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Chapter 1

Sleep Complaints and Sleep Schedules in
Snoring Children from a Community
Sample
Cicua-Navarro DC1 ∗ , Lushington K1 , Kohler M1 , Biggs SN2 , Martin J3,4 , Kennedy D3,4
1 Centre for Sleep Research, University of South Australia, Adelaide, SA, Australia.
2 Monash Institute of Medical Research, Monash Medical Centre, Monash University, Clayton, VIC,
Australia.
3 Children’s Research Centre, University of Adelaide, Adelaide, SA, Australia.
4 Respiratory and Sleep Medicine, Women’s and Children’s Hospital, North Adelaide, SA, Australia.
Aims Children with habitual snoring are reported to have morning tiredness and restless sleep. However, little is
known about other possible comorbid sleep problems and most ﬁndings are based on evidence from clinical samples and
less is known about community-based samples. Accordingly, the aim of the current study is to examine co-morbid sleep
problems and sleep routine in non-snoring versus snoring children recruited from a community sample. Methods
Children from a previous epidemiological study examining prevalence of sleep complaints and sleep/wake behaviours
in South Australia were included in this sample (N = 94). Children were identiﬁed as non-snorers (N = 54, 8.2
± 2 yr, 37% males), infrequent snorers (N = 22, 8 ± 2 yr, 31.8% males), and frequent snorers (N = 18, 8 ± 2 yr,
39.8% males). Comorbid sleep problems were assessed through The Pediatric Sleep Problems Survey Instrument with
additional sleep routine questions. Results Compared to non-snorers, snorers (frequent and infrequent) had increased
bedtime anxiety [F(2, 91) = 4.0, p < 0.05] and night arousals [F(2, 91) = 4.1, p < 0.05] while frequent snorers had
elevated morning tiredness [F(2, 91) = 3.2, p < 0.05], restless sleep [F(2, 91) = 6.0, p < 0.01] and poorer sleep routine
[F(2, 91) = 4.0, p < 0.05]. No differences were reported for school/non-school night routines (e.g. bedtime). Regardless
of snoring status, all children ≥ 10 yr (n = 17) slept the recommended amount. Discussion Frequent and infrequent
snorers were found to have elevated co-morbid sleep problems compared to non-snorers. No group differences were
observed in sleep routine, but frequent snorers showed an increased trend in sleep routine variability. Regardless of
snoring status, all children ≥ 10 yr (n =17) slept the recommended amount. Consistent with ﬁndings from clinical
samples, comorbid sleep problems are similarly elevated in snorers from community samples.
Citation: Cicua-Navarro DC, Lushington K, Kohler M, Biggs SN, Martin J, Kennedy D (2012). Sleep complaints and
sleep schedules in snoring children from a community sample. In: Zhou X, Sargent C (Eds). Sleep of Different Populations.
Australasian Chronobiology Society, Adelaide, Australia, pp.1-5.

leep-disordered breathing is often associated with increased frequency of comorbid sleep problems especially morning
tiredness, restless sleep and irregular sleep
routine [1]. However, most of this information
comes from clinical samples [2, 3]. As well,

S

most studies have only examined a limited
range of comorbid sleep problems. A further
issue is whether children are meeting recommended clinical guidelines for sleep (i.e. 5-10
yr = 10 to 11 hours and 10-17 = 8.5 to 9.25 hours
[4]) especially given recent trends indicating

∗ Address correspondence to: Diana Cicua-Navarro, Centre for Sleep Research, University of South Australia, City
East, P7-35 Playford Building, Frome Road, Adelaide 5000. E-mail: diana_carolina.cicua_navarro@mymail.unisa.edu.au
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reduced sleep length over the last few decades
[5] and the association between shortened sleep
and worse neurocognitive functioning [6]. The
aim of this study therefore, was to examine if
snoring children display more co-morbid sleep
problems and poorer sleep routine compared
to non-snoring children from a community
setting.

Methods
Participants & Apparatus From a baseline
sample of 1845 children from the South Australian Paediatric Sleep Survey Database [7],
149 children were invited to participate in a
two year follow-up study examining the natural history of snoring and neurocognitive functioning. Children underwent a screening telephone interview and we excluded children on
psychotropic medication (e.g. antidepressants,
mood stabilizers, medications for ADHD), and
those with psychological or medical conditions
known to affect nocturnal ventilation, sleep or
neurocognition, spoke English as other than
their ﬁrst language. Twenty children were excluded for medical conditions (e.g. neurodevelopmental delay, asthma, and rhinitis), 7 had
incomplete data and 28 declined further testing). A ﬁnal sample of 94 children underwent
detailed neurocognitive testing, sleep diary,
questionnaire and polysomnographic examination. Body mass index (BMI) was determined
by height and weight measurements on the
polysomnographic night. The centile was calculated using established growth charts, corrected
for age and gender [8].
Parents were asked to complete the Pediatric Sleep Problems Survey Instrument during the polysomnographic night to investigate
sleep behavior. The Pediatric Sleep Problems
Survey Instrument is validated for assessing
sleep problems in children from a community
setting [7]. The Pediatric Sleep Problems Survey Instrument contains 26 items and generates six scales: Sleep Routine; Bedtime Anxiety; Restless Sleep; Night Arousals; Sleep2

Disordered Breathing and Morning Tiredness.
For each scale parents were asked to rate
whether they considered the sleep behavior a
problem on a four point scales (0 = Never, 1 =
once a week, 2 = 2-4 nights per week and 3 =
5 or more nights per week). In addition, we
asked parents to estimate in general bedtimes
(earliest and latest) and wake-times (earliest
and latest) during the previous week according
to school and non-school nights (Friday and
Saturday night).
The study was approved by the Human
Research Ethics Committees of the University
of South Australia and the Child, Youth, and
Women’s Health Service.
Data Analysis Participants were classiﬁed
based on snoring frequency: non-snorers
("never snoring", N = 54), infrequent snorers
("snoring 1 night/week", N = 22) and frequent
snorers ("snoring > 2 nights/week", N = 18).
All raw scores were converted into T scores for
analysis. Sleep schedule, estimated total sleep
time, and sleep consistency were calculated
using similar analysis conducted in a previous study [9]. In brief, differences between
latest and earliest bedtimes were used to calculated sleep consistency, likewise for wake
times. Analyses were conducted using statistical software IBM SPSS, version 18. One-way
ANOVA and when appropriate Chi-squared
test were used to explore non-snorer/snorer
group differences. A factorial ANOVA was
used to explore school day/non-school day
and non-snorer/snorer differences interaction.
All P values reported have a statistical significance set at < 0.05. Data are presented as
means (± SD) unless otherwise indicated. Data
reported in this text are part of a larger study
investigating the relationship between habitual
snoring, neuropsychological functioning, and
sleep in children who snore from the community.

