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This is a systematic review of the scientific literature with regard to normal sleep patterns in infants and
children (0—12 years). The review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Mean and variability data for sleep dura-
tion, number of night wakings, sleep latency, longest sleep period overnight, and number of daytime
naps were extracted from questionnaire or diary data from 34 eligible studies. Meta-analysis was con-
ducted within age-bands and categories. In addition, fractional polynomial regression models were used
to estimate best-fit equations for the sleep variables in relation to age. Reference values (means) and
ranges (+1.96 SD) for sleep duration (hours) were: infant, 12.8 (9.7—15.9); toddler/preschool, 11.9 (9.9
—13.8); and child, 9.2 (7.6—10.8). The best-fit (R?> = 0.89) equation for hours over the 0—12 year age range
was 10.49-5.56 x [(age/10)*0.5 — 0.71]. Meta-regression showed predominantly Asian countries had
significantly shorter sleep (1 h less over the 0—12 year range) compared to studies from Caucasian/non-
Asian countries. Night waking data provided 4 age-bands up to 2 years ranging from 0 to 3.4 wakes per
night for infants (0—2 months), to 0—2.5 per night (1—2 year-olds). Sleep latency data were sparse but
estimated to be stable across 0—6 years. Because the main data analysis combined data from different
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countries and cultures, the reference values should be considered as global norms.

© 2011 Elsevier Ltd. All rights reserved.

Introduction

Sleep-wake regulation and sleep states evolve rapidly during
the first year of life with continued maturation across childhood.
Because newborns do not have an established circadian rhythm,
their sleep is distributed throughout the day and night with each
period of sleep short because of feeding frequency.! At around
10—12 weeks of age, the circadian rhythm begins to emerge, and
infant sleep becomes increasingly nocturnal.®> Parents can aid the
development of a regular nocturnal sleep pattern by facilitating
social cues to sleep (e.g., by implementing consistent feed times
and bed-time routines).! Between the ages of 1 and 4 years, chil-
dren continue to take daytime naps in order achieve their sleep
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requirements.> Night wakings are common in infancy and early
childhood. A variety of factors influence these but children’s ability
to return to sleep unaided plays a major role in determining
whether or not wakings will persist and become problematic.# The
frequency of night wakings is one of the main factors by which
parents judge the quality of their child’s sleep.’ By age 5, daytime
napping ceases and overnight sleep duration gradually declines
throughout childhood, due to a shift to later bedtimes, with wake
times remaining stable during the routine week.> However, sleep-
wake patterns, driven by a complex interplay between biological
processes, and environmental, behavioural and social factors, can
vary widely. In infants and children, for example, daycare and
school schedules, parenting practices and expectations, family
routines and cultural practices, will all strongly influence sleep and
timing. Added to this are individual differences in genetic make-up
influencing sleep—wake regulation.

Measurement of sleep in infants and children can be subjective
or objective. Subjective data are considered here, from sleep diaries
or questionnaires filled out by the caregiver, or asked about in
a structured interview. Across studies, several forms of sleep diaries
have been used and adapted.®’ Diaries have been shown to have
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a good correlation with objective measures recording sleep
schedules over 24-h periods in the home, or for a designated
number of days/weeks. However diaries are not so accurate for
recording night waking; parents do not always recognise infant
awakenings in which the infant has self soothed back to sleep and
not audibly awoken.® There are many questionnaires, some of
which are validated such as the Children’s Sleep Habits Question-
naire and the Brief Infant Sleep Questionnaire.® The majority cover
questions addressing universal sleep measures of bedtime, wake
time and sleep duration and may or may not cover both weekday
and weekend schedules.

An accurate description of normal sleep patterns in infants and
children necessitates measurement and documentation of sleep
patterns and requirements over a long period of rapid maturation,
allowing for normal development, and in apparently healthy subjects.
Data from prospective observational studies of longitudinal, or cross-
sectional design can be used to portray this. Smaller studies can add to
the datasets, but carry less weight. Extracting data from studies
conducted after 1990 is necessary to relate the information to the
current era because sleep duration (an indicator of sleep need) has
apparently decreased across time probably in relation to modern
lifestyle changes.>'° However a recent systematic review of the
evidence that children are sleeping less has been challenged; Mat-
tricani et al.'! found the evidence to be conflicting, of low methodo-
logical quality, and specific to particular populations.

As far as we are aware, no systematic reviews have been pub-
lished specifically for infants and children. One covers objective
polysomnographic measures from age 5 across the lifespan.!? The
usefulness of collating a systematic review is to provide a standard
against which abnormal sleep patterns can be measured, to in turn
inform policy and strategies for intervention, and to contribute to
and advance our knowledge regarding developmental patterns of
sleep. We have extracted and summarized age-specific data from
sleep measures in relation to the quantity of sleep over a 24-h
period, the number of episodes of waking during nocturnal sleep,
the time taken to fall asleep (sleep latency), the longest sleep over
a 24-h period, and the number of daytime naps.

