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Abstract
Background: It has been proposed that introducing daylight saving measures could increase children’s physical
activity, but there exists little research on this issue. This study therefore examined associations between time of
sunset and activity levels, including using the bi-annual ‘changing of the clocks’ as a natural experiment.
Methods: 23,188 children aged 5–16 years from 15 studies in nine countries were brought together in the
International Children’s Accelerometry Database. 439 of these children were of particular interest for our analyses as they
contributed data both immediately before and after the clocks changed. All children provided objectively-measured
physical activity data from Actigraph accelerometers, and we used their average physical activity level (accelerometer
counts per minute) as our primary outcome. Date of accelerometer data collection was matched to time of sunset, and
to weather characteristics including daily precipitation, humidity, wind speed and temperature.
Results: Adjusting for child and weather covariates, we found that longer evening daylight was independently
associated with a small increase in daily physical activity. Consistent with a causal interpretation, the magnitude
of these associations was largest in the late afternoon and early evening and these associations were also evident
when comparing the same child just before and just after the clocks changed. These associations were, however,
only consistently observed in the five mainland European, four English and two Australian samples (adjusted,
pooled effect sizes 0.03-0.07 standard deviations per hour of additional evening daylight). In some settings there
was some evidence of larger associations between daylength and physical activity in boys. There was no evidence of
interactions with weight status or maternal education, and inconsistent findings for interactions with age.
Conclusions: In Europe and Australia, evening daylight seems to play a causal role in increasing children’s activity in
a relatively equitable manner. Although the average increase in activity is small in absolute terms, these increases
apply across all children in a population. Moreover, these small effect sizes actually compare relatively favourably with
the typical effect of intensive, individual-level interventions. We therefore conclude that, by shifting the physical
activity mean of the entire population, the introduction of additional daylight saving measures could yield worthwhile
public health benefits.
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Background
Physical activity confers substantial physical and mental
health benefits in children [1-5], but most children
around the world do not meet current activity guidelines
[6]. For children as for adults, successfully promoting
physical activity is likely to require both individual-level
and population-level interventions [7]. The latter are important because, following the insights of Geoffrey Rose
[8], even a small shift in a population mean can yield
important public health benefits.
One potential population-level measure which has
received some policy attention in recent years concerns
the introduction of additional daylight saving measures
[9]. Although the total number of hours of daylight in
the day is fixed, many countries modify when those
hours fall by ‘changing the clocks’ – for example, putting
the clocks forward in the summer to shift daylight hours
from the very early morning to the evening. Recent decades have seen recurrent political debates surrounding
daylight saving measures in several countries. For example, several Australian states have held repeated
referenda on the topic, and the issue even spawned
the creation in 2008 of the single-issue political party
‘Daylight Saving for South East Queensland’. Similarly a
Bill was debated in the British Parliament between 2010
and 2012 which proposed to shift the clocks forward by
an additional hour year round. This change would have
given British children an estimated average of 200 extra
waking daylight hours per year [10], and the logo of the
associated civil society campaign depicted children playing outdoors in the evening sunlight. The Bill’s accompanying research paper listed “increased opportunities
for outdoor activity” alongside other potential health and
environmental benefits, such as reducing road traffic
crashes and cutting domestic energy use [11]. A similar
argument about leisure-time activity has featured in the
Australian debate [12].
The British Bill’s research paper did not, however,
cite any evidence to support its claims about physical
activity, and nor does much evidence exist regarding
likely impacts on children. Many studies have certainly
reported that children’s physical activity is generally
higher in the summer than in the winter, as reviewed
in [13-15]. Very few studies, however, examine
whether seasonal differences persist after adjustment
for weather conditions, or whether the seasonal patterning of physical activity across the day is consistent
with a causal effect of evening daylight. One study
which did examine these issues in detail found that
seasonal differences in physical activity were greatest
in the late afternoon and early evening, which is what
one would expect if time of sunset did play a causal
role [16]. This study had some major limitations, however,
including its small sample size (N = 325), its restriction
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to a single setting in south-east England, and its failure
to adjust for temperature.
This paper therefore revisited this question in a much
larger, international sample. Our first broad aim was to
test the hypotheses that (i) longer evening daylight is
associated with higher total physical activity, even after
adjusting for weather conditions; and (ii) these overall
differences in physical activity are greatest in the late
afternoon and early evening. Given our uniquely large
sample size, we were also able to use countries’ biannual changing of the clocks as a natural experiment,
i.e. as an event or intervention not designed for research
purposes but which can nevertheless provide valuable
research opportunities [17]. Specifically, we tested the
hypothesis that the same child measured immediately
before and immediately after the clocks changed would
be more active on the days where sunset had been moved
an hour later. Our second broad aim was to examine
whether any associations between evening daylight and
activity levels differed by study setting, sex, age, weight
status or socio-economic position.