Results
From a sample of 94 children (37.6% males)
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Table 1: Demographic Data
Demographic

NS (n=54)

IS (n=22)

FS (n=18)

P Value

Age, years
Socioeconomic status
Gender, male %
Gestational age
Child’s Birth weight
Ethnicity, Caucasian%
BMI percentile

8.2 ± 2.0
999.5 ± 60.0
37
39.4 ± 20.0
3.5 ± 0.4
92.6
63.5 ± 21.6

8 ± 2.0
972.1 ± 83.0
31.8
39.2 ± 2
3.5 ± 0.4
95.5
64.5 ± 27.2

8 ± 2.0
968.0 ± 82.0
38.9
39 ± 1.4
3.3 ± 0.4
94.4
58 ± 33.1

ns
ns
ns
ns
ns
ns
ns

NS = non-snorers; IS = infrequent snorers; FS = frequent snorers.

with a mean age (± SD) of 8.1 (± 1.5) years
were divided into three groups based on snoring frequency: non-snorers (N = 54); infrequent
snorers (N = 22); and frequent snorers (N =
18). The main demographic characteristics of
the sample are presented as mean ± SD unless otherwise indicated (Table 1). Groups were
matched for age, gender, BMI percentile, gestational age and socioeconomic status.
Parental reports of co-morbid sleep problems (Table 2) showed that frequent and infrequent snorers had elevated bedtime anxiety
[F(2, 91) = 4.0, p < 0.05] and night arousals
[F(2, 91) = 4.1, p < 0.05]. On the other hand,
only frequent snorers differed from non-snorers
showing increased morning tiredness [F(2, 91)
= 3.2, p < 0.05] and restless sleep [F(2, 91) = 6.0,
p < 0.01], and poorer sleep [F(2, 91) = 4.0, p <
0.05]. As expected, Sleep Disordered Breathing
T-scores were elevated in both snoring groups
compared to controls [p = 0.000].
Bedtimes and wake times were similar between groups for both school and non-school
nights. As well, weekday and weekend times
did not signiﬁcantly vary. Sleep consistency
(i.e. difference between the latest bedtime and
earliest bedtime and similarly for wake-time)
was also similar between groups. School versus non-school bedtimes and wake times also
did not signiﬁcantly differ between groups.
Factorial repeated-measures ANOVA results
showed no effect of snoring status on bedtimes
(week/weekend) [F (2, 91) = 0.46 p > 0.05].
Regardless of snoring status, all children ≥
10 years-old slept the amount recommended

by international guidelines during school days;
and only one child did not meet these. On the
other hand, analysis conducted for children
5 to 10 years-old showed that although not
signiﬁcant during school-nights up to 21% of
children slept less than the recommended; and,
up to 44% during non-school nights.

Discussion
In this study we compared co-morbid sleep
problems and sleep routine in non-snoring and
snoring children recruited from the community.
Consistent with previous ﬁndings from community and clinical samples, children who snored
in the present study had more restless sleep,
nighttime arousals and morning tiredness [1,
10], and bedtime anxiety. These ﬁndings raise
questions whether increased sleep problems
and snoring are associated or not. More research needs to be done therefore, in order to
test this relationship.
No group differences were observed in
sleep schedules or total sleep time. However,
it was noted that a high percentage of children
less than 10 years of age slept less than the recommended amount by international guidelines;
21% on school nights and 44% on non-school
nights. Whereas all children greater than 10
years slept the recommended amount [6]. The
ﬁnding of shortened sleep in younger children
has clear implications for less than optimal daytime functioning [6]. These ﬁndings however,
need to be validated using more objective measures such sleep diaries an actigraphy.
3
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Table 2: Sleep Parameters across Snoring Groups
Sleep Parameter

NS (n=54)

Sleep Routine
Bedtime Anxiety
Morning Tiredness
Night Arousals
Sleep-Disordered Breathing*
Restless Sleep
Sleep schedule
School nights/days
Typical bedtime (hh:mm)
Earliest bedtime (hh:mm)
Latest bedtime (hh:mm)
Typical wake time (hh:mm)
Time in bed (h)
Bedtime latency (min)
Estimated sleep time (h)
5-10yr sleeping recommended amount (%)
>10yr sleeping recommended amount (%)
Non-school nights/days
Typical bedtime (hh:mm)
Earliest bedtime (hh:mm)
Latest bedtime (hh:mm)
Typical wake time (hh:mm)
Time in bed (h)
Bedtime latency (min)
Estimated sleep time (h)
5-10yr sleeping recommended amount (%)
>10yr sleeping recommended amount (%)
Sleep consistency
Bedtimes on school nights (min) 1
Wake times on school days (min) 1
Bedtimes on non-school nights (min) 1
Wake times on non-school days (min) 1
School/non-school bedtime (min) 2
School/non-school wake-time (min) 2

48
47
48
49
45
46

IS (n=22)

±9
±6
±9
±8
±3
±6

53
51
52
53
55
48

± 10
± 10
±8
±9
±4
±7

FS (n=18)
55
52
53
54
72
52

± 12
± 10
± 13
± 10
± 13
± 10

P Value

Post Hoc

0.025
0.026
0.047
0.019
0
0.004

FS > NS
FS = IS > NS
FS > NS
FS = IS > NS
FS > IS > NS
FS > NS

20:10 ± 36
19:46 ± 37
20:59 ± 50
06:59 ± 27
11.0 ± 1
14.2 ± 25
10.4 ± 1
82.1
100

20:08 ± 29
19:42 ± 35
21:00 ± 44
07:01 ± 32
11.0 ± 2
11.1 ± 14
10.2 ± 2
82.4
100

20:15 ± 44
19:51 ± 43
21:12 ± 54
07:02 ± 22
11.0 ± 1
14.0 ± 18
10.4 ± 1
78.6
100

ns
ns
ns
ns
ns
ns
ns
ns
ns

20:53 ± 55
20:12 ± 51
21:17 ± 187
07:26 ± 50
11.0 ± 1
9.4 ± 2.5
10.3 ± 1
71.8
100

20:50 ± 52
20:05 ± 43
21:59 ± 76
07:16 ± 37
10.1 ± 2
12.1 ± 21
10.0 ± 2
56.3
100

21:06 ± 50
20:20 ± 54
22:12 ± 65
07:30 ± 46
10.4 ± 1
7.0 ± 11
10.0 ± 1
64.3
100

ns
ns
ns
ns
ns
ns
ns
ns
ns

77.3 ± 33
81.3 ± 48
113.4 ± 62
102.0 ± 59
42.0 ± 31
19.1 ± 25

81.2 ± 46
102.0 ± 62
115.2 ± 61
110.2 ± 58
53.0 ± 35
31.0 ± 30

ns
ns
ns
ns
ns
ns

74.1
76.0
92.5
93.0
42.0
31.4

± 44
± 47
± 50
± 51
± 33
± 39

NS = non-snorers; IS = infrequent snorers; FS = frequent snorers.*SDB parameter included item used to classiﬁed
participants (snoring frequency). 1 Difference between the earliest and latest times. 2 Difference between typical
school and non-school bed and wake times.

