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Abstract: Objective: Children today are exposed to cell phones early in life, and may be at the greatest risk if exposure is
harmful to health. We investigated associations between cell phone exposures and headaches in children.

Study Design: The Danish National Birth Cohort enrolled pregnant women between 1996 and 2002. When their children
reached age seven years, mothers completed a questionnaire regarding the child’s health, behaviors, and exposures. We
used multivariable adjusted models to relate prenatal only, postnatal only, or both prenatal and postnatal cell phone
exposure to whether the child had migraines and headache-related symptoms.

Results: Our analyses included data from 52,680 children. Children with cell phone exposure had higher odds of
migraines and headache-related symptoms than children with no exposure. The odds ratio for migraines was 1.30 (95%
confidence interval: 1.01-1.68) and for headache-related symptoms was 1.32 (95% confidence interval: 1.23-1.40) for
children with both prenatal and postnatal exposure.

Conclusions: In this study, cell phone exposures were associated with headaches in children, but the associations may not
be causal given the potential for uncontrolled confounding and misclassification in observational studies such as this.
However, given the widespread use of cell phones, if a causal effect exists it would have great public health impact.
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INTRODUCTION

Cell phone use has increased rapidly in recent years, with
5.2 billion cell phone subscribers at the end of 2010 [1, 2].
This has led to concern about the potential health effects of
exposure to radio frequency (RF) radiation from cell phones.
Children today are exposed to cell phones at a very early age
and continuing throughout life. They might therefore achieve
a much higher lifetime exposure than today’s adults.
Children may also be more susceptible to potential effects of
RF due to their developing organ and tissue systems [3].
With differences in the size, shape, water content, and tissue
distribution of the head, brain tissue in children has a higher
specific absorption rate of RF than in adults [4]. Should RF
exposure from cell phones have a harmful effect on health,
children may be at the highest risk and should be given high
priority in research related to RF health effects [5].

A great deal of scientific and public interest has focused
on outcomes of brain and neck cancer in relation to cell
phone exposure, and the International Agency for Research
on Cancer recently classified RF radiation as possibly
carcinogenic [6]. However, laboratory, provocation, and
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epidemiologic studies have reported a range of findings
related to cell phone exposures across various non-cancer
outcomes which may be more plausible [7-14], and a number
of relevant outcomes are yet to be studied. As cell phones are
typically positioned close to the head during conversations,
there are concerns about their effect on the occurrence of
non-cancer disorders of the brain such as headaches.

Headache is the most common type of pain reported by
children, and prevalence and incidence of headaches in
children may be increasing [15-17]. Previous reports have
indicated that adults commonly report experiencing
headache symptoms in relation to cell phone use [18-20].
Cross-sectional and provocation studies have looked into this
issue among adults and children with mixed results, but are
limited by methodology and sample size [21-26]. The
present study investigated the associations between mothers’
reports of prenatal and postnatal cell phone exposures and
outcomes of migraines and other headache-related symptoms
in seven year-old children.

METHODS

We used data from the Danish National Birth Cohort
(DNBC), which enrolled 91,661 pregnant women in
Denmark between 1996 and 2002. Approximately 50% of all
pregnant women in Denmark from 1996-2002 were invited
to participate, and about 60% of those invited accepted the
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invitation. The women and the children born from their
pregnancies have been followed since enrollment, and
follow-up will continue for decades into the children’s
lifetimes. For each pregnancy, the DNBC collected detailed
information on lifestyle and environmental exposures from
interviews with the mothers at gestational weeks 12 and 30
and again when the children were six and 18 months of age
[27].

When the children reached seven years of age, mothers
were invited to complete a questionnaire that focused on the
child’s exposures, lifestyle, and health problems. Letters
were sent to participants instructing them about how to use
the Internet version or the paper-based mail-in version of the
age-seven questionnaire. Women that did not respond within
four weeks were sent a reminder by mail. Paper
questionnaires were sent to women who still had not
responded four weeks after the reminders were sent. The
format and questions of the Internet and paper questionnaires
were identical [13].

This study was approved by the Danish Data Protection
Agency, regional science ethics committees in Denmark, and
the Office for the Protection of Research Subjects at the
University of California, Los Angeles. Women who
participated in the DNBC gave written informed consent
prior to inclusion in the cohort. Women who requested to
discontinue participation at any time or whose child was
deceased were not contacted for further follow-up.