Methods

The protocol and data extraction was conducted according to
the 2009 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.!

Literature search

A search strategy was developed to identify studies related to
normal sleep patterns from birth to age 12. An extensive literature
search of 5 electronic databases was conducted: Ovid MEDLINE,
Web of Science, CINAHL, Scopus and PsycINFO. All databases were
searched for relevant articles published from 1990 to 2010 whose
title, abstract or keywords included reference to sleep and infant
(age 0—23 months) or child, preschool (age 2—5 years) or child (age
6—12 years) and diary or questionnaires or actigraphy. The search
was limited to English-language articles. Titles and abstracts were
examined to extract potentially relevant articles, subsequently
examined in more depth for inclusion/exclusion criteria by the
main author (BG), and the research assistant (CL).

Inclusion and exclusion criteria

For inclusion, studies were required to fulfil the following criteria:
a) original article, b) prospective cohort design, c) non-clinic studies,
d) participants aged 0—12 years, e) sample was well described (e.g.,
number of subjects, gender, recruitment criteria, etc.), f) include one

or more of the following variables of interest: sleep duration, sleep
latency, number of night wakings, longest sleep period, number of
daytime sleeps, g) data for variables of interest were presented
numerically with a measure of central tendency and variance.
Studies were excluded if: a) case-control design was used, b) the
work was published as a dissertation or abstract only, ¢) if more than
one report from the same study was published, we included only the
first publication with data meeting the inclusion/exclusion criteria.

Scientific literature quality assessment

The quality of the studies used in the review were evaluated by
the Downs & Black quality index (QI) score system,'* a validated
checklist used for assessing the quality of non-randomized studies
(as well as randomized controlled trials). The score system for non-
randomized prospective studies consists of 19 items distributed
between five subscales. Several of the questions were not relevant
for observational studies; therefore a consensus was reached by the
authors to use 11 of the questions. These 11 questions from the
Downs & Black QI score system'® were distributed among criteria
for: reporting (5 subscales; questions 2, 3, 5, 7 and 9), external
validity (2 subscales; questions 11 and 12), bias (2 subscales;
questions 16 and 20), confounding (1 subscale; question 26), and
power (1 subscale; question 27). The highest possible score was 12
because question 5 from the QI score system has a maximum score
of 2, with all others, a maximum of 1. A QI score >8 was considered
good, 5—8 moderate, and <5 of poor quality. Two investigators (BG
and DE) scored the articles independently and discrepancies were
resolved through discussion.

Data extraction

The mean and standard deviation (SD) or standard error (SE)
data from variables of interest were extracted from the articles.
When the studies included weekend and weekday data, weekday
data were taken to align with the majority of studies and represent
the routine sleep pattern. Where data for males and females were
only available separately, data were combined.

Meta-analysis and reference values

Meta-analysis was conducted for sleep measures in appropriate
age-bands identified within the 3 age group categories as follows:
1) infants (0—23 months), 2) toddlers (2—5 years), 3) child (6—12
years). The age-bands (e.g., 3—4 years) within age categories
depended on the supply of data. Analysis was performed with the
metan command in Stata statistical software version 11 using the
mean and standard error for each study to produce the pooled
estimate mean and the 95% confidence intervals (Cls). As the
majority of data describing variability was given as the SD, the SE
was calculated using the number of participants for each study.
Reference values are given as the estimated mean and range;
estimated range representing 1SD x 1.96 either side of the mean.
An example of the meta-analysis to produce these reference values
and ranges is given in Fig. 1 (sleep duration at approximately 9
months of age). In this example, the reference value (or pooled
mean estimate) is 12.6 h and pooled estimated lower and upper
95% Cls are 12.53 and 12.67 respectively. To calculate the range, we
assume normality and that 95% of all observations are located
within the mean + 1.96 SD. Thus using this example, the following
calculations were performed to obtain the lower and upper range
for the total sample size (n = 2140).

e SE=(ACI/2)/1.96 = 0.035
e SD =SE x SQRT(n) = 1.65
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Ref®  (onahe) Numbers Mean KT % Weight
55 612 517 E| 11.88 (11.74, 12.01) 23.38
62 9 89 -‘- 13.00 (12.68, 13.31) 4.75
65  7-12 134 —§— 13.40 (13.01, 13.79) 3.04
66 9 a1 .E. 12.41 (12.08, 12.73) 4.47
7 8 114 | @ 13.00 (12.82, 13.18) 13.70
49 911 715 [ZI 12.80 (12.67, 12.93) 28.37
76 9 530 [E] 12.69 (12.55, 12.83) 22.29
Total n = 2140 ’ 12.60 (12.53, 12.67) 100.00
=T T : T
1 12 14

