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Abstract

Background: Mobile phone use and exposure to radiofrequency electromagnetic fields
(RF-EMF) from it have been associated with symptoms in some studies, but the studies
have shortcomings and their findings are inconsistent. We conducted a prospective co-
hort study to assess the association between amount of mobile phone use at baseline
and frequency of headache, tinnitus or hearing loss at 4-year follow-up.

Methods: The participants had mobile phone subscriptions with major mobile phone
network operators in Sweden (n=21049) and Finland (n=3120), gave consent for
obtaining their mobile phone call data from operator records at baseline, and filled in
both baseline and follow-up questionnaires on symptoms, potential confounders and
further characteristics of their mobile phone use.
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Results: The participants with the highest decile of recorded call-time (average call-time
>276 min per week) at baseline showed a weak, suggestive increased frequency of
weekly headaches at 4-year follow-up (adjusted odds ratio 1.13, 95% confidence interval
0.95-1.34). There was no obvious gradient of weekly headache with increasing call-time
(Ptrend 0.06). The association of headache with call-time was stronger for the Universal
Mobile Telecommunications System (UMTS) network than older Global System for
Mobile Telecommunications (GSM) technology, despite the latter involving higher expo-
sure to RF-EMF. Tinnitus and hearing loss showed no association with call-time.

Conclusions: People using mobile phones most extensively for making or receiving calls
at baseline reported weekly headaches slightly more frequently at follow-up than other
users, but this finding largely disappeared after adjustment for confounders and was not
related to call-time in GSM with higher RF-EMF exposure. Tinnitus and hearing loss were

not associated with amount of call-time.
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Key Messages

among those free of the symptom at baseline.

* Only limited research evidence exists about the possible association of long-term mobile phone use with headache
and hearing symptoms, such as hearing loss and tinnitus.

* In a prospective cohort study with data on call-time from network operators, we evaluated the relationship between
amount of mobile phone use at baseline and occurrence of self-reported weekly headaches, tinnitus and hearing loss

* In unadjusted analysis, we found some indication of more common weekly headache in the participants in the top
decile of mobile phone call-time, but, after adjustment for confounders, this was substantially attenuated.
* No association was found between amount of call time and tinnitus or hearing loss.

Introduction

Health effects of radiofrequency electromagnetic fields
(RF-EMF) from mobile phones have been studied for more
than two decades, primarily motivated by a general con-
cern that widely used novel technology could have adverse
health effects, rather than any strong biophysically
founded hypothesis. Although populations have been ex-
posed to RF-EMF for decades, mainly from radio and TV
broadcasting and industrial applications, the rapid uptake
of mobile phone technology has increased RF-EMF expo-
sure, particularly to the head. A wide range of health out-
comes have been studied, such as different types of cancer
(particularly intracranial tumours), neurodegenerative dis-
eases, sleep disturbance, and other health-related symp-
toms. Several expert groups have reviewed the scientific
evidence'™ but have not found convincing evidence of ad-
verse health effects at exposure levels encountered in the
general population, although RF-EMF was classified as
possibly carcinogenic to humans (class 2B) by the
International Agency for Research on Cancer.

Studies with different designs have addressed potential
effects of exposure to mobile phones on various symptoms.
Provocation studies in controlled settings have focused on
acute effects (i.e. immediate responses to the exposure),
with outcomes including headache, wellbeing and physio-
logical responses. Well-designed studies with double-blind
exposure setup have not shown evidence of symptoms
or physiological effects triggered by the RF-EMF expo-
sure.*™ The results of the short-term provocation studies
do not, nevertheless, preclude the possibility of long-term
effects on symptoms from repeated RF-EMF exposure to
mobile phones.

Some cross-sectional population studies have reported
increased prevalence of headaches, sleeping problems, con-
centration difficulties, or lower wellbeing with mobile
phone exposure, but biases inherent in the cross-sectional
design limit their interpretation.”'? Cross-sectional studies
cannot distinguish the time sequence of events, and hence
reverse causation and nocebo effects (adverse effect due to
negative expectations) are of major concern.
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Few studies have addressed the occurrence of symptoms
such as headache, tinnitus and other somatic complaints in
relation to prospectively collected information on RF-EMF
exposure.'"'* A Swiss study reported no association be-
tween mobile phone use and tinnitus or overall symptom
score, but it had limited statistical power to assess the oc-
currence of outcomes among people free from the condi-
tions at baseline, due to a relatively small sample size
(n=1122) and only 1 year of follow-up.'’ A Dutch study
found no association with sleep disturbances or other
symptoms and focused on exposure from base stations
rather than mobile phone use.'? In a large Danish cohort
study of mobile phone subscribers, increased rates of hos-
pitalizations for migraine and vertigo among subscribers
were reported, but the study had no information on
amount of mobile phone use and confounders were limited
to age, sex and calendar period, due to the register-based
approach.'® In addition, there is a growing field of research
focusing on mobile phone use from a psychological or
behavioural perspective, hypothesizing that excessive mo-
bile phone use may be associated with psychosocial stress
and addictive behaviour, and consequently various health
problems and somatic and psychological symptoms.'*~'¢

