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a  b  s  t  r  a  c  t

Although  infant  sleep-wake  behavior  presents  several  developmental  changes  during  the
first six  months,  literature  lacks  on reference  values  and few  studies  have  explored  the
role of individual  change  and  stability  on infant  sleep-wake  behavior  during  the  first  six
months.  This  study  aimed  (1)  to describe  infant  sleep-wake  behaviors  during  the  24-h
period,  day  and  night,  at two  weeks,  three,  and  six months,  (2)  and  to  explore  developmental
changes  and  the  role  of  individual  change  and  stability  on  infant  sleep-wake  behaviors
from  two  weeks  to six  months.  Ninety-four  primiparous  mothers  completed  measures  on
infant  sleep-wake  behaviors  at two  weeks,  three  and  six  months.  Significant  developmental
changes  were  found  on infant  sleep-wake  behaviors  from  two weeks  to six months.  Two-
week-old  infants  sleep  13.3 h,  spend  8.7  h  awake,  awake  6.1 times,  have  0.4  h  of  latency  to
sleep, and  3.2  h  of longest  sleep  period.  Three-month-old  infants  sleep  13.0  h, spend  9.2  h
awake,  awake  5.5  times,  have  0.4 h of  latency  to  sleep,  and  5.2 h of  longest  sleep  period.  Six-
month-old  infants  sleep  12.2  h, spend  10.0  h awake,  awake  5.2 times,  have  0.4  h of  latency  to
sleep,  and  5.6  h  of  longest  sleep  period.  Significant  individual  change  and  stability  were  also
found on  infant  sleep-wake  behaviors  from  two weeks  to six  months.  Despite  significant
developmental  and individual  changes,  individual  stability  explains  a significant  amount
of the  variance  on  infant  sleep-wake  behaviors  over  the first  six  months  of  life.

©  2016 Elsevier  Inc. All  rights  reserved.

. Introduction

The development of sleep-wake behavior is a major maturational process during the first year of life, associated with infant
eurobehavioral organization, temperament and cognitive functioning (e.g., Henderson, France, Owens, & Blampied, 2010),
nd informing about infant health and well-being (e.g., Montgomery-Downs & Gozal, 2006; Scher, Zukerman, & Epstein,
005; Taveras, Rifas-Shiman, Oken, Gunderson, & Gillman, 2008). Sleep developmental problems affect between 15–35% of

1
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nfants and are major concerns to clinicians and parents (Byars, Yolton, Rausch, Lanphear, & Beebe, 2012; Mindell, Meltzer,
arskadon, & Chervin, 2009; Mindell, Sadeh, Wiegand, How, & Goh, 2010). However, only few studies provided reference
alues and little is known about individual change and stability on infant sleep-wake behaviors during the first six months
f life (e.g., Freudigman & Thoman, 1993; Magee, Gordon, & Caputi, 2014; Scher, Epstein, & Tirosh, 2004).
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One-month-old infants have averaged between 12.1 and 14.6 h of sleep time during the 24-h period (e.g., Montgomery-
Downs & Gozal, 2006; Quillin, 1997; Tikotzky & Sadeh, 2009), ranging between 9 and 19 h (Iglowstein, Jenni, Molinari, &
Largo, 2003). They have averaged 3.3 h of sleep during the day (Montgomery-Downs & Gozal, 2006), with a range of between
0.5 and 9 h (Iglowstein et al., 2003; Montgomery-Downs & Gozal, 2006). They have averaged 5.7 h of sleep during the night
(Montgomery-Downs & Gozal, 2006), ranging between 5 and 14 h (e.g., Iglowstein et al., 2003; Montgomery-Downs & Gozal,
2006). One-month-old infants spend an average of 2.4 h awake during the night (Tikotzky & Sadeh, 2009). At 0–2 months, the
average awake time during the night was 1.2 h (Sadeh, Mindell, Luedtke, & Wiegand, 2009; Teng, Bartle, Sadeh, & Mindell,
2012). One-month-old infants have averaged 5.3 awakenings during the 24-h period (Montgomery-Downs & Gozal, 2006),
between 3.1 and 3.3 awakenings during the day (e.g., Matthey, 2001; Montgomery-Downs & Gozal, 2006), and between 2
and 4 during the night (e.g., Burnham, Goodlin-Jones, Gaylor, & Ander, 2002; Goodlin-Jones, Burnham, Gaylor, & Anders,
2001; Montgomery-Downs & Gozal, 2006). At 0–2 months, they wake 5.5 times during the 24-h period, 3.6 times during the
day and 1.9 times during the night (Mindell et al., 2010; Sadeh et al., 2009). Moreover, they have averaged 32 min of latency
to sleep during the day (Matthey, 2001), and between 23 and 40.3 min  during the night (Matthey, 2001; Tikotzky & Sadeh,
2009). Infants were found to have a longest sleep period during the night of between 3 and 4.1 h at one month (Anders &
Keener, 1985; Burnham et al., 2002; Goodlin-Jones, Eiben, & Anders, 1997), with an average of 3.6 h reported in a recent
review (Henderson, France, & Blampied, 2011).

