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Abstract

Objective

To study recall of mobile phone usage, including laterality and hands-free use, in young people.

Methods

Actual mobile phone use was recorded among volunteers aged between 10 and 24 years from 12
countries by the software application XMobiSense and was compared with self-reported mobile
phone use at 6 and 18 months after using the application. The application recorded number and
duration of voice calls, number of text messages, amount of data transfer, laterality (% of call time
the phone was near the right or left side of the head, or neither), and hands-free usage. After data
cleaning, 466 participants were available for the main analyses (recorded vs. self-reported phone
use after 6 months).

Results

Participants were on average 18.6 years old (IQR 15.2-21.8 years). The Spearman correlation
coefficients between recorded and self-reported (after 6 months) number and duration of voice calls
were 0.68 and 0.65, respectively. Number of calls was on average underestimated by the
participants (adjusted geometric mean ratio (GMR) self-report/recorded = 0.52, 95% CI = 0.47—
0.58), while duration of calls was overestimated (GMR=1.32, 95%, CI = 1.15-1.52). The ratios
significantly differed by country, age, maternal educational level, and level of reported phone use,
but not by time of the interview (6 vs. 18 months). Individuals who reported low mobile phone use
underestimated their use, while individuals who reported the highest level of phone use were more
likely to overestimate their use. Individuals who reported using the phone mainly on the right side
of the head used it more on the right (71.1%) than the left (28.9%) side. Self-reported left side users,
however, used the phone only slightly more on the left (53.3%) than the right (46.7%) side.
Recorded percentage hands-free use (headset, speaker mode, Bluetooth) increased with increasing
self-reported frequency of hands-free device usage. Frequent (>50% of call time) reported headset
or speaker mode use corresponded with 17.1% and 17.2% of total call time, respectively, that was
recorded as hands-free use.



Discussion

These results indicate that young people can recall phone use moderately well, with recall
depending on the amount of phone use and participants’ characteristics. The obtained information
can be used to calibrate self-reported mobile use to improve estimation of radiofrequency exposure
from mobile phones.

1. Introduction

The rapid worldwide increase in mobile phone use has led to increased concern about potential
health effects due to exposure to radiofrequency (RF) fields. Additionally, mobile phone use has
changed dramatically in recent years with both the introduction of third and fourth generation
cellular networks as well as continuously evolving smartphone hardware and software. Potential
health effects (if they exist) related to RF fields originating from mobile phones would likely be
greater among young people for various reasons. The neurological system of children is still
developing and may be more sensitive to effects of RF, the distribution of RF absorption across the
brain may be different compared to adults, and the specific absorption rate (SAR) in the most
exposed part of the brain tend to be higher in children than it is in adults (Wiart et al., 2011). Lastly,
the lifetime exposure of children to RF from mobile phones will be larger as they start using a
mobile phone at a young age compared to current adults. Several national and international bodies
have recommended studies of exposure in childhood and adolescence as high priority RF research
areas due to this (Kheifets, 2005). As a result, two large multinational case-control studies were set
up, the CEFALO study in four (Northern) European countries (Aydin et al., 2011c), and the MOBI-
Kids study in 14 countries, both within and outside Europe (Sadetzki et al., 2014). In addition
several national studies were set up, including the HERMES study in Switzerland (Schoeni et al.,
2015), and the SCAMP cohort study in the United Kingdom (Mireku et al., 2018), looking at
cognitive and behavioural outcomes.

Exposure assessment within epidemiological studies on health effects of mobile phone use
generally relies on participants’ recall of their mobile phone use. Previous validation studies among
children and adolescents have found that this recall comes with substantial random and systematic
errors (Aydin et al., 2011a, Goedhart et al., 2015b, Inyang et al., 2010, Inyang et al., 2009, Kiyohara
et al., 2016, Redmayne et al., 2012), which can lead to under- or overestimation of the explored
health risks (Aydin et al., 2011b; Vrijheid et al., 2006a, Vrijheid et al., 2006b). As part of MOBI-
Kids, a case-control study exploring the potential effects of childhood and adolescent exposure to
electromagnetic fields from mobile communications technologies on brain tumour risk (Sadetzki et
al., 2014), the Mobi-Expo validation study was performed to study recall of mobile phone use
among young people from 12 out of 14 countries. This is the largest multinational validation study
to date. A software application (app) was developed by Whist Lab (Paris, France) to be installed on
participants’ own smartphone or a study phone (Goedhart et al., 2015b). In addition to duration and
frequency of calls and text messages, the app also recorded information regarding laterality, hands-
free usage, and data transfer. We report here the results of mobile phone usage and use behaviour
recall at 6 and 18 months after the use of the app by study individuals. In addition, we explore if the
observed differences in recall are related to demographic variables and/or phone usage.