A large European collaborative prospective cohort
study of mobile phone use was started in Sweden, Finland,
Denmark, the UK and The Netherlands in 2007-2014 to
provide improved scientific evidence on potential health
hazards due to RF-EMF from mobile phone use.'” The
rationale was to compile detailed mobile phone use data
prospectively from operator databases, supplemented by
self-reported information on usage behaviour, to overcome
the uncertainty and bias in case-control studies due to ret-
rospective assessment of mobile phone use, including recall
bias.'®!” In addition, a prospective cohort study is less
prone to selection bias and allows assessment of several
health outcomes, chosen based on maximum exposure (to
the head) in an exploratory manner in the absence of mech-
anistic hypotheses.

Here, we report the first findings from the Cohort Study
of Mobile Phone Use and Health (COSMOS) on headache,
tinnitus and hearing loss at follow-up, based on Swedish
and Finnish data only, as these countries were the first to
complete follow-up for specific health symptoms.

Methods

The study participants were recruited from the subscriber
databases of mobile phone network operators in Sweden
and Finland. Letters of invitation and questionnaires were
mailed to random samples of mobile phone subscribers (in
Finland, corporate subscriptions were excluded due to
foreseen challenges in obtaining a valid consent for

collection of traffic data, whereas in Sweden, all subscrib-
ers were eligible). We employed stratified sampling by age
and amount of mobile phone use, and in Finland also by
gender, with efforts to balance the usage distribution to in-
crease statistical power. Detailed information about the co-
hort recruitment is reported elsewhere.'” The number of
successfully recruited individuals who filled out the ques-
tionnaire and gave consent for access to operator data was
50236 (20.4%) in Sweden and 12163 in Finland (7.4%)
(excluding participants aged 67 years or older). The base-
line questionnaires were obtained in 2008-2009 in Sweden
and 2009-2010 in Finland and covered mobile phone use
history, phone numbers of currently used mobile phones,
potential confounders, and health outcomes.

We obtained complete baseline data including operator
data on mobile phones used at baseline (maximum of two,
those using more than two were excluded) for 32286 par-
ticipants in Sweden (64%) and 8186 in Finland (67%)
(Figure 1) . We sent a repeat questionnaire after a 4-year
follow-up period (2013 in Sweden and 2014 in Finland) to
collect information about health outcomes not available in
health data registers. In the current analysis, we used only
questionnaire data. The repeat questionnaire was com-
pleted by 22487 (70%) of the eligible participants with
complete baseline data in Sweden and 3765 (46%) in
Finland.

EXpOSU re assessment

Network operators provided data on duration of each call
made and received over a period of ~3 months at baseline
for all consenting participants. We estimated cumulative
call-time from data for all calls combined, and calculated
average weekly call-time as the primary exposure measure.

Through the questionnaire, we collected information
about previous history of mobile phone use prior to base-
line, as well as details of mobile phone use habits, includ-
ing use of hands-free devices, use of multiple mobile
phones, and whether other people often used the mobile
phone(s), for which operator data were obtained.
Participants who reported that other people used their mo-
bile phone ‘often’, as well as those with missing informa-
tion about use of hands-free devices, were excluded from
the analysis (1438 participants or 6.4% in Sweden and 430
participants or 11.4% in Finland).

The primary exposure indicator was the operator-
recorded average call duration per week during the 3-month
period at baseline. We subtracted an estimated proportion
of call-time with hands-free devices from the recorded
call-time based on self-report [with response options
‘hardly ever’ (68.5% of participants), ‘less than half of the
time’ (13.1%), ‘about half of the time’ (5.7%), ‘more than
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410,036 mobile network
subscribers invited in Sweden and Finland

62,399 gave consent and filled in
baseline questionnaire

\ 4

40,472 with operator data on all mobile phones

26,252 responded to the second questionnaire

A 4

24,259 included in the analysis

Figure 1 Flowchart of the COSMOS study data

half of the time’ (4.7%) and ‘always or nearly always’
(8.1%)]. The proportion of recorded call-time subtracted
was zero, 5%, 10%, 25% and 50% for each hands-free
use category, respectively, based on.”’ In a sensitivity
analysis, we used the recorded call-time without correction
for hands-free devices to make sure the self-reported
hands-free use did not unduly influence the findings.

