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Trends in cell phone use among children in the Danish national
birth cohort at ages 7 and 11 years
Madhuri Sudan1,2, Jørn Olsen2, Torben Sigsgaard3 and Leeka Kheifets1

We prospectively examined trends in cell phone use among children in the Danish National Birth Cohort. Cell phone use was
assessed at ages 7 and 11 years, and we examined use patterns by age, by year of birth, and in relation to specific individual
characteristics. There was an increase in cell phone use from age 7 (37%) to 11 years (94%). There was a clear pattern of greater
reported cell phone use among children at age 7 years with later birth year, but this trend disappeared at age 11. Girls and those
who used phones at age 7 talked more often and for longer durations at age 11 years. Low socio-economic status and later year of
birth were associated with voice calls at age 7 but not at age 11 years. At age 11 most used cell phones for texting and gaming
more than for voice calls. Further, children who started using cell phones at age 7 years were more likely to be heavy cell phone
voice users at age 11 years, making early use a marker for higher cumulative exposure regardless of year of birth. As cell phone
technology continues to advance, new use patterns will continue to emerge, and exposure assessment research among children
must reflect these trends.
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INTRODUCTION
Cell phones were first marketed for commercial use some 30 years
ago, and while initially cell phone use was uncommon, in the
decades that followed cell phones evolved into an everyday
necessity for much of the world’s population. They are no longer
simple devices for voice calls, and they affect most aspects of
human life and culture. They have become a pervasive part of our
society, and between 2000 and 2014, the number of active cell
phone subscriptions increased from 700 million to nearly 7 billion,
among a global population of 7.2 billion people.1,2 Advances in
cell phone technology and availability have brought many
advantages, including greater access to communication, informa-
tion, and economic development and an astonishing array of
resources to address almost any need or interest.
Despite the many benefits of this technology, there remain

questions about its safety. There is public concern about harmful
effects of cell phone use, especially for potentially vulnerable
populations such as children. Besides the potential, but as-of-yet
unestablished, effects of radiofrequency exposure, there is
evidence for increased risks of serious injury and death due to
cell phone use while driving, particularly among younger, less
experienced drivers.3,4 Some research also suggests that cell
phone use could lead to changes in behavior and cognition, with
the potential to affect learning and academic performance among
children and adolescents.5–7 The increasing popularity of this
relatively new and rapidly changing technology, particularly
among children and adolescents, makes it necessary to advance
research in this field, and prospective cohort studies of exposure
among children have been identified as a high-priority research

need by both the World Health Organization and the National
Academy of Sciences.8,9

It is generally not possible to assess detailed information about
cell phone use in large epidemiologic studies due to cost and
logistical challenges. Therefore, most large studies have assessed
cell phone use in general. However, the exposure has changed
with time and with changes in communication technology.
Further, the level of exposure depends on a multitude of factors
including specific cell phone use characteristics, such as the
frequency and duration of calls, the location of the phone and
antenna, and the use of hands-free devices. In addition, with
changes in cell phone functionalities and modes of communica-
tion over time, the way that cell phones are used has evolved in
recent years. They have gone from simple mobile telephones
primarily used for verbal communication to multifunctional
devices for verbal and text communication, work, and entertain-
ment. Further, children born in the last 20 years have been
exposed to this evolving cell phone technology from very early
ages, and children’s cell phone use characteristics, and thus, their
overall exposure profile, may be different from adults. It is
therefore important to understand how children use cell phones
and how their use has changed over time.
Although many studies have examined patterns of cell phone

use and access among adults,10 research among children and
adolescents is limited. Most studies among younger users were
based on cross-sectional data collected from different populations
and using heterogeneous exposure assessment methods. Much of
the existing data for children come from market research
companies and the mobile phone industry itself. In general, the
research suggests that cell phone use among children and
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teenagers is quite common11–14 and that they are engaging in a
variety of activities on cell phones besides voice calls.10,15–17

However, it is difficult to assess trends in cell phone use over time
among these younger users with the existing cross-sectional data
because the studies were carried out in different populations and
cannot be compared directly. In order to fill the gap in knowledge
about changes in cell phone use among children, we prospec-
tively examined the patterns in cell phone use over time and
across various characteristics among children in the Danish
National Birth Cohort (DNBC). We compared cell phone use at
age 7 years to use at age 11 years and examined the factors
associated with these changes. We also examined specific cell
phone use characteristics among 11-year old children.