2. Methods

From October 2012 to August 2014, volunteers between 10 and 24 years old were recruited in 12
MOBI-Kids countries: Australia, Canada, France, Germany, Greece, Israel, Italy, Japan, Korea,
New Zealand, Spain and the Netherlands. The study was approved by the Institutional Review
Boards in each country; all volunteers and/or their legal guardians provided informed consent



following the country-specific protocols, including parental consent if indicated. More details about
the recruitment procedures in each country are described in the paper by Langer et al. (2017).

2.1. Participants

Two types of participants were enrolled in the study. The first type of participants were those who
owned a smartphone using the Android operating system (OS) (60% of total study population). The
second type (40%), who did not own a smartphone using the Android OS, received a study phone
(either a Samsung Galaxy Mini or a Galaxy S2) for four weeks. These participants were instructed
to insert their own SIM card into the study phone and use it just as they would use their own phone.
All participants installed the XMobiSense application (app) on the smartphone. After four weeks of
data collection, data were either automatically transferred to a server or a data file was created by
the participant or study coordinator. Four countries only recruited participants who owned their own
smartphone using the Android OS: Greece, Japan, Korea and New Zealand while the other eight
countries recruited a mix of the first and second type of participants.

2.2. Recorded mobile phone use (XMobiSense)

Whist Lab (Paris, France) developed a smartphone app called “XMobiSense”, which can be
installed on any smartphone using the Android OS. This app records date, time, and duration (in
seconds) of voice calls, laterality (right/left side) of use (hands-free while using a device (i.e.: wired
headset, speaker mode, Bluetooth headset/car kit), and other hands-free without using a device (e.g.,
answering/ending a call)), number of text messages sent and received, amount of data transfer (in
bytes), and the communication system and technology used for voice calls (2G/3G) and data
transfer (WiFi, GPRS, EDGE, UMTS, HSDPA, and other). No personal information or call/text
content was recorded by the app. After piloting the app and study protocol (Goedhart et al., 2015b),
some errors were observed in the recording of laterality and ‘other hands-free use’ for some
devices. As such, only the following phone models were included in the current analyses on
laterality and hands-free usage: Samsung Galaxy Ace, S (Plus), S2, S3, S3 (mini), S4, and S4
(mini).

2.3. Self-reported mobile phone use

Before participants started to use the app, a baseline questionnaire (Q1, 0 months) was completed
(either face to face (64%), by phone (27%), or by (e)mail (9%)). The questionnaires included
sociodemographic questions (parental education), and questions regarding current mobile phone use
(frequency and duration of calls and number of text messages, laterality, hands-free use, proportion
of use in urban/rural areas, sending e-mail, video, or files, hotspot and other data use, and voice
over IP calling) over the past three months. Answers on questions concerning frequency and
duration of mobile phone uses were collected as open-ended responses (e.g.: minutes per day). The
actual questionnaires can be found in the supplementary materials C.

After the 4-week period of data collection by the app, participants who borrowed a study phone
completed a change-of-use questionnaire (Q2, 1 month) upon returning the study phone either face
to face (84%), by phone (14%), or by (e)mail (2%).

Six months after data collection ended, a validation questionnaire (Q3, 6 months) was administered
to both types of study participants by phone (76%), face to face (13%) or by (e)mail (11%). In this
validation questionnaire, participants were asked to make an estimation of their mobile phone use
during the 4-week period of data collection by the app. Questions included number and duration of
voice calls, number of text messages sent, laterality (the side of the head one generally held the



phone: left, right or both sides), hands-free device usage (wired headset, speaker mode of the phone,
car kit, and/or Bluetooth headset), and time spent using the Internet. The question on number of text
messages sent included both text messages (i.e., short messages service (SMS)) and WhatsApp
messages in the baseline questionnaire. For Germany and Japan WhatsApp messages were also
included in the Q3 questionnaires, but not for the other countries. As a result, these two countries
were excluded from the analyses comparing self-reported to recorded number of text messages as
the app did not record WhatsApp messages specifically as this was part of data use.

In five countries (Australia, Israel, Italy, Spain, and the Netherlands), the validation questionnaire
was administered again at 18 months after using the app (Q4, 18 months) (face to face (4%), by
phone (82%), by (e)mail (14%)). The study timeline can be found in Supplementary Fig. B.1.

2.4. Study participation

A total of 587 participants used the XMobiSense application. 53 participants were excluded after
errors were found in a substantial proportion of their call registration (i.e.: >5% of calls either had a
duration of 0 s or over 4 h). An additional participant was excluded for having less than 8 days’
worth of usable log files, bringing the number of included participants for our analyses to 533
(90.8% of recruited XMobiSense users). From these 533 participants, 466 (79.4%) successfully
completed both the baseline questionnaire (Q1) and the validation questionnaire after 6 months
(Q3) on the amount of calls and duration of calls. Among these, 190 also completed the
questionnaire 18 months after using the app (Supplementary Fig. B.2).

