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Background: An important developmental task for infants over their first few years of life is to
learn to settle to sleep with a reasonably short latency, maintain sleep through the night and
coordinate with family sleeping and waking schedules. A child who can reliably do this is exhibiting
self-regulated sleep. Otherwise, children’s sleep may have to be other (non-self) regulated to some
degree and they may exhibit pediatric sleep disturbances (e.g., extended sleep latency, and/or
frequent nightwaking); these are reported by 36-45% of parents of infants between ages four to
12 months.

Purpose: To answer the question: Can infant and parent factors observed at 1 month of
infant age predict which infants will have regulated sleep at 6- and 12-months of age?
Prediction from 1 month has not previously been investigated.

Methods: In a prospective longitudinal study, the mothers of 52 typically developing infants
completed 6-day sleep diaries at 1, 3, 6, 9 and 12 months from which a composite sleep score
(CSS) was derived for each child at each month. Diary reliability was assessed once (for 54%
of families) using all-night videosomnography.

Results: At 6 months, CSS scores were distributed bi-modally and thus differentiated into
two groups by an empirically observed CSS cutoff score, with a majority (56%) of infants
classified as self-sleep regulated (S-R) and the rest as non-self sleep-regulated (NS-R). At 12
months, 72% could similarly be classified as S-R, while 28% exhibited some continuing
sleep disturbance. Discriminant function analysis investigated the predictors of S-R vs NS-R
group membership at 6 and 12 months from parent and child variables recorded at 1 month.
Parent presence at sleep onset and less total infant sleep time predicted group membership at
6 months with 94% classification accuracy, and parental presence at sleep onset and
frequency of infant night wakings predicted group membership at 12 months with 85%
accuracy. At 1 month, parents of infants later classified as NS-R at 6 and 12 months had
higher frequencies of all settling activities than parents of those later classified as S-R.
Conclusion: Variables measured at 1 month that predicted sleep status at 6 and 12 months
were parental presence at sleep onset, frequency of infant night waking and total infant sleep
time. The overall frequency of parent settling activities at 1 month also clearly differentiated
the two sleep groups at the older ages. Parenting behaviours are modifiable factors and thus
may have the potential for preventing pediatric sleep disturbances in children.
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Introduction
In the first year of life, the sleep of infants undergoes major changes. The archi-
tecture of sleep matures from relatively undifferentiated quiet and active sleep
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phases to highly structured bi-phasic Non-rapid Eye-
movement (NREM) Sleep and Rapid Eye-movement
(REM) Sleep." Sleep also becomes entrained by a diurnal
circadian rhythm such that more sleep occurs at night and
more waking during daylight hours.” Further, sleep epi-
sode duration progressively increases so that sleep
becomes more consolidated and less fragmented.** By 6
months of age, 50% of infants have achieved self-
regulated sleep, in that they have their longest consoli-
dated sleep period of approximately 8.5 hours during the
night,” are able to settle to sleep when sleep is scheduled
with only short latency and with little parental attention
required,” and are then able to resume sleep without dis-
tress or signalling to the parent when they reach the thresh-
old of conscious awareness, which typically happens at the
end of episodes of REM.® As capacity for self-regulation
increases so does the Longest Self-Regulated Sleep Period
(LSRSP) — i.e. The longest period of behavioral quietude,
characterised by maintaining and reinitiating sleep follow-
ing an awakening or an arousal, the infant is capable of
achieving.’

Infants who do not achieve self-regulated sleep (Non-
Self Sleep-Regulated, NR-S) in their first year are at risk
of developing one or more forms of pediatric sleep dis-
turbance (PSD)’ ' and by the end of the first year, this
may manifest as a clinical concern."" PSDs’ '® are

among the most common problems

13-15

reported to
pediatricians'? by parents and include difficulty in
initiating sleep (delayed sleep onset latency) when
infants are first placed in the crib, and/or active resistance
initiate bedtime (bed

resistance).'® Once asleep, infants may wake, either fre-

to attempts by parents to
quently for relatively brief periods or for fewer longer
periods, with each waking being signalled by distress and
requiring caregiver assistance for sleep reinitiation.
Infants may also bed-share (sometimes termed co-
sleeping) with their parents even where this is not desired
by the family.'®!” PSD is highly prevalent,'® and within
Australasia, 36—45% of parents report their infants’ sleep
as problematic' >
into childhood.?"**

