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Study Objectives: To assess the effects of early and late bedtimes and wake up times on use of time and weight status in Australian school-aged
children.

Design: Observational cross-sectional study involving use of time interviews and pedometers.

Setting: Free-living Australian adolescents.

Participants: 2200 9- to 16-year-olds from all states of Australia

Interventions: NA.

Measurements and Results: Bedtimes and wake times were adjusted for age and sex and classified as early or late using median splits. Ado-
lescents were allocated into 4 sleep-wake pattern groups: Early-bed/Early-rise; Early-bed/Late-rise; Late-bed/Early-rise; Late-bed/Late-rise. The
groups were compared for use of time (screen time, physical activity, and study-related time), sociodemographic characteristics, and weight status.
Adolescents in the Late-bed/Late-rise category experienced 48 min/d more screen time and 27 min less moderate-to-vigorous physical activity
(MVPA) (P < 0.0001) than adolescents in the Early-bed/Early-rise category, in spite of similar sleep durations. Late-bed/Late-rise adolescents
had a higher BMI z-score (0.66 vs. 0.45, P = 0.0015). Late-bed/Late-rise adolescents were 1.47 times more likely to be overweight or obese than
Early-bed/Early-rise adolescents, 2.16 times more likely to be obese, 1.77 times more likely to have low MVPA, and 2.92 times more likely to have
high screen time. Late-bed/Late-rise adolescents were more likely to come from poorer households, to live in major cities, and have fewer siblings.
Conclusions: Late bedtimes and late wake up times are associated with an unfavorable activity and weight status profile, independent of age, sex,

household income, geographical remoteness, and sleep duration.
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INTRODUCTION

Childhood overweight and obesity are undeniable concerns
both globally and locally, and the identification of factors con-
tributing to their etiology is an important part of developing
successful strategies for future prevention and treatment. Sleep
is among the factors that have been hypothesized to play a role,
with a growing body of evidence to suggest that shorter sleep
durations are associated with increased fatness.'

A number of mechanisms have been proposed to explain
how short sleep duration may increase the risk of being over-
weight or obese. Several studies have found that rhythms in
the levels of hormones cortisol, ghrelin, and leptin are altered
by sleep restriction.*® In many cases,*” but not all,® these hor-
monal changes have been accompanied by decreased energy
expenditure and/or increased energy intake by increasing appe-
tite, thereby causing weight gain. Sleep restriction has also been
linked with altered food preferences (specifically, increased
snack consumption, particularly snacks with high carbohydrate
content) in an absence of hormonal changes.” While experi-
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mental studies are limited for children, cross-sectional studies
indicate children with short sleep tend to be less physically ac-
tive'® and consume greater quantities of high-calorie foods and
beverages.'""* These findings lend support to the hypothesis
that short sleep may facilitate weight gain by altering energy
expenditure and intake.

The link between short sleep duration and childhood over-
weight or obesity has been shown by several studies.*'*'¢ In
a meta-analysis of 30,002 children from 11 different countries
and 19 separate studies, Cappuccio and colleagues demonstrat-
ed that cross-sectional studies have consistently shown children
with short sleep to be at increased risk of obesity.? Similar find-
ings have also been identified in longitudinal studies. Reilly and
colleagues'” found 3-year-old British children with short sleep
durations were 45% more likely to be obese at age 7, while US
children with short sleep in third grade were more likely to be
overweight in sixth grade.'® Similarly, a longitudinal study of
2,281 US children aged 3-12 years at baseline found that those
who slept less had higher BMIs and were more likely to be
overweight 5 years later.' In light of such findings, it has been
suggested that increasing children’s sleep duration may be an
effective strategy for preventing and/or treating obesity.*

However, the link between sleep duration and weight status
has also been questioned. In reviewing the available evidence,
Horne argues that the association between short sleep duration
and childhood obesity is weaker than commonly believed.??
One recent study of 13,568 US adolescents has also found no
significant longitudinal association between sleep duration and
obesity, once data were adjusted for confounding factors.”

Sleep Duration or Bedtime?—Olds et al



There was, however, an association between obesity and de-
pression and excessive television watching.?