The age-seven questionnaire included questions about
whether or not the mother used a cell phone while she was
pregnant with the index child (prenatal cell phone exposure)
and her prenatal cell phone use behaviors (frequency of use,
use of hands-free devices, percent of time the phone was
powered on, and location of the phone when not in use).
Mothers were also asked whether or not her child uses a cell
phone (postnatal cell phone exposure). The prenatal and
postnatal exposure variables were coded into four exposure
categories. Thus, each child was categorized as having
prenatal only, postnatal only, both prenatal and postnatal, or
no exposure.

Our outcomes of interest were based on mothers’ reports
in the age-seven questionnaire. Mothers reported whether or
not their child suffers from migraines. They also responded
to the statement “often complains of headaches, stomach
aches, or sickness” about their child on a three-point scale
(1=not true, 2=partly true, 3=very true) in the Strengths and
Difficulties Questionnaire module of the age-seven
questionnaire. Reports of “partly true” and “very true” were
coded 1=yes, and reports of “not true” were coded 0=no for
headache-related symptoms.

We also linked mothers and children to various social
and medical population-based registers. We obtained
mothers’ records of migraine diagnoses during hospital
admissions, emergency room visits, and visits to specialty
outpatient clinics from the Danish National Hospital
Register. Diagnoses were recorded using International
Classification of Diseases, 8th Revision criteria between
1977 and 1996 and using International Classification of
Diseases, 10" Revision criteria from 1996 onwards. Birth
data for the children were obtained from the Danish Medical
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Birth Registry. Social-occupational status was based on both
parents’ education, income, and job status information
collected during the 12-week prenatal interview.

We used logistic regression models to compute odds
ratios (OR) and 95% confidence intervals (CI) for the
associations between mothers’ reports of outcomes in
children and prenatal only, postnatal only, and both prenatal
and postnatal exposure compared to children with no
exposure. We considered several potential confounders for
adjustment, and based on prior knowledge from the
literature, statistical adjustments were made for mother’s
age, mother’s history of migraines, mother’s feelings of
worry, burden, and stress during pregnancy, social-
occupational status, child’s exposure to tobacco smoke, and
child’s sex. Complete-case analyses were used in developing
our logistic regression models, and children classified as
having “unknown exposure” due to missing information
about either prenatal or postnatal exposure were not included
in these models. To account for possible bias introduced by
missing data, we performed multiple imputation of the
dataset assuming data were missing at random (conditional
on observed data). The results of the logistic regression
models after multiple imputation were materially the same as
those prior to multiple imputation, and the amount of
missing data was small.

We considered proxies for prenatal exposure to evaluate
the possibility of an exposure-response. These included the
number of times per day the mother reported speaking on her
cell phone, percent of time the cell phone was powered on,
and location where the mother carried her phone when it was
not in use. Mother’s use of a hands-free device was also
included, as we would expect using a hands-free device to
lower exposure to the mother, but potentially increase
exposure to the fetus if the phone is placed in a pocket, bag,
or near the abdomen while in use. We used logistic
regression models to estimate the odds of migraine and other
headache-related symptoms by each proxy for prenatal
exposure.

All statistical analyses were conducted in SAS version
9.2 (SAS Institute Inc., Cary, North Carolina, USA).