PSD is distressing and stressful for the whole family and

and it may become chronic, persisting

is associated with potentially serious consequences™ includ-
ing increased risk of negative developmental sequelae,
physical punishment, and individual and family
morbidity.*'**>° Because of these adverse effects of PSD,
and because developing the capacity for sleep self-regulation

in the first 12 months is protective against the development

of such problems, it would be highly desirable to be able,
early in infancy, to identify those variables that predict who
will and will not later develop self-regulated sleep (i.e., will
be classified as S-R and NS-R sleepers).*' Via further ana-
lysis of data from a larger longitudinal study investigating
infant sleep maturation over the first year of life,” the current
study sought to identify parent and/or infant variables that
predict the attainment of self-regulated sleep at 6 and 12
months of age, and to establish the earliest age when these
can be identified. If these predictors are potentially modifi-
able aspects of the infant’s environment, such as parenting
activities, this supports giving parents/caregivers advice and
guidance about how to support the optimal development of
their child’s sleep and thereby reduce the risk of PSD devel-
oping. Such prevention of PSD would have numerous ben-
efits for the child, the whole family and the public health

system.3 2

Participants and Methods

Participants and Study Design

Fifty-two infants (64% first and 25% second born; 58%
boys) and their mothers (mean age 30.2 years) were drawn
from a larger prospective longitudinal repeated-measures
study® examining sleep development over the first year of
life (full study protocol is in®). Participants were recruited
from antenatal classes, newspaper advertisements, child
health nurses, and community midwives. Inclusion criteria
for the larger study were that infants were full-term, healthy
at birth, and developing typically as reported by mothers and
health workers. Participants were included in the current
study if they returned a completed sleep diary when their
infant was 1-month of age. All were born to two-parent
families representative of middle socio-economic class status
(SES),* and the majority were Caucasian New Zealanders
with fewer than 5% identifying as Maori (indigenous New
Zealanders). Parents were asked prospectively to record their
infants’ sleep for six days and nights, each month for the first
12 months. At 1-month, 89% were exclusively breastfed. All
mothers provided written informed consent and this study
was conducted in accordance with the Declaration of
Helsinki
Committee of the University of Canterbury.

and was approved by the Human Ethics

Measures

Parent and Infant Sleep Measures

2,34

The Sleep Diary*>* was a hard-copy form? and yielded the

following measures of infant behavior: 1) frequency of
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nightwakings (>2 min); 2) number of sleep—wake transi-
tions over 24h; 3) LSRSP duration; and 4) total sleep time/
24h (TST). Parent activity measures included: 1) the num-
ber of activities per night directed at settling the infant
(over and above typical routine activities, including safety,
e.g., checking sleeping position; care, e.g., diaper change;
and being fed); 2) number of nights a parent was present at
initial sleep onset; 3) number of nights the infant was
placed into the crib asleep; 4) number and nature of parent
interventions following a nightwaking (excluding feeding/
winding, diaper changing); and 5) number of nights of
parent-infant bed sharing following a nightwaking.

The diary recorded feeding frequency and type, but the
high rate of breastfeeding at 1-month precluded its use as
a predictor variable.

Outcome Sleep Measure at 6 and 12 Months: The
Composite Sleep Scale (CSS)**

The CSS provides a composite measure of infants’
sleep.®>® For each six-day sleep diary six parameters
were rated on a 5-point scale and summed (scored 04,
max score 24) including average time of sleep onset or
average bedtime; total time slept at night; number of
wakings per night; number of nights waking per week;
time awake per waking; and average weekly hours bed-
sharing (co-sleeping). Higher scores indicate worse sleep.
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An empirically determined cut-off score >8 (see below)
differentiated categories of good and poor sleep at age 6
months and the established clinical cut-off score of >5 was
used at 12 months.***” The CSS is internally consistent