Although studies examining the relationship between chil-
dren’s sleep patterns and weight status tend to focus on sleep
duration, it has recently been suggested that sleep timing be-
havior may be a better predictor of obesity than sleep duration
alone.'? Limited research has been conducted in this area. Some
indication may be drawn from sleep “chronotype” literature,
which examines sleep pattern preference (i.e., “morning-type
individuals,” who prefer to wake up early in the morning and
are most alert during the early part of the day, versus “evening-
type” individuals, who prefer to go to bed late in the evening
and are most alert in the late evening hours).** Note that sleep
pattern preference is distinct from sleep pattern behavior, since
behavior is influenced by preference in addition to external fac-
tors, such as parental regulation and the need to rise to attend
school. Chronotype studies?* have shown that morning-type
children tend to have a lower BMI than evening-type children.
It is plausible that this may be due to differing opportunities for
physical activity and sedentary behaviors in these time slots,
with the evening offering relatively few opportunities for physi-
cal activity and relatively more opportunities for sedentary be-
haviors, such as television viewing, which has been shown to
be associated with increased snacking behavior?” and exposure
to advertisements for energy-dense foods*=° in young people.

Dietary differences on the basis of sleep chronotype have also
been identified; in general, morning-type individuals have been
found to consume fewer fast foods and caffeinated drinks'? and
have less disposition to eating disorders such as overeating?
compared to evening-type people. Caffeine consumption can
lead to increased alertness®' and sleep disruption.' It is unclear
whether the relationship between unfavorable sleep behavior
patterns and caffeinated drink consumption exists due to the
caffeine disturbing sleep or because caffeine is consumed to
counteract the daytime effect of interrupted sleep."

It is difficult to disentangle the independent effects of bedtime
and sleep duration, as shorter sleep duration can frequently be
linked to a delay in bedtime,**** and the relationship between
sleep pattern behavior and children’s weight status has been
largely unexplored to date. It is plausible that delayed bedtime
may be linked to different use of time patterns, such as increased
television time. This in turn may have a flow-on impact on weight
status, given that time watching television has been linked to in-
creased energy intake, as already described. Indeed, this theory
may help explain why the recent study by Calamaro did not find
an association between sleep duration and BMI, but did find an
association between excessive television viewing and BMI.*
Early rise times may also impact weight status through different
use of time patterns. Children who wake up early in the morning
may, for example, may be more physically active as a result of
needing to wake early to walk or ride to school. These examples
may also explain why previous studies have found morning-type
children to have a lower BMI compared to evening-type children.

As already described, some studies have examined possible
relationships between sleep timing behavior (by the way of
chronotype) and weight status through dietary patterns, how-
ever there do not appear to be any studies exploring possible
links between sleep timing behavior and weight status through
physical activity.
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A methodological consideration for examining the relation-
ship between sleep timing behavior and other variables is the
classification of sleep timing itself. A limitation of classify-
ing sleep timing behavior in the context of sleep chronoypes
is that individuals are grouped at the extreme ends of the
chronotype continuum, whereas most individuals lie within
these extremes.’® Classification on the basis of chronotypes
assumes that morning type people go to bed early and rise
early, and that evening-type people both go to bed late and rise
late, whereas it is quite possible that these behaviors many not
necessarily be coupled (i.e., someone may go to bed late and
rise early). Therefore, it may be useful to classify individuals
into one of the four sleep timing behavior categories: Early
to bed early to rise (Early-bed/Early-rise), early to bed late to
rise (Early-bed/Late-rise), late to bed late to rise (Late-bed/
Late-rise), and late to bed early to rise (Late-bed/Early-rise),
as done in 2 previous studies.’*’

The purpose of this study was therefore 2-fold: first, to de-
termine whether sleep timing behavior, as classified in the pre-
ceding paragraph, and sleep duration were related to weight
status, and second, to determine whether sleep timing behavior
was related to physical activity and sedentary behaviors (opera-
tionalized as screen time, i.e., time spent watching televisions,
playing video games, and using computers), in a nationally rep-
resentative sample of 9- to 16-year-olds.

METHODS

Subjects

Subjects were 2200 randomly selected Australians aged
between 9 and 16 years, who took part in the 2007 Austra-
lian National Children’s Nutrition and Physical Activity Sur-
vey. Clusters of postal code arecas were randomly selected
throughout Australia, with the exception of very remote ar-
eas. Random-digit dialing was used to contact households
within each postcode cluster, and eligible households (those
which had a child aged between 2 and 16 years) were invited
to participate. Only one child was surveyed from each house-
hold to prevent clustering and therefore bias in the data. In
those families where more than one child met the inclusion
criteria, the child with the birthday closest to the date of ini-
tial contact was used to randomly choose which eligible child
would be involved.