We categorized the amount of call-time into the refer-
ence group defined as <50th percentile (<78 min per week
on average), 50—74th percentile (78-175 min per week),
75—89th percentile (175-276 min per week) and the top
decile (>276 min per week) at baseline. We also performed
sensitivity analyses where exposure was categorized
according to quartiles (<23, 23-78, 78-175 and >175 min
per week).

We obtained information on network type based on the
first base station, and conducted separate analyses for calls
in GSM [Global System for Mobile Telecommunications,
second generation (2 G) with 900 and 1800 MHz carrier
frequencies| and UMTS [Universal Mobile
Telecommunications System; third generation (3 G) at 900
and 2100 MHz]. The rationale was that any biological
effects of RF-EMF should show stronger associations with
2G than 3G call-time, because GSM has substantially
higher radiofrequency field strength (by approximately a
factor of 150) than the third generation. The factor of 150
was based on the mean output power (mW) of phones for
calls in UMTS (2100 MHz), GSM (1800 MHz) and GSM

(900 MHz), estimated at 0.45, 44 and 90 mW, respec-
tively.”! Using these estimates of output power, the relative
contribution of UMTS versus GSM was calculated as
UMTS;100/GSMogg + 1800 = 0.45/67 =150. Given the un-
certainty in these estimates, we repeated the analyses using
a ratio of 50 and 200 to explore the influence of the choice
of weighting factor.

Both network systems were used in parallel at the time
of the study, so most cohort members would be using both
in varying proportions depending on, for example, phone
type, location and network characteristics, although
10413 participants (42.9%) had no calls in a UMTS net-
work. We used similar categorization (lowest 50% as ref-
erence, highest 10% as a separate group) for call-time in
GSM and UMTS systems (for GSM, the cut-points were
32100, and 206 min/week, and for UMTS, 36105 and
185 min/week). Minutes in unknown networks (on average
15 min per week or 13% of total call-time) were imputed
in accordance with call-time in specified systems (GSM vs
UMTS). A sensitivity analysis was conducted excluding
participants with >20% of call-time in an unspecified net-
work (n=4719).

Health outcomes

We used questionnaires to obtain self-reported information
on headache, tinnitus and hearing loss. The main end-
point for headache was self-reported headache at least
once per week according to the follow-up questionnaire.
To avoid potential reverse causation, we restricted all anal-
yses of headache (weekly, daily and severe) at follow-up to
participants who did not report weekly or more frequent
headaches at baseline and included those with data on all
covariates in the main analysis (7 =19 227 for Sweden and
Finland combined, 122 had missing data on headache at
follow-up). The response options for the headache fre-
quency question were: almost daily; 5-6 days per week; 3—
4 days per week; 1-2 days per week; 1-2 days per month;
less often. In addition, we performed analyses of severe
weekly headache and daily headaches. We used the
Headache Impact Test (HIT-6), with a cut-off of 56 points
to define severe headache.?*

We assessed the presence of tinnitus by asking about
persistent ringing, ‘buzzing’ or other sound in the ear(s).
We restricted the analyses of tinnitus to individuals who
did not report tinnitus at baseline (7 =20 024).

We defined hearing loss as a positive response to a ques-
tion on use of a hearing aid (yes/no), or hearing much
worse than among people of same age (yes/no) in the
follow-up questionnaire among the participants who had
reported no hearing loss at baseline (7 =19 852) 1321 par-
ticipants had missing data on hearing loss at follow-up.
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Figure 2 (a) Distribution of weekly call-time (min) at baseline. (b)
Distribution of weekly call-time (min) at baseline among participants
with <500 min/week

Statistical analysis

To evaluate the association between weekly mobile phone
characteristics, we  used
Mann—Whitney U and Kruskal—Wallis tests, as well as
Spearman rho (rank correlation), due to non-normal distri-

call-time and  other

bution of call-time.