Methods
Study design

The International Children’s Accelerometry Database
(http://www.mrc-epid.cam.ac.uk/research/studies/icad/)
was established to pool objectively-measured physical
activity data from studies using the Actigraph accelerometer in children worldwide. The aims, design and
methods of ICAD have been described in detail elsewhere [18]. Formal data sharing agreements were established and all partners consulted their individual research
board to confirm that sufficient ethical approval had been
attained for contributing data.
Participants

The full ICAD database pools accelerometer data from
20 studies conducted in ten countries between 1997 and
2009 [18]. In this paper, we excluded four studies which
focussed on pre-school children and one study for which
date of measurement was not available. We used baseline data from all of the 15 remaining studies, plus
follow-up measurements in the seven longitudinal studies
and one natural experimental study (Additional file 1:
Table A1). We also used follow-up measurements from
the control group of one of the two randomised controlled
trials, as for this study it was possible to distinguish intervention and control groups.
Among 23,354 individuals aged 5–16 years old in the
15 eligible studies, we excluded 1.7% of measurement
days (0.7% of individuals) because of missing data on
age, sex, weight status or weather conditions. Our resulting study population consisted of 23,188 participants
who between them provided 158,784 days of valid data
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across 31,378 time points (Table 1). Although our full
study population included children providing data from
any part of the year, one of our analyses was limited to
439 children who were sampled during a week which
spanned the clock change (51% female, age range 5–16,
1830 measurement days).
Measurement of physical activity

All physical activity measurements were made with uniaxial, waist-worn Actigraph accelerometers (models 7164,
71256 and GT1M); these are a family of accelerometers
that have been shown to provide reliable and valid measurement of physical activity in children and adolescents
[19-21]. All raw accelerometer data files were re-analysed
to provide physical activity outcome variables that could
be directly compared across studies (see [18] for details).

Table 1 Descriptive characteristics of study participants
N (%)
participants
Full sample
Sex

Age

Country
[No. studies]

Weight status

N (%)
valid days

23,188 (100%) 158,784 (100%)
Male

8819 (38%)

62,745 (40%)

Female

14,369 (62%)†

96,039 (60%)

5-6 years

1800 (8%)

7855 (5%)

7-8 years

711 (3%)

4963 (3%)

9-10 years

5769 (25%)

30,702 (19%)

11-12 years

9616 (41%)

61,352 (39%)

13-14 years

4206 (18%)

46,530 (29%)

15-16 years

1086 (5%)

7382 (5%)

Australia [N = 2]

2459 (11%)

18,679 (12%)

Brazil [N = 1]

453 (2%)

1577 (1%)

Denmark [N = 2]

2031 (9%)

11,030 (7%)

England [N = 4]

10,284 (44%)

83,420 (53%)

Estonia [N = 1]

656 (3%)

2537 (2%)

Madeira [N = 1]

1214 (5%)

4899 (3%)

Norway [N = 1]

384 (2%)

1459 (1%)

Switzerland [N = 1]

404 (2%)

2569 (2%)

United States [N = 2] 5303 (23%)

32,614 (21%)

Normal/underweight 17,573 (76%)

121,350 (76%)

Overweight

4116 (18%)

27,967 (18%)

Obese

1499 (6%)

9467 (6%)

Mother’s education Up to high school

7422 (48%)

54,547 (48%)

College/vocational

2656 (17%)

19,352 (17%)

University level

5251 (34%)

38,723 (34%)

For individuals measured more than once, the first column gives age and
weight status at baseline while the second column gives age and weight
status during the measurement period in question. Numbers add up to less
than the total for mother’s education because this variable was only collected
in 11 of the 15 studies, and was also subject to some missing data within
those 11 studies (see Additional file 1: Tables A1 and A2). †Proportion of girls
52% after excluding one large American study that measured girls only.
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Data files were reintegrated to a 60 second epoch where
necessary and processed using commercially available software (KineSoft v3.3.20, Saskatchewan, Canada). Non-wear
time was defined as 60 minutes of consecutive zeros
allowing for 2 minutes of non-zero interruptions [22].
We restricted our analysis of activity data to the time
period 07:00 and 22:59, and defined a valid measurement
day as one recording at least 500 minutes of wear time
during this time period (18% days excluded as invalid).
When examining the pattern of physical activity across
the day, we only included hours with at least 30 minutes
of measured wear time. Each participating child provided an average of 5.1 days across the week in which
they were measured (range 1–7); we did not require a
minimum number of valid days of accelerometer data
per child because days, not children, were our primary
units of analysis.
Although we sought to limit our analyses to activity
during waking hours, we unfortunately lacked reliable
data on the time children went to sleep or woke up.
While most children took their accelerometers off to
sleep, on 6% of days there was evidence of overnight
wear, defined as ≥5 minutes of weartime between 1:00
and 04:59. On these days, we assumed the child was in
fact sleeping during any hour between 21:00 and 07:59
for which the mean accelerometer counts per minute
(cpm) was below 50. Mean cpm values of under 50 were
observed for 90% of hours recorded between 03:00 and
03:59 but only 3% of hours recorded between 19:00 and
19:59, suggesting this cut-point provided a reasonable
proxy for sleeping time among children for whom we
had reason to suspect overnight wear. Our findings were
unchanged in sensitivity analyses which instead used
thresholds of 30 cpm or 100 cpm to exclude suspected
sleeping time, or which excluded altogether the 6% of
days with suspected overnight wear.
Our pre-specified primary outcome measure was the
child’s average counts per minute. Substantive findings
were similar in sensitivity analyses which instead used percent time spent in moderate-to-vigorous physical activity
(MVPA), defined either as ≥3000 cpm [23] or ≥2296 cpm
[24]. For our key findings, we present these MVPA results
(using the ≥3000 cpm cut-off) alongside the results for
mean cpm. In order to facilitate interpretation of these
MVPA results, we additionally convert the observed percentage times into approximate absolute minutes on the
assumption of a 14-hour average waking day [25].
Time of sunset and covariates