The response rate (ratio of households providing complete
data to eligible households contacted) was 41%. While data
could not be gathered on the characteristics of non-responders,
participants appeared to be representative of the Australian
population of young people on the basis of geographic loca-
tion (except for 3% of Australia’s population classified as very
remote, who were excluded for feasibility reasons),*® weight
status,*® and socioeconomic status (based upon the Australian
Bureau of Statistics Socioeconomic indicators for areas index,
SEIFA).* Families for whom English was a second language
were included, with interpreters present during interviews.

The ensuing analyses are based upon participants aged 9
years and older, since they provided detailed use of time data,
whereas younger participants in the Australian National Chil-
dren’s Nutrition and Physical Activity Survey did not provide
these data.
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Table 1—Subject characteristics
EE EL LE LL All
n=719 n=453 n=378 n =650 n=2200 P-value
Boys 356 221 182 327 1086
Girls 363 232 196 323 114
Age (years) 134 (2.2) 13.5(2.2) 13.2(2.3) 13.6 (2.2) 134 (2.2) 0.21
BMI (kg/m?) 20.4 (4.0 20.5(3.8) 20.8 (4.0 212 (4.3) 20.7 (4.1) 0.002
% Obese 4.6 5.7 71 8.8 6.5 0.001
% Overweight (not including obese) 16.8 19.2 220 19.7 19.0 0.01
SEIFA 1002 (59) 1004 (67) 1003 (62) 999 (71) 1002 (65) 0.58
Household income (%)
>AUD104,000 30.0 279 324 29.2 29.7
AUD75,000-104,000 21.7 16.4 17.2 201 19.4
AUD52,000-75,000 20.7 215 259 18.3 211
<AUD52,000 276 34.2 245 32.3 29.8 0.01
Remoteness (%)
Major city 47.7 58.3 56.9 61.5 55.5
Inner regional 26.3 20.5 18.5 18.9 216
Outer regional 20.2 16.1 19.6 15.5 17.9
Remote 5.8 5.1 5.0 4.0 5.0 0.0002
Number of children in home 22 2.1 2.1 2.1 21 0.006
Young person in part-time work (min/d) 8.0 6.0 14.0 10.0 9.2 0.003
Values are shown as percentages or means (SDs). EE, Early-bed/Early-rise; EL, Early-bed/Late-rise; LE, Late-bed/Early-rise; LL, Late-bed/Late-rise; BMI,
body mass index; SEIFA, Socioeconomic indicators for areas. SEIFA is a series of indices of socioeconomic status devised by the Australian Bureau of
Statistics using a range of indicators such as educational and employment status. The index used here is the Index of Relative Disadvantage, calculated at
the postal area level. The national average is 1000 and the SD is 100. Higher values indicate more advantaged areas.

Outcome Measures and Procedure

Computer-assisted, face-to-face interviews were conducted
in participants’ homes by trained research assistants. Demo-
graphic data, including reported annual household income,
place of residence, family structure, sex, and age of the target
child were gathered (see Table 1).

Height, body mass, and waist girth were measured ac-
cording to the protocols of the International Society for the
Advancement of Kinanthropometry,*" and body mass index
(BMI) was calculated.

Use of time data were collected using the Multimedia Activ-
ity Recall for Children and Adults (MARCA).** This software
allowed young people to recall everything they did on the pre-
vious day from wake-up to bedtime, in time-slices as fine as 5
minutes, using a segmented day format. Young people chose
from a list of 250 activities grouped under 7 rubrics (Inactiv-
ity, Transport, Sport and Play, School, Self-Care, Chores and
Other). The MARCA has a same-day test-retest reliability of r
= (.84-0.92 for major outcome variables (moderate to vigorous
physical activity [MVPA], physical activity level [PAL] and
screen time). The criterion validity of the MARCA has been as-
sessed with reference to accelerometry*? and pedometry,” and
the Spearman rho for PAL was 0.45 and 0.54, respectively.

The MARCA was administered on 2 occasions—once dur-
ing the face-to-face interview in participants’ homes, and once
in a follow-up phone call 1-3 weeks later. Each time, young
people recalled their activities over the 2 previous days (a to-
tal of 4 days were sampled). Wherever possible, at least one
school day and one non-school day were sampled. For the total
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sample, 14% of sampled days were Mondays, 15% were Tues-
days, 14% Wednesdays, 15% Thursdays, 15% Fridays, 14%
Saturdays, and 14% Sundays. Taking into account weekends
and holidays, 48% of sampled days were school days and 52%
were non-school days.