METHODS
The DNBC enrolled 91,661 pregnant women in Denmark between 1996
and 2002. The women and children born from these pregnancies have
been followed since enrollment with detailed data collection over the
course of the children’s lives. Information about the DNBC sample and data
collection has been published previously.18,19

Cell phone use in the DNBC has so far been assessed at two time points,
when the child was 7 years old and again when the child was 11 years old.
The age-7 wave of data collection began in April of 2005 and was completed
in February of 2011. In all, 91,256 mothers were invited to participate in the
age-7 wave of data collection. Of those invited, 59,975 (66%) completed the
self-administered questionnaire, which focused on the child’s health and
development. In the age-7 questionnaire, mothers also reported their own
cell phone use during pregnancy (prenatal exposure), and whether or not
the child used a cell phone more than 1 h per week, o1 h per week, or not
at all (age-7 use). In responding to this question, mothers were asked to
exclude any time the child spent on text messaging. This investigation
includes 54,908 singleton-born children (e.g., not twins, triplets, etc) whose
mothers participated in the age-7 wave of data collection.
When the children reached 11 years of age, a new wave of data

collection began in July of 2010 and completed in August of 2014. All
mothers and children who were still enrolled in the DNBC were invited to
complete the age-11 questionnaires, regardless of their participation in the
age-7 wave of data collection. A total of 90,986 mothers and their children
were invited to participate in the age-11 wave, and 49,963 children (55%)
and 47,721 mothers (52%) completed the questionnaires, where mothers
with more than one child in the cohort are counted with multiplicity. The
child’s cell phone exposures at age 11 were reported independently by
mothers and by the children. Mothers reported on whether or not the child
used a cell phone more than 1 h per week, o1 h per week, or not at all at
age 11 years. Mothers were asked to exclude any time the child spent on
text messaging, playing games, or similar activities. More detailed
information about children’s cell phone use was self-reported by the
children themselves. Children reported their typical frequency and
duration of speaking on a cell phone, use of hands-free devices, and the
usual location of their phone when it was not in use. Children also ranked
their frequency of engaging in different types of activities on their phones
(i.e., “use phone for text messaging the most”, “use phone for playing
games 2nd-most”, etc).

Statistical Analysis
We examined the trends in cell phone use among children over time and by
year of birth to understand differences in use by age and to assess possible
cohort effects. We also examined factors such as mother’s age, mother’s cell
phone use, socio-economic status (SES), and child’s sex and birth order as
potential drivers of cell phone use. We considered cell phone use an
attribute of children’s behavior at the time of data collection rather than an
event, and we therefore expressed our results in terms of relative prevalence
(RP) rather than relative risk. We represented RP by prevalence ratios, which
compare the proportion of individuals with an attribute in one group to the
proportion with that attribute in a reference group. This is in contrast to
relative risk, which compares the probability of an event between groups.
We performed regression analyses to estimate associations between

specific individual characteristics and the child’s cell phone use at ages 7
and 11 years reported as RP. We also estimated associations between cell
phone use at age 7 years and frequency and duration of use at age 11
years. We further examined possible birth cohort effects on the relation-
ship between use at age 7 years and frequent talking on cell phones at age

11 years. We chose the cut-point for frequent talking a priori as the 90th
percentile of frequency of voice calls at age 11 years. We defined frequent
talking as three or more voice calls per day. This represented the 86th
percentile, which was as close to the a priori cutoff as possible given the
distribution of the data. We first examined these possible birth cohort
effects using regression analysis stratified by birth year. We then
performed additional regression analyses that adjusted for birth year
and the possible interaction between birth year and cell phone use at age
7 years to assess which factor is likely to be more predictive of frequent
voice calls at age 11 years.
To understand how children typically use cell phones at age 11 years, we

examined their self-reported rankings of text messaging, talking, playing
games, and listening to music. We further estimated associations between
sex, SES, and year of birth and the likelihood of ranking specific cell phone
activities as first or second. We also examined associations between
children’s preferences for specific cell phone activities and their self-
reported frequency and duration of cell phone voice calls.
Finally, because the children’s cell phone use information was reported

by both mothers and children, we assessed the agreement between
mother’s reports of their children’s cell phone use at age 11 years and the
children’s self-reported usage.
Data analyses were performed in SAS software, version 9.2 (SAS Institute,

Cary, NC, USA).
This research was approved by the DNBC, the Danish Data Protection

Agency, regional science ethics committees in Denmark, and the Office of
the Human Research Protection Program at the University of California,
Los Angeles.