We used logistic regression to analyse the association
between mobile phone use and dichotomous outcomes, de-
fined as presence vs absence of headache, tinnitus or hear-
ing loss at follow-up. We adjusted for, or stratified by, age,
gender and country in all analyses. For headaches, we
assessed potential confounders at baseline, including: self-
reported daily painkiller use (yes/no), self-rated physical
and mental health score from RAND Short Form Survey
12 (SF-12) v2 (continuous), self-reported diagnosis of
depression (yes/no), sleep disturbance score from the
Medical outcomes study sleep scale survey instrument
(MOS-Sleep) questionnaire (continuous), education (basic,
secondary and university), body mass index (based on
self-reported height and weight, categorized as normal or
underweight vs overweight or obese with a cut-off point

25 kg/m?), current smoking (yes/no), alcohol use (various
beverages asked separately and total consumption used;
cut-point for men 24 alcohol units per normal week and
women 16 units), and hypertension diagnosed by a physi-
cian (yes/no). For tinnitus and hearing loss, we regarded
smoking and education, as well as SF-12 physical and men-
tal health scores, as potential confounders. In Finland, we
also asked about history of exposure to loud noise at work
(ever/never) and listening to loud music (at least weekly)
and used those as potential confounders in country-specific
analyses of tinnitus and hearing loss.

We used trend tests with the indicator for exposure cat-
egory as a continuous variable. We assessed interactions
between call-time and potential modifiers (age group, gen-
der and country) on risk of each of the outcomes using a
likelihood ratio test for significance of an interaction term
added to the model with both main effects.

We performed a drop-out analysis to assess possible se-
lection effects by comparing the amount of call-time and
frequency of symptoms at entry among those who
responded only to the baseline questionnaire with those
completing both baseline and follow-up surveys.

Ethics committees reviewed the study protocol in
Sweden (Regional Ethical Review Board in Stockholm
2007/1285-31/5, 2012/1608-32) and Finland (Pirkanmaa
Hospital District, tracking numbers R04179 and R09105).

Results

The amount of weekly call-time at baseline was highly
skewed toward low values, with a long tail at the high
end (Figure 2). The average weekly call-time was slightly
higher among men than women, in younger age groups,
and in Finnish rather than Swedish participants
(Table 1).

The amount of call-time (excluding hands-free use) in
both systems was comparable for GSM and UMTS (means
74 min/week for GSM users and 72 min/week for UMTS
users), with little correlation (Spearman rho -0.14). The
distribution of call-time by age, gender and country for
both GSM and UMTS resembled that of overall call-time.

Of the 19230 participants free of weekly headache at
baseline and with complete information on confounders,
1635 (8.5%) reported such headache at follow-up
[of whom 130 (8.0%) reported daily headache]. Overall,
weekly headache at follow-up was equally common
in Sweden and Finland (8.6% versus 8.1%). Of the
weekly headaches at follow-up, 544 (33.3%) were rated as
severe.

In total, 1572 participants reported tinnitus at follow-
up (7.9% of the 20 025 individuals free of tinnitus at entry
and with information on the confounders). Tinnitus was
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Table 1. Characteristics of the participants by amount of mobile phone use at baseline (weekly minutes of call-time), Cohort
Study of Mobile Phone Use and Health (COSMQOS) in Sweden and Finland

Average weekly call-time at baseline®

Lowest 50% 51-75th 76 — 89th 90 — 100th Total
percentile percentile percentile
Gender, 7 (%)
Men 5061 (47) 2750 (26) 1709 (16) 1240 (12) 10760
‘Women 7066 (52) 3302 (25) 1854 (14) 1187 (9) 13409
Age group (years), 7 (%)
18-29 1839 (45) 1030 (25) 698 (17) 510 (13) 4077
30-39 2420 (53) 1088 (24) 596 (13) 479 (10) 4583
40 -49 2636 (50) 1319 (25) 724 (14) 544 (10) 5223
50-59 2725 (46) 1592 (27) 1013 (17) 641 (11) 5971
60-66 2507 (58) 1023 (24) 532 (12) 253 (6) 4315
Country, 7 (%)
Finland 1317 (42) 1008 (32) 473 (15) 322 (10) 3120
Sweden 10810 (51) 5044 (24) 3090 (15) 2105 (10) 21049
Total 12127 (50) 6052 (25) 3563 (15) 2427 (10) 24169

?Excluding call-time with hands-free devices: 50th percentile 78 min, 75th 175 min, and 90th 275 min, group medians 23-122-217-359.

equally common in both ears (only left 242, only right
291, both ears 884 cases, laterality missing 155). The
Finnish participants reported tinnitus more commonly
than the Swedish (13.4% vs 7.2%).

Hearing loss was uncommon at follow-up: 270 individ-
uals reported it (1.4% of the 19857 participants free of
hearing loss at baseline). The Swedish participants
reported hearing loss more often than the Finnish partici-
pants (1.4% vs 0.8%).