Different averages of sleep time during the 24-h period have been reported for three-month-old infants – from 12.8 to
13.6 h (Bruni et al., 2014; Galland, Taylor, Elder, & Herbison, 2012; Harrison, 2004), ranging from 10 to 19 h (Iglowstein et al.,
2003). Three-month-old infants were found to sleep between 3.3 and 3.5 h during the day (Bruni et al., 2014; Tikotzky et al.,
2015), ranging from 1 to 8 h (Iglowstein et al., 2003). During the night, they averaged between 9.4 and 9.5 h (Bruni et al.,
2014; Tikotzky et al., 2015), ranging from 7 to 13 h (Iglowstein et al., 2003). At 3–5 months infants were found to be awaken,
in average, 0.5 h during the night (Mindell et al., 2010; Sadeh et al., 2009; Teng et al., 2012). At three months, infants have
averaged 3.4 awakenings/sleep periods during the day (Bruni et al., 2014), and between 2.5 and 2.9 times during the night
(e.g., Burnham et al., 2002; Goodlin-Jones et al., 2001; Tikotzky et al., 2015). At 3–5 months, infants sleep between 4.2–4.4
periods during the 24-h period, between 2.9 and 3.1 during the day and between 1.2 and 1.3 during the night (Mindell et al.,
2010; Sadeh et al., 2009; Teng et al., 2012). Three-month-old infants were found to have a longest sleep period during the
night of between 4.7 and 6 h (Anders, Halpern, & Hua, 1992; Burnham et al., 2002; Goodlin-Jones et al., 2001). A recent
review stated that the average longest sleep period during the night is 5.5 h at three months (Henderson et al., 2011).

Six-month-old infants sleep an average of between 12.6 and 14.2 h during the 24-h period, with their total sleep ranging
between 6.5 and 18 h (e.g., Blair et al., 2012; Iglowstein et al., 2003; Montgomery-Downs & Gozal, 2006). They averaged
between 2.3 and 3.1 h during the day (Bruni et al., 2014; Tikotzky et al., 2010, 2015), ranging between 0.2 and 6.5 h (Iglowstein
et al., 2003; Montgomery-Downs & Gozal, 2006). During the night, six-month-old infants sleep an average of 9.5–11 h (Bruni
et al., 2014; Iglowstein et al., 2003; Tikotzky et al., 2010), ranging from 5 to 15.5 h (Iglowstein et al., 2003; Montgomery-
Downs & Gozal, 2006). Six-month-old infants have averaged 0.7 h awake during the night (Tikotzky & Sadeh, 2009) and 0.4 h
at 6–8 months (Sadeh et al., 2009; Teng et al., 2012). Literature have been reported an average of 3.6 awakenings during the
24-h period at 6 months (Montgomery-Downs & Gozal, 2006), between 2.6 and 2.8 awakenings during the day (e.g., Bruni
et al., 2014; Matthey, 2001; Montgomery-Downs & Gozal, 2006), and between 1 and 3.5 awakenings during the night (e.g.,
Burnham et al., 2002; Goodlin-Jones et al., 2001; Montgomery-Downs & Gozal, 2006; Tikotzky et al., 2015). At 6–8 months,
infants were found to have 3.7–3.9 sleep periods during the 24-h period, 2.5–2.6 during the day, and 1.3 during the night
(Mindell et al., 2010; Sadeh et al., 2009; Teng et al., 2012). They have averaged 11 min  of latency to sleep during the day
(Matthey, 2001), and between 12 and 21.5 min  during the night (Matthey, 2001; Tikotzky & Sadeh, 2009). Moreover, at six
months, infants have a longest sleep period during the night of between 4.8 and 7.1 h (Anders & Keener, 1985; Burnham
et al., 2002; Goodlin-Jones et al., 2001). In their review, Henderson et al. (2011) also stated that the average longest sleep
period during the night is 5.8 h at six months.

The association between infant sleep-awake behaviors during the day and the night has been poorly explored. Previous
studies on infant sleep-awake behaviors during the day and the night have focused on differences. No differences were
found on infant sleep-awake behaviors during the day before two  months, namely on sleep hours and time out of the crib
(Ingersoll & Thoman, 1999), while at three months sleep hours during the night are almost the double of sleep hours during
the day (Parmalee, Wenner, & Schulz, 1964).

To discriminate between day and night and to concentrate sleep hours during the night and awake hours during the day
are major developmental processes during the first year of infant’s life (Sadeh, 2000). A significant decrease on the number
of sleep hours during the 24-h period has been reported during the first six months (e.g., Sadeh et al., 2009; Teng et al., 2012;
Tikotzky & Sadeh, 2009). Infants start to concentrate their sleep during the night, presenting a decrease on the number of
sleep hours during the day (Sadeh et al., 2009; Teng et al., 2012; Tikotzky et al., 2015), accompanied by an increase on the
number of sleep hours during the night (e.g., Parmalee et al., 1964; Sadeh et al., 2009; Teng et al., 2012; Matthey, 2001).

Infants become able to get and return to sleep without help, presenting a significant decrease on the latency to sleep
during the day and the night during the first six months (Matthey, 2001; Tikotzky & Sadeh, 2009). During this period infants

also become able to sleep through the night, presenting a significant increase on the longest sleep period (Burnham et al.,
2002; Goodlin-Jones et al., 1997; Teng et al., 2012), accompanied by a decrease on the awakenings during the night (e.g.,
Sadeh et al., 2009; Teng et al., 2012; Tikotzky & Sadeh, 2009) and a decrease on the number of awake hours during the night
(e.g., Sadeh et al., 2009; Teng et al., 2012; Tikotzky & Sadeh, 2009).
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Table  1
Socio-demographic characteristics.