Fig. 1. A forest plot example of the meta-analysis using data from 7 studies to calculate the pooled mean estimate for sleep duration at approximately 9 months of age;

heterogeneity test: I = 96.1%, P < 0.0001.

e lower range = mean — 1.96 x SD =9.36
e upper range = mean + 1.96 x SD = 15.84

The QI score was not considered in the weighting for meta-
analysis, rather metan creates its own weighting based on the
inverse of the variance. Where the study data from a longitudinal
study appeared more than once in the meta-analysis, we opted to
take the first set of data within the longitudinal study, to avoid bias
from an individual study contributing more than once to a dataset.
Datasets excluded in the meta-analysis are denoted by an asterisk
in the relevant Tables. For example, the study of Iglowstein et al."®
contributes sleep duration data to the meta-analysis for each year
from 6 to 12 years; the meta-analysis for 6—12 years incorporated
the age 6 data only. A meta-regression of sleep duration was con-
ducted using the metareg command in Stata for variables of
interest; namely year of study publication and ethnic origin of
study (predominantly Asian versus Caucasian/non-Asian).

Overall age-related trends

To describe age-related trends, the mean data were plotted for 4
sleep variables showing developmental trends (sleep duration,
number of night wakings, longest sleep period and number of daytime
naps). Weighted regression (weighted by 1/SE) was used to explore
the relationship between the different outcomes and age. Fractional
polynomials were used to calculate a non-linear relationship with age
using the fracpoly command in Stata. As for the meta-analyses, where
the study data from a longitudinal study appeared more than once, we
took the first set of data to avoid bias by overweighting.

Results
Database searches

The search criteria from all databases (with duplicates elimi-
nated) rendered 2114 articles (Fig. 2). Of those, 195 were deemed to

be of potential interest and downloaded to examine and apply the
more stringent inclusion/exclusion criteria. One hundred and forty-
five articles were excluded, leaving 50 articles for review. Reasons
for exclusion are listed in Fig. 2. During data extraction, a further 16
were excluded because age ranges were too wide or articles con-
tained actigraphy data only that was subsequently excluded because
of limited data for a meta-analysis. Data were captured by longitu-
dinal design in 10 studies, and by cross-sectional design in 24. Three
authors were contacted to obtain more numerical data, successful in
two’%8 with the data from one subsequently published.4®

Articles reviewed

Table 1 summarizes the important aspects of the 34 articles
included in this review. All studies recruited males and females;
two did not supply a breakdown. In the majority, gender was evenly
distributed (median M:F = 1.07). The review includes studies from
18 different countries. Higher points on the QI scale reflected
a superior quality of investigation but did not negate data accuracy.
Twenty-seven were considered good quality based on the criteria,
with 6 of moderate quality and 1 of poor quality.

Sleep duration

Sleep duration was the most common sleep measure and was
found in 82% of the articles, the majority from questionnaire data.
Meta-analyses were conducted within age-bands for: infant (<2
months, 3 months, 6 months, 9 months, 1 year, 18 months and 2
years); toddler/preschool (2—3 and 4—5 years); child (6, 7, 8, 9, 10,
11 and 12 years), the results of which appear in Table 2. Fig. 3
illustrates a wide range in sleep duration in young infants and the
inverse relationship between age and sleep duration with less
variation around ages 5—6 through to age 12. The paucity of data
around the toddler age group is evident. Fig. 4a plots the raw data
for sleep duration (in hours) by age (years) for the best-fit fractional
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[2114 publications identified from syntax |

1919 excluded as not relevant

195 potentially relevant papers identified
on the basis of title and abstract

on basis of title and/or abstract
content

145 excluded as not relevant
88 target data not extractable
21 case control
12 repeat studies
6 age data not extractable
7 selection bias

[50 papers selected for data extraction |
1

3 clinic group

4 age range too big

2 < 24 h recording

1 case report

1 conducted well pre-1990

v
I 34 papers with usable data |

22 reporting on infant sleep
7 reporting on toddler/ pre-school sleep
13 reporting on child sleep

16 excluded
8 too large an age band
8 not correct data format

Fig. 2. Flow chart indicating the results of the systematic review with inclusions and exclusions.

polynomial regression model. The best-fit equation shown, calcu-
lates the decline in sleep duration at approximately 10.5 min per
month between 1 and 6 months of age, slowing to 5.4 min per
month between 7 and 12 months. Between 1 and 4 years, sleep
duration declines at the rate of 7.8 min per year, and from 5 years to
12 years, at the rate of approximately 5.9 min per year.