Findings from this study suggest that the
pattern of co-morbid sleep disorders in children
from the community who snore is comparable to those reported in children from clinical
samples. This suggests that the sleep ﬁndings
are not inﬂuenced by whether the sample is
recruited from a clinical or community context.
A limitation of the present study is that snoring
was assessed by parental report. Although
4

not reported, snoring status was conﬁrmed on
polysomnography. These data has yet to be
analysed and it will be reported in later studies.
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Chapter 2

Training Schedules in Elite Swimmers:
No Time to Rest?
Forndran A1 ∗ , Lastella M1 , Roach GD1 , Halson SL2 , Sargent C1
1 Appleton Institute, Central Queensland University, Adelaide, SA, Australia.
2 Department of Physiology, Australian Institute of Sport, Canberra, ACT, Australia.
Aims Sleep is considered an essential component of the pre and post-exercise recovery process. Research has indicated
that training schedules have a signiﬁcant effect on elite athletes’ behaviours such as the timing of food consumption
and social schedules, yet few studies have documented the impact training schedules have upon elite athletes sleep/wake
behaviours. The aim of this study was to examine the impact of training start times on the sleep/wake behaviour of
Olympic swimmers prior to the 2012 Olympic Games. Methods Ten elite swimmers (8 male, 2 female) (mean age ±
SD: 22.9 ± 4.4 yr) participated in this study 16 weeks prior to the 2012 Olympic Games. Participants’ sleep/wake
behaviours were monitored using wrist activity monitors and self-report sleep diaries for a 2 week period. Training
schedules varied according to individual training programmes. Linear mixed models were conducted to examine the
main effect of timing of training on sleep/wake behaviours. Results For training sessions before 06:00, athletes spent
less time in bed (p < 0.01), obtained less sleep (p < 0.05) and woke up earlier (p < 0.001) compared to when training
sessions were after 06:00. Bedtime and sleep efﬁciency did not differ signiﬁcantly. Discussion Findings indicated
that training start times inﬂuenced sleep/wake behaviours of athletes. Earlier training start times negatively affected
athletes’ get-up times, and sleep duration. Given that cumulative sleep restriction may affect recovery and performance,
these results suggest that repeated early-morning training may inhibit training and performance gains in elite athletes.
Citation: Forndran A, Lastella M, Roach GD, Halson SL, Sargent C (2012). Training schedules in elite swimmers: No
time to rest? In: Zhou X, Sargent C (Eds). Sleep of different populations. Australasian Chronobiology Society, Adelaide,
Australia, pp.6-10.

leep has been documented as critical for
establishing the balance between optimal
performance and recovery, making it a vital component of athletic performance [1, 8].
However, several factors inﬂuence the sleep
behaviour of elite athletes, including transmeridian travel [11], pre-competition anxiety
and unfamiliar sleep environments [3], and
training and competition schedules [5]. In an attempt to maximise and maintain performance,
coaches and athletes employ rigorous training
schedules [1, 10].
Elite endurance sports such as swimming,
rowing, and cycling require regular and pro-

S

longed training for athletes to maintain their
level of performance. To maximise training
gains, daily training schedules involve an earlymorning high-intensity session and late afternoon high-intensity session [1, 5, 10]. This often
results in sleep loss, in response to which athletes employ strategies to counteract the negative effects of sleep restriction on performance
[1, 9].
Napping is a common strategy used by
athletes to overcome the effects of irregular
sleeping patterns and sleep restrictions, and
has been recognized as a recovery tool [2, 5].
However research on the effects of training

∗ Address correspondence to: Alex Fordran, Appleton Institute, CQUniversity, PO Box 42, Goodwood SA 5034.
E-mail: alex.forndran@cqumail.com
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schedules on sleeping patterns, and the use of
napping as a counter-measure in elite athletes
is notably sparse [6]. It is imperative that the
effects of training schedules on elite athletes’
sleep behaviours are explored, and potential
counter-measures to sleep-deprivation, such as
daytime napping, are further investigated with
regard to the impact of sleep deprivation on recovery and performance. The aim of this study
was to examine the interactions between training schedules, sleep/wake behaviours, and the
use of strategies to overcome sleep restriction
in elite swimmers selected for the Australian
Olympic team, over a two-week period.

•

•

•

•

•

Methods
Participants Ten participants (8 male, 2 female)
(mean age ± SD: 22.9 ± 4.4 yr) from the 2012
Australian Olympic swimming team were recruited with the aid of a senior physiologist,
through the Australian Institute of Sport. Written informed consent was obtained following a
team meeting describing the purpose and aims
of the study. Participants were excluded if not
training due to illness or injury. This study was
approved by the Australian Institute of Sport
Research Ethics Committee.
Measures Wrist activity monitors were used
to capture a number of variables relating to
sleep. The activity monitor is a lightweight
(15g) device worn around the wrist of the nondominant arm. Using an internal piezoelectric accelerometer, the activity monitor records
body movement of the wearer at short regular intervals (stored in 1-minute epochs for
this study). An A4 sleep diary booklet was
also used for participants to record information
(e.g. bedtime, get-up time) for all sleep periods
(night-time sleep, daytime naps). Information
regarding all training sessions was recorded using training diaries. Data collected from wrist
activity monitors, subjective sleep diaries, and
training diaries allowed for the attainment of
the following variables:
• Bedtime (hh:mm): The self-reported time

a participant went to bed to attempt to
sleep.
Get-up time (hh:mm): The self-reported
time a participant got out of bed to end a
sleep period.
Time in bed (h): The amount of selfreported time in bed between bedtime
and get-up time.
Total sleep time (h): The total amount of
time spent asleep by participant over a
night sleep period.
Total nap time (hh:mm): The total amount
of time spent asleep during a daytime nap
period.
Training start time (hh:mm): The time at
which a training session commenced.

Design A cross-sectional design was employed
for the purposes of this study. Independent
variables were training session time, and number of training sessions, determined by training
diaries. Dependent variables were bedtime, getup time, time in bed, total sleep time, and sleep
efﬁciency.
Procedure The 14-day study commenced 16
weeks prior to the 2012 Olympic Games. Participants underwent training in preparation for the
Olympic Games, training schedules varying according to individual training programmes. In
the training diaries, participants recorded training type, pre-training fatigue, start- and endtimes of training sessions, and training intensity.
Athletes’ sleep/wake behaviours were monitored using wrist activity monitors and selfreport sleep diaries, in which athletes recorded
type of sleep, bedtime, get-up time, and subjective sleep quality for all sleep periods.
Data Analysis For statistical analyses, study
days were categorised as one of ﬁve types:
days on which the initial training session commenced prior to 06:00, days on which the initial
training session commenced between 06:00 and
09:00, days on which the initial training session
commenced between 09:00 and 12:00, days on
which training commenced after 12:00, and rest
days (i.e. days on which no training sessions
7
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Table 1: Athletes’ sleep/wake behaviours preceding varying study day types (Mean ± SD)
Measures

>06:00

Training
06:00-09:00 09:00-12:00

>12:00

Rest

F-value

df

Bedtime (hh:mm)

21:48
(± 00:24)

22:00
(± 00:18)

21:30
(± 00:42)

22:00
(± 00:24)

23:18
(± 00:24)

5.28**

4, 98

Get-up time (hh:mm)

5:18
(± 00:24)

6:06
(± 00:18)

7:06
(± 00:36)

7:06
(± 00:18)

7:30
(± 00:18)

9.53**

4, 98

Time in bed (h)

7.7
(± 0.3)

8.2
(± 0.2)

9.3
(± 0.7)

9
(± 0.3)

8.2
(± 0.3)

2.73*

4, 98

Total sleep time (h)

5.4
(± 0.4)

6.1
(± 0.3)

7.4
(± 0.8)

6.9
(± 0.4)

6.5
(± 0.4)

2.66*

4, 98

Sleep efﬁciency (%)

81.3
(± 2.3)

84.7
(± 2)

87
(± 3.1)

84.5
(± 2.2)

86.7
(± 2.2)

3.14*

4, 98

1:06
(± 00:18)

0:24
(± 00:12)

0:00
(± 00:00)

1:06
(± 00:30)

0:18
(± 00:24)

2.73

3, 23

Total nap time (hh:mm)
**p<0.001; *p<0.05

occurred).