RESULTS

These analyses are based on data from 52,680 children
from singleton births whose mothers responded to the age-
seven DNBC questionnaire. Of the 91,256 mothers that were
invited to participate in the age-seven interview, a total of
59,975 completed and submitted the questionnaire (66%
participation rate). Children from multiple births (twins,
triplets, and so on) were not included in this analysis, and
data from the most recently completed questionnaires (after
April 2010) were not available at the time of this study.
According to mothers’ reports, 39% percent of children were
exposed prenatally (n=20,482), and 36% percent used a cell
phone at age seven years (n=18,935), but less than 1% used
it more than one hour per week. Twenty percent of children
were exposed prenatally only, 16% postnatally only, 19%
both prenatally and postnatally, and 40% had no reported
cell phone exposure (Table 1). Five percent of children were
classified as having unknown exposure because they were
missing data on either prenatal or postnatal exposure.
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Table 1. Distribution of Sample Characteristics by Mother’s Report of Cell Phone Exposure
Both Prenatal
Prenatal Postnatal and Postnatal Unknown
No Exposure Exposure Only* | Exposure Only” Exposure™ Exposure Total
(n=21,507) (n=10,690) (n=8,213) (n=9,781) (n=12,489) (n=52,680)
n % n % n % n % n % n %
Sex of child
Boy 11,431 53.2 5,821 54.5 3,799 46.3 4,596 47.0 1,341 53.9 | 26,988 51.2
Girl 10,076 46.8 4,869 45.5 4,414 53.7 5,185 53.0 1,148 46.1 | 25,692 48.8
Social-occupational status
High 14,915 69.3 7,161 67.0 5,390 65.6 5,815 59.5 1,549 62.2 | 34,830 66.1
Medium 5,219 243 2,700 253 2,217 27.0 2,942 30.1 737 29.6 | 13,815 26.2
Low 487 2.3 343 32 251 3.1 503 5.1 95 3.8 1,679 32
Missing 886 4.1 486 4.5 355 43 521 5.3 108 43 2,356 4.5
Child exposed to tobacco
smoke in home
Often or daily 1,513 7.0 876 8.2 830 10.1 1,241 12.7 204 8.2 4,664 8.9
Rarely 5,054 23.5 2,135 20.0 2,188 26.6 2,361 24.1 590 23.7 | 12,328 234
Never 14,899 69.3 7,658 71.6 5,182 63.1 6,155 62.9 1,528 61.4 | 35422 67.2
Missing 41 0.2 21 0.2 13 0.2 24 0.3 167 6.7 266 0.5
Mother's age at birth of child
25 years or younger 1,475 6.9 1,258 11.8 759 9.2 1,752 17.9 271 10.9 5,515 10.5
26-30 years 8,594 40.0 4,414 413 3,440 419 | 4,053 414 997 40.1 | 21,498 40.8
31-35 years 8,324 38.7 3,697 34.6 2,952 359 2,924 29.9 882 354 | 18,779 35.6
Older than 35 years 3,114 14.5 1,321 124 1,062 12.9 1,052 10.8 339 13.6 6,888 13.1
Mean (SD) 31.1 (4.0) 304 (43) 30.7 (4.1) 29.6 (4.6) 30.7 (44) 30.6 (4.3)
Mother diagnosed with
migraine (hospital register)
Yes 330 1.5 235 22 169 2.1 220 22 37 1.5 991 1.9
No 21,177 98.5 | 10,455 97.8 8,044 97.9 9,561 97.8 2,452 98.5 | 51,689 98.1
Mother’s feelings of stress,
worry, or burden during
pregnancy (0-54)
Mean (SD) 22.3 (3.6) 22.4(3.7) 22.6 (3.9) 23.0 (4.14) 22.9 (4.0) 22.5(3.8)
Child gets migraines
(mother’s report)
Yes 176 0.8 116 1.1 89 1.1 120 1.2 22 0.9 523 1.0
No 20,993 97.6 | 10,398 97.3 7,989 97.3 9,472 96.8 2,349 944 | 51,201 97.2
Missing 338 1.6 176 1.6 135 1.6 189 1.9 118 4.7 956 1.8
Child has headache-related
symptoms (mother's report)
Yes 3,544 16.5 2,030 19 1,737 21.1 2,242 229 490 19.7 | 10,043 19.1
No 17,928 83.4 8,645 80.9 6,455 78.6 7,513 76.8 1,843 74 | 42,384 80.5
Missing 35 0.2 15 0.1 21 0.3 26 0.3 156 6.3 253 0.5

*Mother reported using cell phone while pregnant.

"Mother reported child uses cell phone at age seven years.

Children with both prenatal and postnatal exposure to
cell phones had the highest ORs for migraines and other
headache-related symptoms compared to children with no
exposure (Table 2). For these children, the adjusted ORs

Table 2.

were 1.30 (95% CI: 1.01-1.68) for migraine, and 1.32 (95%
CI: 1.23-1.40) for other headache-related symptoms. Since

parents sometimes

call

all

headaches in

children

“migraines”, we repeated this analysis after collapsing the

Odds Ratios for Migraines and Other Headache-Related Symptoms in Children According to Mother’s Report of Cell
Phone Exposure

(n=10,690)

Prenatal Exposure Only

(n=8213)

Postnatal Exposure Only

Both Prenatal and Postnatal

Exposure
(n=9,781)

Child gets migraines
OR* (95% CI)
OR™ (95% CI)

1.33 (1.05-1.68)
1.20 (0.93-1.54)

1.33 (1.03-1.72)
1.21 (0.92-1.60)

1.51 (1.20-1.91)
1.30 (1.01-1.68)

OR* (95% CI)
OR™ (95% CI)

Child has headache-related symptoms

1.19 (1.12-1.26)
1.16 (1.08-1.23)

1.36 (1.28-1.45)
1.28 (1.19-1.37)

1.51 (1.42-1.60)
1.32 (1.23-1.40)

“Reference category is no exposure to cell phones.