N = 94

N %

Mother Age 18–29 33 31.1
30–39 57 60.6
≥40 4 4.3

Ethnicity Caucasian 90 97.8
Other 1 2.2

Matrimonial status Married/cohabiting 78 83.0
Single/divorced/widow 16 17.0

Occupational status Employed 74 78.7
Unemployed/Household/student 20 21.3

Years of schooling ≤12 25 26.6
>12 69 73.4

Pregnancy and delivery Reanimation at birth No 89 94.7
Yes 5 5.3

Type of delivery Vaginal 44 46.8
Caesarean 50 53.2

Infant Sex Female 40 42.6
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Male 54 57.4
Ponderal index <2.5 8 8.5

≥2.5 86 91.5

Individual differences on infant sleep-wake behaviors were reported over the first six months, as indicated by high
tandard deviations (e.g., Bruni et al., 2014; Burnham et al., 2002). Individual differences on infant sleep-wake behaviors
t two weeks were also seen to explain a significant amount of infant sleep-wake behaviors differences at nine months,
nd explain more variance than change on infant sleep-wake behaviors from two weeks to nine months (St James-Roberts

 Plewis, 1996). Moreover, high individual stability on infant sleep-wake behaviors during the first six months was also
eported with significant correlations found between infant sleep onset time, transitions from sleep to wake, longest sleep
eriod, and sleep efficiency from three to six months (Scher et al., 2004).

Infant sleep-wake behavior presents several developmental changes during the first six months, however literature lacks
n reference values to guide clinicians, parents and researchers (e.g., Freudigman & Thoman, 1993; Magee et al., 2014; Scher
t al., 2004). Likewise, the role of individual change and individual stability on infant sleep-wake behavior over the first six
onths of life has also been poorly explored. Addressing these gaps in literature, this study aimed to (1) describe infant

leep-wake behaviors during the day and the night, at two  weeks, three, and six months, and (2) to explore developmental
hanges and the role of individual change and stability on infant sleep-wake behaviors from two weeks to six months.

. Methods

.1. Participants

The sample was comprised of 94 infants. All infants were first-born, full-term, of normal birth weight (≥2500 g) and
ad no health problems (no hospitalization or admission to the intensive care unit in the first two weeks post-birth). The
ajority of the mothers were Caucasian (97.8%), married or cohabiting (83%), and employed (78.7%). More than a half were

ged between 30 and 39 years old (60.6%), and had more than 12 years of schooling (73.4%). The majority of the infants
ere not reanimated at birth (94.7%), and had a normal ponderal index (≥2.50; 91.5%). More than a half of the infants were
ale (57.4%) and born by caesarean delivery (52.3%). More than a half of the infants (56.3%) were not bed sharing with the
other, while 43.7% bed shared (18.3% daily, 15.5% more than once a week, and 9.9% once a week). The majority of the

nfants (81.9%) were exclusively breastfed at two weeks, 68.1% at three months, and 4.3% at six months; 17% were partially
reastfed at two weeks and three months, and 60.6% at six months; and 1.1% were exclusively artificial fed at two  weeks,
4.9% at three months, and 35.3% at six months (Table 1).

.2. Procedure

The Ethical Commissions of University of Minho and Centro Hospitalar do Porto approved the research protocol. One
undred eighty five pregnant women were contacted at the hospital during the third trimester, informed about the purposes
nd procedures of the study and invited to participate. Women  who  did not read or write Portuguese, multiparas and

ultiple births were excluded. Women  who agreed to participate (90%) signed an informed consent. The mothers completed

n-line measures of socio-demographic data and infant sleep-wake behaviors at two weeks (M = 3.32 weeks, SD = 2.39),
hree (M = 14.01 weeks, SD = 1.93) and six (M = 28.27 weeks, SD = 3.60) months postpartum. Twenty-five participants were
xcluded: six preterm infants, three infants with low birth weight and 16 infants who  were admitted to the intensive care
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unit during the first two weeks of life. Of the 141 mothers who completed measures of socio-demographic data and infant
sleep-wake behaviors at two weeks, 94 (67.0%) completed the same measures at three and six months, and were included in
the data analyses. The group that completed all the assessments and was  included in the analyses and the group that did not
complete all the assessments and was not included in the analyses did not differ on: mother’s age, matrimonial status, and
occupational status, infant’s reanimation at birth, type of delivery, sex, ponderal index, and sleep arrangement. Groups only
differed on mother’s years of schooling, �2 (1) = 11.45, p = 0.001, and feeding method at two  weeks, �2 (2) = 9.37, p = 0.009,
with the group that completed all assessments presenting higher education and higher rates of exclusive breastfeeding.

2.3. Measures

2.3.1. Socio-demographic data
Socio-demographic data were collected using a Socio-demographic Questionnaire. This questionnaire on social, demo-

graphic and obstetric information included gender, birth weight and length, gestational age, delivery mode, hospitalization,
and breastfeeding status.

2.3.2. Infant sleep-wake behaviors
The Infant Sleep Chronogram was designed for this study for the mothers to record infant sleep-wake behaviors over a

24-h period. It is a timeline comprised of 30-min periods from 8 a.m. one day to 8 a.m. the next day. “Daytime” was defined as
8 a.m. to 8 p.m. and “nighttime” as 8 p.m. to 8 a.m. Based on the mothers’ records, the following variables were coded for 24-h
period, day, and night: sleep hours, awake hours, awakenings, latency to sleep, and longest sleep period. 24-h period sleep,
awake and awakenings were coded by the sum of the day and night, while the longest sleep period during the 24-h period
was coded using the longest sleep period over the 24 h. Latency to sleep was coded by the average number of hours the infant
took to fall asleep for each sleep period during the 24-h period, the day and the night. In the present sample, the Infant Sleep
Chronogram had acceptable internal consistency at two weeks (Cronbach’s � = 0.71), at three months (Cronbach’s � = 0.62),
and at six months (Cronbach’s � = 0.63).