Meta-regression analysis for sleep duration by year of publica-
tion produced no significant results, whereas cross-cultural anal-
yses using country of origin did; sleep duration of children over the
0—12 year age range was shorter in the studies from predominantly
Asian countries/regions (38 data points) compared to pre-
dominantly Caucasian/non-Asian countries (53 data points) by
59.4 min [95% CI, 7—111 min (p = 0.025)].

Number of night wakings

The number of night wakings was extracted from the “infant only”
datain age-bands of 0—2 months, 3—6 months, 7—11 months and 12
years (Table 3). Ten studies contributed to the 21 strong dataset with
all except one from cross-sectional studies. There was not enough
data to combine beyond age 2. The best-fit equation for the number of
night wakings over the first 24 months is given in Fig. 4b showing
a decline in frequency from 1 month to 6 months at the rate of 0.33
wakes per month; 0.04 per month from 7 to 12 months, and 0.01
night wakings per month from 13 to 24 months. Data were highly
variable but nevertheless showed an inverse relationship with age.

Sleep latency

Data were summarized according to infant category (Table 3)
producing an average value of 19 min, but because only 2 studies
contributed data beyond this age, values for toddler and child
categories were not analysed. Individual studies reported mean
sleep latencies for age 3—4 years°> (17 min), 3—5 years>® (17.4 min)
and 5—6 years> (16 min).

Longest sleep period overnight

Data were available only across the infant age-bands of 0—5
months, and 6—24 months. Of all the sleep measures, this yielded

the least amount of data, but nevertheless showed a trend for sleep
to become consolidated with increasing age. Reference values for
the longest sleep period increased from 5.8 to 8.4 h across these 2
age-bands (Table 3). The best-fit equation for the longest sleep
period (LSP; h) over the first 24 months is shown in Fig. 4c. The
longest sleep period increased from 1 month to 6 months at the
rate of 39 min per month, slowing to 9.9 min per month from 7 to
12 months, and 5.1 min per month from 13 to 24 months.

Number of daytime naps

These data were confined to the infant age group producing age-
bands for 0—5 months, 6—11 months and 1-2 years of age (Table 3).
Three studies contributed to the full dataset with mainly cross-
sectional data. The best-fit equation for the number of daytime
naps over the first 24 months is illustrated in Fig. 4d. The number of
naps from 1 month to 6 months decreased at the rate of 0.28 per
month, from 7 to 12 months, 0.1 per month, and from 13 to 24
months, 0.09 per month.

Discussion

The main purpose of this systematic review was to provide
mean reference values for normative sleep patterns in children
from O to 12 years. Because the meta-analysis combined data from
different countries and cultures, the reference values should be
considered as international norms, rather than culture-specific
norms. The quality of the data reported here cannot go beyond
the quality of the individual studies included, and therefore cannot
fully represent all studies published, as many did not reach our
inclusion criteria. The results, we believe, will be useful in guiding
an assessment of what is the normal range for each of the sleep
measures at any given age. The line equations provide a summary of
the age-related trends.