The 10% of the participants with the largest amount of
weekly call-time at baseline had an increased odds ratio
(OR) of weekly headache at follow-up of 1.21 [95% confi-
dence interval (CI) 1.02-1.43] compared with the reference
group with the lowest 50% weekly call-time, when ad-
justed only for age, gender and country; after further ad-
justment for SF-12 physical and mental health score, daily
use of painkillers, sleep disturbance score, as well as prior
diagnosis of depression at baseline, the OR was reduced to
1.13 (95% CI 0.95-1.34), with P-value for trend 0.06
across the usage categories (Table 2). Additional adjust-
ment for education, current smoking, hypertension, over-
weight/obesity, or amount of alcohol use did not
materially affect the OR estimate (Supplementary Table 1,
available as Supplementary data at IJE online).

For severe weekly headache, the adjusted OR for the
highest call-time decile was 1.15 (95% CI 0.87-1.52, P
trend 0.47, Table 2). Daily headache showed an adjusted
OR 1.23 (95% CI 0.69-2.19) for the highest call-time dec-
ile, with no apparent increase across the usage categories
(P trend 0.35).

Tinnitus was not more frequent in the highest decile of
mobile phone use (OR 1.03, 95% CI 0.86-1.24 for the
highest decile with adjustment for age, gender and country,
Table 2) and it showed no strong gradient by amount of
mobile phone use (P trend 0.14, Table 2). Adjustment for
other covariates did not materially alter the results
(Supplementary Table 1, available as Supplementary data
at IJE online). Additional data on self-reported exposure
to loud noise at work or during leisure time was available
from Finland, but adjustment for loud noise did not affect
the results (not shown).

In the analysis of hearing loss, we found no association
with the amount of mobile phone use (OR =0.89, 95% CI
0.56-1.41 for the highest decile with adjustment for age,
gender and country, Table 2), with no gradient by call time
(P trend 0.25). Additional adjustment for education, smok-
ing, SF12 mental and physical health scores did not sub-
stantially affect the estimates for those with the largest
amount of call-time (Supplementary Table 1, available as
Supplementary data at IJE online). In the Finnish data, ad-
justment for loud noise did not materially alter the findings
for mobile phone use (not shown).

In the analysis of call-time by network (GSM vs
UMTS), weekly headache showed point estimates above
unity for the two highest call-time categories in UMTS (ad-
justed OR for the highest decile 1.16, 95% CI 0.93-1.46,
P trend 0.14), similar to the pattern observed for overall
call-time, but there was no even suggestive association
with weekly call-time in GSM (adjusted OR for the highest
decile 1.06, 95% CI 0.89-1.26, P trend 0.99) (Table 3).
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Table 2. Odds ratio (OR, with 95% CI) for headache, tinnitus and hearing loss at follow-up by amount of mobile phone use at
baseline (weekly minutes of call-time) among those free of the symptom at baseline, Cohort Study of Mobile Phone Use and
Health (COSMOS). Number of participants with the outcome indicated in square brackets

Lowest 50% 50 — 74th 75 —89th 90 — 100th P trend
participants percentile percentile percentile

Health outcome No. of

Weekly headache® 19230 [1635] 1 (reference) [785] 1.01(0.88 —1.14) [394] 1.14 (0.98 —1.32) [268] 1.13 (0.95 —1.34)[188] 0.06

Severe weekly 19230 [544] 1 (reference) [263] 1.00 (0.80 —1.24) [131] 1.00(0.77—1.29)[82] 1.15(0.87 —1.52) [68] 0.47
headache®P

Daily headache® 19230 [130] 1 (reference) [56] 1.39(0.91—2.11) [38] 1.21(0.73-2.01)[21] 1.23(0.69—2.19) [15] 0.35

Tinnitus® 20205 [1572] 1 (reference) [746] 1.08 (0.95 —1.22) [411] 1.19 (1.03 —1.38) [262] 1.04 (0.87 —1.25)[153] 0.12

Hearing loss 19857[270] 1 (reference) [153] 0.97 (0.72—1.31)[66]  0.75 (0.50 —1.11)[30]  0.89 (0.56 — 1.41) [21]  0.25

?Adjusted for country, gender, age group, depression, daily painkiller use, as well as SF-12 mental and physical health score at baseline; excluding participants
with weekly headache at baseline.

bSevere headache defined as HIT6 score >56.

€Adjusted for country, gender, and age group.