RESULTS
Data from the age-7 questionnaire were available for children
born on or after 9 June 1997. The mean age of the children at the
time of data collection is 7.2 years with a SD of 0.14 years. At the
time of this analysis, we were unable to calculate children’s exact
ages when they completed the age-11 questionnaire, because
information on individual interview dates was not available to us.
However, only 4.9% of children who completed the age-11
questionnaire would have reached age 12 years or older at the
start of the age-11 wave of data collection in July 2010 (data not
shown).
Only 37% of 7-year-old children used a cell phone according to

mothers’ reports (Table 1), with o1% using it more than 1 h per
week. Use increased greatly by age 11 years, with more than 94%
of children using a cell phone, and mothers reporting that nearly
12% used it more than 1 h per week.
According to mothers’ reports, boys were less likely to use a cell

phone at age 7 years than girls (RP: 0.84; 95% CI: 0.83, 0.86), but
this difference in reported use by sex was not as large at age 11
years (RP: 0.95; 95% CI: 0.94, 0.95) (Table 1). Children from a higher
SES background were less likely to use a cell phone at age 7 years,
but by age 11 years, the relationship between SES and cell phone
use was no longer apparent. Cell phone use at both age 7 and age
11 was associated with first-born status, younger maternal age,
and maternal prenatal cell phone use but these associations were
more strongly associated with use at age 7 than at age 11. There
was a clear pattern of greater reported cell phone use among
children at age 7 years with later birth year, but this trend
disappeared at age 11.
At age 11, about two-thirds of children reported speaking on

their phone between once per week and two times per day
(Table 2). Most children reported typical phone calls lasting
1–4 min (61%) or o1 min (25%). Boys were much less likely than
girls to report speaking on a cell phone several times per day or
for longer than 15 min at a time. About 5% of children kept their
phones under their pillows or somewhere else in their beds at
night, but most children (63%) kept their phones out of reach
from their beds. Boys were less likely to keep their phones in or
near their beds at night than girls. Although the majority of
children (97%) reported typically holding their phones to their
ears when they spoke on them, a small percentage reported using
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headphones or speakerphone, and this was slightly more
common among boys than girls (RP: 1.13; 95% CI: 1.01, 1.27).
Both the self-reported frequency and duration of cell phone

voice calls at age 11 years were higher among children who were
already using a cell phone at age 7 years, even after adjustment
for year of birth, sex, SES, birth order, mother’s age, and maternal
prenatal cell phone use (Table 3). Children who used a cell phone
at age 7 years were more likely to report making three or more
voice calls per day than children who did not use a cell phone at
age 7 years. Figure 1 illustrates that this association remained for
each year of birth. The association was strongest for children born
in 2003 (RP: 1.72; 95% CI: 1.21–2.45). When we included year of
birth in the fully adjusted model (instead of stratifying by year of
birth), we found that cell phone use at age 7 years was a stronger
predictor of frequent voice calls at age 11 years (RP: 1.48, 95%
CI: 1.39–1.57) than was at year of birth (RP: 0.90, 95% CI: 0.88, 0.91).
We did not detect evidence of effect measure modification by
year of birth (interaction term RP: 1.00, 95% CI: 0.96, 1.04).
When asked about activities performed the most on cell

phones, 42% of children at age 11 years reported using cell
phones mostly to send text messages, whereas 22% played
games, 16% talked to other people, and 12% listened to music
most often on cell phones (Figure 2). When asked about the
activity performed second most on cell phones, talking was

reported most frequently, followed by texting, listening to music,
and playing games.
Boys were less likely than girls to report text messaging as the