Sleep measures were assessed at one time point in the majority
of studies. Although single measures of exposure may not accu-
rately capture the changing patterns over time, developmental
patterns were strongly evident. Large longitudinal studies provide
the richest source of data for describing the evolution of normative
sleep patterns within one population; 10 were included in this
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Table 1
Description of the studies included for each age range and quality index score.
First author, Year Country Study M:F Age Measure Design Variables Quality
referen?e numbers 0—23 months 2-5 years 6—12 years mdexa
number score'
Walker>* 1994 Australia 21 1.1 1 week, 8 weeks D L SD 4
Ottaviano®® 1996 Italy 2889 1.11  1-5 months, Q X SD, SL 6
6—12 months,
1-2 years
Matthey’® 2001 Australia =158 — 6 weeks, 6 months Q L NW,DN 7
Iglowstein® 2003 Switzerland 493 1.13 6 months, 9 months, 3,4 years 6,7,8,9,10, Q L SD 7
1 year, 1.5 years 11,12 years
Liu®” 2003 China 517 0.89 7.8,9,10,11 years Q X SD 8
Harrison®® 2004 UK. 56 0.87 6 weeks, 9 weeks, D L SD 6
12 weeks
Spilsbury>® 2004 USA 755 1.01 8,9,10—11 years Q X SD 10
Ng® 2005 Hong Kong 3047 0.99 6,7,8,9,10, Q X SD 7
11,12 years
Fazzi®! 2006 Italy 50 117 10—39 months Q X NW, SL 5
(1.9 years)
Montgomery- 2006 US.A 944 113 <1,1,2,69,12, Q X SD, NW, 9
Downs®? 18 months DN
BaHammam® 2006 Saudi Arabia 1012 1.02 5-6,7,8,9 Q X SD 7
10,11 years
Sampei®* 2006 Japan 117 0.48 5—6 years Q X SD 5
Chaput*® 2007 Canada 422 1.0 6.6 years Q X SD 6
Chou® 2007 Taiwan 506 117 0-6,7-12, Q X SD 7
13—24 months
De Leon®® 2007 USA. 41 1.73 9 months D X SD, NW 6
Dollman'! 2007 Australia 510 1.04 10—12 years Q X SD 7
Li®7 2007 China 19,299 0.94 5-6,7,89, Q X SD 9
10,11 years
Meijer®® 2007 Netherlands 107 1.06 2,7 weeks Q L NW 8
0'Connor®® 2007 UK. 11,490 =~1.0 6,18 months Q L SD,NW 10
Russo”® 2007 Italy 1073 1.03 8,9,10,11,12 years Q X SD 7
Kelmanson”! 2008 Russia 114 0.78 2,8 months Q L SD 8
Spruyt’? 2008 Australia 20 1.86 3,6,12 months D L SD 6
Werner’? 2008 USA. 50 1.27 5.9 years QD X SD 7
Mindell”* 2009A USA. 206 0.84 7-18 months 18—36 months QD X NW, LSP, 7
SL
Mindell*® 2009 USA. 1473 1.04 0-11 months 1-3 years, Q X SL 7
3-5 years
Sadeh®® 2009 USA./Canada 5006 1.07 0-2,3-56-8, 2-3 years Q X SD, NW, 7
9-11,12-17, LSP, DN
18—23 months
Thomas” 2009 USA. 20 1.85 4-10 weeks D X SD, LSP 6
Tikotzky18 2009 Israel 85 1.5 6 months QD L SD, NW, 7
SL
Xiao-Na’® 2009 China 14,883 1.1 <1,23,69, 2,3,4,5 years Q X SD 8
12,18 months,
Tikotzky'® 2010 Israel 96 1.82 1,612 months D X NW 8
Iwasaki’’ 2010 Japan 47 135 5 years QD X SD, NW, 6
SL
Canet”® 2010 Spain 321 1.13 7—8 years, D X SD 7
9—-10 years,
11-12 years
Seo”® 2010 Korea 3639 1.01 7,8,9,10, QD X SD 8
11,12 years
Henderson® 2010 New Zealand 75 132 1,.2,3,4,56,7,89,10, D L LSP 6

11,12 months

D, diary; DN, daytime naps; L, longitudinal study design; LSP, longest sleep period; NW, night waking; Q, questionnaire; SD, sleep duration; SL, sleep latency;

X, cross-sectional design.
2 Quality index score was based on a scale of 0—12; see text for explanation.

report. However we could not combine longitudinal data within
a single meta-analysis because the studies add bias by representing
data from the same population at different time-points. Three of
the five measures extracted mainly pertained to infant sleep, so not
surprisingly the articles covering this age category were strongly
represented (21 of the 34 articles). Reference values provided here
combine studies covering large sectors of healthy populations.
Though the majority will represent infants and children with non-
problematic sleep, the prevalence of sleep problems (as assessed by

parents) can be up to 30% in these age groups.'®!” Two infant
studies screened out sleep-related breathing problems.!®1°

Sleep duration

The variability of reported sleep duration in the young is seen in
the wide range of values in infancy. A strong inverse relationship
with age was evident with the fastest rate of decline seen over the
first 6 months of life. Most studies presented sleep duration as the
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Table 2
Summary data for sleep duration (hours/24 h) across age-bands and age category.
Age-band or Reference number Mean Lower Upper
category limit limit
0—2 months 54, 62, 76, 49, 18, 58, 14.6 9.3 20.0
75, 54", 63, 71, 76
=3 months 58", 72, 49, 76 13.6 94 17.8
=6 months 3, 62,69, 72, 49, 76, 19 129 8.8 17.0
=9 months 55, 62, 65, 66, 717, 49, 76 12.6 9.4 15.8
=~ 12 months 3%, 62, 72, 49, 76, 19 129 10.1 15.8
1-2 years 55, 3", 62, 65, 697, 49, 76, 12.6 10.0 15.2
62,76
All infants All above excluding * 12.7 9.0 16.3
2—3 years 3,62, 76, 65, 69, 49, 3, 76 12.0 9.7 14.2
4-5 years 3%, 76,76 11.5 9.1 139
All toddlers All above excluding * 119 9.9 13.8
=6 years 3, 60, 63, 64, 48, 67 9.7 8.1 114
=7 years 3%, 57, 60, 63, 67, 79 9.4 7.9 10.9
=8 years 78, 3", 57, 59, 60, 63, 67, 9.3 7.8 10.8
70,79
=9 years 3%, 57,59, 60, 63, 67, 70, 79 9.3 7.8 10.8
=10 years 78, 3", 57, 59, 60, 63, 67, 9.1 7.6 10.7
70,79
=11 years 3%, 57, 60, 63, 11, 67, 70, 79 9.0 7.3 10.6
=12 years 78, 3", 60, 63, 70, 79 8.9 7.3 104
All children All above excluding * 9.2 7.6 10.8