(0=0.77) and correlates well with objective sleep data.*®*

Infant Sleep Group Status: Bimodal Distribution of
Composite Sleep Scale Scores

CSS scores at 1, 3, 6, 9 and 12 months were plotted
(Figure 1) using the larger group of 75 participants
since there was no significant difference in mean CSS-
scores between the study sample and the larger sample (the
Cohen’s d Effect size [ES] was trivial, d=0.12). These
distributions (Figure 1) demonstrated clear differentiation
of the sample into two groups, classified as good and poor
sleepers using a cut-off score of 8 at 6 months (as deter-
mined by the bimodal distribution), and 5 at 12 months
(the published cut-off score).*> 3740

Reliability Assessment

Parents were invited to permit videosomnography
(VSM)*' in their homes via all-night infrared video
recording of their infants while asleep for two consecutive
nights for the purpose of checking the reliability of sleep
diaries. There were no differences in average CSS scores

or in socioeconomic status between those families (54%)
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Figure | Longitudinal frequency distribution of Infant Composite Sleep Scores at |, 3, 6, 9 and 12 months of age.
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who permitted VSM*' and those that did not. There was
high agreement (90-100%) among two trained coders for
the reliability check between the diaries and VSM for
evening bedtime, infant state when placed into the crib,
number of nightwakings, and time up in the morning.

Data Analysis Steps

The first two steps of data analysis have been described above,
namely the assignment of a CSS score to each infant and their
subsequent assignment to either the S-R or NS-R sleep group
at 6 and 12 months using these scores. These groups were then
systematically compared using one-way Analysis of Variance
(ANOVA), Chi-square (;°), and the Cohen’s d ES, to identify
the variables at 1-month that statistically and substantively
significantly differentiated them. A Sidak correction was
used to adjust the familywise error rate for the ANOVA tests
giving a significant threshold p<0.006 for 9 tests. Odds ratios
were calculated to examine dose-dependent frequencies of the
parent variables (except bedsharing) and were coded by the
proportion of nights/week on which they were recorded such
that category 1=>80% of nights, 2=50-79% of nights, and
3=<50% of nights. Finally, Discriminant Function Analysis**
(DFA; using SPSS 16.0)* was used to determine which
combination of these differentiating variables, measured at
1-month, best discriminated between the S-R and NS-R
groups, first at 6 months and again at 12 months and, therefore,
served as predictors of the development of good and poor
sleep. Three variables that were univariately statistically sig-
nificantly different between groups were removed from the
DFA, namely nightwaking, to reduce multicollinearity with
LSRSP (=0.7), and bed-sharing, measured as the count of the
number of nights/week at 1-month, and placing an infant
down asleep, since these were proxies for parental presence
at sleep onset.

Results

The distribution of CSS-scores (Figure 1) illustrates a clear
developmental trend in sleep patterns across the first year.
The strong negative skew evident at 1-month was reduced
by 3 months. A bimodal distribution of scores is first
evident at 6 months, with a natural division at 8, such
that 56% of infants (N=29) could be allocated to the
S-R group, with scores between 0-7 (M=3.90), and 44%
(N=23) to the NS-R group (scores >8, <15; M= 11.70). In
support of this visual analysis, the rank order median split
in CSS fell between 7-8. A relatively flat distribution at 9
months shifted to a unimodal positive skew at 12 months.
Using a cut-off score of 5, 28% (N=15) of infants were

classified NS-R (scored >5, M=9.5), and 72% (N=37) as
S-R (scores <5, M=1.96) at 12 months. From ages 6 to 12
months, 21% of infants transitioned from NS-R to
S-R status, whilst only 1 infant relapsed back from
S-R to NS-R.

One-Month Sleep Measures as Predictors
of 6-Month Sleep-Group Status

Table 1 compares variables measured at 1-month for the
S-R and NS-R groups (as determined at 6 months) show-
ing moderate to large effects on four infant and four parent
variables. On average, at 1-month NS-R infants experi-
enced a significantly shorter LSRSP (293.22 vs 353.20
mins, d=0.65, 95% CI [0.09,1.21]), more nightwakings
(10.22 vs 6.69, d=0.95, 95% CI [-1.56,-0.40]), less TST
(801.44 vs 878.57 mins, d=0.62, 95% CI [0.05,1.18]) and
more sleep—wake transitions (3.4 vs 2.5, d=0.61, 95% CI
[-1.18,-0.05]) than the S-R infants. Parents of NS-R
infants were present at sleep onset more frequently (4.86
vs 1.96 nights, d=1.61, 95% CI [-2.21, —0.95]) more
likely to place an asleep infant into the crib (4.00 vs 1.59
nights, d=1.32, 95% CI [-1.93, —0.72]); bed-shared on
(296 vs. 0.10, d=1.72, 95% CI
[-2.33,-1.05]), and engaged in more activities when their

more nights
child woke at night than parents of S-R infants (3.39 vs
2.55, d=0.73, 95% CI [-1.31,-0.18]).