first- or second-most common activity for which they used a cell
phone, but they were more likely than girls to report using cell
phones for playing games (Table 4). Boys were also more likely
to reporting talking to other people as their primary or secondary
activity than girls. Text messaging and talking were both
associated with higher social-occupational status, whereas playing
games and listening to music were not. Children born later were
less likely to report text messaging or listening to music as their
primary or secondary activity, but they were much more likely to
report playing games as their primary or secondary activity than
children born earlier.
Children who ranked texting as their primary or secondary cell

phone activity were somewhat more likely to report using their
phone for five or more voice calls per day than children who
ranked texting lower (RP: 1.17; 95% CI: 1.07, 1.30), but the duration
of their calls tended to be shorter (Table 5). Children who reported
playing games as their primary or secondary cell phone activity
spoke on their cell phones less frequently and for shorter
durations per call. Children who reported listening to music as
their primary or secondary activity also reported less-frequent
voice calls, but they tended to report longer call durations. These

Table 1. Associations between children’s and mothers’ characteristics and cell phone use at age 7 and age 11 based on mothers’ reports.

Child used cell phone at 7 yearsa Child used cell phone at 11 yearsa

N (%) RP (95% CI) N (%) RP (95% CI)

Total used cell phone 19,959 (36.5) — 36,350 (94.3) —

More than 1 h per week 431 (0.8) — 4447 (11.5) —

Less than 1 h per week 19,528 (35.8) — 31,903 (82.8) —

Child’s sex
Boy 9380 (33.5) 0.84 (0.83, 0.86) 17,566 (91.8) 0.95 (0.94, 0.95)
Girlb 10,579 (39.7) 1.00 18,784 (96.8) 1.00

Socio-economic status
High 12,433 (34.4) 0.71 (0.68, 0.75) 24,453 (93.9) 1.00 (0.98, 1.01)
Medium 5726 (40.1) 0.83 (0.79, 0.88) 9035 (95.1) 1.01 (1.00, 1.03)
Lowb 831 (48.2) 1.00 966 (94.1) 1.00

Child’s year of birth
2003 948 (45.8) 1.56 (1.47, 1.66) 1450 (94.1) 0.99 (0.97, 1.00)
2002 4397 (43.8) 1.49 (1.43, 1.56) 6286 (93.9) 0.99 (0.98, 0.99)
2001 4645 (40.3) 1.37 (1.31, 1.43) 7448 (94.0) 0.99 (0.98, 1.00)
2000 4401 (33.9) 1.15 (1.10, 1.21) 8560 (94.2) 0.99 (0.98, 1.00)
1999 3582 (31.9) 1.09 (1.04, 1.14) 7944 (94.6) 0.99 (0.98, 1.00)
1997–1998b 1986 (29.4) 1.00 4662 (95.2) 1.00

Child’s birth order
Third-born or later 2574 (31.1) 0.80 (0.77, 0.83) 5244 (92.0) 0.96 (0.96, 0.97)
Second-born 6894 (35.7) 0.92 (0.90, 0.94) 12,416 (93.6) 0.98 (0.97, 0.99)
First-bornb 9588 (38.8) 1.00 16,874 (95.5) 1.00

Mother’s age at birth of child
40 or older 417 (33.0) 0.63 (0.58, 0.69) 816 (92.9) 0.96 (0.95, 0.98)
35–39 2862 (33.0) 0.63 (0.61, 0.66) 5637 (93.0) 0.97 (0.96, 0.98)
30–34 7381 (33.8) 0.65 (0.63, 0.67) 14,577 (94.0) 0.98 (0.97, 0.98)
25–29 7460 (38.6) 0.74 (0.71, 0.77) 13,080 (94.9) 0.99 (0.98, 0.99)
Younger than 25b 1839 (52.1) 1.00 2240 (96.3) 1.00

Mother used cell phone while pregnant
Yes 10,542 (48.0) 1.72 (1.69, 1.76) 11,514 (96.0) 1.03 (1.03, 1.04)
Nob 8437 (27.8) 1.00 16,213 (93.1) 1.00