For each day of accelerometer wear, we used www.
timeanddate.com to assign time of sunset on that specific date in the city in which, or nearest which, data collection took place. We also used the date and the city of
data collection to assign six weather variables to each
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Evening daylight and overall activity levels

100

A later hour of sunset (i.e. extended evening daylight)
was associated with increased daily activity across the
full range of time of sunset, and this association was
only partly attenuated after adjusting for the six weather
covariates (Figure 1). Here and for all findings reported
subsequently, substantive findings were similar in sensitivity analyses which instead used percent time spent in
MVPA. The adjusted difference in overall daily activity between days with sunset after 21:00 vs. before 17:00 was

Minimally-adjusted
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Both time of sunset and weather vary between individual
days, and we therefore used days not children as our
units of analysis. We adjusted for the clustering of days
within children using robust standard errors. All analyses used Stata 13.1.
To address our first aim, we fit linear regression
models with the outcome being daily or hourly activity
cpm. Time of sunset was the primary explanatory variable of interest, with adjustment for study population,
age, sex, weight status, day of the week and the six weather covariates. When using the changing of the clocks
as a natural experiment, we restricted our analyses to
the 439 children with at least one valid school day
measurement both in the week before and in the week
after the clocks changed (e.g. Wednesday, Thursday
and Friday before the clocks changed and Monday and
Tuesday afterwards).
To address our second aim, we calculated the adjusted
effect size of evening daylight separately for each study
population. We used forest plots to present the fifteen
resulting effect sizes, together with an I2 value representing between-study heterogeneity and with an overall
pooled effect size estimated using random effects metaanalysis [28]. We sometimes converted pooled estimates
into standardised effect sizes by dividing by the standard
deviation of activity cpm for the population in question.
We then proceeded to fit interaction terms between
evening daylight and the four pre-specified characteristics of sex, age, weight status and maternal education.
These four characteristics were selected a priori as characteristics that we felt to be of interest and that were

Results
The characteristics of the participants are summarised in
Table 1. Of the measurement days, 66% were schooldays
and 38% of days had no precipitation. The average daily
temperature was 12°C (range −21 to 33°C, inter-quartile
range 7 to 16°C). Mean daily weartime was 773 minutes
(12.9 hours), and this was similar regardless of time of
sunset (e.g. regression coefficient +1.40 minutes for days
with sunset 18:00–19:59 versus pre-18:00 after adjusting
for study population, age and sex; and −2.5 minutes for
days with sunset post-20:00 versus pre-18:00).

0

Statistical analyses

relatively consistently measured across the ICAD studies. We fit these interaction terms after stratifying by
study population, and calculated I2 values and pooled
effect sizes. When examining interactions with age,
we restricted our analyses to children aged 9–15 as
most measurement days (91%) were of children between
these ages.

Adjusted mean daily
activity cpm (95% CI)

day: total precipitation across the day, mean humidity
across the day, maximum daily wind speed, mean daily
temperature, maximum departure of temperature above
the daily mean, and maximum departure of temperature
below the daily mean. We accessed these data using
Mathematica 9 (Wolfram Research), which compiles
daily information from a wide range of weather stations
run by states, international bodies or public-private partnerships [26]. The correlation between hour of sunset
and mean temperature was moderately but not prohibitively high (r = 0.59), while correlations with other weather covariates were modest (r < 0.30).
The child’s height and weight were measured in the
original studies using standardized clinical procedures,
and we used these to calculate body mass index (kg/m2).
Participants were categorized as underweight/normal
weight, overweight or obese according to age and sexspecific cut points [27]. Maternal education was assessed
in 11/15 studies, and was re-coded to distinguish between ‘high school or lower’ education versus ‘college or
university’ education (Additional file 1: Table A2).
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Figure 1 Association between time of sunset and total daily
activity. CI = confidence interval, cpm = counts per minute. Analysis
based on 158,784 measurement days from 23,188 children from 15
studies in 9 countries. Minimally-adjusted analyses adjust for age, sex
and study population; additionally-adjusted analyses also include day
of the week, weight status and (most importantly) the six weather
covariates. Hour of sunset is rounded down, e.g. ‘18’ covers ‘18:00–18:59’,
and the reference group is sunset before 17:00.
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75 cpm (95% CI 67, 84). The equivalent difference for
percent daily time in MVPA was 0.72% (95% CI 0.60, 0.84)
using the ≥3000 cpm cut-point, which translates into
around 6 minutes. To put the values on the y-axis in context, participants had a mean daily activity count of
560 cpm (649 in boys, 503 in girls), and spent an average
of 4.0% of their day, or 33 minutes, in MVPA (5.2%/
43 minutes in boys, 3.1%/26 minutes in girls). The adjusted differences between the days with more versus
less evening daylight are therefore modest but not
trivial in relation to children’s overall activity levels.
Evening daylight and the patterning of activity across
the day

