tionnaire developed by a team that made use of experience from
the INTERPHONE study (INTERPHONE Study Group 2010;
Takebayashi et al. 2006, 2008). The main questionnaire
included demographic variables and histories of mobile phone
use, including 2G, 3G, and 4G, as well as Wi‐Fi and cordless
phone use. Parents reported maternal smoking history and
other exposures before conception, during pregnancy, and
during delivery. The parental occupational history was
recorded. Details of the data collection are provided in Table S1.
Clinical questionnaires regarding disease status, surgery,
pathology, and imaging, were described in outcome measures
section in more details.

2.3 | Exposure Assessment

In accordance with the International MOBI‐Kids protocol
(Sadetzki et al. 2014), a trained interviewer conducted an
approximately 60‐min standardized interview with admitted
patients. Information such as mobile phone use (2G, 3G, and
4G, other than personal handheld‐phone system [PHS]), num-
ber of calls and call duration, primary laterality when using
mobile phones, use of hands‐free devices, and Wi‐Fi use were

TABLE 1 | MOBI‐Kids Japan protocol compared to the MOBI‐Kids international study.

MOBI‐Kids international study MOBI‐Kids Japan

Study design Case‐control study Unmatched case‐control study
1:2 matched for age, gender, and

resident area
Adjusted for age and gender

Cases n= 30 (Japanese) n= 120

‐Age 10–24 years 10–29 years

‐Pathology Primary brain tumors, except for midline
tumors

All primary brain tumors

‐Area Kanto area Residence in Japan of people who received treatment in the
Kanto area

Controls n= 224 (Japanese) n= 360

‐Age
‐Conditions

10–24 years
Appendicitis inpatients

10–29 years
Appendicitis inpatients

‐Area Kanto area Individuals residing in Japan who received treatment in the
Kanto area

Exposure CSE from mobile phones* from RF and EMF
classified by phone model

CSE from Cordless phone (DECT)

Mobile phone use (duration and number of calls) weighted
by communication system (2G, 3G, and 4G)

VoIP use

Analysis Conditional logistic regression Unconditional logistic regression

*Electromagnetic field (EMF) and radiofrequency (RF) algorithm that estimates the cumulative specific energy (CSE) in center of gravity (COG) of the brain tumors.
Abbreviation: VoIP, voice over Internet protocol.
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collected from the patients and/or guardians. Simultaneously,
data on socioeconomic status (SES), mobile phone use, history
of exposure during pregnancy, and occupation were collected
from the parents using self‐administered questionnaires.

In the INTERPHONE study (INTERPHONE Study Group 2010),
the output power of GSM phones with software‐modified phones
was highly variable (Vrijheid et al. 2009). However, Iyare et al.
(2021), and van Wel et al. (2021) reported that mobile phones
with newer technology (3G‒4G) have substantially lower average
output power. The significant difference in output power
between PDC and other communication systems cannot be
ignored in the exposure assessments. Therefore, a weighting
factor that considers the output power was introduced for mobile
phone use. The output power in a real environment is highly
variable owing to the adaptive power control (APC) of each
communication system. The weights were obtained by multi-
plying the maximum peak power by the estimated ratio of
average to maximum power (Kojimahara et al. 2024). Table 2
shows the lists the weights of the different communication sys-
tems, LTE was weighted at 2, and PDC was weighted at 135,
CMDA and WCDMA were weighted at 1. It should be noted that
the weight of the PDC is much higher than that of other com-
munication systems.

PDC has been widely used in Japan as 2G instead of the globally
adopted GSM. As shown in Figure 1, cdmaOne was adopted for
a very short period of 2.5G by a Japanese telecommunications
company. Therefore, cdmaOne phones were classified as 2G
phones in this study, considering the small number of users and
difficulty in distinguishing from PDC based on the responses to
the questionnaire.

Exposures from both digitally enhanced cordless telecommunica-
tions (DECT), one of the communication types of cordless phones
and headset use were not assessed in this study because they were
rarely used: only one participant acknowledged DECT use, and
only three used headsets for more than half of their mobile phone
use. Furthermore, phone model classification was not considered
in this study, even though the MOBI‐Kids international study
considered phone model classification based on the location and
shape of the antenna (Lee et al. 2016). The MOBI‐Kids validation
study (Goedhart et al. 2018) reported that laterality was poorly
recalled; thus, the risk analysis of the study did not take into

account self‐reported laterality, similar to how the MOBI‐Kids
international study handled it.