2.4. Statistical analyses

In order to describe infant sleep-wake behaviors during the 24-h period, day and night, at two weeks, three, and six
months, two repeated measures MANOVAs were performed. The first repeated measures MANOVA included sleep hours,
awake hours, awakenings, latency to sleep, and longest sleep period (24-h period) as dependent variables with two  weeks,
three and six months as the repeated measures. The second repeated measures MANOVA included sleep hours, awake hours,
awakenings, latency to sleep, and longest sleep period (day and night) as dependent variables with two  weeks, three and
six months as the repeated measures. In order to analyze associations between infant sleep-wake behaviors during the day
and during the night at two weeks, three and six months, Pearson correlations were performed.

In order to analyze developmental changes and individual change and stability on sleep-wake behaviors from two weeks
to six months, growth curve models were estimated using multilevel modeling (e.g., Heck, Thomas, & Tabata, 2010). Time
0 was defined as the date of the first assessment at two weeks (baseline) and the time variable was scored in weeks from
the baseline to six months. The intercept refers to sleep-wake behaviors (sleep hours, awake hours, awakenings, latency to
sleep, and longest sleep period – during the 24-h period, day, and night) at the baseline and the slope for time the extent to
which sleep-wake behaviors change each week. Scores for all sleep-wake variables (during the 24-h period, day, and night)
were examined at each assessment wave. Empty models were tested and individual stability was  calculated dividing the
intercept variance by the total variance. Data consisted of 282 observations (94 participants by 3 time points). The effect size
r (Rosenthal, Rosnow, & Rubin, 2000) was estimated for all significant effects and interpreted according to Cohen’s guidelines
(1988). In order to analyze associations between infant sleep-wake behaviors during the 24-h period, day and night between
two weeks and six months, Pearson correlations were performed.

Statistical analyses were performed using the software SPSS version 23.0 (SPSS Inc., USA).

3. Results

3.1. Infant sleep-wake behaviors at two weeks, three months, and six months

Table 2 shows the means, standard deviations and range for sleep hours, awake hours, awakenings, latency to sleep, and
longest sleep period (24-h period, day, and night) at two weeks, three and six months. Table 3 shows associations between
infant sleep-wake behaviors during the day and the night at two weeks, three, and six months.

Two-week-old infants sleep a mean of 13.27 h during the 24-h period, 6.35 h during the day, and 6.91 h during the night.

They spend a mean of 8.69 h awake during the 24-h period, 4.62 h during the day and 4.07 h during the night. They have
averaged 0.35 h of latency to sleep during the 24-h period, 0.36 h during the day and 0.38 h during the night. At this age,
infants awake a mean of 6.05 times during the 24-h period, 3.16 times during the day and 2.95 times during the night. They
have averaged 3.20 h of longest sleep period during the 24-h period, 2.57 h during the day and 3.04 h during the night.
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Table  2
Means, standard deviations, and range for sleep hours, awake hours, awakenings, longest sleep period, and latency to sleep at two weeks, three months,
and  six months.

2 weeks 3 months 6 months

Variable M (SD) Range M (SD) Range M (SD) Range

Sleep 24-h 13.27 (2.38) 4.50–18.50 12.95 (2.40) 1.50–17.50 12.21 (2.18) 3.50–15.50
Sleep  day 6.35 (1.39) 2.50–9.00 4.95 (1.55) 0.00–8.50 4.02 (1.30) 0.00–7.00
Sleep  night 6.91 (1.40) 1.50–9.50 8.01 (1.48) 1.50–11.50 8.20 (1.78) 0.00–10–50
Awake 24-h 8.69 (2.09) 4.00–16.00 9.19 (2.03) 4.50–14.00 9.98 (1.62) 6.50–16.50
Awake  day 4.62 (1.36) 2.00–9.50 6.06 (1.62) 2.50–10.00 7.15 (1.39) 4.00–12.00
Awake night 4.07 (1.28) 1.00–7.50 3.13 (1.16) 0.50–6.50 2.83 (1.07) 1.00–5.00
Awakenings 24-h 6.05 (1.25) 3.00–9.00 5.54 (1.60) 2.00–11.00 5.19 (1.39) 1.00–9.00
Awakenings day 3.16 (0.86) 1.00–6.00 3.30 (1.06) 0.00–6.00 3.10 (0.89) 0.00–5.00
Awakenings night 2.95 (0.81) 1.00–5.00 2.24 (1.07) 0.00–6.00 2.11 (1.05) 0.00–4.00
Latency to sleep 24-h 0.35 (0.34) 0.00–1.70 0.38 (0.62) 0.00–5.50 0.39 (0.47) 0.00–3.33
Latency to sleep day 0.36 (0.44) 0.00–2.75 0.34 (0.50) 0.00–4.00 0.29 (0.29) 0.00–1.33
Latency to sleep night 0.38 (0.41) 0.00–2.00 0.46 (0.70) 0.00–4.50 0.56 (1.20) 0.00–9.00
Longest sleep period 24-h 3.20 (1.12) 1.50–7.00 5.24 (2.11) 1.00–11.00 5.59 (2.55) 1.00–10.50
Longest sleep period day 2.57 (0.87) 1.00–6.00 2.09 (0.70) 0.00–3.50 1.84 (0.72) 0.00–4.00
Longest sleep period night 3.04 (1.12) 1.00–7.00 5.24 (2.11) 1.00–11.00 5.56 (2.60) 0.00–10.50

Notes. M = Mean; SD = Standard Deviation.