Results
Participants on average went to bed at 22:06
(± 01:22), woke at 06:25 (± 01:30), spent 8.3
hours (± 1.4) in bed, and slept 6.3 hours (±
1.5) during a night-time sleep period. Participants’ average sleep efﬁciency was 85.5%, (±
6.2). Participants reported napping on 24 out
of 103 days. In those instances, participants
napped an average of 00:56 (± 00:42).
Overall, training which commenced prior
to 06:00 had the greatest impact on participants’
sleep/wake behaviours. On nights preceding
training sessions commencing prior to 06:00,
participants went to bed at 21:48 (± 00:24), and
woke at 05:18 (± 00:24). These were signiﬁcantly earlier than on nights prior to training
sessions starting between 06:00 and 09:00, after
12:00, and rest days (Table 1). There was a
signiﬁcant main effect of study day type on
total sleep time and sleep efﬁciency. On nights
preceding training sessions which began prior
to 06:00, athletes slept an average of 5.4 hours
(± 0.4) and maintained 81.3% (± 2.3) sleep
8

efﬁciency, whereas athletes slept up to an average 7.4 hours (± 0.8) and maintained 87.0%
(± 3.1) sleep efﬁciency on days when the ﬁrst
training session began between 09:00 and 12:00
(Table 1). Post hoc analyses were conducted,
but no signiﬁcant differences between different
study day types by total sleep time and different study day types by sleep efﬁciency were
found. Given that there were only ﬁve cases
when training began between 09:00 and 12:00
and 20 cases when training began before 06:00,
it is possible that the post hoc analyses were
underpowered.

Discussion
The aim of the present study was to examine the effects of training on sleep/wake
behaviours in Australian Olympic swimmers. Results indicate that training inﬂuenced
sleep/wake behaviours of elite swimmers. Participants went to bed and woke up earlier on
nights prior to early-morning training sessions
than on rest days, indicating that participants
shifted their night-time sleep to compensate for
earlier training. However, they spent less time

Forndran et al – Sleep of Elite Athletes

asleep on nights prior to early-morning training
compared with nights before later training, and
rest days. The shift in night-time sleep may not
adequately address recovery time lost as a result of early-morning training schedules. Findings concerning sleep/wake behaviours were
consistent with past research, indicating that
athletes’ sleep/wake behaviours are inﬂuenced
by training [1, 9]. As negative effects of sleep
restriction on cognitive and motor performance
have been well documented [4, 7], shorter nighttime sleep on nights preceding early-morning
training may impair athletes’ training gains.
Training was related to napping behaviours.
Participants predominantly napped on days
involving early-morning training sessions, suggesting that athletes and coaches recognise the
need for adequate recovery. However, athletes
may also be napping during the day to recover lost night-time sleep. This implies that
afternoon sessions may result in more optimal performance gains due to daytime napping, whereas early-morning sessions may restrict night-time sleep and recovery time. Nap
behaviours corresponded with past ﬁndings,
with athletes and coaches employing daytime
napping primarily as a recovery tool on days
involving early-morning as well as afternoon
training [2, 9]. Outcomes of studies on naps as a
countermeasure have highlighted that the quantity and quality of sleep obtained during daytime naps may be overestimated [2, 9]. Thus,
whilst napping is an effective recovery tool,
it may not sufﬁciently account for night-time
sleep loss, particularly over prolonged periods
of time [2, 9].
This study had minor limitations to be considered when interpreting results. Overtraining, competitive anxiety, and travel, which were
not accounted for, may inﬂuence athletes’ sleep
parameters [3, 6, 10, 11]. The number of participants was limited by the size of the Australian Olympic swimming team, and willingness of athletes to participate in the study during their preparation for the Olympic Games.

However past studies involving elite athletes
have typically employed sample sizes comparable to those in this study, ensuring that ﬁndings are relevant in the scope of sport research
[2, 9]. The use of wrist activity monitors over
polysomnography (PSG) to record sleep activity of athletes is also a limitation, though wrist
activity monitors have been deemed comparable to PSG regarding the recording of sleep
length [12], and have also been commonly employed in similar ﬁeld-based studies on elite
athletes [1, 9].
Early-morning training schedules are commonly employed by athletes and coaches, particularly in endurance sports [1, 5, 9, 10]. However, this practice is not supported by research,
previous ﬁndings on sleep and training schedules indicating that early-morning training
reduces restorative sleep [1, 9]. Daytime napping is employed by athletes to counteract
sleep restriction, and is inﬂuenced by training
schedules and sleep. The amount of recovery
time obtained through napping however does
not account for the disparity between athletes’
sleep, and healthy sleep requirements. Without
evidence to support early-morning training it
may be most effective for initial training sessions to occur later in the morning, to improve
sleep/wake behaviours, recovery, and potential
performance gains of elite athletes.
Acknowledgements: The authors gratefully acknowledge the ﬁnancial assistance of the Australian
Research Council and the Australian Institute of
Sport.

References
1. Brown FM, Neft EE, LaJambe CM (2008). Collegiate rowing crew performance varies by
morningness-eveningness. Journal of Strength and
Conditioning Research, 22: 1894-1900.
2. Davies JD, Graham KS, Chow CM (2010). The
effect of prior endurance training on nap sleep patterns. International Journal of Sports Physiology
and Performance, 5: 87-97.
3. Erlacher D, Ehrlenspiel F, Adegbesan OA, El-din
HG (2011). Sleep habits in German athletes before important competitions or games. Journal of
Sports Sciences, 29: 859-866.

9

Forndran et al – Sleep of Elite Athletes

4. Mignot E (2008). Why we sleep: the temporal
organization of recovery. PLoS Biology, 6:661-669.
5. Reilly T (2009). The body clock and athletic performance. Biological Rhythm Research, 40: 37-44.
6. Robson-Ansley PJ, Gleeson M, Ansley L (2009). Fatigue management in the preparation of Olympic
athletes. Journal of Sports Sciences, 27: 1409-1420.
7. Sallinen M, Holm A, Hiltunen J, Hirvonen K, Haermae M, Koskelo J, Letonsaari M, Luukkonen R,
Virkkala J, Mueller K (2008). Recovery of cognitive
performance from sleep debt: do a short rest pause
and a single recovery night help? Chronobiology
International, 25: 279-296.
8. Samuels C (2008). Sleep, recovery, and performance: the new frontier in high-performance athletics. Neurologic Clinics, 26:169-180.