600

(95% CI 62, 125); the equivalent increase in percent
of time spent in MVPA was 0.84% (95% CI 0.40%,
1.28%) or 2.0 minutes.
Importantly, Figure 2 and Figure 3 show no association between hour of sunset and activity levels in the
morning, and generally no association in the early afternoon (with the exception of a modest effect on weekend/holiday days as early as 14:00 in Figure 2). This
suggests that the association between evening daylight
and physical activity cannot readily be explained by residual confounding by weather conditions, since any effects of weather would generally be expected to operate
more evenly across the day [16]. These findings also provide no suggestion that later sunrise is associated with
reduced activity in the morning, including on days when
the sun set before 18:00 and on which the average time
of sunrise was not until 07:27 (inter-quartile range 07:05
to 07:54).
Examining differences by place, sex, age, weight and
maternal education

As shown in Figure 4, there was strong evidence that
the association between evening daylight and physical
activity varied systematically between settings (I2 = 75%,
p < 0.001, for overall heterogeneity between the 15 studies).
Specifically there was relatively consistent evidence that
evening daylight was associated with higher average physical activity in mainland Europe, England and (to a lesser
extent) Australia. The pooled point estimates of the increase in daily mean activity in these three settings were

Weekend/holidays

0

200

400

School days

-200

Adjusted mean daily activity cpm

Consistent with a causal interpretation, hour-by-hour
analyses indicated that it was in the late afternoon and
evening that the duration of evening daylight was most
strongly associated with hourly physical activity levels
(Figure 2). This was true on both schooldays and weekend/
holiday days, with the period of the day when physical
activity fell fastest corresponding to the timing of sunset (e.g. falling fastest between 18:00 and 19:00 on days
when the sun also set between those hours). Similarly,
when comparing the subsample of 439 children who
were measured on schooldays immediately before and
immediately after the changing of the clocks, there was
strong evidence that children were more active during
the evening of the days with later sunset (Figure 3).
Between 17:00 and 20:59 the mean increase in physical
activity on the days with later sunset was 94 cpm per hour
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Figure 2 Adjusted mean activity counts per minute across the hours of the day, according to the time of sunset. cpm = counts per
minute. Analysis based on 158,784 measurement days from 23,188 children from 15 studies in 9 countries. Analyses adjust for study population,
age, sex, day of the week, weight status and the six weather variables, with a reference group of 09:00 on days with sunset before 18:00. Hours
are rounded down, e.g. ‘18’ covers ‘18:00–18:59’. Confidence intervals not presented as they are generally too narrow to be clearly visible:
Additional file 1: Figure A1 includes a version of this graph with confidence intervals.

Mean hourly activity cpm (95% CI)
300 400 500 600 700 800
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7-8
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11-12 13-14 15-16 17-18 19-20 21-22
Hour of the day
Later sunset
Earlier sunset
(after clocks moved forward
(before clocks moved forward
or before they moved back)
or after they moved back)

Figure 3 Mean physical activity across the hours of the day,
comparing children either side of the changing of the clocks.
CI = confidence interval, cpm = counts per minute. Analysis based on
1830 schooldays from 439 children from 11 studies in 9 countries.
Analyses restricted to children with at least one valid schoolday
measurement day both before and after the clocks changed; to
increase power, data from across the spring and autumn clock
changes are pooled. Hours are grouped into two-hour time periods to
increase power and are rounded down, e.g. ‘7-8’ covers ‘07:00–08:59’.
Adjustment was not essential as each child serves as his or her own
control, but the results were similar in adjusted analyses.