2.4 | Outcome Measures

Classification based on the International Classification of Dis-
eases for Oncology (Louis et al. 2021), as well as clinical
information, such as tumor location, occasion for tumor dis-
covery, and subjective symptoms, were collected from neuro-
surgeons at the contracted medical institutions to accurately
determine the onset time of brain tumors and to establish a
1‐year lead time. MOBI‐Kids Japan included midline glioma
and other pathological tumors that met the exclusion criteria in
addition to the inclusion criteria of the MOBI‐Kids interna-
tional study, as shown in Table S2 (Zumel‐Marne et al. 2020). In
the International MOBI‐Kids study, histopathological and
imaging diagnoses were randomly evaluated by neuroradiolo-
gists and pathologists, respectively.

2.5 | Statistical Analysis

“Regular use” of mobile phones and Wi‐Fi was defined as “at
least once a week for three consecutive months or longer.”
Mobile phone use, cumulative years of use, cumulative number
of calls, and cumulative call duration until 1 year before the
diagnosis date were calculated and weighted by mobile phone
generation and Voice over Internet Protocol (VoIP). The associ-
ation between each factor and the risk of brain tumor morbidity
was determined using unconditional logistic regression analysis.
Mobile phone users in the appendicitis group were divided into
tertiles based on their exposure. Subsequently, the mobile phone
users in the brain tumor group were assigned to the corre-
sponding exposure index groups, which, along with the mobile
phone non‐user group, were utilized as categories in the analysis
to calculate the p for trends. Adjustment variables were age
(continuous), sex (male and female), residential area (Kanto area
and all over Japan except Kanto area), and mother's education as
SES. All analyses were performed using IBM SPSS Statistics for
Windows, Version 23.0. (Armonk, NY). The t‐test and χ2 test
were used to determine the differences in the means of the
continuous and categorical variables, respectively.

TABLE 2 | Estimation of weights applied to intensity of use data for mobile phones types in MOBI‐Kids Japan study (Kojimahara et al. 2024).

Network
Generation or

communication system
Service
period

Peak output
power (mW)

APC–Tx power
ratio

(avg./max.)
Weights applied to
intensity of use data

CDMA2000 3G 2000–2012 200 0.005 1

WCDMA 3G 2004 250 0.005 1

LTE 4G 2014 200 0.01 2

PDC 2G 1993–2012 800 0.5 135*

CdmaOne 2.5G 1998–2005 200 0.005 1

VoIP NA 2000 NA NA 1

*PDC is a 3‐slot TDMA system that transmits radio wave 1/3 of time. The weight is then 800 × 0.5/3.
Abbreviations: CDMA, code division multiple access; LTE, long term evolution; PDC, personal digital cellular; UMTS, Universal Mobile Telephone System; VoIP, voice
over Internet protocol.
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3 | Results

3.1 | Histology of Brain Tumor Cases

As shown in Table S3 online, MOBI‐Kids Japan included
120 cases of brain tumors, 30 of which met the inclusion
criteria of the international MOBI‐Kids study. It also
included cases that could not be matched to controls in the
international study, tumors with midline spread, and cases
with histologies that were excluded from the international
study. The MOBI‐Kids Japan study included 47 gliomas, five
meningiomas, and two embryonal tumors, as well as
52 cases (43%) of other histories that were not included in
the international MOBI‐Kids criteria. Fifteen germinomas,
11 craniopharyngiomas, and 26 others were included in
these other morphologies.

3.2 | Patient Characteristics

Table 3 shows the characteristics of the 120 patients and 360
appendicitis controls who underwent appendectomy in MOBI‐
Kids Japan. The participation rate was slightly lower in the
appendicitis group (65.9%) than in the brain tumor group
(71.9%). Although no significant differences were observed in
the proportion of patients by sex or age, the number of patients
whose mothers had only a high school education or less, rep-
resenting SES, was significantly greater in the brain tumor
group (n= 35, 30.4%) than in the appendicitis group (n= 57,
16.6%) (p= 0.001). Residential areas were unlikely to affect the
results after controlling for regions, and large regional differ-
ences were not observed in either the radio wave environment
or medical system in Japan. Known risk factors, such as a recent
history of allergies (McCarthy et al. 2011), medical radiation

TABLE 3 | Characteristics of participants in the MOBI‐Kids Japan study.