Abbreviations: CI, confidence interval; RP, relative prevalence. Note: missing values not included. aAny cell phone use including o1 h per week or more than
1 h per week as reported by mothers; does not include text messages, games, and so on. Reference is no use. bReference.
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children were more likely to report speaking on a cell phone for
more than 15 min (RP: 1.39; 95% CI: 1.10, 1.77) than children who
ranked listening to music lower.
There were 34,442 mother–child pairs in which both the mother

and the child completed the age-11 cell phone questions. Among
them, mothers’ reports of their children’s cell phone use at age 11
years agreed with the children’s self-report in nearly 95% of pairs,
with both individuals reporting that the child used a cell phone at
age 11 in 93.4% of pairs, and both reporting that the child did not
use a cell phone at age 11 in 1.3% of pairs. In 4.2% of mother–
child pairs, children reported using a cell phone at age 11 years,

but mothers did not corroborate the child’s report. In 1.1% of
pairs, mothers reported that their children used a cell phone at
age 11 years, but the children did not self-report use. Agreement
analysis resulted in a prevalence-adjusted bias-adjusted kappa
coefficient of 0.89 (data not shown).

DISCUSSION
Our findings show a clear pattern of increasing cell phone use
from ages 7 to 11 years among children in the DNBC, and we
demonstrate associations between children’s cell phone use and

Table 2. Children’s cell phone use characteristics at age 11 years overall and by sex based on self-report.

Total Boys Girlsa RP (95% CI)

Frequency of voice calls
5 or more times per day 2121 (4.7) 837 (3.9) 1284 (5.4) 0.59 (0.55, 0.63)
3–4 Times per day 4132 (9.1) 1552 (7.2) 2580 (10.9) 0.67 (0.64, 0.69)
1–2 Times per day 10,901 (24.1) 4573 (21.2) 6328 (26.7) 0.85 (0.83, 0.86)
3–6 Times per day 10,013 (22.1) 4673 (21.7) 5340 (22.5) 0.87 (0.86, 0.89)
1–2 Times per week 9468 (20.9) 4761 (22.1) 4707 (19.9) 0.90 (0.88, 0.91)
2–3 Times per month 4894 (10.8) 2709 (12.6) 2185 (9.2) 0.90 (0.87, 0.93)
Less than once per montha 2651 (5.9) 1667 (7.7) 984 (4.2) 1.00
Never 1038 (2.3) 758 (3.5) 280 (1.2) —

Typical duration of voice calls
More than 15 min 410 (0.9) 114 (0.6) 296 (1.3) 0.29 (0.24, 0.36)
10–14 min 858 (1.9) 218 (1.1) 640 (2.7) 0.27 (0.24, 0.32)
5–9 min 4559 (10.3) 1426 (6.9) 3133 (13.4) 0.45 (0.43, 0.48)
1–4 min 27,141 (61.4) 12,545 (60.4) 14,596 (62.4) 0.87 (0.86, 0.89)
Less than 1 mina 11,211 (25.4) 6469 (31.1) 4742 (20.3) 1.00

Usual phone position during calls
Use bluetooth 73 (0.2) 41 (0.2) 32 (0.1) 1.41 (0.89, 2.24)
Use headphones/speakerphone 1184 (2.6) 601 (2.8) 583 (2.5) 1.13 (1.01, 1.27)
Hold phone to eara 43,950 (97.2) 20,884 (97.0) 23,066 (97.4) 1.00

Location of phone at night
Under pillow or in bed 2055 (4.7) 686 (3.3) 1369 (6.0) 0.51 (0.47, 0.56)
Beside the bed 13,879 (31.9) 6022 (29.1) 7857 (34.4) 0.82 (0.80, 0.84)
Some place farther awaya 27,638 (63.4) 14,025 (67.7) 13613 (59.6) 1.00

Abbreviations: CI, confidence interval; RP, relative prevalence. Note: missing values not included. Results shown as frequency counts (percentage of column).
aReference.

Table 3. Association between cell phone use at age 7 years and self-reported frequency and duration of voice calls at age 11 years.