For the analyses on laterality and hands-free usage 229 participants who used phone models that
performed accurately in laterality tests were included.

2.5. Statistical analyses

Volunteers with at least 8 days of usable XMobiSense log file data were included in the analyses.
Recorded and self-reported number of voice calls and number of text messages sent were calculated
per week, and duration of calls in minutes per week. Agreement between self-reported and recorded
number and duration of calls and number of text messages sent was explored with Spearman
correlations, Bland-Altman plots, and adjusted geometric mean ratios (self-reported/recorded).
Multivariable analyses included the following covariates: country, age, gender, maternal
educational level, type of phone user (type I: own phone vs. type II: borrowed study phone using
their own SIM card), time period, and level of reported phone use. All covariates were used in one
model for mutual adjustment and to calculate the adjusted geometric mean ratios. The maternal
educational level was categorized into low (secondary/high school or less), medium (graduate of
medium level technical/professional school), high (university/high level technical school or
postgraduate university), and unknown. Recorded data transfer was calculated in megabytes (MB)
per week, while self-reported total time spent using the Internet in minutes per week; the correlation
between the variables was explored with the Spearman correlation. Recorded laterality (right/left
side) and hands-free device usage (headset, Bluetooth, and speaker mode use) were calculated in
percentages of total call time. Hands-free usage without a device (i.e.: regular call mode, but not
near the head) was not included in hands-free usage as it usually represents the time between
answering/ending a call and moving the phone to/from the head. The mean percentages of total call
time were then derived for each category of self-reported laterality or hands-free device usage. Self-
reported hands-free device users were divided into low (less than half the call time) and high (half
or more of the call time) frequency users. Logistic regression analyses were performed to explore
the influence of covariates on the agreement between self-reported and recorded laterality and
hands-free device usage. All analyses were performed in SPSS Statistics Version 24.



3. Results

Participants were on average 18.6 years old (interquartile range 15.2 — 21.8 years), 37% were male,
and 47% of the individuals’ mothers had attained the highest level of education. The patterns in
recorded mobile phone use are described in more detail by Langer et al. (2017). In summary, higher
recorded call number and duration were found among females, and in the oldest age group. Age and
country explained a large part of the variance in recorded phone use characteristics, with gender,
maternal education and study period explaining additional but smaller parts of the variance found.

3.1. Voice calls

The Spearman correlation coefficient between self-reported (after 6 months) and recorded number
of voice calls was 0.68. On average, participants underestimated the number of calls made and
received with a geometric mean ratio (GMR; self-reported to recorded) of 0.52 (95% confidence
interval (CI) 0.47-0.58) (Table 1). As the recorded number of calls includes unsuccessful calls (i.e.,
no connection), while these are likely not included in the self-reported information, we performed a
sensitivity analysis excluding potentially unsuccessful calls (defined as outgoing calls of 0—10 s)
from the recorded information. This analysis resulted in a slight increase in the GMR to 0.59 (95%
CI 0.53-0.66). Multivariable analyses showed that the ratio for number of calls significantly
decreased with increasing age (i.e., younger children reported better than adolescents) and increased
with increasing maternal educational level (Table 1). Individuals who reported low mobile phone
use underestimated their use, while individuals who reported the highest level of phone use were
more likely to overestimate their use; this is also illustrated in the Bland-Altman plot, where the
relative difference between self-reported vs recorded calls (y-axis) changes from a negative
difference at lower levels to a positive difference at higher levels of self-reported use (x-axis) (Figs.
A.1, A.2, A.3 Supplementary materials). Individuals who used their own phone reported better than
study phone users (Table 1). Furthermore, individuals from Greece and Korea had the highest
underestimation of use, while individuals from Australia and Japan had the lowest underestimation
of use (Table 1). The GMRs did not differ significantly by gender and time period (Table 1).

Table 1. Adjusted geometric mean ratio of self-reported (after 6 months) versus recorded number
and total duration of calls and number of text messages sent (adjusted for the other variables in the
table).

Number of calls Total duration of calls Number of text messages sent
N GMR® 95%CI N GMR® 95%CI N GMR’ 95% CI
Overall 466 0.52 0.47-0.58 466 1.32 1.15-1.52 422 1.18 0.94-1.47
Country
Australia 29 0.88 0.59-1.29 29 2.74  1.66-4.54 28 1.57 0.70-3.52
Canada 32 0.60 0.43-0.83 32 1.27 0.82-1.9532 043 0.21-0.89
France 42 041 0.30-0.58 42 1.16 0.75-1.79 42  0.45 0.22-0.92
Germany 15 0.49 0.32-0.76 15 1.09 0.62-1.91 na® na na