Cases n (%) Controls n (%) p value

Participation 120 (71.9) 360 (65.9)

Age at reference date (years)

10–14 38 (31.7) 112 (31.1) 0.905

15–19 23 (19.2) 72 (20.0)

20–24 22 (18.3) 75 (20.8)

25–29 37 (30.8) 101 (28.1)

Male 72 (60.0) 199 (55.3) 0.366

Education level of mothers

High school or less 35 (30.4) 57 (16.6) 0.001

Residential area

Tokyo 57 (47.5) 323 (89.7) < 0.001

Kanto area (excluding Tokyo) 42 (35.0) 35 (9.7)

Other areas in Japan 21 (17.5) 2 (0.6)

Alcohol consumption, yes 44 (60.3) 132 (62.9) 0.695

Smoking, yes 18 (24.7) 62 (29.7) 0.414

Allergies, yes 45 (37.5) 132 (36.7) 0.870

Family history of brain tumors, yes 6 (5.0) 12 (3.3) 0.410

Medical radiation*, yes

X‐ray (head/neck) 29 (24.2) 80 (22.2) 0.660

CT scan 25 (20.8) 71 (19.7) 0.750

Timing of interview

2011 17 (14.2) 62 (17.2) 0.229

2012 51 (42.5) 116 (32.2)

2013 37 (30.8) 134 (37.2)

2014 15 (12.5) 48 (13.3)

Regular mobile phone use 81 (67.5) 273 (75.8) 0.094

Wi‐Fi at home 185 (50.0) 53 (44.0) < 0.001

At school/work 93 (25.1) 19 (15.8)

At other places 85 (23.0) 22 (18.3)

*Medical radiation included examinations performed more than 2 years before symptoms first appeared.
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(Kojimahara et al. 2020), and a family history of brain tumors,
were not associated with brain tumors in our data. The number
of patients who regularly used mobile phones to make phone
calls did not differ significantly between the groups (n= 81,
67.5% vs. n= 273, 75.8%). Furthermore, for the brain tumor and
appendicitis groups, 185 (50.0%) and 53 (44.0%) individuals
regularly used Wi‐Fi at home, 93 (25.1%) and 19 (15.8%) at
school or work, and 85 (23.0%) and 22 (18.3%) at other places
such as malls, respectively.

3.3 | OR of Mobile Phone Use With Respect to
Brain Tumors

Table 4 shows the crude ORs of mobile phone including VoIP
use, years of mobile phone use, cumulative number of calls, and
cumulative call duration until 1 year before the diagnosis date.
Although the ORs of mobile phone use, years of mobile phone
use, cumulative number of calls, and cumulative call duration
showed a decreasing trend, no significant differences were
observed after adjustments were made for sex, age, residential
area, and SES.

Table 5 shows the ORs of mobile phone via weighted exposure
indices for different mobile phone generations. Considering a
weight of 135 for 2G mobile phones (PDCs), which had a high

output and major distribution during the study period in Japan,
the crude and adjusted did not increase.

4 | Discussion

The MOBI‐Kids Japan study investigated an impact on tumor
growth and on tumor progression and adverse effect of mobile
phone use by employing a unique weighted exposure assess-
ment based on the participants’ mobile phone use history,
including Japanese patients who did not meet the inclusion
criteria of the MOBI‐Kids International case‐control study
(Castaño‐Vinyals et al. 2022). The declining trend of incidences
with increasing age in these age range, may be associated those
incidences slightly increase. Because increased growth rate of a
tumor leads to earlier diagnosis, the age‐incidence function is
shifted to younger age. Consequently, if the age‐incidence
function has a declining trend, ORs indicate below one.

This study addressed criticisms against the MOBI‐Kids interna-
tional study (Hardell and Moskowitz 2023), as no association was
observed even when the analysis included midbrain tumors
using unconditional logistic regression after adjusting for vari-
ables such as sex, age, and residential area. Similar to the inter-
national MOBI‐Kids results, the ORs in this study were less than
1.0, and might have been associated with selection bias, due to

TABLE 4 | ORs of mobile phone use with respect to brain tumors.