20.2 cpm, 15.7 cpm and 8.2 cpm per additional hour of
evening daylight; these changes translate into standardised effect sizes of 0.07, 0.06 and 0.03, respectively.
The equivalent effect sizes in terms of percent of daily
time spent in MVPA were 0.19%, 0.20% and 0.05% per
additional hour of evening daylight, corresponding to
around 1.6 minutes, 1.7 minutes and 0.4 minutes respectively. By contrast, there was little or no consistent
evidence of associations with evening daylight in the
American samples or in the Madeiran and Brazilian samples, with standardised effect sizes ranging from −0.02
to +0.01 and in all cases non-significant. A post-hoc univariable meta-regression analysis provided some evidence
that the smaller magnitude of the associations in these
latter settings might reflect their higher maximum temperatures (adjusted R2 = 51%, p = 0.01: see Additional
file 1: Figure A2 and accompanying text).
Although associations with evening daylight varied
markedly between settings, there was less convincing
evidence for interactions with the child’s characteristics
(Figure 4, plus Additional file 1: Figures A3-A4). This
lack of an interaction was clearest for weight status and
maternal education, with neither variable showing any
significant interaction in any of the five study settings,
and with the overall pooled effect sizes also nonsignificant. By contrast, the non-significant pooled interaction terms for sex and age were harder to interpret as
in both cases there was some evidence of between-study
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heterogeneity (0.01 ≤ p ≤ 0.02). With respect to sex, this
heterogeneity reflected the fact that the association between evening daylight and physical activity tended to
be stronger in boys than in girls in some European and
English samples, but this was not the case in the other
settings (Additional file 1: Figure A3). With respect to
age, there was no very obvious pattern: the magnitude of
the association with evening daylight was greater among
younger children in Denmark, was greater among older
children in Australia, and did not differ according to age
in the remaining three settings for which sufficient data
were available.

Discussion
Among 23,000 school-age children from 9 countries, we
found strong evidence that longer evening daylight was
associated with a small increase in daily physical activity,
even after adjusting for weather conditions. Consistent
with a causal interpretation, the magnitude of this associations was largest in the late afternoon and early
evening, including when the same child was measured
immediately before and after the clocks went forward
or back. These associations were, however, only consistently observed in the European and Australian samples.
There was inconsistent evidence that the magnitude of
the association with evening daylight was greater in
boys; no evidence of any differences in the magnitude
of the association according to weight status or maternal education; and inconsistent findings for interactions
with age.
Limitations and directions for future research

This study substantially extends previous analyses of
some subsets of this data, which have at most only provided a relatively brief examination of physical activity
differences by season [29,30]. It also addresses several
recognised limitations of the existing literature [14],
including small sample sizes, inconsistent accelerometer
protocols and little or no examination of interactions
with factors such as age, sex or weight status. In
addition, our large sample size allowed us to use the biannual changing of the clocks as a natural experiment,
and to show significant differences in children’s activity
levels either side of the clock change. This observation
considerably strengthens the case for a causal interpretation of the association between evening daylight and
physical activity, as does the fact that the fastest decrease
in children’s evening physical activity coincided with
sunset throughout the year.
This study does, however, also have several important
limitations. First, our data were largely cross-sectional
rather than longitudinal: although we could follow the
same child across the week when the clocks changed, we
could not follow children across a full year. We have,
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Effect size by study populations

Interactions, pooled effect sizes

Mainland Europe
Denmark EYHS
Denmark CSCIS
Estonia EYHS
Switzerland KISS
Norway EYHS
England
ALSPAC
PEACH
SPEEDY
CHAMPS UK

3.3 (-2.1, 8.8);
I2=53%, p=.01
Boys vs. girls
20.2 (15.0, 25.4);
I2=0%, p=.77
Change per
year of age

-0.2 (-2.1, 1.8);
I2=67%, p=.02

Overweight/
obese vs.
normal

-1.5 (-5.9, 2.8);
I2=25%, p=.18

15.7 (9.6, 21.8);
I2=69%, p=.02

Australia
CLAN
HEAPS
8.2 (0.9, 15.5);
I2=0%, p=.86
USA
Iowa Bone Study
Project TAAG
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2.8 (-6.0, 11.6);
I2=51%, p=.15

Other
Madeira EYHS
Pelotas, Brazil

University/
college
vs. high
school

-2.7 (-6.7, 1.1);
I2=10%, p=.35

-4.9 (-17.5, 7.8);
I2=0%, p=.77
-20
0
20
40
Adjusted change in daily cpm
per hour extra evening daylight

-5
0
5
10
Adjusted term for interaction with hours of
evening daylight, in predicting daily cpm

Figure 4 Association between evening daylight and physical activity across study populations, and pooled effect sizes for interactions
by sex, age, weight status and maternal education. cpm = counts per minute. Analysis based on 23,188 children from 15 studies in 9
countries, except for the comparison of maternal education which is based on 15,563 children in 11 studies in 8 countries (see Additional file 1:
Tables A1 and A2 for details of studies providing maternal education data). On the left, random-effects pooled estimates are presented by
country/region, together with 95% confidence intervals. Points to the right of the line indicate that longer evening daylight is associated
with increased mean daily cpm, points to the left indicate the reverse. On the right, pooled effect sizes and 95% confidence intervals are
shown following tests for interaction, with the adjusted interaction term representing the difference that the interaction variable (e.g. sex)
makes to the effect size for evening daylight upon total daily activity measured in cpm. For interaction terms stratified by study population
see the Additional file 1: Figures A3 and A4.