®Adjusted for child’s sex, mother diagnosed with migraines, mother's feelings of worry, burden, and stress during pregnancy, mother's age, social-occupational status, and child's

exposure to environmental tobacco smoke in the home.
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Table3. Odds Ratios for Migraines and Headache-Related Symptoms in Children According to Mother's Report of Cell Phone
Use Characteristics During Pregnancy
Child gets Migraines Child has Headache-Related
(n=523) Symptoms
(n=10,043)
n %* OR"  95%CI | OR,"™ 95%CI| OR® 95%CI | OR,™ 95% CI
Use of hands-free device
No exposure (reference) 21,507 1.00 1.00 1.00 1.00
Never used hands-free device 16,205 79.1 1.32 1.07-1.63 1.11 0.85-1.44 1.35 1.28-1.42 1.15 1.08-1.23
Rarely used hands-free device 2,439 11.9 1.77 1.23-2.55 1.51 0.98-2.30 1.34 1.21-1.49 1.12 0.99-1.26
Often used hands-free device 1,745 8.5 1.83 1.21-2.77 1.82 1.15-2.90 1.26 1.11-1.42 1.12 0.97-1.29
Missing 93 0.5
P value for trend" 0.69 0.69 <0.01 0.01
Frequency of cell phone use
No exposure (reference) 21,507 1.00 1.00 1.00 1.00
0-1 times per day 10,339 50.5 1.44 1.14-1.82 126 0.95-1.67 1.30 1.22-1.38 1.16 1.08-1.24
2-3 times per day 5,699 27.8 1.07  0.78-1.47| 0.82  0.56-1.21 1.33 1.24-1.44 1.10 1.01-1.21
4-6 times per day 1,430 7.0 1.81 1.15-2.86 147  0.87-2.50 1.39 1.22-1.59 1.14  0.98-1.32
7 or more times per day 830 4.1 2.08 1.20-3.60 1.89 1.03-3.45 1.45 1.23-1.72 1.26 1.04-1.52
Missing 2,184 10.7
P value for trend* 0.05 0.03 <0.01 0.03
Percent of time cell phone powered on
No exposure (reference) 21,507 1.00 1.00 1.00 1.00
Never or almost never 1,350 6.6 1.18 0.67-2.08 1.31 0.74-2.34 1.22 1.06-1.40 1.18 1.01-1.37
Less than 50% of the time 2,365 11.5 1.04  0.65-1.65 1.05  0.64-1.72 1.24 1.11-1.38 1.15 1.02-1.30
50-99% of the time 6,147 30.0 132 0.99-1.75 1.11 0.79-1.56 1.37 1.28-1.47 1.15 1.05-1.25
All the time 10,476 51.1 1.57 1.25-1.97 127  0.95-1.69 1.36 1.28-1.44 1.14 1.06-1.27
Missing 144 0.7
P value for trend" 0.84 0.83 0.03 0.17

*Percent among those with prenatal exposure.
PReference category is no cell phone exposure.

‘Estimates adjusted for mother's age, socio-occupational status, mother's history of migraine headaches, mother’s feelings of worry, burden, and stress during pregnancy, child's

exposure to environmental tobacco smoke, and postnatal exposure.

4P value from Wald y” test for linear trend. P value > 0.05 suggests a linear trend at 95% confidence.

two outcomes into one variable, and observed similar results
(data not shown). Children with prenatal or postnatal
exposure only also had increased odds of headache-related
symptoms compared to children with no exposure. The ORs
were 1.16 (95% CI: 1.08-1.23) for prenatal exposure only
and 1.28 (95% CI: 1.19-1.37) for postnatal exposure only.
The ORs for migraine were also elevated among children
with prenatal only or postnatal only exposure, but not
statistically significant.