Table 3. Odds ratio (OR, with 95% CI) for weekly headache at follow-up (adjusted for country, gender, age group, depression,
daily painkiller use, as well as SF-12 mental and physical health score at baseline) by amount of mobile phone use at baseline
(weekly minutes of call-time) in GSM (2 G) and UMTS (3 G) systems at baseline among those free of weekly headache at base-
line, Cohort Study of Mobile Phone Use and Health (COSMOS). Number of participants with weekly headache at follow-up
shown in square brackets

Amount of mobile phone use (call-time in percentiles) at baseline by network type

GSM (2G) network

UMTS (3G) network

Calls with UMTS
call-time divided by 150

No. of participants
Lowest 50%

50 — 74th percentile
75 — 89th percentile
90 — 100th percentile
P trend

19005 [1617]
1 (reference) [809

]
0.96 (0.85 — 1.10) [389]
0.93 (0.80 — 1.09) [235]
1.06 (0.89 — 1.26) [184]
0.99

10896 [958]
1 (reference) [476]

0.90 (0.76 — 1.07) [216]
1.13 (0.93 — 1.37) [159]
1.16 (0.93 — 1.46) [107]
0.14

17150 [1466]
1 (reference)

0.99 (0.86 — 1.13) [354]
0.98 (0.83 — 1.15) [221]
1.02 (0.85 — 1.23) [160]
0.98

The results by network type remained largely unchanged
when limited to severe headache or daily headache
(Supplementary Table 2, available as Supplementary data
at IJE online). When call-time in both GSM and UMTS
was simultaneously included in the model, UMTS still
dominated and showed stronger association with headache
(Supplementary Table 2, available as Supplementary data
at IJE online). Excluding the participants without any calls
in UMTS or those with missing network data for >20% of
the call-time did not materially affect the results
(Supplementary Table 2, available as Supplementary data
at IJE online). When we divided the call-time with UMTS
by 150 to approximate the difference in output power be-
tween the two network technologies, we observed no asso-
ciation with weighted call-time (adjusted OR for the
highest decile 1.02, 95% CI 0.85-1.23, P trend 0.98).

In a sensitivity analysis, where we categorized the
amount of weekly call-time into quartiles, we found no

substantially increased ORs of weekly headache or trends
with increasing call-time (OR for the highest quartile 1.11,
95% CI 0.96-1.28, P trend 0.14, Table 4). We also ob-
served similar findings for daily headaches (OR for the
highest quartile 1.30, 95% CI 0.78-2.17, p trend 0.21)
and severe headaches (OR for the highest quartile 1.09,
95% CI10.85-1.40, p trend 0.55).

An analysis of weekly headache in relation to weekly
call-time, including calls with hands-free devices, showed
similar results to the main analysis (Table 4); the correla-
tion of the two measures was strong (rho=0.99), as typi-
cally only approximately 6% of the call-time in the
analysis was with hands-free devices. Assigning alternative
weights of 50 or 200 instead of 150 to GSM for approxi-
mating the relative difference in power output compared
with UMTS did not affect the findings (not shown).

Secondary analyses that evaluated the risk of weekly
headache in subgroups by age, gender and country did not
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indicate any significant effect modification (Table 4). To
assess whether an association with weekly headaches
might be found only in long-term mobile phone users, we
carried out analyses separately for those starting mobile
phone use before and after 1998 (median first year of use);
the results were similar for both groups. Exclusion of the
886 (4.5%) participants who worried about health risks of
mobile phone use also did not alter the findings (not
shown). An alternative analysis with headache frequency
(at least 3 days per week, 1-2 days per week, 1-2 days per
month, <1 per month, less) as the outcome using ordinal
logistic regression showed no increasing gradient by call-
time (results not shown).

A dropout analysis did not reveal any obvious differ-
ence in amount of mobile phone use or symptom preva-
lence at baseline between those included in and those
ineligible for the analysis (due to incomplete mobile phone
data or missing second questionnaire data) (Supplementary
Table 3, available as Supplementary data at IJE online).
The latter group did have a slightly larger proportion of
users in the highest decile of call-time.

Discussion

In this large prospective cohort study of mobile phone
users in Sweden and Finland using mobile phone operator
records to estimate average weekly call-time, we found lit-
tle indication of an association between increasing call-
time at baseline and increased occurrence of headache at
the follow-up survey four years later—except for a sugges-
tive increase in the occurrence of weekly headache among
participants in the highest decile of weekly call-time (odds
ratio was 1.13, 95% CI 0.95-1.34), with no clear trend
with increasing call-time (trend P = 0.06). The findings for
weekly severe headaches and daily headaches were compa-
rable with any weekly headaches. Estimates adjusted for
several potential confounders at baseline (including age,
gender, sleep disturbance, depression, health status, and
daily painkiller use) were lower than unadjusted results.
There was no association between weekly call-time at
baseline and tinnitus or hearing loss 4 years later among
those free of these conditions at baseline.