Used cell phone at age 7 years RP (95% CI) RP (95% CI)a

Yes Nob

Frequency of voice callsc

5 or more times per day 733 (5.9) 816 (3.6) 1.85 (1.72, 1.99) 1.43 (1.34, 1.53)
3–4 Times per day 1425 (11.4) 1676 (7.4) 1.49 (1.43, 1.56) 1.36 (1.29, 1.42)
1–2 Times per day 3439 (27.6) 5032 (22.1) 1.17 (1.15, 1.19) 1.12 (1.10, 1.14)
3–6 Times per week 2878 (23.1) 4954 (21.8) 1.15 (1.13, 1.17) 1.11 (1.09, 1.14)
1–2 Times per week 2333 (18.7) 5146 (22.6) 1.10 (1.08, 1.12) 1.09 (1.07, 1.11)
2–3 Times per month 1060 (8.5) 2788 (12.3) 1.11 (1.06, 1.15) 1.10 (1.05, 1.15)
Less than once per monthb 461 (3.7) 1640 (7.2) 1.00 1.00

Typical duration of voice callsc

More than 15 min 119 (1.0) 165 (0.8) 1.70 (1.35, 2.14) 1.60 (1.26, 2.04)
10–14 min 269 (2.2) 351 (1.6) 1.76 (1.51, 2.05) 1.58 (1.35, 1.86)
5–9 min 1480 (12.0) 1958 (8.9) 1.52 (1.44, 1.61) 1.36 (1.29, 1.45)
1–4 min 7841 (63.6) 13,292 (60.3) 1.10 (1.09, 1.12) 1.08 (1.07, 1.10)
Less than 1 minb 2620 (21.3) 6286 (28.5) 1.00 1.00

Abbreviations: CI, confidence interval; RP, relative prevalence. aAdjusted for year of birth, sex, SES, birth order, mother’s age, and maternal prenatal cell
phone use. bReference cExcludes children missing data on cell phone use at age 7 years.
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various individual characteristics including year of birth, sex, SES,
birth order, mother’s age, and mother’s use of cell phones during
pregnancy. Our results shed new light on the ways in which
children interact with cell phones, with 11-year olds reporting
frequent text messaging and gaming on cell phones, more so than
voice calls. Most remarkably, children who started using cell
phones at age 7 years were more likely to be heavy cell phone
talkers at age 11 years, and early use was a stronger predictor of
frequent voice calls at age 11 years than was year of birth. These
results suggest that cell phone use that begins at an early age may
be a marker for heavier use later in childhood, as well as a marker
for higher cumulative exposure.
Some characteristics showed sustained associations with

mother’s reports of their children’s cell phone use at ages 7 and
11 years. Boys were less likely to use a cell phone than girls at both
ages, although the association with gender was weaker at age 11
years. Likewise, children with no older siblings or younger mothers
were more likely to use a cell phone at age 7 years and age 11
years. Children whose mothers used a cell phone during preg-

nancy were also more likely to use one at ages 7 and 11 years, but
the association was particularly strong in relation to use at a
younger age. Despite all of these factors, however, it is important
to note that according to mothers reports nearly all children (94%)
were using cell phones by age 11 years.
On the other hand, based on mother’s reports some factors that

were associated with cell phone use at age 7 years no longer
appeared to have an impact on use at age 11 years. For example,
children from a high SES background were much less likely to use
a cell phone at age 7 years than those from a low SES background,
but SES was unrelated to cell phone use at age 11 years. Similarly,
there was a clear pattern of higher prevalence of use at age 7
years among children born more recently, but this association
disappeared when examining use at age 11 years. These findings
seem to suggest that SES and year of birth are important for
driving use among younger children but may not be as relevant
at older ages when cell phone use reaches nearly complete
penetration. However, when we examined children’s self-reported
rankings of cell phone activities, we found that children from

Figure 1. Heavy cell phone talking (three or more voice calls per day) at age 11 years based on child’s self-report by cell phone use at age
7 years based on mother’s report stratified by year of birth. Relative prevalence adjusted for sex, SES, birth order, mother’s age, and maternal
prenatal cell phone use.

Figure 2. Ranking of cell phone activities self-reported by children at age 11 years. Missing values not shown.
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higher SES backgrounds were more likely to rank texting and
talking as their most frequent or second-most frequent cell phone
activities. Children born more recently were less likely to rank
texting as one of their primary or secondary activities than older
children, but they were much more likely to use their phones for
playing games.
There were differences in cell phone use between boys and

girls, with boys being less likely to use cell phones for
communication than girls. Boys were not only less likely to use
a cell phone according to mothers’ reports, but at age 11 years,
they also self-reported lighter cell phone voice call usage than
girls, both in terms of frequency and duration of calls. Although
only a small percentage (5%) of children reported keeping their
phone in bed with them at night, girls represented the majority of
these children. Although only a small percentage of children