10

9. Sargent C, Halson S, Roach GD (in press). Sleep
or swim? Early-morning training severely restricts
the amount of sleep obtained by elite swimmers.
European Journal of Sport Science.
10. Smith TB, Hopkins WG, Lowe TE (2011). Are there
useful physiological or psychological markers for
monitoring overload training in elite rowers? International Journal of Sports Physiology and Performance, 6: 469-484.
11. Waterhouse J, Reilly T, Edwards B (2004). The
stress of travel. Journal of Sports Sciences, 22: 946966.
12. Weiss AR, Johnson NL, Berger NA, Redline S
(2010). Validity of activity-based devices to estimate sleep. Journal of Clinical Sleep Medicine, 6:
336-342.

Benveniste et al – Sleep Knowledge of Children

Chapter 3

With Age Comes Knowledge?
Sleep Knowledge in Australian Children
Benveniste TC∗ , Thompson K, Blunden SL
Appleton Institute, Central Queensland University, Adelaide, SA, Australia.
Aims With the approach of adolescence, signiﬁcant changes in sleep patterns and physiology occur. Sleep hygiene
is a well documented inﬂuence on sleep patterns. However little research has investigated sleep knowledge, which
affects sleep hygiene. In particular, it is not known what level of sleep knowledge children and adolescents have. Sleep
knowledge refers to information about sleep hygiene, as well as recommended sleep duration and patterns. This study
aimed to establish the level of sleep knowledge in a group of pre-adolescent and adolescent children. Furthermore,
it evaluated sleep knowledge across the ages, to investigate the potential effect of age on sleep knowledge. Methods
Self-report data were collected from 643 children aged 9 to 15 years old, using a general ’Health and Wellbeing’
questionnaire. Data were collected from three schools in South Australia (two public, one private). Sleep Knowledge
scores were calculated using related sections of the true/false questionnaire, one point per correct answer. One-way
ANOVA was used to evaluate survey responses. Results Results showed a mean sleep knowledge score of 6.4 (out of
a possible 10). However, for four out of the ten questions, scores were low, with less than 50% of children correctly
answering them. There were no signiﬁcant differences in Sleep Knowledge between any of the ages. Discussion While
there were no signiﬁcant differences in sleep knowledge across ages, the level of knowledge across the participants in
certain areas was alarmingly low. However, this measure of sleep knowledge has not yet been standardized, therefore
conclusions are tentative. Future research is needed in this area, to assess the requirement for sleep education in this
population. Further studies could also identify potential need to direct education to particular areas or schools, in order
to effectively improve sleep knowledge for pre-adolescent and adolescent children.
Citation: Benveniste TC, Thompson K, Blunden SL (2012). With age comes knowledge? Sleep knowledge in Australian
Children. In: Zhou X, Sargent C (Eds). Sleep of Different Populations. Australasian Chronobiology Society, Adelaide,
Australia, pp.11-15.

leep has been well acknowledged as having signiﬁcant inﬂuence on children’s development, cognition, general health, and
behaviour. However, recent ﬁgures suggest an
abundance of sleep difﬁculties in the child and
adolescent population, with sleep disorders estimated to now affect one third of all children
[1, 2]. Although many of these sleep disorders
are physically or respiratory based (e.g. restless
leg syndrome, obstructive sleep apnoea), there
is also a signiﬁcant proportion of children (20-

S

40%) affected by behavioural sleep disorders
[1]. These are classiﬁed as ’Behavioural insomnia of Childhood’ by the American Academy
of Sleep Medicine, and include disorders such
as adjustment sleep disorder, sleep onset association disorder and inadequate sleep hygiene
[3].
Of particular interest for the adolescent
population has been inadequate sleep hygiene.
Good sleep hygiene is deﬁned as the practice of
behaviours which facilitate sleep, and the avoid-

∗ Address correspondence to: Tessa Benveniste, Appleton Institute, CQUniversity, PO Box 42, Goodwood SA 5034.
E-mail: tessa.benveniste@cqumail.com
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ance of behaviours which inhibit or decrease
quality of sleep [4]. Examples of poor sleep hygiene practice include; engaging in stimulating
activities before bedtime, using the bed for activities other than sleep (e.g. playing, watching
television), consumption of caffeine or sugar
near (2 hours before) bedtime, or sleeping in
an uncomfortable environment (too hot, cold,
bright, noisy). Inconsistent bedtimes and excessive napping are also a major contributor to
the problem [4, 5]. Good knowledge of sleep
hygiene has been found to be associated with
good sleep hygiene practices and good sleep
quality [5]. However, little is known about the
direct effect of sleep knowledge (especially children’s knowledge) on sleep patterns. Given
that sleep knowledge has such potential for
change, further investigation of the concept of
sleep knowledge, especially in relation to children’s sleep, is needed.
Although the signiﬁcant impact of sleep
problems for children has been extensively
noted [8, 9, 10, 11], awareness of this in the
community is low [2]. As sleep education
programmes are being developed and implemented across the world [12], parental knowledge about sleep and sleep hygiene is being
evaluated [13]. Whilst this is important for children’s early years, and is likely to be a strong
inﬂuence on children’s sleep knowledge and
patterns, little attention has been paid to what
children themselves know about sleep. It has
been suggested that as children approach adolescence, they begin to have more control over
their sleep schedules and sleep hygiene. Furthermore, increased study, work and social demands increase the likelihood that sleep hygiene, duration and quality in this age group
will be detrimentally affected [14].
To effectively increase awareness and tackle
behaviorally based sleep disorders, we must
investigate children’s own sleep knowledge.
Therefore, the aim of this study was to gauge
the level of sleep knowledge in pre-adolescent
and adolescent children. Furthermore, it aimed
12

to evaluate differences in sleep knowledge
across 9 to 15 year olds, and whether this increases with age, as children begin to have
more control over their own sleep hygiene.