The limited evidence for an association between call-
time and weekly headaches is further weakened by the fact
that call-time on the UMTS network (3 G) showed a simi-
lar pattern to that observed for overall usage, with impre-
cise point estimates slightly above unity for the two highest
call-time categories, whereas the call-time in the older
GSM network (2 G) did not show any association. This
speaks against an effect of RF-EMF, as the field strength of
the RF-EMF emitted by mobile phones when using GSM is
higher than in UMTS by a factor of approximately 150.

The pattern of mobile phone use is likely different for the
3G (UMTS, notably providing an Internet connection)
than the older 2G (GSM) phones, and this behavioural as-
pect may be more likely than RF-EMF to explain this find-
ing. Also, the finding that the call-time with hands-free
devices showed similar results to an analysis excluding
hands-free use argues against a biological effect of the RF-
EMF emitted by the phone, although hands-free devices
were used on average only 5-10% of the call-time (and the
amount of call-time with and without hands-free devices
was highly correlated, rho =0.99).

Adjustment for several potential confounders including
age, gender, country, overweight/obesity, depression, sleep
disorders and health status at baseline weakened the associa-
tion with headache, and residual confounding may have in-
flated the observed estimates. Several other postulated risk
factors for headaches (education, smoking, hypertension,
and amount of alcohol use) did not confound the observa-
tion, as adjustment did not affect the results. People who use
a mobile phone more extensively may differ from others in
terms of lifestyle, e.g. have a busier and more stressful life sit-
uation, or problematic or addictive mobile phone use.'***3
Psychological features associated with amount of use include
stress, anxiety and depression.”*** Stress and high workload

have been reported as risk factors for headache.”*>”

Strengths and weaknesses

This is the first large cohort study to investigate mobile
phone use and headaches, with objective, prospectively
collected exposure information. The findings are based on
follow-up over 4 years among individuals who were free of
the symptoms at baseline. A key strength of our study is
the use of objectively recorded data on mobile phone call-
time, obtained from network operator databases at entry,
prior to assessment of outcome.

Changes over time in the amount of mobile phone use are
likely. However, this would not materially affect our results
unless alterations in usage are dissimilar across the categories,
so that the between-group differences are affected. The con-
sistency of the amount of call-time was, however, reasonably
high (observed agreement 58%, i.e. more than half remained
in the same usage category, kappa 0.5), when comparing
baseline data and follow-up 4 years later. Also, the relevance
of the baseline usage depends on the latency (i.e. how quickly
changes in exposure could affect headache and other symp-
toms) and on how long-lasting those potential effects are.

The participants included in the analysis were not neces-
sarily representative of all mobile phone users. The low
participation among those contacted is, however, unlikely
to affect the internal comparisons within the cohort, based
on contrasting symptom occurrence in groups with

0202 YyoIe 1.0 uo jsenb Aq 8/12€5G/295 |/S/8vA0NSqe-ajo1e/all/Wod dno oW peoe//:Sd)y Wolj papeojumoq


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz127#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz127#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz127#supplementary-data

1576

International Journal of Epidemiology, 2019, Vol. 48, No. 5

different amounts of mobile phone use. As those groups
were formed through a similar selection process, their com-
parability is likely to be high and selection bias in such
analysis would not be a major threat to validity. In
Finland, the participants had to own their subscriptions to
be able to give consent for retrieving mobile phone data
from the operators. This resulted in exclusion of people
with employer-owned subscriptions from the Finnish but
not the Swedish cohort. Also, we chose to exclude partici-
pants with uncertain estimates of use (i.e. those with
phones not fully covered by the operator data) and those
lending their phones for a substantial proportion of the
time to other people. We do not believe these exclusions
would affect the validity of the internal comparisons, the
basis of our results. A dropout analysis comparing all par-
ticipants with those who could not be included in the
analysis due to missing or incomplete data (operator data
on mobile phone use or follow-up questionnaire) did not
show any major difference in mobile phone use or symp-
toms at entry, suggesting lack of major selection bias.