Eighty-five percent of women carried their cell phones in
their bag when not in use, while only seven percent reported
keeping it in the pocket of their dress or trousers (pants)
while pregnant (data not shown). Seventy-nine percent of
women that used a cell phone while pregnant did not use a
hands-free device, less than half reported using their cell
phone more than once per day, and over 80% left it powered
on at least 50% of the time (Table 3). When comparing the
children of women who used a cell phone while pregnant to
those children with no exposure, those with potentially
higher prenatal exposure had increased odds of migraines
and other headache-related symptoms.

DISCUSSION

In this investigation, we found associations between
prenatal and postnatal cell phone exposures and outcomes of
migraines and headache-related symptoms in children, but
our results should be interpreted with caution due to
limitations in exposure and outcome assessment. However,
this is the first large-scale study among children to

investigate this association, and it supports the previous
smaller investigations in children and adults that reported
positive findings [21, 23, 26]. Given the high prevalence of
cell phone exposure, increasing use at earlier ages, and
potential increases in prevalence and incidence of headache
in children over time [15-17], our results highlight a need for
additional research on headaches and other non-cancer
outcomes, including more large-scale studies among
children.

We did not use migraine and other headache diagnoses
among children from the hospital register to calculate
measures of association due to the limited number of
recorded cases. Only 64 migraine cases and 34 cases of other
headache were recorded in the hospital register, compared to
523 cases of migraine and 10,043 cases of headache/stomach
ache/illness reported by mothers in the questionnaire.
Migraine and headache diagnoses in children are likely to be
made by general practitioners during primary care visits
rather than during specialty care or hospital visits. Therefore,
very few childhood migraine and headache diagnoses are
recorded in the hospital register. Those that are recorded are
likely to be very severe cases, headaches in combination
with co-morbidities, or headaches that do not respond to
standard treatments.

We found fewer cases of childhood migraine according
mothers’ reports in our data than expected from previous
prevalence estimates [28-30]. Migraines in children often
present with different symptoms than adult migraines and
may go unrecognized by both health practitioners and
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parents [31-33]. Further, prevalence of migraines and other
headaches increase with age in children [34]. Therefore,
outcomes measured at age seven years may not fully reflect
the potential impact of early RF exposure on occurrence of
migraines and headaches, which are more prevalent later in
childhood and adolescence.

The DNBC age-seven questionnaire did not collect
information about non-migraine headaches or other migraine
symptoms in children directly. Rather, mothers were asked
about their children’s complaints of “headaches, stomach
aches, and sickness”. This non-specific outcome measure
may represent overall well-being and may capture children
who experience non-migraine headaches and migraines that
present without headache symptoms. Should headache-
related effects of RF exposures exist, these effects could
possibly be involved in activating central pain signaling
mechanisms in the brain related to broader pain symptoms,
rather than headaches alone. The observed associations
between cell phone exposures and headaches, stomach aches,
and sickness may reflect this hypothetical effect. On the
other hand, this outcome may also represent greater
somatization in some children, thus serving as a proxy for
other factors such as stress, depression, or anxiety [35].

Exposure assessment in this study was limited to
mothers’ reports of prenatal cell phone use and their
children’s cell phone use at age seven years. Although actual
RF exposure was not measured, exposure to the fetus from
maternal cell phone use during pregnancy is likely to be low
[36, 37]. Further, most children were not using cell phones at
age seven, and those who were did so for short periods of
time. Thus, children’s overall exposure to RF from cell
phones was most likely low. Therefore, the association we
found could be the result of underlying factors associated
with cell phone use rather than a direct effect of RF
exposure.

We found associations between proxies of prenatal
exposure and headaches in children. Number of times
spoken on a cell phone per day and percentage of time the
cell phone was powered on during pregnancy were both
positively associated with migraines in children at age seven
compared to no exposure. We also found that greater use of a
hands-free device during pregnancy was associated with
increased odds of migraines in children. We expect that,
while a mother’s use of a hands-free device during phone
conversations lowered the RF exposure to her head [38],
exposure to the fetus may have been increased, especially if
the mother carried her cell phone close to her abdomen.