Objective physical activity was recorded using NL-1000
pedometer for 7 days, and the number of daily steps was av-
eraged. The days on which the pedometer was worn usually,
but not always, included at least one of the days recalled us-
ing the MARCA.

Statistical Analyses

Bedtime and wake up time were extracted from the MAR-
CA recalls. Bedtime was defined as the time the young person
“turned out the light and went to sleep” (distinct from other
activities performed while lying down, which are recorded by
the MARCA, such as “listening to music while lying,” “read-
ing while lying,” “lying awake,” or “watching television while
lying”). Wake time was defined as the time the young person
reported they woke up (distinct from the time that they actually
got out of bed). Sleep duration was the amount of time reported
sleeping in each 24-h period (including intra-day naps).

Moderate to vigorous physical activity (MVPA) was calcu-
lated as the number of minutes spent in activities expected to
elicit > 3 METs (METs are units of rates of energy expendi-
ture, which are multiples of basal metabolic rate) as listed in the
MARCA compendium,* and vigorous physical activity (VPA)
as the time spent in activities requiring > 6 METs. The num-
ber of minutes spent in key MVPA subsets was also calculated
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bed/Early-rise; LL, Late-bed/Late-rise. +, SD.

Table 2—Comparison of bedtimes, wake up times and sleep durations across four groups of adolescents

EE LE LL
Characteristic n=719 n =453 n=378 n =650 P-value
Bedtime 9:20PMz® 9:28 PM 10:40 PM= 10:46PM> < 0.0001
+29 min + 25 min + 28 min + 38 min
Wake up time 7:03 AMz® 8:09 AM 7:09 AM« 8:22 AM <0.0001
+ 30 min + 26 min + 30 min + 34 min
Sleep (min/d) 9h43? 10h412 8h392 9h36° <0.0001
+ 44 min + 45 min + 45 min + 54 min

Values with the same superscript in the same row are significantly different. For example, adolescents from the Early-bed/Early-rise group have significantly
different bedtimes from adolescents in the Late-bed/Early-rise and Late-bed/Late-rise groups. EE, Early-bed/Early-rise; EL, Early-bed/Late-rise; LE, Late-

(sport, free play and active transport (i.e., the use of physical
activities such as walking and cycling to get somewhere), as
defined by lists of MARCA codes published elsewhere.**
Compliance with Australian government recommendations
regarding physical activity (> 60 min/d of MVPA)* was as-
sessed by averaging MVPA over the 4 days. Non-sleep physical
activity level (non-sleep PAL) was defined as the average rate
of energy expenditure during waking hours, calculated by the
factorial method, that is, by multiplying the number of minutes
spent in waking activities by the estimated energy expenditure
for each activity, summing the products and dividing by the to-
tal number of waking minutes.

Screen time was the number of minutes the young people
reported watching television, playing videogames, or using a
computer. Compliance with Australian government recom-
mendations regarding screen time (< 120 min/d)*® was assessed
by averaging screen time over the 4 days. Non-screen seden-
tary time (NSST) was calculated as the number of minutes the
young person reported being involved in activities when seated
or lying down expected to elicit < 3 METs, with the excep-
tion of sleep. Total sedentary time was calculated as the sum of
screen time and NSST.

Values for bedtime, wake-up time, and all use of time vari-
ables were adjusted for age and sex by regressing them against
decimal age and fitting a fourth-order polynomial. This was
done separately for boys and girls, and the residuals were used
in analysis. These values represented the degree to which an
individual young person deviated from the expected value for
young people of the same age and sex. Since Australian chil-
dren spend about 1 day in 2 at school (taking into account
weekends, holidays, and student-free days), all use of time
variables were calculated as the average of school day and non-
school day values.

Participants were classified into one of 4 categories, using
median splits for age- and sex-adjusted bedtimes and wake-
up times: Early-bed/Early-rise; Early-bed/Late-rise; Late-bed/
Early-rise; and Late-bed/Late-rise.