Greece 41 031 0.21-0.48 41 0.56  0.33-0.96 41  2.46 1.06-5.73



Number of calls Total duration of calls Number of text messages sent

N GMR* 95%Cl N GMR® 95%ClI N GMR® 95% Cl
Israel 38 0.40 0.29-0.5538 0.89 0.60-1.33 35 1.52 0.81-2.85
Italy 56 0.38 0.29-0.52 56 1.07 0.73-1.58 55 0.76 0.40-1.46
Japan 22 0.96 0.64-1.43 22 3.61 2.16-6.04 na® na na
Korea 49 034 0.25-0.46 49 0.71  0.48-1.05 48  0.99 0.52-1.87
New Zealand 19 0.61 0.36-1.0519 1.05 0.52-2.14 19 0.83 0.27-2.54
Spain 45 0.61 0.45-0.82 45 252 1.71-3.71 45 4.34 2.22-8.48
The Netherlands 78 0.65 0.50-0.84 78 1.78 1.27-2.50 77  1.69 0.97-2.92
P'<0.01 P'<0.01 P'<0.01
Age
10-14 years 109 0.72  0.60-0.85 109 2.22  1.77-2.78 104 1.27 0.90-1.79
15-19 years 166 0.50  0.43-0.58 166 1.32  1.09-1.59 154 1.14 0.85-1.54
20-24 years 191 040  0.34-0.46 191 0.79  0.67-0.95 164 1.13 0.83-1.53
P'<0.01 P'<0.01 P'=0.87
Gender
Male 175 0.54  0.47-0.62 175 1.43  1.19-1.71 159 1.31 0.98-1.75
Female 291 0.51  0.45-0.57 291 1.23  1.04-1.44 263 1.06 0.82-1.38
p'=0.41 P'=0.14 P'=0.21
Maternal education
Low 99 0.49 0.41-0.59 99 1.24  0.98-1.55 88  1.30 0.91-1.86
Medium 113 060  0.51-0.71 113 1.50  1.21-1.86 100 1.14 0.80-1.61
High 219 0.62  0.54-0.71 219 1.69  1.42-2.01 209 1.04 0.82-1.32
Unknown 35 041 031-05335 098 0.69-1.3825 1.26 0.67-2.35
P'<0.01 P'=0.01 P'=0.74
Type of phone user
Study phone 184 0.43  0.37-0.50 184 1.13  0.92-1.38 178 1.00 0.74-1.36
Own phone 282 0.63  0.55-0.72 282 1.55  1.31-1.84 244 1.39 1.03-1.87

P'<0.01 P'=0.01 P'=0.12



Number of calls Total duration of calls Number of text messages sent

N GMR* 95%Cl N GMR® 95%ClI N GMR® 95% Cl
Time period of recruitment

Oct 2012 - March 2013 105 0.47  0.36-0.61 105 1.03  0.73-1.45 101 0.94 0.53-1.67
April - Sept 2013 105 0.47  0.37-0.60 105 1.17  0.85-1.61 94  1.89 1.08-3.33
Oct 2013 - March 2014 200 0.52  0.43-0.62 200 1.37  1.08-1.74 171 1.40 0.92-2.12
April - July 2014 56 0.64 0.41-1.02 56 1.86 1.02-3.38 56 0.77 0.31-1.93

P'=0.77 P'=0.48 P'=0.11

Level of reported mobile phone use®

<20th percentile 87 0.21 0.17-0.25 87 0.34 0.27-0.43 91 0.21 0.14-0.32
20th—40th percentile 68 0.32  0.26-0.39 102 0.75  0.59-0.94 84  0.65 0.43-0.98
40th-60th percentile 90 0.50 0.42-0.60 87 1.29  1.01-1.64 81 1.36 0.93-1.97
60th—80th percentile 1150.79  0.67-0.93 98 2.37  1.87-2.99 83 2.30 1.55-3.43
>80th percentile 106 1.50  1.24-1.80 92 5.24  4.08-6.70 83  5.29 3.53-7.94

P'<0.01 P'<0.01 P'<0.01

Median duration of calls per level: <20th: 4.7 min/wk; 20th-40th: 15.9; 40th—60th: 43.8; 60th-80th: 109.7; >80th : 391.0.
Median number of text messages per level: <20th: 0.7 p/wk; 20th-40th: 4.9; 40th-60th: 17.8; 60th—80th: 64.3; > 80th : 398.4.

A Adjusted geometric mean ratio (GMR) of self-reported to recorded information (adjusted for the other variables in the table).
B Number of self-reported text messages not applicable for Germany and Japan, because it included WhatsApp messages.
C Median number of calls per level: < 20th: 1.9 calls/wk; 20th—40th: 4.6; 40th—60th: 8.8; 60th—80th: 19.7; >80th: 69.5.

T P-values of F-ratio indicating whether the mean values differ.