"Datasets not included in the “All” age category meta-analysis because the data
came from longitudinal studies. See text for explanation.

number of hours over a 24-h period, with only 2 studies pre-
senting the data as a percentage. Disappointingly, many research
articles collected sleep duration data, but were excluded because
the values were not reported numerically. For example, sleep
duration was often subdivided categorically and some articles
were rejected because they reported data by education grade
rather than age.

Sleep duration in school-aged children is influenced by the start
of the school day.?® Weekday data were used for consistency, rather
than the weekend data that includes variable “catch-up” sleep.
Weekend/weekday differences however are more evident in
adolescence where a strong preference for staying up later in the
evening occurs as a function of both biology and environment,
particularly so for males.?! Bedtimes and wake up times would be
useful for cross-cultural analyses as predominantly Asian countries
have been shown to have shorter sleep duration due to later
bedtimes.?? Ethnic differences in relation to sleep duration are
discussed later. Sleep duration data came from parental sleep dia-
ries and questionnaires and therefore the data are subjective. More

Hours
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objective measures of sleep duration from actigraphy report vari-
ations of between 14 and 50 min less sleep compared with parental
report (in children and infants respectively).?%*

The importance of measuring sleep duration and indicators for
disrupted sleep is reflected in the literature. Cross-sectional studies
show that inadequate quality or quantity of sleep in children can
have negative impacts on daytime function with respect to
behaviour,®> cognitive development®® and academic perfor-
mance,”” and can predispose children to more accidental injury.?®
Developmental trajectories link sleep problems at early ages with
later behavioural and emotional problems2’ and some aspects of
poorer neuropsychological functioning in adolescence.3%>! Several
cross-sectional and longitudinal studies have linked short sleep
duration and sleeping problems with obesity>>3233 including
a recent longitudinal study from this laboratory that has shown
that children who do not get enough sleep (measured objectively)
are at increased risk of becoming overweight, even after adjusting
for multiple confounders.>* Furthermore, during 6 years of
observing 156 school children, investigators found that blood
pressure was elevated in those who regularly had a shorter-than-
average sleep duration compared with those who regularly had
longer sleep.>® However recent studies have provided evidence
showing no link between short sleep duration and obesity.3637

Night wakings

Night wakings and prolonged sleep onset impair sleep consoli-
dation and shorten sleep. A developmental trend towards reduced
night waking from birth to 2 years of age was shown but night waking
produced the most variable data of all measures. Mindell et al.*?
report no differences between predominantly Asian and predomi-
nantly Caucasian cultures in relation to night waking, but show
a developmental trend of reduced night waking from O to 3 years.
Their data were collated from a large cross-cultural survey. We were
unable to incorporate their data into our meta-analysis due to the
lack of detailed information around study numbers for the smaller
age groups. A clear omission from nearly all the datasets on night
waking in infants was a breakdown by type of feeding. Breastfeeding
has been associated with a higher frequency of awakenings.3%3°
Place of sleep was also omitted. Bedsharing has been linked to
poorer infant sleep patterns when practiced sporadically,* however
other studies have found bedsharing does not influence the quality or
quantity ofinfant or maternal sleep when practiced habitually.4%-42 A
more robust measure of night waking is derived from actigraphy as
parental report may not identify some night waking. The values in
this report derive purely from parental report.
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Sleep latency

We found sleep latency was on average, 19 min in infants aged
0—2 years and 17 min in 3—12 year-olds. Two studies covering
toddler and early child age groups reported similar sleep laten-
cies.383> Unlike other variables, an age trend was not expected.

Table 3
Summary data for four sleep variables across age-bands and by age category in
infants.

Variable Age-band Reference number Mean Lower Upper
or category limit  limit
Night wakings (#) 0—2 months 56, 62, 68, 49, 1.7 0 34
76,18
3—6 months 56,62, 69, 49, 08 0 3.0
76,19
7—11 months 25, 62, 66, 49, 76 1.1 0 3.1
1-2 years 61, 62, 69", 74, 07 0 2.5
49, 76
All infants All above excluding * 0.8 0 29
Sleep latency All infants 19, 55, 19, 38, 55, 19 0 43
(min) (0—2 years) 19, 74, 55, 61
Longest sleep 0—5 months 49, 75, 49, 8 57 1.8 9.6
period (h) 6—24 months 49, 49, 74,49, 49,8" 83 3.0 13.7
All infants All above 71 23 11.8
Daytime naps (#) 0—5 months 56, 49, 62, 62, 49 31 1.2 5.0
6—11 months 567, 62, 49, 62, 49 22 09 35
1-2 years 62, 62, 49, 62, 1.2 04 2.1
49, 63
All infants All above excluding * 1.7 0.6 2.8

“Datasets not included in the “All” age category meta-analysis because the data
came from longitudinal studies. See text for explanation.