Table 3
Associations between infant sleep-awake behaviors during the day and the night at two  weeks, three months, and six months.

Day

2 weeks Sleep Awake Awakenings Latency to sleep Longest sleep period

Night Sleep 0.456*** −0.073 0.177 −0.474*** 0.406***

Awake −0.163 0.245* −0.299** −0.006 −.102
Awakenings 0.022 −0.057 0.090 0.021 −0.431***

Latency to sleep −0.361*** −0.127 0.111 0.516*** −0.288**

Longest sleep period 0.211* 0.001 −0.029 −0.212* 0.472***

Sleep Awake Awakenings Latency to sleep Longest sleep period
Sleep  0.257* −0.024 0.221* −0.491*** 0.259*

Awake 0.037 0.039 −0.085 −0.017 −0.064
Awakenings −0.012 −0.113 0.125 0.123 −0.164
Latency to sleep −0.318** 0.021 −0.176 0.522*** −0.219*

Longest sleep period 0.054 0.059 −0.108 −0.215* 0.187

6  months Sleep Awake Awakenings Latency to sleep Longest sleep period
Sleep  −0.025 0.158 0.228* −0.297** −0.130
Awake 0.219* −0.153 −0.180 −0.021 0.217*

Awakenings 0.074 0.133 0.046 0.078 0.008
Latency to sleep −0.133 0.046 −0.162 0.182 0.031
Longest sleep period 0.066 0.089 −0.009 −0.057 −0.055
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* p < 0.05; **p < 0.01; ***p < 0.001

At two weeks significant correlations between the day and the night were found on sleep hours, r = 0.456, p < 0.001, awake
ours, r = 0.245, p = 0.017, latency to sleep, r = 0.516, p < 0.001, and longest sleep period, r = 0.472, p < 0.001. Non-significant
orrelations between the day and the night were found on awakenings, r = 0.090, p = 0.389 (Table 3).

Three-month-old infants sleep a mean of 12.95 h during the 24-h period, 4.95 h during the day and 8.01 h during the
ight. They spend a mean of 9.19 h awake during the 24-h period, 6.06 h during the day and 3.13 h during the night. They
ave averaged 0.38 h of latency to sleep during the 24-h period, 0.34 h during the day and 0.46 h during the night. At this
ge, infants awake a mean of 5.54 times during the 24-h period, 3.30 times during the day and 2.24 times during the night.
hey have averaged 5.24 h of longest sleep period during the 24-h period, 2.09 h during the day and 5.24 h during the night.

At three months significant correlations between the day and the night were found on sleep hours, r = 0.257, p = 0.012,
nd latency to sleep, r = 0.522, p < 0.001. Non-significant correlations between the day and the night were found on awake
ours, r = 0.039, p = 0.712, awakenings, r = 0.125, p = 0.231, and longest sleep period, r = 0.187, p = 0.072.

Six-month-old infants sleep a mean of 12.21 h during the 24-h period, 4.02 h during the day and 8.20 h during the night.
hey spend a mean of 9.98 h awake during the 24-h period, 7.15 h during the day and 2.83 h during the night. They have
veraged 0.39 h of latency to sleep during the 24-h period, 0.29 h during the day and 0.56 h during the night. At this age,
nfants awake a mean of 5.19 times during the 24-h period, 3.10 times during the day and 2.11 times during the night. They

ave averaged 5.59 h of longest sleep period during the 24-h period, 1.84 h during the day and 5.56 h during the night.
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Table 4
Associations between infant sleep-wake behaviors at two weeks and six months and the role of individual change and stability in infant sleep-wake
behaviors from two weeks to six months.

Associations between infant sleep-wake behaviors Individual stability Individual change
Variable r r r

Sleep 24-h 0.210* 0.91*** 0.09***

Sleep day 0.006 0.92*** 0.08***

Sleep night 0.228* 0.87*** 0.13***

Awake 24-h 0.194 0.91*** 0.09***

Awake day 0.129 0.91*** 0.09***

Awake night 0.204* 0.95*** 0.05***

Awakenings 24-h 0.168 0.94*** 0.06***

Awakenings day 0.064 0.98*** 0.02
Awakenings night 0.045 0.91*** 0.09***

Latency to sleep 24-h 0.288** 0.95*** 0.05
Latency to sleep day 0.499*** 0.98*** 0.02
Latency to sleep night 0.097 0.95*** 0.05
Longest sleep period 24-h 0.122 0.93*** 0.07***

Longest sleep period day −0.089 0.90*** 0.10***

Longest sleep period night 0.150 0.93*** 0.07***
* p < 0.05; **p < 0.01; ***p < 0.001

At six months, non-significant correlations between the day and the night were found on sleep hours, r = −0.025, p = 0.814,
awake hours, r = −0.153, p = 0.142, awakenings, r = 0.046, p = 0.658, latency to sleep, r = 0.182, p = 0.078, and longest sleep
period, r = −0.055, p = 0.597.