however, no reason to believe that children sampled at
different times of the year differed systematically within
or between studies.
A second set of limitations involves data not available
to us. For one thing, although we adjusted for observed
weather conditions on each day of measurement, the
timing of some physically active events may instead reflect expected weather conditions (e.g. some schools may
routinely schedule sports days on summer afternoons in
the hope that it will be warm and dry). Failing to adjust for
such social expectations may mean that our effect estimates are still subject to some residual confounding by
weather, and this may partly account for why small differences in activity levels were seen as early as 14:00 on
weekend/holidays. In addition, we lacked any data on the
behavioural mediators of the observed activity differences.
As such, we cannot examine how far one can generalise
the findings of one previous, small English study which
found that associations between day length and activity
levels were largely mediated by outdoor play [16]. This is
one useful direction for future research, perhaps particularly as it becomes increasingly possible to substitute or

complement detailed activity diaries with data from global
positioning systems (GPS) monitors [31]. We also lacked
systematic information on area-level factors such as neighbourhood safety or the availability of green space which
might plausibly moderate the effect of evening daylight
upon physical activity; again, this would be one useful
direction for future research. Also of interest would be
an examination of how a wider range of behaviours vary
with daylength; these were largely beyond the scope of
what is possible in the ICAD database, although the lack
of any association between time of sunset and accelerometer weartime provides some indirect evidence against
an effect of evening daylight on children’s duration of
sleep.
Finally, most of our study populations came from Europe
and almost all came from high-income settings, meaning
that more research would be needed to establish how
far the observed associations apply across other settings. Our data do, however, give some hints that daylight saving measures might not increase activity in hot
settings, perhaps because high temperatures may inhibit
summertime activity.
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Implications for policy and practice

The British parliament recently debated a Bill proposing
new daylight saving measures which would shift the
clocks forward by one additional hour year round [10]. If
the adjusted, pooled effect size we observed in this study
were fully causal, one would expect the proposed daylight
savings measures to generate a 0.06 standard deviation
increase in the total physical activity of English children,
corresponding to an estimated 1.7 extra minutes of
MVPA per day. The equivalent standardised effect sizes
in mainland Europe and in Australia were 0.07 and 0.03,
respectively. As such, introducing additional daylight saving measures in any of these settings would be likely only
to have a small-to-very-small average effect upon each
child. Such measures would, however, have far greater
reach than most other potential policy initiatives, with
these small average effects applying every day to each
and every child in the country. This is important because
even small changes to the population mean can have
important public health consequences [8]. Moreover, although these population-level effect sizes are small in
absolute terms, the English and mainland European effect
estimates actually compare relatively favourably to
individual-level approaches, despite the latter generally being much more intensive (and expensive). For example,
one recent meta-analysis of 22 randomised controlled
comparisons reported a standardised pooled effect size of
0.12 (95% CI 0.04, 0.20) for interventions seeking to promote child or adolescent physical activity [32].
Notably, the association between longer evening daylight
and higher physical activity was observed irrespective of
weight status or maternal education. This contrasts with
one previous Australian survey in which daylight savings
measures seemed to have the largest effects among normal
weight adults from socio-economically advantaged groups
[33]. Further research in adults would be useful to confirm
this finding, ideally using objectively-measured activity
data. Speculatively, however, a relatively wide range of
children may respond to longer evening daylight by playing more outdoors whereas among adults the effect may
primarily be confined to the groups with the highest propensity to exercise.

Conclusions
This study provides the strongest evidence to date that,
in European and Australian settings, evening daylight
plays a causal role in increasing physical activity in the
late afternoon and early evening – a period which has
been described as the ‘critical hours’ for children’s physical activity [34]. In these settings, it seems possible that
additional daylight saving measures could shift mean
population child physical activity levels by an amount
which, although small in absolute terms, would not be
trivial relative to what can feasibly be achieved through
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other approaches. Moreover, our findings also suggest
that this effect might operate in a relatively equitable
way. As such, while daylight savings proposals such as
those recently considered in Britain would not solve the
problem of inadequate levels of child physical activity,
this paper indicates that they could represent a small step
in the right direction.

Additional file
Additional file 1: Additional methods and results; presentation of
fuller details on the studies included in the analyses, and additional
results.