The symptoms were self-reported, with a validated
questionnaire instrument for headache severity. However,
the outcomes were subjective complaints and their precise
assessment is challenging, which was evident in, for exam-
ple, major difference in prevalence of tinnitus between the
two countries. Symptoms such as headache often fluctuate
over time, and our questionnaires covered only two time
periods around baseline and the follow-up assessment. It is
possible that these assessments do not properly capture the
symptoms occurring between these time points. However,
less fluctuation can be assumed for hearing loss and tinni-
tus, which are more chronic in nature. Self-reported hear-
ing loss is, nevertheless, not a highly sensitive indicator of
minor hearing impairment and might miss a subtle effect.

Even though reporting of the symptoms relies on recall,
differential reporting by amount of mobile phone use
should be less likely than in a case-control study, since the
assessment of mobile phone use was objective, conducted
at baseline from the operator databases, while symptoms
were reported in the follow-up survey 4 years later.

We used weekly headaches as the main outcome but
were not able to determine the type of headache that was
increased in frequency. The overall pattern of headache
presentation, with a female:male ratio around two for
weekly, daily and severe headache, and decreasing head-
ache prevalence with age are consistent with results from

population-based studies.?®*’

Exposu re assessment

We collected exposure information at entry to the study,
typically 3 months before or after consent. We had no data

on the intensity of the RF-EMF, such as the specific ab-
sorption rate (SAR), or even power level used, but network
type (GSM vs UMTY) is a major predictor of those charac-
teristics,”” and we were able to use the network type where
the call was first connected as a proxy for exposure inten-
sity, in combination with call-time. Also, to better focus on
RF-EMF exposure to the head, we excluded mobile phone
usage with hands-free devices (self-reported proportion of
call-time at baseline) from the main analyses.

To what extent mobile phone call-time reflects RF-EMF
exposure to the head is a matter of ongoing research.
While there appeared to be a reasonable correlation be-
tween call-time and RF-EMF exposure with technologies
and usage patterns in the early 2000s,>' 3 this is believed
to be weaker with lower exposure levels using modern mo-
bile phone technology and increasing use of wireless tech-
nology in other applications.” In addition, network
provider data may not be error-free, as data extraction and
linkage are complicated. However, exposure misclassifica-
tion from such sources is likely to be non-differential.

Consistency with other studies

Few prospective studies have addressed the relationship be-
tween mobile phone use and headache. A Swiss cohort
study with 1-year follow-up of 1124 participants found a
non-significant increase in the headache severity (HIT-6
score) in relation to the highest 10% of call-time in opera-
tor data, but no association with self-reported call-time."!
It found no association between call-time and tinnitus. In
that study, the average call-time was only 31 min per week,
compared with 95 min per week in our study. A recent
Swiss study of 439 adolescents followed up for 1 year
reported a weak positive association between mobile
phone call time and new-onset headache.”” The study did
not evaluate tinnitus or hearing loss but reported associa-
tions between several symptoms and amount of phone us-
age, concluding that the likely culprit was not the RF-EMF
but other aspects of extensive use of media and communi-
cation technology. In a Danish study, children with any
mobile phone use at age 7 years were also more likely to
have headache-related symptoms.*® Amount of phone use
was relatively low, as only 1% of the participants had used
their phone for >1 h per week. The cross-sectional nature
of the study limited the conclusions that could be drawn.
Similarly, the Danish study indicated an association of bor-
derline significance between maternal mobile phone use
during pregnancy and hearing loss in children at age
7 years, but the authors were cautious about drawing infer-
ence due to potential biases.>” A large Danish cohort study
reported 10-20% higher rates of hospitalizations and out-
patient visits for migraine among mobile phone
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subscribers, especially those with a recent subscription.'?

This result was difficult to interpret and may reflect reverse
causation, i.e. people with migraine being more likely to
use a mobile phone. This limitation was overcome in our
study by prospective follow-up of participants free of head-
ache at baseline.

Conclusions

In conclusion, we found a small increase in weekly head-
ache at 4-year follow-up among those in the highest decile
of amount of call-time but free of weekly headache at base-
line, but it largely disappeared after adjustment for con-
founders. There was no clear gradient in occurrence of
weekly headache with amount of call-time. Any associa-
tion between call-time and weekly headaches was limited
to call-time in the third-generation UMTS network and
was not found for the older GSM system characterized by
higher RF-EMF exposure levels. This suggests that other
factors related to the amount of mobile phone use (e.g. life-
style, when and how the phone is used) may explain the
weak association, rather than an effect of RF-EMF. We ob-
served no association in our prospective study with occur-
rence of tinnitus or hearing loss.

Supplementary Data

Supplementary data are available at IJE online.
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