Reported household income was stratified into 4 bands:
> AUD104,000; AUD75,000-104,000; AUDS52,000-75,000;
and < AUDS52,000. Remoteness of residence was stratified
into 4 bands using the Accessibility/Remoteness Index for
Australia (ARIA+) method®®: major city, inner regional, outer
regional, and remote. Weight status category (normal weight,
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overweight, or obese) was calculated using the criteria of
Cole et al.,*” and BMI scores were also expressed as z-scores
using the UK 1990 reference.*®

Differences in mean values for continuous dependent vari-
ables (physical activity and components, sedentary behaviors
and components, BMI z-score) were tested using factorial
ANOVA with sleep-wake patterns (Early-bed/Early-rise, Early-
bed/Late-rise, Late-bed/Early-rise, and Late-bed/Late-rise) as
the grouping factor. Chi-squared tests were used to test for dif-
ferences in categorical dependent variables (weight status cat-
egory, compliance with physical activity and screen guidelines,
household income, and remoteness).

Multivariate logistic regressions were conducted to assess
the relationships between sleep-wake patterns and weight sta-
tus, screen time and MVPA (compliance with Australian guide-
lines). Age, sex, household income, remoteness, and sleep
duration were entered as covariates (and weight status when
screen time and MVPA were the dependent variables).

Multivariate logistic regressions were also used to identify so-
ciodemographic characteristics of young people in the Late-bed/
Late-rise group (participation of the young person in part-time
work, family composition [i.e., number of siblings], remoteness
of residence category, and household income category).

Alpha was set at 0.05. No corrections were made for multiple
comparisons, but exact P-values have been reported. Readers
are encouraged to focus on patterns of differences.

RESULTS

Sleep Patterns

One-third of all participants fell into the Early-bed/Early-rise
group, compared to 21% in the Early-bed/Late-rise, 17% in the
Late-bed/Early-rise, and 30% in the Late-bed/Late-rise groups.
As planned, there were significant differences in bedtime, wake
up time and sleep duration (Table 2). The Early-bed/Early-rise
and Late-bed/Early-rise groups woke 60-80 minutes earlier
than the Early-bed/Late-rise and Late-bed/Late-rise groups,
while the Early-bed/Early-rise and Early-bed/Late-rise groups
went to bed 70-90 minutes earlier than the Late-bed/Early-rise
and Late-bed/Late-rise groups. There were statistically signifi-
cant differences in sleep duration across all 4 groups; however,
the difference between the Early-bed/Early-rise group (averag-
ing 9h 43 sleep over a 24-h period) and the Late-bed/Late-rise
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Table 3—Comparison of physical activity across four groups of adolescents

EE EL LE LL

Characteristic n=719 n =453 n=378 n =650 P-value
Non-sleep PAL (METs*) 223 219 2.18° 2.08% < 0.0001
MVPA (min/d) 133 1182 1320 106" <0.0001
V/PA (min/d) 53¢ 472 51¢ 41 <0.0001
Meeting MVPA guidelines (%) 83 79 81 75 0.0005
Sport (min/d) 48 440 45¢ 38e0e 0.0003
Play (min/d) 77% 66° 71° 610 <0.0001
Active transport (min/d) 46 41z 47+ 41 0.012
Daily pedometer steps 11,395%® 10,8212 11,090° 10,468 <0.0001

Values with the same superscript in the same row are significantly different. EE, Early-bed/Early-rise; EL, Early-bed/Late-rise; LE, Late-bed/Early-rise; LL,
Late-bed/Late-rise; PAL, Physical Activity Level; MVPA, moderate-to-vigorous physical activity; VPA, vigorous physical activity. “METs are units of rates of

energy expenditure, which are multiples of basal metabolic rate.

group (9h 36) was quantitatively small. The Early-bed/Late-rise
group slept about 1 h longer (10h 41), while the Late-bed/Early-
rise group slept more than an hour less (8h 29).

Physical Activity

There were significant differences in the amount of physi-
cal activity performed by young people from the different
groups (Table 3). In general, early risers, particularly in the
Early-bed/Early-rise group, were more physically active.
Participants in the Early-bed/Early-rise group had non-sleep
PALs 7% higher than LL participants (P < 0.0001). They ac-
cumulated 27 min more MVPA, 12 minutes more VPA, 16
min more free play, 10 min more sport, and 5 min more active
transport, and took 927 more steps than Late-bed/Late-rise
participants, in spite of being awake only 7 min more each
day. While 83% of Early-bed/Early-rise participants met the
MVPA guidelines of > 60 min/day, 75% of Late-bed/Late-rise
participants met the guidelines.