(o3%) reported using bluetooth, headphones, or speakerphone
when speaking on their phone, boys were more likely to report
using some kind of hands-free technology than girls. Sixty-eight
percent of children ranked text messaging as the activity they
performed most or second-most on their phones, but this was also
dominated by girls, while playing games was more likely to be
ranked first or second by boys.
Greene et al.20 reported that mothers who continued participa-

tion for at least 7 years in the DNBC tended to be somewhat older
and more likely to be in the highest SES group compared with
those who discontinued participation earlier. Maternal age and
SES may also be related to cell phone use among children,
particularly use at younger ages. As 34% of invited mothers did
not participate in the age-7 wave of data collection, and 45% of
invited children and 48% of invited mothers did not participate in

Table 4. Ranking cell phone activities first or second by individual characteristics.

Texting Games Talking Music

1st or
2nd (%)

RP (95% CI)a 1st or
2nd (%)

RP (95% CI)a 1st or
2nd (%)

RP (95% CI)a 1st or
2nd (%)

RP (95% CI)a

Sex
Boy (n= 23,227) 57.6 0.74 (0.73, 0.75) 41.7 1.35 (1.32, 1.38) 47.3 1.11 (1.08, 1.13) 34.1 1.03 (1.00, 1.06)
Girlb (n= 24,972) 78.1 1.00 30.9 1.00 42.3 1.00 33.1 1.00

Socio-economic status
High (n= 32,860) 68.9 1.10 (1.06, 1.15) 36.4 0.97 (0.90, 1.05) 46.1 1.16 (1.08, 1.25) 32.3 0.87 (0.81, 0.94)
Medium (n= 11,582) 66.5 1.07 (1.02, 1.12) 35.6 0.95 (0.88, 1.03) 42.3 1.07 (0.99, 1.15) 37.1 1.00 (0.92, 1.08)
Lowb (n= 1218) 62.4 1.00 37.4 1.00 39.7 1.00 37.1 1.00

Year of birth
2003 (n= 1901) 55.4 0.71 (0.68, 0.74) 53.3 2.23 (2.10, 2.37) 39.2 0.84 (0.79, 0.89) 28.4 0.81 (0.75, 0.87)
2002 (n= 8406) 58.2 0.75 (0.73, 0.76) 52.0 2.18 (2.07, 2.29) 43.5 0.93 (0.90, 0.97) 26.8 0.76 (0.72, 0.80)
2001 (n= 9899) 65.3 0.84 (0.82, 0.85) 45.4 1.90 (1.81, 2.00) 46.6 1.00 (0.96, 1.03) 26.6 0.76 (0.72, 0.79)
2000 (n= 11,158) 69.3 0.89 (0.87, 0.90) 31.3 1.31 (1.24, 1.38) 46.2 0.99 (0.96, 1.02) 35.7 1.02 (0.97, 1.06)
1999 (n= 10,674) 74.2 0.95 (0.93, 0.97) 24.2 1.01 (0.96, 1.07) 43.5 0.93 (0.90, 0.96) 43.1 1.23 (1.18, 1.28)
1997–1998b

(n= 6161)
78.2 1.00 23.9 1.00 46.8 1.00 35.2 1.00

Abbreviations: CI, confidence interval; RP, relative prevalence. aReference is ranked 3rd, 4th, 5th, or not ranked. bReference.

Table 5. Association between activity ranking at age 11 years and self-reported frequency and duration of voice calls at age 11 years.