Cases n= 120 Controls n= 360 Crude OR Adjusted OR*
n (%) n (%) (95% CI) (95% CI)

Regular mobile phone use until 1 year before the reference date

Nonuser 39 (32.5) 87 (24.2) 1 1

Regular user 81 (67.5) 273 (75.8) 0.66 (0.42–1.04) 0.92 (0.48–1.77)
Length of use (years) until 1 year before reference date

Nonuser 39 (32.5) 87 (24.1) 1 1

< 5.42 25 (20.8) 91 (25.3) 0.61 (0.34–1.10) 0.97 (0.48–1.94)
5.42–9.51 25 (20.8) 91 (25.3) 0.61 (0.34–1.10) 0.82 (0.34–1.98)
> 9.51 31 (25.9) 91 (25.3) 0.76 (0.44–1.33) 0.94 (0.30–2.92)

p for trend = 0.365 p for trend = 0.852

Cumulative number of calls until 1 year before reference date

Nonuser 39 (32.5) 87 (24.1) 1 1

< 825.6 33 (27.5) 91 (25.3) 0.81 (0.47–1.40) 1.07 (0.54–2.13)
825.6–2844.0 20 (16.7) 91 (25.3) 0.49 (0.27–0.91) 0.62 (0.26–1.47)
> 2844.0 28 (23.3) 91 (25.3) 0.69 (0.39–1.21) 0.80 (0.32–2.01)

p for trend = 0.078 p for trend = 0.437

Cumulative call time (in hours) until 1 year before reference date

Nonuser 39 (32.5) 87 (24.1) 1 1

< 61.6 31 (25.8) 91 (25.3) 0.76 (0.44–1.33) 1.04 (0.52–2.06)
61.6–338.7 26 (21.7) 91 (25.3) 0.64 (0.36–1.14) 0.74 (0.31–1.74)
> 338.7 24 (20.0) 91 (25.3) 0.59 (0.33–1.06) 0.58 (0.22–1.52)

p for trend = 0.063 p for trend = 0.229

*Adjusted for age, sex, residential area, and socioeconomic status (mother's education).
Abbreviations: 95% CI, 95% confidence interval; OR, odds ratio.
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modest response rates, imbalances in mothers’ education level,
and Kanto versus non‐Kanto area. According to patient surveys
2023, the total number of appendicitis patients decreased from
14,000 in 1985 (ICD9 code 540‐543) to 9000 in 2002 (ICD10 code
K35‐K38), although more recent data are not available, it is
thought to be slightly decreasing. Appendicitis patients were
chosen as hospital‐based controls due to challenges in recruiting
representative population‐based controls, especially among
young adults. Appendicitis is common in adolescence and
unrelated to mobile phone use or SES, and not linked to the
study's exposures, making these patients suitable proxies for the
general population and minimizing bias in case–control com-
parisons (Sadetzki et al. 2014). Therefore, we believe that the use
of appendicitis‐related surgical controls is acceptable, although
we acknowledged that selection bias might have occurred due to
the lower participation rate among controls.

Our results are consistent with those of a recent systematic review
(Karipidis et al. 2024) concerning the WHO assessment of health
effects related to RF‐EMF exposure. Baseline results from the
Cohort Study on Mobile Phones and Health, COSMOS study in
five countries, revealed that brain tumor risk was not associated
with mobile phone use (Reedijk et al. 2024; Toledano et al. 2018).
This study included over 250,000 participants with a median
follow‐up of approximately 7 years, where 149 glioma, 89
meningioma, and 29 incident cases of acoustic neuroma were
diagnosed. The adjusted hazard ratio per 100 regression‐calibrated
cumulative hours of mobile phone call‐time was 1.00 (95% CI
0.98–1.02) for glioma (Feychting et al. 2024), supporting the gen-
eralizability of the results. The findings from the Cefalo study, an
international case control study in 7–19‐year‐olds diagnosed with
brain tumors in Denmark, Sweden, Norway, and Switzerland
between 2004 and 2008, also suggest no causal association
between mobile phone use and brain tumors (Aydin et al. 2011).

The questionnaire for the MOBI‐Kids international study did
not explicitly ask about PHS use; therefore, this study was also
unable to conduct an analysis that included PHS use as an

exposure factor. In Japan, although the number of PHS con-
tracts has gradually decreased, there were still 4.61 million
contracts as of 2010, with a penetration rate relatively high
compared with that in Europe and the United States at
approximately 3%–5%. Public PHS services ended in 2023;
however, it may be necessary to examine the cumulative impact
of PHS in Japan.