The Spearman correlation coefficient between self-reported (after 6 months) and recorded duration
of time spent on voice calls was 0.65. The duration was on average overestimated by the
participants with a GMR of 1.32 (95% CI 1.15-1.52) (Table 1). Excluding the potentially
unsuccessful calls from the recorded information had no effect on the GMR. Multivariable analyses
showed that the GMR significantly decreased with age, with an overestimation of call duration
among the younger age groups (10—19 y) and underestimation among young adults (2024 y)
(Table 1). The GMRs significantly increased with maternal educational level (i.e., a lower
educational level was linked to a better estimation) and with level of reported phone use, that is,
individuals who reported high mobile phone use overestimated their use, and individuals reporting
low phone use underestimated their use (Table 1) (illustrated in the Bland-Altman plot, Figure 1
Appendix). The level of overestimation was higher for individuals who used their own phone
compared to study phone users. Individuals from Japan, Australia, and Spain overestimated their
time spent on voice calls most, while individuals from Greece, Israel and Korea were more likely to



underestimate this. There was no significant difference in GMRs by gender and time period (Table

).

3.2. Text messages

The Spearman correlation coefficient between self-reported and recorded number of text messages
sent was 0.73. Participants on average overestimated the number of text messages they had sent
(GMR = 1.18; 95% CI 0.95-1.47) when recalling this after 6 months (Table 1). Multivariable
analyses showed that the GMR significantly differed by country, with individuals from Spain and
Greece having the highest level of overestimation, while individuals from Canada and France
underestimated the number of text messages sent (Table 1). Furthermore, overestimation was seen
among individuals who reported sending a high number of text messages, while lower level users
underestimated their number of text messages sent (see also Bland-Altman plot, Fig. 1 Appendix).

3.3. Recall

Comparing the recall among individuals who had questionnaires available from all three time points
(before use (0 months), 6 and 18 months after use) showed an initial lapse in recall between the
initial timepoint (GMR 0.64) and 6 months later (GMR 0.53), but relatively small differences
between 6 months and 18 months (GMR 0.51) (Table 2). For both the number and total duration of
calls the GMR at 6 and 18 months after use was slightly lower than the GMR at 0 months
(comparing the baseline questionnaire versus the recorded data in the month thereafter). For number
of text messages sent the GMR was somewhat lower at 18 months compared to 6 months after use;
comparison with the GMR at 0 months was not possible, as text messages in the baseline
questionnaire included WhatsApp messages. Recall at 6 and 18 months was focused on mobile
phone use during the data collection period, while the baseline (0 months) interview focused on the
three months beforehand. Although these are differing recall periods, we assumed that mobile
phone use during the three months before data collection is representative for the data collection
period

Table 2. Geometric mean ratio of self-reported versus recorded number and total duration of calls,
and number of text messages sent, by time of self-report.

Time of self-report
Before (0 months) After 6 months After 18 months
N° GMR 95%CI GMR 95%CI GMR 95% Cl
Number of calls 190 0.64 0.56-0.73 0.53 0.46-0.61 0.51 0.44-0.59
Total duration of calls 190 1.64 1.40-1.92 1.44 1.21-1.72 143 1.20-1.71
Number of text messages sent 167 na® nd 1.10 0.87-1.40 0.94 0.72-1.24

A Included only individuals who had questionnaire data available for all three (or two in the case of text messages) time points.

B Text messages from baseline questionnaire (0 months) included WhatsApp messages.

3.4. Data use

We observed a Spearman correlation coefficient of 0.39 between self-reported (after 6 months) time
spent using the Internet and recorded amount (bytes) of data transferred. About 10% of the



participants reported not having used the Internet, even though data transfer was recorded by the
app.

When looking at recorded amount of data, on average 72.5% (IQR 53.2-99.1%) was transferred
over WiFi.

3.5. Laterality

When comparing self-reported and recorded laterality, analyses were performed with and without
the recorded call time where the phone was away from the head (Table 3). The latter analysis was
included to better illustrate the comparison with self-reported laterality, where time away from the
head was not included as an option in the questionnaire. When considering only the call time close
to the head, self-reported right side users (at 6 months) actually used the phone on average for
70.8% of the call time on the right side of the head, while self-reported left side users used it for
only 53.3% on the left side of the head. Participants who reported using the phone on both sides of
the head actually used it on average more on the right (56.6%) than the left side (43.4%).
Multivariable analyses showed that the level of recorded mobile phone use had a significant impact
on the agreement between self-reported laterality at 6 months and recorded laterality (defined as
>75% at the right or left side, otherwise both sides), with individuals in the >80th percentile of
phone use having lower odds for agreement compared to individuals in the <20th percentile of
phone use (odds ratio=0.48). Other covariates did not have a significant impact on the agreement
(data not shown).

Table 3. Laterality: self-reported (after 6 months) versus recorded.