3.2. Developmental changes on infant sleep-wake behaviors from two weeks to six months

From two weeks to six months, (1) sleep hours during the 24-h period decreased, in average, 0.04 h per week, b = −0.04,
SE = 0.01, 95%CI = [−0.07,−0.02], p = 0.002, effect size r = 0.19, sleep hours during the day decreased, in average, 0.10 h per
week, b = −0.10, SE = 0.01, 95%CI = [−0.11,−0.08], p < 0.001, effect size r = 0.56, while sleep hours during the night increased,
in average, 0.05 h per week, b = 0.05, SE = 0.01, 95%CI = [0.03,0.07], p < 0.001, effect size r = 0.33; (2) awake hours during the 24-h
period increased, in average, 0.05 h per week, b = 0.05, SE = 0.01, 95%CI = [0.03,0.08], p < 0.001, effect size r = 0.27, awake hours
during the day increased, in average, 0.10 h per week, b = 0.10, SE = 0.01, 95%CI = [0.09,0.12], p < 0.001, effect size r = 0.59, while
awake hours during the night decreased, in average, 0.05 h per week, b = −0.05, SE = 0.01, 95%CI = [−0.06,−0.04], p < 0.001,
effect size r = 0.38; (3) awakenings during the 24-h period decreased, in average, 0.04 times per week, b = −0.04, SE = 0.01,
95%CI = [−0.05,−0.02], p < 0.001, effect size r = 0.25, no changes were found on awakenings during the day, and awakenings
during the night decreased, in average, 0.33 times per week, b = −0.33, SE = 0.01, 95%CI = [−0.05,−0.02], p < 0.001, effect size
r = 0.34; and (4) longest sleep period hours during the 24-h period increased, in average, 0.09 h per week, b = 0.09, SE = 0.01,
95%CI = [0.07,0.12], p < 0.001, effect size r = 0.47, longest sleep period hours during the day decreased, in average, 0.03 h
per week, b = −0.03, SE = 0.01, 95%CI = [−0.04,−0.02], p < 0.001, effect size r = 0.37, while longest sleep period hours during
the night increased, in average, 0.10 h per week, b = 0.10, SE = 0.13, 95%CI = [0.07,−0.13], p < 0.001, effect size r = 0.48. No
developmental changes were found on latency to sleep hours during 24-h period, day and night. Intercepts and random
effects (intercept + time; residuals) were statistically significant (all p’s < 0.001) in all the models.

3.3. Individual change and stability on infant sleep-wake behaviors from two weeks to six months

Table 4 shows associations between infant sleep-wake behaviors at two  weeks and six months, and individual change
and individual stability on infant sleep-wake behaviors from two weeks to six months.

Significant correlations between two weeks and six months were found on sleep hours during the 24-h period, r = 0.210,
p = 0.042, and during the night, r = 0.228, p = 0.027, awake hours during the night, r = 0.204, p = 0.049, latency to sleep during
the 24-h period, r = 0.288, p = 0.005, and during the day, r = 0.499, p < 0.001. Non-significant correlations between two weeks
and six months were found for the remaining infant sleep-wake behaviors (see Table 4).

The proportion of variance explained by individual change from two weeks to six months was  between 0.02 for awaken-
ings and latency to sleep during the day and 0.13 for sleep during the night. Non-significant variance explained was found for
awakenings during the day, and latency to sleep during the 24-h period, the day and the night (see Table 4). Empty models
for infant sleep-wake behaviors indicated that the proportion of variance explained by individual stability from two weeks

to six months was between 0.87, for sleep during the night and 0.98, for awakenings and latency to sleep during the day.
Significant variance explained was found for all the infant sleep-wake behaviors (see Table 4).
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. Discussion

.1. Infant sleep-wake behaviors at two weeks, three months, and six months

Two-week-old infants sleep a mean of 13.27 h during the 24-h period, 6.35 h during the day, and 6.91 h during the night.
esults for sleep hours at two weeks are content with the literature for sleep hours during the 24-h period (e.g., Iglowstein
t al., 2003), the day (e.g., Montgomery-Downs & Gozal, 2006), and the night at one month (e.g., Montgomery-Downs & Gozal,
006). They spend a mean of 8.69 h awake during the 24-h period, 4.62 h during the day and 4.07 h during the night. To our
nowledge there are no studies on awake hours during the 24-h period and during the day for this age range, so cross-study
omparisons cannot be performed. Awake hours during the night at two  weeks are slightly higher than the average found
n previous studies for awake hours at one month (e.g., Tikotzky & Sadeh, 2009). At this age, infants awake a mean of 6.05
imes during the 24-h period, 3.16 times during the day and 2.95 times during the night. Number of total awakenings at
wo weeks is slightly higher than in a previous study at one month (Montgomery-Downs & Gozal, 2006). However, number
f awakenings is in the range of the reference values found in the literature for awakenings during the day (e.g., Matthey,
001; Montgomery-Downs & Gozal, 2006) and during the night at one month (e.g., Burnham et al., 2002; Goodlin-Jones
t al., 2001; Montgomery-Downs & Gozal, 2006).They have averaged 0.35 h of latency to sleep during the 24-h period, 0.36 h
uring the day and 0.38 h during the night. Latency to sleep at two weeks is consistent with the average values found in
revious studies either during the day either during the night at one month (Matthey, 2001; Tikotzky & Sadeh, 2009). They
ave averaged 3.20 h of longest sleep period during the 24-h period, 2.57 h during the day and 3.04 h during the night. To
ur knowledge there are no studies on the longest sleep period during the 24-h period and during the day, so cross-study
omparisons cannot be performed. The longest sleep period during the night is consistent with the average values presented
n earlier studies (Anders & Keener, 1985; Burnham et al., 2002; Goodlin-Jones et al., 1997).