Adjusted for age, sex, household income, remoteness, sleep
duration, and weight status, the odds ratios for low MVPA (i.e.,
< 60 min/day on average) were 1.00 for Early-bed/Early-rise
(reference category), 1.12 (95% CI 0.79-1.60) for Early-bed/
Late-rise, 1.58 (1.07-2.34, P=0.02) for Late-bed/Early-rise, and
1.77 (1.31-2.38, P = 0.002) for Late-bed/Late-rise (Figure 1).
These patterns were broadly similar when the sample was ana-
lyzed by age and sex subsets.

Sedentary Behaviors

There were also significant differences in the time devot-
ed to sedentary behaviors by participants from the different
groups (Table 4). In general, those with a late bedtime, particu-
larly in the Late-bed/Late-rise group, accumulated more screen
time. Participants in the Late-bed/Late-rise group experienced
48 min more screen time than the Early-bed/Early-rise group,
of which 19 min was TV viewing, and 16 min was passive
videogame playing (i.e., videogames which use a traditional
controller and involve little physical activity), and 11 min
computer use. These patterns were broadly similar when the
data were analyzed by age and sex subsets. Only 12% of Late-
bed/Late-rise participants met the screen guidelines of < 120
min/day, compared to 28% of the Early-bed/Early-rise group.
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There were no differences in study time (P = 0.45) or reading
(P = 0.84). On the other hand, Late-bed/Late-rise participants
accumulated 22 fewer min of non-screen sedentary time than
Early-bed/Early-rise participants. In spite of this, the Late-bed/
Late-rise group experienced 25 more min of sedentary time
in toto. All of these differences persisted when adjusted for
household income, and the same gradients were seen within
each household income band.

When adjusted for age, sex, household income, remoteness,
sleep duration, and weight status, the odds ratios for high screen
time (i.e., > 120 min/day on average) were 1.00 for Early-bed/
Early-rise (reference category), 1.28 (0.93-1.76) for Early-bed/
Late-rise, 1.94 (1.36-2.77, P = 0.0003) for Late-bed/Early-rise,
and 2.92 (2.16-3.94, P < 0.0001) for Late-bed/Late-rise. The
odds ratios for both high screen time and low MVPA were 1.00
for Early-bed/Early-rise (reference category), 1.09 (0.78-1.52)
for Early-bed/Late-rise, 2.10 (1.44-3.06, P < 0.0001) for Late-
bed/Early-rise, and 2.87 (2.08-3.95, P < 0.0001) for Late-bed/
Late-rise (Figure 1).

Weight Status

BMI z-score was higher in those with late bedtimes
(P = 0.0015; Early-bed/Early-rise and Early-bed/Late-rise =
0.45; Late-bed/Early-rise = 0.63; Late-bed/Late-rise = 0.65),
and again, this pattern was consistent when the data were ana-
lyzed by age and sex subsets (data not presented here). Those
with late bedtimes were also more likely to be overweight or
obese (P = 0.007; 29% in Late-bed/Early-rise and Late-bed/
Late-rise vs. 21% in Early-bed/Early-rise and 25% in Early-
bed/Late-rise; Table 5).

Adjusted for age, sex, household income, remoteness,
and sleep duration, the odds ratios for overweight or obesity
were 1.00 for Early-bed/Early-rise (reference category), 1.25
(0.92-1.69, P = 0.16) for Early-bed/Late-rise, 1.55 (1.12-
2.14, P = 0.008) for Late-bed/Early-rise, and 1.47 (1.14-1.90,
P=10.003) for Late-bed/Late-rise. Adjusted for age, sex, house-
hold income, remoteness, and sleep duration, the odds ratios for
obesity were 1.00 for Early-bed/Early-rise (reference category),
1.18 (0.65-2.12, P = 0.59) for Early-bed/Late-rise, 1.89 (1.02-
3.48, P = 0.04) for Late-bed/Early-rise, and 2.16 (1.35-3.46,
P=0.001) for Late-bed/Late-rise (Figure 1).
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Figure 1—Odds ratios (and 95% confidence intervals) for high screen time, low MVPA, obesity,
and high screen and low MVPA by sleep-wake group. Odds ratios have been adjusted for age, sex,
household income, remoteness, sleep duration, and (except for obesity) weight status. *P < 0.05;
EE, Early-bed/Early-rise; EL, Early-bed/Late-rise; LE, Late-bed/Early-rise; LL, Late-bed/Late-rise.