Self-reported Recorded (% of total call time)

N (%)’ Mean % right side (SD) Mean % left side (SD) Mean % away from the head (SD)"

Mainly right side 158 (69.9) 58.8 (25.4) 22.7 (18.9) 18.5(17.6)
Mainly left side 41 (18.1) 32.2(23.7) 43.4 (28.5) 24.4 (28.6)
Both sides 27 (11.9) 41.2(25.8) 32.5(25.1) 26.3 (30.1)

Unknown 3

Excluding % of total call time away from the head

Mainly right side 158 (69.9) 70.8 (24.4) 29.2 (24.4)
Mainly left side 41 (18.1) 45.9 (27.8) 54.1(27.8)
Bothsides  27(11.9) 56.6(25.0) 43.4(25.0)

Unknown 3

A Included only phone models that accurately performed in the laterality tests. 3 individuals were missing self-reported laterality information,
resulting in N = 226.

B The phone was not near the head during a voice call, e.g., hands-free device usage, answering/ending a call.

In addition, the consistency of self-reported laterality over time (before versus 6 and 18 months
after using the app) is shown in Table 4. Participants who reported using the phone mainly on the



right side of the head appeared to be most consistent in their report over time. Individuals who
reported mainly left or both sides were more likely to shift over time.

Table 4. Laterality: self-reported compared over time (before, and after 6 and 18 months).

Before (0 months)

Both sides, Unknown
Mainly right side, N (%) Mainly left side, N (%)

N (%) N
After 6 months
Mainly right side 119 (85%) 8(26.7%) 8 (44.4%)
Mainly left side 11 (7.9%) 22 (73.3%) 5(27.8%)
Bothsides 10 (7.1%) 0 (0.0%) 5 (27.8%)
Unknown 2
After 18 months
Mainly right side 118 (84.3%) 6 (20.0%) 11 (61.1%)
Mainly left side 9 (6.4%) 21 (70.0%) 2 (11.1%)
Both sides 13 (9.3%) 3 (10.0%) 5(27.8%)
Unknown 2

Included only individuals who had self-reported laterality data available for all three time points (N = 190).

3.6. Hands-free use

The recorded percentage of hands-free use increased with increasing self-reported frequency of
hands-free device usage after 6 months (Table 5). For headset and speaker mode use, the recorded
percentages of hands-free use significantly differed by self-reported usage levels. Among
participants who reported no use of headset, speaker mode or Bluetooth in the questionnaire,
recorded hands-free use was 3.2%, 3.8%, 0.2% of total call time, respectively. High frequent report
(>50% of call time) of headset or speaker mode use (high frequent use was not reported for
Bluetooth) corresponded to 17.1% and 17.2% of total call time, respectively, that was recorded as
hands-free use. Multivariable analyses showed no significant effect of explored covariates on the
agreement between self-reported hands-free device usage at 6 months (no/yes) and recorded
percentage hands-free use (no/yes, with yes being defined as > 0.01% of total call time) (data not
shown). When comparing self-reported hands-free device usage over time (before versus 6 and 18
months after using the app), participants who reported no (wired) headset or Bluetooth use were
most consistent in their report over time (Table 6).

Table 5. Hands-free device usage: self-reported (after 6 months) versus recorded.



Self-report Recorded (% of total call time)
N (%)* Mean % headset use (SD) p'
Headset (wired)
No 173 (76.2) 3.2 (10.0) <0.01
Yes, low frequency 43 (18.9) 8.5(15.6)
Yes, high frequency 11 (4.8) 17.1(22.8)

*

N (%) Mean % speaker mode use (SD) p'

Speaker mode
No 139 (61.2) 3.8 (80) <0.01
Yes, low frequency 75 (33.0) 9.7 (12.5)
Yes, high frequency 13 (5.7) 17.2(17.4)

t

N (%)* Mean % Bluetooth use (SD) P

Bluetooth (headset, car kit)
No 216 (95.2) 0.2 (1.7) 0.19
Yes, low frequency 11 (4.8) 0.9(2.9)
Yes, high frequency 0 (0) -

* Included only phone models that performed accurately in the laterality tests. 2 individuals were missing self-reported information, resulting in
N =227.

T P-values of F-ratio indicating whether the mean values differ.
Table 6. Self-reported hands-free device use compared over time (before, after 6 and 18 months).
Before (0 months)
Headset Speaker mode Bluetooth
No, N (%) Yes,N(%) No,N (%) Yes,N(%) No,N (%) Yes, N (%)

After 6 months

No 116 (86.6%) 24 (46.2%) 81 (74.3%) 35 (43.8%) 174 (98.3%) 4 (77.8%)
Yes 18 (13.4%) 28 (53.8%) 28 (25.7%) 45 (56.3%) 3 (1.7%) 2 (22.2%)
Unknown 4 1 4

After 18 months

No 112 (86.6%) 26 (50.0%) 71 (74.3%) 29 (43.8%) 172 (98.3%) 6 (66.7%)



Before (0 months)
Headset Speaker mode Bluetooth
No, N (%) Yes,N (%) No,N (%) Yes,N (%) No,N (%) Yes,N (%)
Yes 22 (16.4%) 26 (50.0%) 38 (34.9%) 51 (63.8%) 5(1.7%) 3 (33.3%)

Unknown 4 1 4

Included only individuals who had questionnaire data available for all three time points (N = 190).