The differences in the rates of sleep-related behaviors
between the parents of NS-R and parents of S-R sleepers are
shown in Table 2. NS-R sleepers were more likely to have
parents sleeping in the same bed than S-R sleepers (*(2)
=20.50, ORsg09% vs <500=44.33, ORs00479% vs <sov= 4.75,
p<0.001). NS-R sleepers were also more likely to be put into
the crib while already asleep than S-R sleepers (x*(2)=26.36,
OR:=80% vs <50%=44.00, OR50%,79% vs <so%= 12.00, p<0.001).
Bed-sharing was more common for the NS-R sleepers than the
S-R sleepers (y*(1)=11.46, ORyes vs no = 12.38, p<0.001).

Discriminant Function Analysis: One Month
Predictors of Sleep Status at 6 Months

The five statistically significant variables in Table 1 were
then entered in a DFA in order to examine their capacity to
act as predictors of sleep status group membership at 6
months. A single discriminant function was significant (>
(4) = 61.90, p< 0.001) with group centroid scores of 1.43
for the S-R group and —1.80 for the NS-R group. Three
significant variables loaded on the discriminant function,
namely parental presence (7=0.90), total sleep at 1-month
(r=0.311) and nightwaking frequency (»=0.224). Two
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Table | Bivariate Associations Between |-Month Infant and Parent Variable Means (SD), and Infant Sleep Status at 6 and 12 Months of
Age

I-Month Variables Self-Sleep Regulated Mean * Non-Self Sleep Regulated Mean % P Cohen’s d
SD sD (95% ClI)

Group Status at 6 Months N =129 N =23

Infant Behaviours
LSRSP (mins) 353.20 + 94 293.22 £ 89.17 0.02 0.65 (0.09,1.21)
Night waking/6 nights 6.69 £ 2.75 10.22 + 442 <0.001 | —0.95 (—1.56, —0.40)
Total Sleep Time/24h 878.57 £ 133.59 801.44 + 11259 0.03 0.62 (0.05, 1.18)
Sleep/Wake Transitions/24h | 5.17 %+ 1.52 6.12 £ 1.56 0.03 —0.61 (—1.18, —0.05)

Parental Behaviours
Sleep Onset Rituals 3.20 £ 0.95 334+ 1.09 0.62 —0.30 (-0.69, 0.41)
Night Waking Interventions | 2.55 + 0.95 339 £ 131 0.01 —0.73 (1.3, -0.18)
Parental Presence/6 nights 1.96 + 2.06 4.86 + 1.48 <0.001 | —I.61 (=2.21, —0.95)
Placed in Crib Asleep/6 nights | 1.59 % 1.57 4.00 + 2.07 <0.001 | —1.32 (-1.93, -0.72)
Bed Sharing/6 nights 0.10 £ 041 2.96 +2.50 <0.001 | —1.72 (-2.33, —1.05)
Group Status at 12 Months | N = 37 Mean + SD N = 15 Mean * SD

Infant Behaviours
LSRSP (mins) 343.40 + 98.0 285.40 + 79.93 0.04 0.65 (0.01, 1.23)
Nightwaking/6 nights 722 +335 10.80 + 4.310 <0.001 | —0.92 (—1.61, —0.35)
Total Sleep Time/24h 854.72 £ 123.09 819.13 £+ 145.40 0.37 0.26 (—0.33, 0.88)
Sleep/Wake Transitions/24h | 5.40  1.56 6.06 £ 1.62 0.17 —0.56 (—1.02, - 0.19)