Sociodemographic Characteristics

The sociodemographic characteristics of young people in the
various sleep timing behavior groups differed (Table 1). Post hoc
analyses revealed that, in particular, participants from the Late-
bed/Late-rise group were likely to have fewer siblings (P = 0.006;
2.09 vs. 2.24 for the Early-bed/Early-rise group), to live in ma-
jor cities (P = 0.0002; 62% vs. 48% for the Early-bed/Early-
rise group), to come from the lowest household income band
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(P=10.013; 32% vs. 28% for the Early-
bed/Early-rise group), and to participate
in part-time work compared with the
Early-bed/Early-rise group (P = 0.003).

DISCUSSION

Main Findings

There were large and significant dif-
ferences in time use according to sleep-
ing pattern group. Young people in the
Late-bed/Late-rise group were 1.5
times more likely to be obese than the
Early-bed/Early-rise group, 1.8 times
more likely to be insufficiently active,
and 2.9 times more likely to have ex-
cessive screen time. Broadly speaking,
each day the Late-bed/Late-rise group
replaced about 30 minutes of MVPA
with 30 minutes of sedentary behav-
ior relative to the Early-bed/Early-rise
group. These differences are in spite of
the Early-bed/Early-rise and Late-bed/
Late-rise groups having approximately
the same sleep durations.

Much previous research has empha-
sized the relationship between short
sleep duration and unfavorable weight
status.'®1°324 On the basis of such re-
search, one may have expected the
greatest differences in the current study
to be observed between the Early-bed/
Late-rise and the Late-bed/Early-rise
groups (which on average, differed in
mean sleep duration by > 2 h; 641 min
for the Early-bed/Late-rise group vs. 509
min for the Late-bed/Early-rise group).
On the contrary, the greatest differences
by and large were found between the
Early-bed/Early-rise and Late-bed/Late-
rise groups, which had reasonably simi-
lar sleep durations (583 min vs. 576 min,
respectively, a difference of only 7 min,
which is likely to be of minimal clinical
significance, despite achieving statisti-
cal significance). Furthermore, adjusted
results confirmed that sleep pattern type
had important relationships with weight
status and activity patterns independent
of sleep duration.

Strengths and Weaknesses
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Before considering the implications of these findings, the
study’s strengths and limitations must be acknowledged. This
study used a large, randomly chosen national sample of young
Australian, and a validated, high-resolution use of time instru-
ment with strong test-retest reliability. While the use of a 24-h
recall instrument in this study minimized the risk of under- or
over-reporting,* self-report is subject to the vagaries of memory,
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Table 4—Comparison of sedentary behaviors across four groups of adolescents

EE EL LE LL

Characteristic n=719 n =453 n=378 n =650 P-value
Total sedentary time (min/d) 5642 5412 6132 589° <0.0001
Non-screen sedentary time (min/d) 35380 329 3720 334 <0.0001
Screen time (min/d) 210 213« 241ace 2580de <0.0001
Meeting screen guidelines (%) 28 24 20 12 <0.0001
TV (min/d) 148° 1500 155¢ 1672 0.0004
Videogames (min/d) 31 30 44z 470 <0.0001
Computer (min/d) 302 31 44z 41bd <0.0001
Study and homework (min/d) 19 18 19 17 0.45
Reading (min/d) 24 23 24 22 0.84
Meeting both screen and MVPA guidelines (%) 25 21 16 10 <0.0001

Values with the same superscript in the same row are significantly different. EE, Early-bed/Early-rise; EL, Early-bed/Late-rise; LE, Late-bed/Early-rise; LL,
Late-bed/Late-rise.

Table 5—Comparison of weight status across four groups of adolescents

EE EL LE LL
Characteristic n=719 n =453 n=378 n =650 P-value
BMI z-score 0.45% 0.45% 0.63= 0.66" 0.0015
% overweight or obese 21 25 29 29 0.007

Values with the same superscript in the same row are significantly different. EE, Early-bed/Early-rise; EL, Early-bed/Late-rise; LE, Late-bed/Early-rise; LL,

Late-bed/Late-rise.

particularly in younger adolescents, and social desirability bias.’!
In addition, young people’s behaviors are extremely variable,
and the use of a 4-day sample may not precisely capture typi-
cal individual behaviors. While this will increase variability and
introduce statistical noise, it will not bias parameter estimates.