Ohayon et al.'? report slightly shorter average times through meta-

analysis of objective measures, with no change in sleep latency
between child and adolescent age groups. Sleep latency is an
important measure because up to 16% of parents of school-aged
children report their child has difficulty falling asleep and this
will shorten sleep duration, because for most children wake up
times are governed by the start of the school day. Sleep latency is
strongly related to the homeostatic sleep pressure that has built
since the last sleep period, and is influenced by many factors
including the level of daytime exercise in children.*> However sleep
latency is a difficult measure to obtain reliably because it is over
a short percentage of the 24-h day, and requires objective measures
to record accurately as the difference between the exact time of
going to bed (or more precisely, settling for sleep) and exact time of
sleep onset. Parental reports tend to overestimate true sleep
latency compared to objective measures of polysomnography.*4

Longest sleep period

The longest sleep period measure yielded the least amount of
data (4 studies, 10 datasets) but developmental trends moving
towards lengthier “longest sleep periods” with age were evident.
Within the first six months postpartum, most infants develop the
ability to sustain longer episodes of sleep and begin to consolidate
sleep towards the nighttime, taking on a sleep pattern similar to
adults.* To define sleep consolidation, Henderson et al.*® consider
the longest sleep period as a measure of an infant’s physiological
capacity to sustain a long period of unbroken sleep. They recently
introduced a new definition referring to the longest self-regulated
sleep period (LSRSP) i.e., the longest period of behavioural quietude
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that includes the longest sleep period together with periods of
nocturnal wakings where the infant transitions back to sleep
without assistance. The LSRSP can only be obtained reliably with
objective measures but has more scope for defining an infant’s self-
regulation of sleep-wake transition. The longest sleep period is not
a variable of interest once nighttime consolidation has been
reached; thus data beyond 2 years of age were rare. Again the lack
of data on type of feeding is an important omission in these studies
because breastfeeding has been linked to impaired sleep
consolidation.!9474

Number of daytime naps

The number of daytime naps showed developmental trends up
to the age of two. Like the longest sleep period, data were rare
beyond the infant age range but most children discontinue daytime
napping between 3 and 5 years of age.*> In comparison with the
survey results of Mindell et al.,>2 the current review found a mean
of 1.7 naps per day (SD = 0.6) in 0—2 year-olds, compared with 1.83
naps per day (SD = 1.08) in the survey results. The cross-cultural
study reports no difference in the number of naps across cultures,
suggesting this sleep measure has a more biological than cultural
basis. There are more data available before 1990 for this sleep
measure, but to be consistent across all ages, only data covering
modern-day practices were included. The number of daytime
sleeps, for example, may be prescribed by routine practices incor-
porated in early child daycare centres. These are considered
modern-day practices.

Gender and ethnic differences

Gender differences were not considered as separate analyses
because of the lack of data. Three studies did consider gender,*%10:49
all showing no significant difference in the sleep measures studied.
One study excluded in the final selection, found no gender differ-
ences in sleep duration in children aged 5—12 years as measured by
actigraphy.”® Gender differences in sleep timing are more apparent
once children reach puberty.?! Ethnic differences were considered
for sleep duration only in the context of the predominant culture of
the study. In support of what some other studies have shown,?>>°
sleep duration of predominantly Asian cultures was shorter over
the 0—12 year age range (1 h less). A comparison of school-aged
children between China and the USA found parents reported chil-
dren in China went to bed later and woke up earlier and their sleep
duration was 1 h shorter than children from the USA.>® We cannot
ascertain if the difference we found relates more to one age cate-
gory than another because the number of studies was not large
enough to tease this out without losing statistical power. Further-
more, to look for any interaction effect requires linear data, which
clearly the data are not. In the cross-cultural survey of 0—3 year-
olds, Mindell et al.?? reported the widest difference in sleep dura-
tion between predominantly Asian and predominantly Caucasian
cultures was 101 min shorter in the former (mean differences
estimated at 42 min). These differences were related to later
bedtimes rather than daytime sleep and they suggest a strong
culturally based influence to nighttime sleep behaviours. Inter-
estingly, their nighttime waking data, when broken down into
small age groups, graphically displays more nighttime waking in
Asian cultures within each age group, inferring less consolidated
sleep in addition to shorter sleep overall. If this trend is real, it
makes the link between shorter sleep within Asian cultures more
interesting in terms of why? One would expect more consolidated
sleep to be associated with shorter sleep. Is there perhaps also
a biological need for less sleep within Asian cultures? Or are the
differences purely culturally based, resulting in more problematic