Methods
To determine the sleep knowledge of preadolescent and adolescent children in South
Australia, a self-report questionnaire was designed. It was delivered to 643 participants
(233 male) from three South Australian schools.
The schools were selected based on previous involvement with the researchers. Two of the
schools were public (government run), and
one of the schools was a catholic, co-education
school. For the purpose of this paper, the age
range of 9 to 15 years will represent both preadolescent and adolescent children. Therefore,
students in this age range were included in the
study, with no exclusion based on sex.
As there are no current validated measures
of sleep knowledge for this age group, sleep
knowledge was determined through the "Children’s Wellbeing Questionnaire" (developed
collaboratively by one of the current researchers
alongside other ﬁeld experts). The "Children’s
Wellbeing Questionnaire" was developed to assess children’s knowledge through a range of
questions relating to general health, exercise,
and sleep behaviours. Despite not yet being
validated, the survey has been used in previous studies with children. It contains a range of
questions but for the purpose of this study, only
the 10 true/false questions relating to sleep are
reported (see results for full range of questions).
Further detail on the full survey design and
non-sleep topics is reported elsewhere [11].
Informed consent was gained from the
schools, the parents, and the children before
data collection. At all times it was made clear to
parents and children that the surveys are not a
test, and would not affect their school grades in
any way. Participants anonymously completed
the pen-and-paper questionnaire during school
class time. Total completion time ranged from
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Table 1: Proportions of incorrect and correct scores per question on the Sleep Knowledge Scale
Question

% Scored Correct

% Scored Incorrect

69.2
84.6
72.3
60.0
24.6
75.4
70.8
23.1
32.3
69.2

30.8
15.4
27.7
40.0
73.8
24.6
29.2
75.4
66.2
30.8

1) Sleep helps me remember things
2) Doing something calm before bed can help me fall asleep
3) I should go to bed at the same time every night
4) Watching TV before bed can make it hard for people to sleep
5) Not getting enough sleep can make people overweight
6) I need more than 9 hours of sleep each night
7) Exercising every day can help me sleep better
8) Boys have deeper sleep than girls
9) Doing exercise before bed helps me fall asleep
10) How many hours should you sleep every night to be healthy?

approximately 20 to 30 minutes.
All analyses were performed with Statistical Package for the Social Sciences (SPSS Inc,
Chicago, IL) version 19.0. The ten questions
relating to sleep knowledge were converted
into a ‘sleep knowledge’ score. Correct answers were given a score of 1, and incorrect or
‘don’t know’ responses a score of 0. A one-way
ANOVA was used to determine differences in
sleep knowledge across age.

Results
Results indicated that sleep knowledge across
these pre-adolescent and adolescent children
was normally distributed with a minimum
score of 0 and maximum of 10 (M = 6.4, SD
= 1.80). Four questions were of particular interest, as they were answered incorrectly by more
than half of the sample. These questions included question four (‘watching TV before bed
can make it hard for people to sleep’), question
ﬁve (‘not getting enough sleep can make people
overweight’), question eight (‘boys have deeper
sleep than girls’) and question nine (‘doing exercise before bed helps me fall asleep’). For
these questions, the average correct response
rate was 44%. For those questions with more
than 50% correct responses, the average was
75%. The percentage of correct and incorrect
scores for each question, along with full range
of questions, is shown below in Table 1.
In relation to the second aim, to investigate

differences in sleep knowledge across age, results from a one-way ANOVA, comparing sleep
knowledge across all ages, showed no signiﬁcant difference between ages (p >.05; see Table
2).
Table 2: Distribution of total sleep knowledge scores
across Age
Age

N

Mean Score

9
10
11
12
13
14
15

24
23
31
36
193
172
164

6.13
5.55
6.10
6.58
6.45
6.24
6.67

Total

643

6.36

Repeated measures ANOVA showed that
TST estimated using the Actical was not longer
than TST determined by PSG at either the low
or medium threshold for wake [F(1, 9) = 4.1, p
= .07]. Similarly, repeated measures ANOVA
revealed no signiﬁcant differences from PSG
for SE [F(1,9) = 4.3, p = .07] or for WASO [F(1,
9) = 3.4, p = .10] at either threshold for wake.

Discussion
This study has contributed to the understanding of sleep knowledge in pre-adolescent and
adolescent children. On average, participants
scored 6.4 out of a possible 10. However, as
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there are no previous benchmarks for sleep
knowledge in children, it is difﬁcult to conclude the adequacy of this sample. Furthermore, although one previous study on adult
sleep knowledge showed very similar levels of
knowledge to these children, the study used a
different sleep knowledge questionnaire, therefore is not comparable [12]. Limited research
on sleep knowledge in the adult and pediatric
populations, as well as a lack of validated sleep
knowledge scales, make these data difﬁcult to
discuss in a wider context. Future research
could address this gap and assist in gaining
a clearer picture of sleep knowledge in both
populations.
Further results showed that four out of the
ten questions had low percentages of correct
responses. This indicates that there could be
deﬁcits in children’s knowledge surrounding
sleep-inhibiting behaviour before bed, such as
watching TV or exercising, and the effect of
sleep quality on overall health, especially on
weight. Sleep knowledge was not found to differ across the age range of 9 to 15 years. This
could indicate that despite the physical changes
in sleep, as well as increased school, social and
work demands that adolescent children experience, they are no more aware or knowledgeable about recommended sleep duration and
behaviours than younger or pre-adolescent children. Furthermore, results could indicate that
the scale is not sensitive enough to detect age
differences in sleep knowledge.
Like most research, this study was not without limitations. As previously mentioned, the
Sleep Knowledge scale that was used is not
validated as yet. Development and validation
of sleep knowledge scales for a range of ages
and applications is needed, if sleep education
programmes are to be employed and evaluated
successfully. Furthermore, when assessing the
problem of childhood behavioural sleep disorders, there are many other factors which are
known to inﬂuence behaviour and beliefs, such
as culture, school, and parents. Future research
14

could further investigate these inﬂuences, as
well as the interaction between childhood or
parental sleep knowledge and actual sleep patterns.
Acknowledgements: The authors acknowledge
that the initial data from two of the schools was
collected at the time when Sarah Blunden and Kirrilly Thompson were employed by the University of
South Australia. We are grateful for the university’s
cooperation in allowing the integration of this data
for our study.

References
1. Blunden S (2012). Behavioural sleep disorders
across the developmental age span: An overview
of causes, consequences and treatment modalities.
Psychology, 3: 249-256.
2. Shakankiry H (2011). Sleep physiology and sleep
disorders in childhood. Nature and Science of
Sleep, 3: 101-114.
3. AASM. (2005). International classiﬁcation of sleep
disorders: Diagnostic and coding manual. Westchester, IL: American Academy of Sleep Medicine.
4. Mastin D, Bryson J, Corwyn R (2006). Assessment
of sleep hygiene using the Sleep Hygiene Index.
Journal of Behavioural Medicine, 3: 223-227.
5. Brown F, Buboltz Jr W, Soper B (2002). Relationship of sleep hygiene awareness, sleep hygiene
practices, and sleep quality in university students.
Behavioural Medicine, 1: 33.
6. Bub K, Buckhalt J, El-Sheikh M (2011). Children’s
sleep and cognitive performance: A cross-domain
analysis of change over time. Developmental Psychology, 6: 1504-1514.
7. Chervin R, Archbold K, Dillon J, Panahi P, Pituch
K, Dahl R, Guilleminault C (2002). Inattention,
hyperactivity, and symptoms of Sleep-Disordered
Breathing. Pediatrics, 3: 449.
8. Blunden S, Chapman J, Rigney G (2012). Are
sleep education programs successful? The case
for improved and consistent research efforts. Sleep
Medicine Reviews, 4: 355-370.
9. Owens J, Jones C, Nash R (2011). Caregivers’
knowledge, behaviour, and attitudes regarding
healthy sleep in young children. Journal of Clinical Sleep Medicine: JCSM: Ofﬁcial Publication
of The American Academy of Sleep Medicine, 4:
345-350.
10. Carskadon M, Wolfson A, Acebo C, Tzischinsky O,
Seifer R (1998). Adolescent sleep patterns, circadian timing, and sleepiness at a transition to early
school days. Sleep, 8:871-881.