While analyses were adjusted to account for age, the study
that it did not measure pubertal stage, which has recognized as-
sociations with sleep patterns.*

Implications

While it is clear that the Early-bed/Early-rise sleep pattern
is associated with a more favorable use of time profile, the di-
rection of the relationship, and possible pathways of causa-
tion, can only be hypothesized from this cross-sectional study.
One possibility is that adolescents may voluntarily adjust their
sleep-waking patterns to accommodate their personal activ-
ity interests. For example, young people who are attracted
to physical activity may choose to get up early to maximize
their participation, for example, by taking part in early morn-
ing training sessions, riding or walking to school, or spend-
ing more time before school in active play. Similarly, young
people who prefer screen time may choose to stay up late to
watch favorite shows on television. In this way, young people
may be adjusting their time budgets to match the rhythms of
the world around them.

Alternatively, it is possible that individuals have an inher-
ent disposition towards a particular sleep-waking pattern (psy-
chological and/or genetic in basis), and thence when they are
awake, they participate in what the world has to offer at that
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time. Considerable evidence supports the existence of a circa-
dian clock regulating sleep and other physiological processes.>
Young people who are “naturally” morning-type people will
experience a larger portion of discretionary time in the morn-
ings—a time that may be conducive to physical activity due to
daylight and safety issues. In contrast, young people who are
“naturally” night-type people will experience a larger portion
of their discretionary time in the late evening—a time slot when
physical activity options are somewhat restricted, and relatively
more sedentary and screen-based activities are on offer (with
prime-time television programming and greater opportuni-
ties for computer-based social networking). We re-examined
the use of time data to see whether young people in the dif-
ferent sleep timing behavior groups differed in their physical
and sedentary activity patterns during the early morning and
late evening time slots. These analyses (not shown) revealed
that the young people who went to bed late did indeed accrue
more screen time in the 7 pm to midnight time slot (22-53 min
more, P < 0.0001), and that this difference entirely accounted
for differences in total daily screen time between sleep tim-
ing behavior groups. Similarly, young people who woke early
experienced more MVPA between 05:00 and 10:00 (8-12 min
more, P < 0.0001), and this difference partly, but not entirely,
accounted for differences in total daily MVPA time between
groups (i.e., young people who work up early accrued more
MVPA during the day in addition to accruing more MVPA in
the morning time slot).

It is also important to consider that some external factors
may oblige or encourage young people to have a particular

Sleep Duration or Bedtime?—Olds et al



sleep-wake pattern, with resultant impacts on the types of
activities they can participate in. These external factors may
relate to the culture of the home, such as the parental activ-
ity patterns (for example, parents who need to leave early for
work, or who get home late), siblings’ activity and sleep-wake
patterns, and household rules around bedtime. It is possible
that homes which have more rules and greater parental control
and discipline may encourage early bedtimes and early rising
times.* Late bedtimes may be an indicator of poor parental
control, which is also associated with increased weight.> Some
young people are likely to be involved in sporting activities
which oblige them to rise early to attend training session sched-
uled before school. External factors may also include environ-
mental noise or light-dark cycles. In this study, young people
with a Late-bed/Late-rise sleep-wake pattern were more likely
to reside in metropolitan areas. It is possible that the noise and
bustle of a big city keeps them awake later.® A young person
who is kept awake at night by traffic noise, for example, is
more likely to play videogames or watch TV than to go for a
run or ride.

It is somewhat concerning that the sleep-wake pattern identi-
fied in this study as being associated with the most favorable
activity and weight-status outcomes (the Early-bed/Early-rise
sleep-wake pattern) is the opposite of the age-related trend
towards later bedtimes and later wake times®’ that is charac-
teristically observed during adolescence. In recent years, there
has been a suggestion that cultural changes should be made
to better fit daily demands to adolescents’ natural sleep/wake
preferences (such as later school start times)*®; however, re-
sults from this study suggest that this may lead to unfavorable
changes in other activities (such as physical activity and screen
time) which would have flow-on consequences for the health
of young people.

Certainly, longitudinal research is needed to confirm the di-
rection of associations between bed and wake time habits and
time use and weight status, in addition to other outcomes of
importance for young people (such as psychological health
and academic performance). Results from this study indicate
that the importance of bed time, as opposed to sleep duration,
may have been relatively overlooked to date. Results suggest
that health professionals working with young people on issues
pertaining to sleep behavior should consider bedtime and wake
time in addition to total sleep duration.

Furthermore, there is growing interest in intervention stud-
ies to educate children about sleep, with a view to it impacting
on their sleep behavior and related variables.***° Findings from
the current study suggest that bedtime would be an important
variable to target in such studies. Intervention studies which
manipulate bedtime would provide vital information on causal
mechanisms and may lead to beneficial changes in use of time
and weight status.
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