We recognize the potential for exposure misclassification
in this study, but we do not expect it to have produced these
results. Assessment of cell phone use during pregnancy was
done retrospectively after seven years and may be subject to
recall error. However, pregnancy leaves a strong impression
on women’s memories, and they tend to remember their
behaviors during this unique time with high accuracy [39,
40]. We expect the mothers in this study to have been able to
accurately recall whether or not they used a cell phone
during pregnancy, while specific prenatal cell phone use
behaviors such as frequency of use are more likely to serve
as rough proxies of exposure. Assessment of the child’s
exposure was very general (whether the child uses a cell
phone more or less than one hour per week or not at all);
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mothers should have been able to answer the question
accurately.

Outcome misclassification in this study might be a
concern. However, at the time of the age-seven interview, no
studies had been done to cause mothers to believe that cell
phone exposure was associated with the study outcomes. The
data collection instrument included many questions on a
wide range of outcomes and exposures, and questions about
migraines and headaches were asked separately from
questions about cell phone use. Although we do not expect
outcome misclassification to be directly associated with cell
phone exposure, we cannot rule out that the propensity for
some mothers to over- or under-report outcomes may be
associated with underlying factors that are also related to cell
phone exposure, or more generally, to cell phone usage
patterns.

Selection bias is unlikely to account for the associations
we detected. Denmark has a relatively homogenous
population with nearly universal access to and utilization of
prenatal and other medical care. Additionally, both diseases
and outcomes of interest occurred after enrollment.
Therefore, women who chose not to participate in the study
are unlikely to be different from participants on factors that
could introduce bias into our results. Although a large
proportion of the original study participants were not
included in our analysis due to non-response during age-
seven data collection, we do not expect the loss-to-follow-up
to be differential. We have no reason to believe that migraine
and headache outcomes are associated with participation or
inclusion.

A recent study estimating loss-to-follow-up bias in the
DNBC found that mothers who were lost-to-follow-up were
more likely to be in the low social-occupational status
category than women who continued participation [41].
Several studies have reported that cell phone use among
children and adolescents is inversely associated with social-
occupational status [42-46]. Therefore, it is possible that
children (and possibly mothers) who are heavier cell phone
users may have been less likely to continue follow-up in the
DNBC, and therefore are under-represented in our data. As
social-occupational status may be inversely associated with
headaches in children [47], this loss-to-follow-up could have
downwardly biased our results.

A major strength of this study is the large number of both
exposed and unexposed children in our sample. During the
time that women in this study were pregnant, cell phone use
was still gaining popularity, leaving a large proportion of the
children prenatally unexposed. Another advantage is the
large sample size with good exposure contrast and rich
covariate data from a well-published prospective cohort. A
study like this would be difficult to repeat today, as very few
non-exposed individuals remain.

Using data from the DNBC offers many additional
advantages. With long-term follow-up of the children and
linkage to population registers we were able to measure and
control for a large number of prenatal and postnatal variables
in our analysis. Further, there is less likelihood for
confounding by factors such as ethnic background, socio-
economic status, and access to healthcare in data from
Denmark than studies conducted in many other countries.
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We ran numerous models with both wunivariate and
multivariate adjustment for a large number of variables.
While as expected, adjusting for a large number of factors
resulted in reduced ORs, the associations remained, and the
results did not materially change. Additionally, results did
not change after multiple imputation for missing data.
Despite adjusting for a wide range of factors, other factors
such as watching television, playing video games, and use of
computers could be potential confounders and contributed to
our observed results, but these factors were not measured in
the age-seven DNBC questionnaire.

As the DNBC is an ongoing study, follow-up of children
and mothers is planned to continue for several years to come.
This will allow for longitudinal analyses of the association
between cell phone exposures and headache outcomes
among the children at later ages, when headaches are likely
to be more prevalent. The impact of early RF exposure might
manifest later during adolescence when executive function
and other higher order brain functions develop. The latest
wave of data collection is currently underway, with
questionnaires to be completed by mothers and their children
at the age of 11 years, and including more detailed exposure
assessment questions. As the latest DNBC data become
available, we hope to investigate this association further with
a longitudinal analysis.

To our knowledge this is the first epidemiologic study to
investigate the association between prenatal and postnatal
cell phone exposures and migraines and other headache-
related symptoms in a large sample of children. The
associations we found are not sufficient to conclude that cell
phone exposures have an effect on headaches in children, but
our results do demonstrate a need to investigate this
association further with detailed exposure and outcome
assessment in a large sample. Should a true causal effect
exist, it would have large public health implications because
cell phone exposure is nearly ubiquitous and children are
using this technology at younger ages than ever before.
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