The INTERPHONE study (INTERPHONE Study Group 2010),
which included individuals who used first‐generation mobile
phones observed a J‐shaped relationship, but the findings from
the present study show rather an inverse association. Since
selection bias contributed to the reduced risks in the simulation
study (Bouaoun et al. 2024), the evidence from the INTER-
PHONE simulation study showed less likely that heavy mobile
phone use is causally related to an increased brain tumor risk.
Furthermore, exposure from recent mobile phone devices has
decreased, indicating that the relative exposure from Wi‐Fi and
base stations is no longer at a level that can be ignored
(Niinuma et al. 2016; Vrijheid et al. 2009).

Compared to the MOBI‐Kids international study, MOBI‐Kids
Japan had some advantages. It was able to indicate the impacts
of decreased exposure, since both PDC (2G) and 3G devices
(Kojimahara et al. 2024) were used in Japan, whereas only GSM
(2G) was widely distributed in European Union countries dur-
ing the MOBI‐Kids international study period. Although the
number of participants in the MOBI‐Kids Japan was small, the
effect of selection bias was likely minimal due to high partici-
pation rates. The differences in backgrounds between the
respondents and non‐respondents in the MOBI‐Kids interna-
tional study have been previously described (Turner et al. 2019).
Moreover, this study included 10‐ to 29‐year‐old participants,
allowing for longer exposure to mobile phone use than the 10‐
to 24‐year‐old patients in the MOBI‐Kids international study.
Although the risks of mobile phone use could be analyzed in a
high‐risk group with long cumulative call times, it cannot be
denied that age had a strong influence on the results, and the

TABLE 5 | ORs of weighted mobile phone use.

Cases n= 120 Controls n= 360 Crude OR Adjusted OR*
n (%) n (%) (95% CI) (95% CI)

Weighted cumulative number of calls until 1 year before reference date

Nonuser 39 (32.5) 87 (24.1) 1 1

< 1042.9 29 (24.2) 91 (25.3) 0.71 (0.41–1.25) 1.01 (0.50–2.02)
1042.9–30231.4 27 (27.5) 91 (25.3) 0.66 (0.37–1.17) 0.75 (0.33–1.72)
> 30231.4 25 (20.8) 91 (25.3) 0.61 (0.34–1.10) 0.56 (0.20–1.58)

p for trend = 0.102 p for trend = 0.245

Weighted cumulative call time (in hours) until 1 year before reference date

Nonuser 39 (32.5) 87 (24.1) 1 1

< 82.6 29 (24.2) 91 (25.3) 0.71 (0.41–1.25) 1.05 (0.53–2.08)
82.6–2605.9 28 (23.3) 91 (25.3) 0.69 (0.39–1.21) 0.67 (0.28–1.61)
> 2605.9 24 (20.0) 91 (25.3) 0.59 (0.33–1.06) 0.53 (0.19–1.47)

p for trend = 0.086 p for trend = 0.179

*Adjusted for age, sex, residential area, and socioeconomic status (mother's education).
Abbreviations: 95% CI, 95% confidence interval; OR, odds ratio.
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results should be interpreted with caution. The MOBI‐Kids
international study reported a unique tendency for mobile
phone use in Japan: the number of calls was high, but the
cumulative call duration was short because of the specific
pricing plans offered by Japanese phone companies (Langer
et al. 2017). Consequently, this study provides a more realistic
analysis of the risk of brain tumors associated with mobile
phones among young people in Japan using a weighted ex-
posure assessment unique to Japanese terminal device genera-
tion, even though we used an exposure assessment that was
different from the center of gravity used in the MOBI‐Kids
international study.

This study has some limitations. First, the laterality of brain
tumors and phone use were not considered because this study
included all histological types of brain tumors, most of which
were present in the center of the brain. Second, although data
were collected through standardized interviews similar to those
used in the MOBI‐Kids international study, recall bias, which is
characteristic of case–control studies, still could have affected all
of the variables. Third, because the sample size of the MOBI‐Kids
Japan study was not sufficient for certain sub‐analyses, such as
examining the effects of alcohol and tobacco, and adults and
minors separately. Similarly, only 47 glioma cases were noted;
therefore, analysis for glioma alone could not be performed.

5 | Conclusion

Although the international criteria for histological type, age,
and residential area in MOBI‐Kids Japan were expanded for
cases and controls, we did not find an increased risk of mobile
phone use for all brain tumors. The OR did not increase when
the PDC was highly weighted; due to the ever‐changing ex-
posure conditions from wireless technology further studies are
needed to address their relation to young people's health.
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