Abbreviations
CI: Confidence intervals; cpm: Counts per minute; ICAD: International Children’s
Accelerometry Database; MVPA: Moderate-to-vigorous physical activity.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AG conceived the study and led the analysis and the writing, with input
from AP and AC. All authors contributed to data interpretation, and all
approve the final version.
Funding
Funding for the ICAD study was provided by the UK National Prevention
Research Initiative (NPRI; http://www.npri.org.uk). Funding partners are: British
Heart Foundation; Cancer Research UK; Department of Health; Diabetes UK;
Economic and Social Research Council; Medical Research Council; Research
and Development Office for the Northern Ireland Health and Social Services;
Chief Scientist Office, Scottish Executive Health Department; The Stroke
Association; Welsh Assembly Government and World Cancer Research Fund.
AG contributed to this project while funded by a post-doctoral fellowship
from the National Institute of Health Research (NIHR). AC is supported by the
NIHR Bristol Nutrition Biomedical Research Unit based at University Hospitals
Bristol NHS Foundation Trust and the University of Bristol. The views expressed
in this paper are those of the authors and not necessarily those of the NHS, the
NIHR, Department of Health or of the other study funders. The members of the
ICAD steering committee are Prof. A. R. Cooper, Prof. U. Ekelund, Dr. L. Sherar,
Dr D. Esliger, Dr A. S. Page and Dr E. van Sluijs. Contributors of data to the
International Children’s Accelerometry Database (ICAD) studies used in this
paper are: Dr. K. Kordas, Avon Longitudinal Study of Parents and Children
(ALSPAC) (kasia.kordas@bristol.ac.uk); Dr. R. Davey, Children’s Health and Activity
Monitoring for Schools (CHAMPS UK) (rachel.davey@canberra.edu.au);
Prof. R.R. Pate, Physical Activity in Pre-school Children; Trial of Activity for
Adolescent Girls (TAAG) (rpate@mailbox.sc.edu); Prof. J. Salmon, Children
Living in Active Neighbourhoods (CLAN) (jo.salmon@deakin.edu.au);
Prof. L. B. Andersen, Copenhagen School Child Intervention Study (CSCIS)
(lboandersen@health.sdu.dk); Dr. K. Froberg, European Youth Heart Study
(EYHS), Denmark, Estonia (kfroberg@health.sdu.dk); Prof. L. Sardinha,
EYHS, Portugal (lsardinha@fmh.utl.pt); Prof. S. Anderssen, EYHS, Norway
(s.a.anderssen@nih.no); Dr. A. Timperio, Healthy Eating and Play Study
(HEAPS) (anna.timperio@deakin.edu.au); Prof. K.F. Janz, Iowa Bone Development
Study (kathleen-janz@uiowa.edu); Dr. S. Kreimler, Kinder-Sportstudie (KISS)
(susi.kriemler@unibas.ch); Prof. A.R. Cooper, Personal and Environmental
Associations with Children’s Health (PEACH) (ashley.cooper@bristol.ac.uk);
Dr. P. Hallal, 1993 Pelotas Birth Cohort (prchallal@gmail.com); Dr E. van Sluijs,
Sport, Physical activity and Eating behaviour: Environmental Determinants in
Young people (SPEEDY) (esther.vansluijs@mrc-epid.cam.ac.uk). Many thanks to
Dr. G. P. Sutton for help with using Mathematica, and to Prof. U. Ekelund,
Dr. L. Sherar, Prof. J. Salmon and Dr. E. van Sluijs for comments on draft
versions of this paper.

Goodman et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:84
http://www.ijbnpa.org/content/11/1/84

Author details
1
Faculty of Epidemiology and Population Health, London School of Hygiene
and Tropical Medicine, Keppel Street, London WC1E 7HT, UK. 2Centre for
Exercise, Nutrition and Health Sciences, University of Bristol, Bristol, UK.
3
National Institute for Health Research, Bristol Biomedical Research Unit in
Nutrition, Diet and Lifestyle, Bristol, UK.