4. Discussion

This large, multinational study on recall in young participants compared self-reported mobile phone
use with software application-recorded mobile phone use. Recall errors were found for both number
and duration of voice calls, with ratios significantly differing by country, age, educational level, and
level of reported phone use, but not by time of interview. Systematic errors were found, with the
number of calls underestimated by a factor of 0.52 on average, and the duration of calls and number
of text messages sent overestimated by factors of 1.32 and 1.18, respectively. Individuals with low
mobile phone use tended to underestimate their use, while individuals with the highest level of
mobile phone use were more likely to overestimate their use. In addition, substantial random error
was found, which is likely to affect risk estimates.

Previous validation studies among young people observed an overestimation of duration of calls,
although the level of overestimation differed between studies (Aydin et al., 2011a, Goedhart et al.,
2015b, Kiyohara et al., 2016, Mireku et al., 2018). Earlier findings with regard to recall of number
of calls among young people are less consistent: (Aydin et al., 2011a) compared operator records
with self-reports and found that individuals overestimated the number of calls, while the SCAMP
study found an underestimation of call frequency (Mireku et al., 2018). Other studies using
software-modified phones (SMP) reported, as we do, an underestimation, the magnitude of which
differed however (Goedhart et al., 2015b, Inyang et al., 2009, Kiyohara et al., 2016). A study
applying the same methods as the current study, among adults, found a significant but smaller
underestimation of number of calls (GMR = 0.65), and a smaller non-significant overestimation of
duration of calls (GMR = 1.11) (Goedhart et al., 2015a). The Interphone validation study, among
adults, found that individuals on average slightly underestimated the number of calls (GMR = 0.92)
while duration of calls was overestimated (GMR = 1.42) (Vrijheid et al., 2006a, Vrijheid et al.,
2006b). One previous study compared estimated versus billed text messages, and observed - in line
with our results - that the number of text messages was on average overestimated (Redmayne et al.,
2012).

We observed differences in recall by country, age, maternal educational, and amount of reported
phone use. Differences by country were not observed in the CEFALO validation study (2 countries)
(Aydin et al., 2011a), but were seen in the Interphone validation study among adults (11 countries;
(Vrijheid et al., 2006a, Vrijheid et al., 2006b)). In the current study, where, as in Interphone, the
same protocol and software app were applied in each country, we cannot easily explain the different
ratios between self-reported and recorded use (ranging from 0.31 to 0.96 for number of calls and
from 0.56 to 3.61 for duration of calls) found between the countries, other than cultural differences
in the way people recall their use. It might be important to take these differences into account in
future studies.



In young people, differences in recall by age, with a higher ratio among younger ages, were also
seen by (Kiyohara et al., 2016). The CEFALO validation study, however, found a higher ratio
among the older age group (15-19 vs. 7-14 years) (Aydin et al., 2011a). The impact of maternal
education level on recall has not been shown before.

Previous studies consistently observed a significant effect of the amount of phone use on recall,
showing an increasing ratio with higher levels of reported phone use (Goedhart et al., 2015a,
Kiyohara et al., 2016; Vrijheid et al., 2006a, Vrijheid et al., 2006b) or a decreasing ratio with higher
levels of recorded phone use (Aydin et al., 2011a, Redmayne et al., 2012). While these systematic
recall errors could have important implications for the risk estimates in epidemiological studies
exploring potential health risks from mobile phone use, simulations have shown that the large
amount of random errors observed in these studies will have an even larger impact (Vrijheid et al.,
20064, Vrijheid et al., 2006b).

The transfer of data via a smartphone has been increasing rapidly in the past years, especially with
the rise of WiFi connections. It could therefore be important to include data transfer in future
models estimating RF from mobile phone use. While our results showed that on average 72.5% of
data was transferred via WiFi connection, this may well change with the rise of fast and affordable
mobile data. RF exposure from data transfer depends on several factors, including the number of
bytes transferred and the type and speed of the data connection. As these factors cannot be reported
by participants, we asked the participants instead to estimate the time spent using the Internet on
their smartphone. Time spent on the Internet, however, is a poor description of data sent since, for
example email, surfing the Internet and Voice over IP connections imply very different amounts of
data sent, and thus different RF exposures. It is therefore not surprising that we observed a poor
correlation (r = 0.39) between self-reported time spent using the Internet and the recorded number
of bytes transferred. Furthermore, the observation that a small amount of data transfer was also
recorded for participants who reported no data use implies that people probably are unaware of
some of their data use, likely due to applications (e.g., push/pull technology) that run in the
background. The impact of the relatively poor estimation of data transfer in epidemiological studies
on brain tumour risk from mobile phone might, however, not be as important as voice calls, as the
source of exposure is farther away from the head than it is when using the phone for calling, hence
exposure levels are much lower. Similarly, using hands-free devices may lower exposure levels by
having the phone as source of exposure farther away from the head.