Benveniste et al – Sleep Knowledge of Children

11. Thompson K, Blunden S, Brindal E, Hendrie G
(2011). When food is neither good nor bad. Journal of Child Health Care, 5:261-271.

12. Gallasch J, Gradisar M (2007). Relationships between sleep knowledge, sleep practice and sleep
quality. Sleep and Biological Rhythms, 5:63-73.

15

Kosmadopoulos et al – Sleep/Wake Measurement

Chapter 4

Two for One?
Validating an Energy Expenditure Monitor
against Polysomnography for Sleep/Wake
Measurement
Kosmadopoulos A1,2 ∗ , Sargent C1 , Zhou X1 , Darwent D1 , Roach GD1
1 Appleton Institute, Central Queensland University, Adelaide, SA, Australia.
2 Bushﬁre Co-operative Research Centre, East Melbourne, VIC, Australia.
Aims Gold standard sleep measurement, polysomnography (PSG), is not always practical for ﬁeld-based research due
to time and expense. Wristwatch-like activity monitors that estimate sleep from wrist movement are often used instead.
The Actical is an activity monitor designed to estimate energy expenditure. While not speciﬁcally designed to measure
sleep, it records and stores data in a similar fashion to devices that are. Dual functionality could be useful for research
spanning sleep and exercise behaviours, and thus the aim was to evaluate the Actical as an alternative to PSG for
ﬁeld research. Methods Ten participants spent one night in bed (22:00-07:30 h) in temperature-controlled (21 ± 1◦ C)
bedrooms. Each wore an Actical, set to record activity in 30-s epochs, on their non-dominant wrist, and electrodes
were placed in the 10-20 arrangement for PSG. PSG data were manually scored as sleep/wake in 30-s epochs. Software
provided sleep/wake estimates for Actical epochs at a medium- (default) and a low-activity threshold for wake. Actical
sleep/wake data were compared with data from PSG on an epoch-by-epoch basis and in terms of total sleep time (TST),
sleep efﬁciency (SE), and wake after sleep onset (WASO). Results Actical identiﬁed 97 ± 2% (M ± SD) and 98 ±
1% of PSG-determined sleep epochs, at the low threshold and medium threshold for wake, respectively. Identiﬁcation
of PSG-determined wake was 31 ± 13% and 22 ± 9%, and overall agreements were 89 ± 10% and 88 ± 11%,
respectively. TST was overestimated by 25 ± 47 and 36 ± 52 min, and SE by 5 ± 8% and 6 ± 9%; WASO was
underestimated by 25 ± 52 and 36 ± 57 min, respectively. Discussion Results suggest that overall epoch agreement
between Acticals and PSG is good and identiﬁcation of sleep is equally high at both thresholds; however, the lower
threshold is better than the default for identifying wake. In addition, the biases of sleep parameters calculated using the
Actical were smaller at the low threshold. The results indicated that the Actical is a satisfactory alternative tool for
measuring sleep, particularly in ﬁeld research.
Citation: Kosmadopoulos A, Sargent C, Zhou X, Darwent D, Roach GD (2012). Two for one? Validating an energy
expenditure monitor against polysomnography for sleep/wake measurement. In: Zhou X, Sargent C (Eds). Sleep of
Different Populations. Australasian Chronobiology Society, Adelaide, Australia, pp.16-20.

he gold standard for sleep measurement,
polysomnography (PSG), is not always
practical in ﬁeld-based research as it is
both costly and time-intensive [1]. Although
they cannot provide the same breadth of sleep

T

information as PSG, wrist-worn activity monitors designed for sleep/wake estimation are
popular alternatives outside the laboratory because they are portable and simple to use
[1]. These devices contain accelerometers and
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indirectly estimate sleep quality and duration from frequently sampled wrist activity.
The premise behind this is the negative correlation that exists between sleep and movement. Although activity monitors designed
for sleep/wake measurement, such as the Actiwatch (Philips Respironics, Inc., Bend, Oregon,
USA) and the Mini-MotionLogger Actigraph
(Ambulatory Monitoring, Inc., Ardsley, NY),
tend to overestimate sleep and underestimate
wake, they have been validated as viable alternatives to PSG for sleep estimation in numerous
studies [e.g., 2, 6, 7].
Activity monitors are widely used to study
the sleep/wake patterns of people who work
around the clock or constantly have to travel
as part of their job, and those for whom PSG
may be a great inconvenience or unwelcome
distraction. Examples of these situations include research with truck drivers, pilots, and
elite athletes in training or competition [1, 8, 10].
Sleep/wake data collected using activity monitors can inform changes to occupational health
and safety policy and lead to better lifestyle
choices. However, sleep measurement is not
the only function for which activity monitors
are used. The Actical (Philips Respironics, Inc.,
Bend, Oregon, USA) is a device that has been
speciﬁcally developed and validated to estimate the energy expenditure of physical activity [4]. Given that sleep deprivation and a
high prevalence of health problems are known
to co-exist in shiftworkers [1, 8, 12], studying
energy expenditure in conjunction with sleep
behaviours in these populations could prove
invaluable.
While not developed speciﬁcally for sleep
measurement, Actical activity monitors record
and store data in a similar manner and format
to activity monitors which have been developed for this purpose. These similarities allow
for the potential to measure sleep with this device by applying sleep algorithms to Actical
activity data. If valid, dual functionality would
allow researchers the ﬂexibility to concurrently

study both exercise and sleep using a single
device. To date, several studies have evaluated
the Actical for sleep measurement and have
supported their use in healthy infant, adolescent and adult populations [3, 9, 11]. These
studies have shown signiﬁcant correlations between sleep parameters calculated by the Actical and PSG, as well as revealing the extent
of a tendency to overestimate sleep duration
about 30 min. Only one of these validation
studies reported statistical measures of agreement – sensitivity, speciﬁcity and accuracy – to
demonstrate the Actical’s ability to correctly
identify epochs of sleep and wake in infants
with fragmented sleep [3]. This study reported
high epoch-by-epoch agreement with the Actical, but it is not clear how well these results
could be generalised to other populations.
The aim of this study was to determine
whether the Actical is a valid alternative to
PSG for sleep estimation in healthy adults,
with particular focus on statistical measures of
epoch-by-epoch agreement. Total sleep time
(TST), sleep efﬁciency (SE) and wake after sleep
onset (WASO) were also factored in the evaluation. A secondary aim of this study was to
determine which of two activity thresholds was
the better option for sleep/wake monitoring
with the Actical.