sleep within Asian children as some studies seem to suggest?%2>°

Only in depth cross-cultural studies will be able to answer these
questions. Our cultural findings are limited by not being able to
include and control for demographic information, particularly
socio-economic status (SES) within the analyses. One study has
shown that race and SES of 2—7 year old children have indepen-
dent relationships with sleep behaviour; independent of SES,
African-American children slept less due to later bedtimes, but SES
did play a role in reported sleep-related behaviour problems.’! As
well as ethnic differences in sleep patterns, the influence of the
dominant culture on sleep practices of immigrants also needs
consideration.’

Limitations

There were some limitations to this review. The first was the
balance in age categories and participant numbers. There were
small numbers in the toddler/preschool age category which
limited the strength of data for this age group. The numbers of
participants included in each study was variable, but the meta-
analysis controlled for this by applying a weighting in calcula-
tion of the estimated mean. Secondly, the measures were from
subjective data. Reliance on parental reports has both strengths
and inherent limitations. The strength is that these normal values
are what parents will report and enquire as to whether they are
“normal” or not. However, we know that parents’ awareness of
night wakings is largely influenced by the child’s inclination to
signal this (as in crying or calling for attention) and parents have
been reported to overestimate sleep duration tending to report
times for going to bed and rising, rather than times for going to
sleep and waking.?>°? Thus, the biological significance of the
findings of this review need to be validated against objective
measures of the same sleep variables with actigraphy being the
most likely tool to provide that measure in future studies. Thirdly,
sometimes only a small number of studies could be included in the
meta-analysis e.g., 4 studies were available for measures of the
longest sleep period (0—5 months). A recent study discussed the
numbers of studies required before a meta-analysis for an
outcome in a systematic review settles down around a final value
reporting that it takes a median of 4 studies to get within 10% of
the final point estimate.>® Finally, we were not in a position to
make statements in regard to ethnic/cultural differences encoun-
tered in measures other than sleep duration in relation to country
of origin.

Conclusions

In conclusion, normative data across the infant/child lifespan is
important to collate to know what is outside of normal; to assess
sleep complaints, to deal accurately with sleep problems, or
provide preventive advice. Furthermore, knowledge of the wide
variation in normal, particularly in the very young is important
for dealing with infant/child sleep problems. Knowledge of the
differences between Asian and non-Asian cultures regarding 24 h
sleep duration is also important. The upper and lower limits of the
ranges for sleep variables given in Tables 2 and 3, represent cut-offs
that would be useful in clinical practice. The data were collated
from parental reports about their child, therefore do not represent
the more accurate physiological measures of sleep obtained by
polysomnography, actigraphy or videosomnography. The subjec-
tive measures were obtained from: 1) sleep questionnaires that
provided information about one point in time, or gave historical
data, or 2) sleep diaries that, if maintained for a few weeks, can aid
investigations of a child’s sleep problem by studying longitudinal
sleep patterns, and can be used for assessing before- and after-
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treatment effects. We re-iterate that the reference values should be
considered as international norms, rather than culture-specific
norms.

Practice points

1) Sleep patterns show developmental trends for sleep
duration (decrease 0—12 vyears), number of night
wakings (decrease from 0 to 2 years), longest sleep
period (increase from 0 to 2 years), and number of
daytime naps (decreasing up to age 2).

2) Sleep duration is the most commonly reported sleep
variable. It has a wide range in infancy with the greatest
rate of change occurring within the first 6 months of life.
Predominantly Asian countries report less sleep dura-
tion than non-Asian countries.

3) A clear omission from nearly all the infant studies is
a breakdown to breast or bottle-feeding, well known to
influence sleep patterns.

4) There are several aspects of sleep that have limited
documentation; normal sleep patterns in the toddler
age group, gender and ethnic differences, and weekday
versus weekend differences across all age groups.

5) Studies publishing information on sleep patterns
should present numerical data with measures of central
tendency and variability so data can be incorporated
into meta-analysis.

Research agenda

1) The findings of this review need to be validated against
parental reports matched to objective measures of the
same sleep variables.

2) More prospective large-scale longitudinal studies,
rather than cross-sectional studies, are required to
provide richer sources of data to document develop-
mental patterns of sleep.

3) Research around cultural practices influencing sleep
development is needed to provide culture-specific data.

4) The gap in the literature around the toddler age group,
suggests this age needs to be targeted to better docu-
ment normal sleep patterns before children’s daytime
routine is changed to fit school schedules.

5) The significance of the lower and upper limits of our
data as cut-offs for problematic sleep need to be
assessed for clinical application.
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