Laterality is an important factor for case control studies exploring brain tumour risk from mobile
phones: the location of the mobile phone relative to the head (e.g.: left side vs right side) influences
the region where most RF exposure is (Cardis et al., 2008, Wiart et al., 2011). The recorded data on
laterality provided new and valuable insights in the patterns and validity of self-reported laterality.
Two previous studies examining laterality among young people found some agreement (kappa(x
=0.3 (Inyang et al., 2010), k =0.2 (Kiyohara et al., 2016)) between self-reported and recorded
laterality. They did not, however, report the actual percentages of time that the phone was held on
the right and/or left side of the head, which can be used to adjust RF exposure estimations on either
side of the head. We observed that the majority of participants consistently reported using the phone
mainly on the right side of the head. Participants who reported right side use after 6 months actually
used the phone for 71% (excluding call time away from the head) on the right side of the head. This
percentage is lower than previously observed among adults (81%) (Goedhart et al., 2015a) and quite
a bit lower than the 90% assumed in the Interphone study (Cardis et al., 2011). Self-reported left
side users were more inconsistent, both in their report over time (i.e., only about half of the self-
reported left side users at 6 months also reported left side use at 0 or 18 months) and compared to
the recorded percentage of call time the phone was actually used on the left side of the head, which
was only 54% on average. The study by (Kiyohara et al., 2016) also found a lower agreement of



self-reported vs. recorded left side use compared to right side use. Participants who reported using
the phone on both sides of the head were most inconsistent in their report over time, and the
recorded laterality reflected somewhat more right (57%) than left side (43%) use of the phone.
While we observed an inverse association between amount of phone use and the agreement between
self-reported and recorded laterality, this was not observed by Kiyohara et al. (2016). Our results
indicate that young people, compared to adults, tend to use their phone more frequently on both
sides of the head, especially self-reported left and both side users. So far, epidemiological studies on
brain tumour risk from RF accounted for laterality, in the way that a potential risk was mainly
expected on the side of the head the phone was primarily held (ipsilateral exposure) (Cardis, 2010).
Our observations, however, imply that accounting for laterality could be less informative when
studying young people, as they are frequently exposed on both sides of the head. Certainly, the
assumption of 90% ipsilateral use as used in the Interphone study would not hold for current studies
among young adults.

The agreement between self-reported and actual hands-free usage among young people has not been
studied before. In comparing the self-reported use of hands-free devices over time, we noticed that
participants who reported not using hands-free devices, would still show a small amount of
recorded hands-free device use (0.2-3.8% of total call time). A higher reported frequency (half of
the call time or more) of wired headset or speaker mode use agreed with a higher recorded
percentage of call time (17.2—-17.1%) in which these devices were used compared to low frequent
reporters (8.5-9.7%). Nonetheless, these percentages were much lower than assumed before in the
Interphone study among adults (less than half of the call time, i.e., low frequent use: 0-25%, half or
more of the call time, i.e., high frequent: 50-100%) (Cardis et al., 2011).

In contrast to several validation studies using operator records (Aydin et al., 2011a), the information
recorded by the software app on number and frequency of voice calls was complete for the
individuals included in the analyses; furthermore, the app also recorded information on laterality
and hands-free usage. Although the period of recall in this study, at least for a subsample, was
longer than in previous SMP-studies (Goedhart et al., 2015b, Inyang et al., 2009, Kiyohara et al.,
2016), operator records often go even further back in time (Aydin et al., 2011a), which is useful in
the context of case-control studies on brain tumour risk that have to account for a certain latency
period. Our sample mainly consisted of healthy and motivated volunteers, making it less
comparable to participants of a case-control study; the recall of cases may be worse as they may
suffer from physical and/or psychological impairments. Nonetheless, a big strength of our study
was the fact that nearly two-thirds of our participants downloaded the app on their own smartphone
instead of using a study phone, thereby better reflecting normal phone use behaviour and less
awareness of being observed (i.e., the so-called Hawthorne effect (McCambridge et al., 2014)).

In conclusion, we compared software-recorded mobile phone use with recall after 6 and 18 months.
Agreement between reported and measured number of calls and duration of calls was moderate;
systematic errors were observed, with number of calls being underestimated on average and
duration of calls and number of text messages sent overestimated. We note that there was also
substantial random error, which is likely to have a major effect on risk estimates. The recall errors
observed in this study for voice calls, laterality and hands-free use will provide important input for
the development of the RF exposure model based on self-reported mobile phone use within the
MOBI-Kids case-control study.
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