Methods
Participants Ten healthy males with a mean
age of 24.4 (± 4.2) years and a mean body mass
index of 22.1 (± 1.9) kg/m2 were recruited. To
minimise sleep difﬁculty during the protocol,
participants were screened for consistent bedtimes (22:00-24:00 h), normal sleep durations
(7-9 h per night), and no transmeridian travel
in the previous month using a questionnaire.
The CQUniversity Human Research Ethics
Committee granted ethics approval following
National Health and Medical Research Council
of Australia guidelines.
Materials & Measures Sleep was monitored
using PSG and the Actical concurrently. PSG
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was conducted using the the Siesta Portable
EEG system (Compumedics, Victoria, Australia), GrassTM gold-cup electrodes (AstroMed, Inc., Rhode Island, USA) and standard
scoring criteria to distinguish sleep from wake
[5].
The Actical (Philips Respironics, Inc., Bend,
Oregon, USA) contains an omnidirectional accelerometer that can detect low frequency (0.5
Hz) forces of 0.05 G and samples movement at
32 Hz. The Actical records the mean of activity sampled each second; these 1-s means are
summed to create activity counts for epochs of
a user-speciﬁed duration. Epochs corresponding to increased activity have higher counts. Actical software (Philips Respironics, Inc., Bend,
Oregon, USA) was used to set-up the Acticals
and download data. Actiwatch software (Actiware, Philips Respironics, Inc., Bend, Oregon,
USA) was used to generate weighted scores for
each epoch based on the activity count recorded
during that epoch and the surrounding 2-min
[6]. Epochs with scores above a set threshold
are classiﬁed as wake.
Protocol Acticals were set-up to record activity in 30-s epochs and were time-synchronised
with the PSG system. Before bedtime (lights
out at 22:00), participants were given an Actical
to wear on their non-dominant wrist and PSG
electrodes were placed on their scalp and face
following the standard 10-20 arrangement [1].
Participants were provided a 9.5-h sleep opportunity in separate, temperature-controlled (21
± 1◦ C), bedrooms and woken at 07:30 h.
Data Analysis PSG recordings for each participant were manually scored in 30-s epochs
as sleep or wake, following standard criteria
[5], by an experienced sleep technician. Actical
outputs were reformatted so they were compatible with the Actiware software. Sleep data
were extracted from the software after applying
two different thresholds to the algorithm: the
default medium threshold (>40 counts = wake)
and the low threshold (>20 counts = wake).
Corresponding Actical and PSG epochs
18

were classiﬁed into one of four categories
based on whether the Actical agreed/disagreed
with PSG-determined sleep or whether it
agreed/disagreed with PSG-determined wake
(see Table 1). Three statistical measures of
epoch-by-epoch agreement were calculated for
the Actical:
• Sensitivity = [TP/(TP+FN)]*100 = ability
to correctly detect sleep
• Speciﬁcity = [TN/(TN+FP)]*100 = ability
to correctly detect wake
• Accuracy = [(TP+TN)/(TP+FN+TN+FP)]*100
= ability to correctly detect sleep and
wake
Table 1: Matrix of sleep/wake agreement with
polysomnography

Actical
Sleep
Wake

Polysomnography
Sleep
Wake
True Positive (TP)
False Negative (FN)

False Positive (FP)
True Negative (TN)

Sleep parameters were derived from PSG and
the Actiware software:
• TST was deﬁned as the number of minutes in bed spent in any stage of sleep;
• SE was deﬁned as the percentage of time
asleep while in bed; and
• WASO was deﬁned as the number of minutes spent awake during a sleep period.

Results
Epoch-by-epoch Comparisons At the default
medium activity threshold, the Actical was
highly sensitive at identifying PSG-determined
sleep epochs (Table 2). Despite being found to
have low speciﬁcity, overall accuracy remained
high at this threshold. Epoch-by-epoch agreement with PSG was almost identical at the low
activity threshold, but it had better speciﬁcity
and correctly identiﬁed about 10% more epochs
of wake.
Sleep Parameter Comparisons Descriptive results from this study show that the Actical overestimated TST by 25 ± 47 and 36 ± 52 min, and
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Figure 1: Sleep parameters recorded by polysomnography and the Actical at the low- and medium-activity
thresholds. TST = total sleep time, SE = sleep efﬁciency, WASO = wake after sleep onset.
SE by 5 ± 8% and 6 ± 9%, at the low threshold
and medium threshold, respectively (Fig. 1).
Conversely, the Actical underestimated WASO
by 25 ± 52 (low threshold) and 36 ± 57 min
(medium threshold).
Table 2: Epoch-by-epoch agreement of Actical and
PSG by activity threshold
Epoch agreement
Sensitivity (%)
Speciﬁcity (%)
Accuracy (%)

Activity Threshold
Low
Medium
97 ± 2
31 ± 13
89 ± 10

98 ± 1
22 ± 9
88 ± 11

Data are expressed as Mean±SD

Repeated measures ANOVA showed that
TST estimated using the Actical was not longer
than TST determined by PSG at either the
low or medium threshold for wake [F(1,9)=4.1,
p=.07]. Similarly, repeated measures ANOVA
revealed no signiﬁcant differences from PSG for
SE [F(1,9)=4.3, p=.07] or for WASO [F(1,9)=3.4,
p=.10] at either threshold for wake.

Discussion
The results of this study support the use of the
Actical for sleep measurement. Its sensitivity in
detecting sleep epochs and its overall accuracy
are equally high at both activity thresholds.
The speciﬁcity of the Actical is considerably

lower, but at the low-activity threshold the result is closer to speciﬁcities previously reported
for devices marketed for sleep measurement
(34-44%) [2].
With regard to the estimation of sleep parameters, the tendency for activity monitors to
overestimate sleep and underestimate wake is
evident despite no signiﬁcant differences from
PSG at either threshold for wake. Also demonstrated for each sleep parameter is a smaller
bias at the low-activity threshold compared to
the medium-activity threshold for wake. These
are also consistent with ﬁndings from other activity monitors which have biases compared to
PSG of about 25 min for TST and 5% for SE
[11].
Low speciﬁcity and the bias for overestimating sleep found in this study partly reﬂect
a limitation of activity monitors generally to
distinguish quiescent wakefulness from sleep.
However, unlike activity monitors such as the
Actiwatch, the Actical records mean activity
per second instead of peak activity per second,
resulting in lower scores overall when summed
per epoch [9]. This explains why a low-activity
threshold is better for wake detection and why
the default medium-threshold in the Actiwatch
sleep software is not satisfactory for the Actical.
A very low threshold could result in even better wake detection but, given trade-offs previously found between speciﬁcity and sensitivity
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between thresholds [6], it is unclear to what
extent this would affect sensitivity.
In this study, Acticals were validated with
young healthy adults in a sleep laboratory. This
improved the validity of the results by removing confounding inﬂuences such as noise, temperature and light, which inﬂuence sleep behaviour. Future research could add to these
ﬁndings, however, by evaluating the Actical
in speciﬁc populations of interest [e.g., 3] in
ecologically valid environments, such as participants’ homes. In addition, future research
could apply a lower, customised, threshold to
the algorithm used in the Actiware software
and evaluate the effect of this on agreement
with PSG.
In conclusion, the combined ﬁndings of this
study indicate that the Actical is a satisfactory
measure for sleep, provided that an appropriate
activity threshold is chosen. The implication of
sleep measurement as an additional function of
the Actical is that researchers can concurrently
explore the relationship between sleep and
energy expenditure with a single device, at no
extra inconvenience to participants.
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