Ranked texting as 1st
or 2nd activity

Ranked games as 1st
or 2nd activity

Ranked music as 1st
or 2nd activity

RP (95% CI) RP (95% CI)a RP (95% CI) RP (95% CI)a RP (95% CI) RP (95% CI)a

Frequency of voice calls
5 or more times per day 1.43 (1.32, 1.54) 1.17 (1.07, 1.30) 0.58 (0.54, 0.63) 0.70 (0.65, 0.76) 0.80 (0.74, 0.85) 0.83 (0.77, 0.90)
3–4 Times per day 1.29 (1.23, 1.36) 1.14 (1.07, 1.21) 0.66 (0.63, 0.69) 0.72 (0.68, 0.76) 0.80 (0.77, 0.83) 0.83 (0.79, 0.88)
1–2 Times per day 1.13 (1.10, 1.15) 1.07 (1.05, 1.10) 0.84 (0.82, 0.86) 0.87 (0.85, 0.89) 0.90 (0.88, 0.91) 0.91 (0.89, 0.93)
3–6 Times per week 1.12 (1.10, 1.15) 1.08 (1.05, 1.11) 0.86 (0.84, 0.88) 0.89 (0.87, 0.91) 0.92 (0.90, 0.93) 0.93 (0.91, 0.95)
1–2 Times per week 1.12 (1.09, 1.15) 1.10 (1.07, 1.13) 0.91 (0.89, 0.93) 0.92 (0.90, 0.95) 0.95 (0.93, 0.97) 0.96 (0.94, 0.98)
2–3 Times per month 1.13 (1.09, 1.18) 1.11 (1.06, 1.16) 0.91 (0.88, 0.94) 0.92 (0.89, 0.96) 0.96 (0.92, 0.99) 0.96 (0.93, 1.00)
Less than once per monthb 1.00 1.00 1.00 1.00 1.00 1.00

Typical duration of voice calls
More than 15 min 1.05 (0.85, 1.29) 0.70 (0.53, 0.92) 0.67 (0.54, 0.82) 0.81 (0.62, 1.05) 1.37 (1.13, 1.66) 1.39 (1.10, 1.77)
10–14 min 1.38 (1.18, 1.61) 1.00 (0.83, 1.22) 0.78 (0.68, 0.89) 0.98 (0.83, 1.16) 1.14 (1.00, 1.30) 1.14 (0.97, 1.34)
5–9 min 1.22 (1.15, 1.29) 1.02 (0.95, 1.09) 0.91 (0.86, 0.95) 0.96 (0.90, 1.02) 1.03 (0.97, 1.08) 1.04 (0.98, 1.10)
1–4 min 1.06 (1.04, 1.08) 1.03 (1.01, 1.05) 0.99 (0.97, 1.00) 0.99 (0.97, 1.01) 1.00 (0.98, 1.01) 1.01 (1.00, 1.03)
Less than 1 minb 1.00 1.00 1.00 1.00 1.00 1.00

Abbreviations: CI, confidence interval; RP, relative prevalence. aAdjusted for year of birth, sex, SES, birth order, mother’s age, and maternal prenatal cell
phone use. bReference.
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the age-11 wave of data collection, we cannot rule out the
possibility of bias due to selection-related factors in our results.
If loss to follow-up in our study was related to SES or maternal age,
the actual prevalence of cell phone use at age 7 years may be
higher than what we reported. We would expect loss to follow-up
to have less impact on the observed prevalence of cell phone use
at age 11 years because cell phone use appears to be nearly
universal by this age, but it may have affected the results observed
for children’s self-reported cell phone use behaviors somewhat.
Our study is based on prospective data collection from a large

and well-documented cohort of children and mothers that
contributes unique and important knowledge about cell phone
use characteristics and trends among children. One of the
limitations of our study is that detailed self-reported information
about children’s cell phone use characteristics and activities was
only collected at age 11 years. Therefore, direct comparisons of
use between ages 7 and 11 years were performed using mothers’
reports of their children’s cell phone use in general only. Although
it would have been ideal to have more information about specific
use characteristics at age 7, we do not expect a large proportion of
7-year olds in the DNBC to have been engaging in heavy text
messaging, gaming, or voice calls—due to both their young age
and the lower penetrance of cell phone technology at the time.
We expect mothers’ reports of cell phone use in general to be
accurate overall, as we found 95% agreement between mothers’
reports of their children’s use and children’s self-reported use at
age 11 years.

CONCLUSIONS
With the rapid growth of cell phone use and its increasing
popularity among children, our results are in line with societal
trends. Our prospective evaluation of cell phone use over time
provides information to guide exposure assessment methods and
analyses in future epidemiologic studies of cell phone use among
children. In particular, our findings suggest that studies among
children should consider cell phone use both prior to and during
adolescence and include assessments of various cell phone
activities besides voice calls, including text messaging and
gaming. Although our study did not directly assess additional cell
phone activities such as social media and internet usage, we also
expect these activities to be popular among older children and
adolescents. As cell phone technology continues to advance, new
use patterns will continue to emerge.
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