Three-month-old infants sleep a mean of 12.95 h during the 24-h period, 4.95 h during the day and 8.01 h during the
ight. Results for sleep hours during the total 24-h period at three months are consistent with the average values and ranges
resented in earlier studies (e.g., Bruni et al., 2014; Harrison, 2004; Iglowstein et al., 2003). Although in content with the
ange presented in literature (Iglowstein et al., 2003), sleep hours during the day are slightly higher and sleep hours during
he night are slightly lower than the averages presented in earlier studies (e.g., Bruni et al., 2014; Tikotzky et al., 2015). At
his age, infants awake a mean of 5.54 times during the 24-h period, 3.30 times during the day and 2.24 times during the
ight. At three months, number of awakenings is in the range of the reference values found in the literature for awakenings
uring the day (e.g., Bruni et al., 2014) and during the night (e.g., Burnham et al., 2002; Goodlin-Jones et al., 2001). They
pend a mean of 9.19 h awake during the 24-h period, 6.06 h during the day and 3.13 h during the night. They have averaged
.38 h of latency to sleep during the 24-h period, 0.34 h during the day and 0.46 h during the night. To our knowledge there
re no studies on awake hours and latency to sleep at three months, so cross-study comparisons cannot be made. They have
veraged 5.24 h of longest sleep period during the 24-h period, 2.09 h during the day and 5.24 h during the night. Similarly,
he longest sleep period during the night at three months is consistent with the average values presented in earlier studies
Anders & Keener, 1985; Burnham et al., 2002; Goodlin-Jones et al., 2001).

Six-month-old infants sleep a mean of 12.21 h during the 24-h period, 4.02 h during the day and 8.20 h during the night.
esults for sleep hours during the total 24-h period are content with literature on total sleep hours at this age (e.g., Blair et al.,
012; Iglowstein et al., 2003; Montgomery-Downs & Gozal, 2006). However, although in content with the range presented

n literature (Iglowstein et al., 2003; Montgomery-Downs & Gozal, 2006), sleep hours during the day are slightly higher and
leep hours during the night are slightly lower than the averages presented in earlier studies at this age (e.g., Bruni et al.,
014; Tikotzky et al., 2010, 2015). They spend a mean of 9.98 h awake during the 24-h period, 7.15 h during the day and
.83 h during the night. Although no cross-study comparisons can be performed on awake hours during the 24-h period and
uring the day for this age range, awake hours during the night at six months are higher than the average found in previous
tudies (e.g., Tikotzky & Sadeh, 2009). At this age, infants awake a mean of 5.19 times during the 24-h period, 3.10 times
uring the day and 2.11 times during the night. Number of total awakenings and awakenings during the day are slightly
igher than in earlier studies (Bruni et al., 2014; Matthey, 2001; Montgomery-Downs & Gozal, 2006). Number of awakenings
uring the night is in the range of the reference values found in the literature (e.g., Burnham et al., 2002; Goodlin-Jones et al.,
001; Montgomery-Downs & Gozal, 2006; Tikotzky et al., 2015). They have averaged 0.39 h of latency to sleep during the
4-h period, 0.29 h during the day and 0.56 h during the night. Results for latency to sleep during the day and during the
ight at six months are consistent with the average values found in earlier studies (Matthey, 2001; Tikotzky & Sadeh, 2009).
hey have averaged 5.59 h of longest sleep period during the 24-h period, 1.84 h during the day and 5.56 h during the night.
ongest sleep period during the night at six months is also consistent with the average values presented in earlier studies
Anders & Keener, 1985; Burnham et al., 2002; Goodlin-Jones et al., 2001).

Significant associations were found at two weeks between day and night sleep hours, awake hours, latency to sleep, and
ongest sleep period. These results showed that infant sleep hours, awake hours, latency to sleep, and longest sleep period at
wo weeks were positively correlated between the day and the night, meaning that the more time an infant spend sleeping,

wake, in latency to sleep and with longer sleep period during the day more time spend sleeping, awake, in latency to sleep
nd with longer sleep period during the night. However, previous significant associations at two  weeks on awake hours and
ongest sleep period between the day and the night were not significant at three months. Additionally, all previous significant
ssociations between day and night same sleep-wake behaviors at two  weeks and three months were not significant at six
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months. These results are in line with infant sleep literature suggesting that at three months infants begin to discriminate
between day and night and that at six months infants achieve distinct patterns of sleep-wake behaviors during the day and
the night (e.g., Meltzer & Mindell, 2006; Sadeh, 2000).

4.2. Developmental changes on infant sleep-wake behaviors from two weeks to six months

Significant developmental changes were found on infant sleep-wake behaviors during the first six months of life, consis-
tent with previous studies, but few used growth curve models (e.g., Bruni et al., 2014; Burnham et al., 2002).

From two  weeks to six months, infants presented a decrease on sleep hours during the 24-h period and during the day,
while an increase on sleep hours during the night, in accordance with previous research (e.g., Sadeh et al., 2009; Teng et al.,
2012; Tikotzky & Sadeh, 2009; Matthey, 2001). Also in content with previous research, from two weeks to six months the
time that infants spent awake presented an increase during the 24-h period and during the day, while a decrease during
the night (e.g., Sadeh et al., 2009; Teng et al., 2012; Tikotzky & Sadeh, 2009). Results showed a decrease on the number of
sleep periods/awakenings during the 24-h period and the night from two  weeks to six months, in accordance with previous
studies (e.g., Sadeh et al., 2009; Montgomery-Downs & Gozal, 2006; Teng et al., 2012; Tikotzky & Sadeh, 2009). However,
contrary to what would be supposed according to previous studies, no developmental changes were found on the number
of sleep periods/awakenings during the day (e.g., Matthey, 2001; Sadeh et al., 2009; Teng et al., 2012) and on the latency to
sleep during the 24-h period, day and night (Matthey, 2001; Tikotzky & Sadeh, 2009), from two  weeks to six months. Results
also showed that infant’s longest sleep period increases during the 24-h period, decreasing during the day, while increasing
during the night from two weeks to six months, in accordance with literature (Burnham et al., 2002; Goodlin-Jones et al.,
1997; Teng et al., 2012).