Published: 23 October 2014

References
1. Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper A: Moderate to
vigorous physical activity and sedentary time and cardiometabolic risk
factors in children and adolescents. JAMA 2012, 307:704–712.
2. Janssen I, Leblanc AG: Systematic review of the health benefits of
physical activity and fitness in school-aged children and youth. Int J
Behav Nutr Phys Act 2010, 7:40.
3. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B,
Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, Rowland T, Trost S,
Trudeau F: Evidence based physical activity for school-age youth.
J Pediatr 2005, 146:732–737.
4. Butland B, Jebb SA, Kopelman P, McPherson K, Thomas S, Mardell J, Parry V:
Foresight. Tackling Obesities: Future Choices - Project Report. London:
Government Office for Science; 2007.
5. The Chief Medical Officer: At Least Five a Week: Evidence on the Impact of
Physical Activity and its Relationship to Health. London: Department of
Health; 2004.
6. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U: Global
physical activity levels: surveillance progress, pitfalls, and prospects.
Lancet 2012, 380:247–257.
7. Kohl HW 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G,
Kahlmeier S: The pandemic of physical inactivity: global action for public
health. Lancet 2012, 380:294–305.
8. Rose G: Sick individuals and sick populations. Int J Epidemiol 1985,
14:32–38.
9. Hillman M: More daylight, better health: why we shouldn’t be putting
the clocks back this weekend. BMJ 2010, 341:c5964.
10. Hillman M: Making the Most of Daylight Hours: The Implications for Scotland.
London: Policy Studies Institute; 2010.
11. Bennett O: Daylight Saving Bill 2010–11. Research Paper 10/78. London:
House of Commons Library; 2010.
12. Nielsen: Understanding attitudes towards daylight saving in Queensland:
Resident and business surveys on behalf of Department of the Premier and
Cabinet. 2007. Accessed 06/08/2013 from http://www.premiers.qld.gov.au/
publications/categories/reports/assets/daylight-saving-full-report.pdf.
13. Carson V, Spence JC: Seasonal variation in physical activity
among children and adolescents: a review. Pediatr Exerc Sci 2010,
22:81–92.
14. Rich C, Griffiths LJ, Dezateux C: Seasonal variation in accelerometerdetermined sedentary behaviour and physical activity in children: a
review. Int J Behav Nutr Phys Act 2012, 9:49.
15. Tucker P, Gilliland J: The effect of season and weather on physical
activity: a systematic review. Public Health 2007, 121:909–922.
16. Goodman A, Paskins J, Mackett R: Day length and weather effects on
children’s physical activity and participation in play, sports and active
travel. J Phys Act Health 2012, 9:1105–1116.
17. Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, Ogilvie D,
Petticrew M, Reeves B, Sutton M, Thompson S: Using natural experiments
to evaluate population health interventions: new Medical Research
Council guidance. J Epidemiol Community Health 2012, 66:1182–1186.
18. Sherar LB, Griew P, Esliger DW, Cooper AR, Ekelund U, Judge K, Riddoch C:
International children’s accelerometry database (ICAD): design and
methods. BMC Public Health 2011, 11:485.
19. Ekelund U, Sjostrom M, Yngve A, Poortvliet E, Nilsson A, Froberg K,
Wedderkopp N, Westerterp K: Physical activity assessed by activity
monitor and doubly labeled water in children. Med Sci Sports Exerc 2001,
33:275–281.
20. Sirard JR, Melanson EL, Li L, Freedson PS: Field evaluation of the Computer
Science and Applications, Inc. physical activity monitor. Med Sci Sports
Exerc 2000, 32:695–700.

Page 9 of 9

21. Brage S, Wedderkopp N, Franks P, Andersen LB, Froberg K: Reliability and
validity of the computer science and applications accelerometer in a
mechanical setting. Measure Phys Educ Exer 2003, 7:101–119.
22. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M: Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc 2008, 40:181–188.
23. Treuth MS, Schmitz K, Catellier DJ, McMurray RG, Murray DM, Almeida MJ,
Going S, Norman JE, Pate R: Defining accelerometer thresholds for activity
intensities in adolescent girls. Med Sci Sports Exerc 2004, 36:1259–1266.
24. Evenson K, Cattellier D, Gill K, Ondrak K, McMurray R: Calibration of two
objective measures of physical activity for children. J Sports Sci 2008,
26:1557–1565.
25. Williams JA, Zimmerman FJ, Bell JF: Norms and trends of sleep time
among US children and adolescents. JAMA Pediatr 2013, 167:55–60.
26. Mathematica W: Documentation centre: WeatherData source information.
2013. Accessed 06/08/2013 from http://reference.wolfram.com/
mathematica/note/WeatherDataSourceInformation.html.
27. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard definition
for child overweight and obesity worldwide: international survey.
BMJ 2000, 320:1240–1243.
28. Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-analysis.
Stat Med 2002, 21:1539–1558.
29. Riddoch CJ, Mattocks C, Deere K, Saunders J, Kirkby J, Tilling K, Leary SD,
Blair SN, Ness AR: Objective measurement of levels and patterns of
physical activity. Arch Dis Child 2007, 92:963–969.
30. Kristensen PL, Korsholm L, Moller NC, Wedderkopp N, Andersen LB,
Froberg K: Sources of variation in habitual physical activity of
children and adolescents: the European youth heart study. Scand J
Med Sci Sports 2008, 18:298–308.
31. Cooper AR, Page AS, Wheeler BW, Hillsdon M, Griew P, Jago R: Patterns of
GPS measured time outdoors after school and objective physical activity
in English children: the PEACH project. Int J Behav Nutr Phys Act 2010,
7:31.
32. Kamath CC, Vickers KS, Ehrlich A, McGovern L, Johnson J, Singhal V, Paulo R,
Hettinger A, Erwin PJ, Montori VM: Clinical review: behavioral interventions
to prevent childhood obesity: a systematic review and metaanalyses of
randomized trials. J Clin Endocrinol Metab 2008, 93:4606–4615.
33. Health Department of Western Australia: Daylight Saving and its Effect on Physical
Activity [bulletin]. Perth: State Government of Western Australia; 2007.
34. Atkin AJ, Gorely T, Biddle SJ, Marshall SJ, Cameron N: Critical hours:
physical activity and sedentary behavior of adolescents after school.
Pediatr Exerc Sci 2008, 20:446–456.
doi:10.1186/1479-5868-11-84
Cite this article as: Goodman et al.: Daylight saving time as a potential
public health intervention: an observational study of evening daylight
and objectively-measured physical activity among 23,000 children from
9 countries. International Journal of Behavioral Nutrition and Physical Activity
2014 11:84.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