4.3. Individual change and stability on infant sleep-wake behaviors from two weeks to six months

Despite both individual change and individual stability were significant, individual stability was  found to explain more
variance on infant sleep-wake behaviors during the 24-h period, day, and night, from two weeks to six months. These
results suggested that independently of the observed individual change on infant sleep-wake behaviors from two  weeks to
six months, individual differences (indicated by the high individual stability from two weeks to six months) remain over
time. Infants who spend more time sleeping, awaked, with more awakenings, with more prolonged latency to sleep, and
a longest sleep period at two weeks are those who  spend more time sleeping, awaked, with more awakenings, with more
prolonged latency to sleep, and a longest sleep period at six months.

These results are congruent with previous studies that showed that infant sleep-wake behaviors during the first months
of life are significantly explained by individual differences (e.g., Bruni et al., 2014; Burnham et al., 2002), and that individual
differences and individual stability explain infant sleep-wake behaviors values and trajectories over the first six months
(Scher et al., 2004; St James-Roberts & Plewis, 1996).

4.4. Limitations

Reported reference values and developmental changes in the present study for infant sleep-wake behaviors from two
weeks to six months are quite similar to those proposed in previous studies. However, few differences are presented, which,
despite cultural differences, may  be related to differences in procedures and measures, and sample characteristics.

Regarding procedures and measures, while this study used the Infant Sleep Chronogram to obtain infant sleep-wake
behaviors, other studies used questionnaires (e.g., Mindell et al., 2010; Sadeh et al., 2009) or actigraphic measures (e.g.,
Tikotzky et al., 2010). Good reliability has been stated between maternal report and more other sleep measures, such as
actigraphy (e.g., Müller, Hemmi, Wilhelm, Barr, & Schneider, 2011; Sadeh, 2004; Werner, Molinari, Guyer, & Jenni, 2008). The
Infant Sleep Chronogram assessed infant sleep-wake behaviors through mothers’ reports, which might be biased by their
perceptions. However, this measure showed good internal consistency and significant correlations were found between
the day and night sleep-wake behaviors, which suggest accuracy on maternal reports both during the day and the night.
Some differences in the definitions of daytime and nighttime periods may  also contribute to differences in reference values
and reported developmental changes for infant sleep-wake behaviors at two  weeks, three and six months. In the present
study “daytime” was defined from 8 a.m. to 8 p.m. and “nighttime” from 8 p.m. to 8 a.m., while some studies considered the
daytime period from 7 a.m. to 7 p.m. and the nighttime period from 7 p.m. to 7 a.m. (e.g., Mindell et al., 2010; Sadeh et al.,
2009), other studies considered bedtime from 5 p.m. and wake time from 9 a.m. (e.g., Iglowstein et al., 2003), and other
studies not indicating the definition of daytime and nighttime periods (e.g., Blair et al., 2012; Bruni et al., 2014).

Sample characteristics also varied across studies, with our sample having a higher rate of exclusive breastfeeding (e.g.,
Bruni et al., 2014; Quillin, 1997) and bed sharing (at least once a week) (e.g, Bruni et al., 2014; Montgomery-Downs & Gozal,
2006) than previous studies. And including only first-born and healthy infants, while other samples were not limited to

first-born infants (e.g., Bruni et al., 2014; Quillin, 1997; Montgomery-Downs & Gozal, 2006). Exclusive breastfeeding (e.g.,
Engler, Hadash, Shehadeh, & Pillar, 2012; Nevarez, Rifas-Shiman, Kleinman, Gillman, & Taveras, 2010; Quillin, 1997) and
sleep arrangements (e.g., Volkovich, Zion, Karny, Meiri, & Tikotzky, 2015) are two key variables associated with infant sleep-
wake behavior in previous research. Nonetheless, birth order did not appear to affect sleep-wake behaviors in at least one
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arlier study (e.g., So, Adamson, & Horne, 2007). Infant age also differed across studies, with some comparing sleep-wake
ehaviors at specific ages, as it was performed in this study (Blair et al., 2012; Bruni et al., 2014; Montgomery-Downs &
ozal, 2006), while others grouped infants across age ranges (e.g., Mindell et al., 2010; Sadeh et al., 2009).

This study contributed to infant sleep research and practice by indicating reference values for several relevant infant
leep-wake behaviors at two weeks, three and six months, and showing associations between same infant sleep-wake
ehaviors during the day and the night, at two weeks but not at six months. Showing several developmental changes on

nfant sleep-wake behavior from two weeks to six months through curve growth analyzes and suggesting that, despite of
evelopmental changes and individual change, individual stability explain a significant amount of the variance on infant
leep-wake behaviors from two weeks to six months is also a contribution of the present study. To our knowledge no study
nalyzed individual change and stability on infant sleep-wake behavior during the first six months. In that sense, our data
xtended the current knowledge on infant sleep-wake behavior, by analyzing the role of individual change and stability on
nfant sleep-wake behaviors over the first six months.
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