Parental Behaviours
Sleep Onset Rituals 3.19 £ 0.95 346 £ 1.16 0.38 —0.25 (-0.87, —0.34)
Night Waking Interventions | 2.70 = 1.10 347 £ 1.25 0.03 —0.65 (—1.28, —0.06)
Parental Presence/6 nights | 2.43 + 2.16 526 £ 1.2 <0.001 | —1.34 (-2.18, —0.79)
Placed Crib Asleep/6 nights | 2.05 + 1.81 413229 <0.001 | —0.98 (—1.69, —0.42)
Bed Sharing/6nights 0.56 = 1.44 333 £253 <0.001 | —1.41 (-2.19, —0.85)

measures uniquely contributed to predicting group status
and accounted for 73% of the shared variance (canonical
R*=0.85), namely parental presence at sleep onset (=0.89)
and number of nightwakings (#=0.30). Overall, the model
showed strong predictive accuracy (94.2%), correctly clas-
sifying 28/29 S-R, and 21/23 NS-R infants (Table 3A).

One-Month Sleep Measures as Predictors
of 12-Month Sleep Group Status

Table 1 also compares variables measured at 1-month for
the S-R and NS-R groups as determined at 12 months,
showing moderate to large effects on two infant and four
parent variables. On average, NS-R sleepers had shorter
LSRSP durations (285.40 vs 343.40 min, d=0.65, 95% CI
[0.01, 1.23]), and more nightwakings (10.80 vs 7.22,
d=0.92, 95% CI [-1.61, —0.35]) than S-R infants. Table
2 shows between-group differences in the frequency of
parent activities at 1-month for the groups determined at
12 months. NS-R sleepers were more likely to have

a parent present at sleep onset (X2(2)=20.50, OR 509 vs
<500,=27.44, OR50 790 vs <50%=2-11, p<0.001), more likely
to be put into the crib asleep (x2(2)=26.36, OR=80% vs <50%
=28.29, OR500,-799 vs <50%=4.50, p<0.001) and bed-share
following an awakening more frequently (x*(1)=9.6,
ORyes vs no=12.38, p<0.001). In DFA, three significant
predictor variables, namely parental presence (r=0.85),
nightwakings (=0.60), and total number of nightwaking
activities (=0.41), emerged. Two measures made unique
contributions in predicting group membership: parental
presence at sleep onset (r=0.75) and nightwakings
(r=0.53), accounting for 36% of the shared variance (cano-
nical R*=0.60). Again, the DFA showed strong predictive
accuracy (84.6%), correctly classifying 32/37 of S-R and
12/15 of NS-R group infants (Table 3B).

Discussion
Sleep of sufficient duration, quality, and regularity is
critical to human wellbeing, health, productivity, and
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Table 2 Comparison of Parental Settling Interventions at Age | month Between Parents of Self-Sleep-Regulated and Parents of Non-
Self Sleep-Regulated Sleepers at 6 and 12-Months

I-Month Categorical 6-Month Sleep Group Status 12-Month Sleep Group Status
Variable 2
S-R (n=29) | NS-R OR | 1 (df) P S-R (n=37) | NS-R OR | /2 (df) P
(n=23) (n=15)
%Nights Parental
Presence
280 2 14 44.33 | 20.50 (2) | <0.001 | 9 13 27.44 | 23.33 (2) | <0.001
50-79 8 6 4.75 9 | 2.11
<50 19 3 19 |
%Nights Placed in Crib
Asleep
280 2 16 44.41 | 2636 (2) | <0.001 | 7 I 28.29 | 14.85 (2) | <0.001
50-79 9 6 12 12 3 4.5
<50 18 | 18 |
Bed-sharing
Yes 2 I 12.38 | 11.46 (1) | <0.001 | 5 9.6 12.4 (1) | <0.001
No 27 12 32
Table 3 Classification Results for Predicted Sleep Group Status at A. Age 6 Months, and B. Age 12 Months
A 6-Month Group Predicted Group Status Total
Self-Sleep Regulated Non-Self Sleep Regulated
Orriginal Count Sleep Regulated 28 | 29
Non-Self- Regulated 2 21 23
% Sleep Regulated 96.6 34 100.0
Non-Sleep-Regulated 8.7 91.3 100.0
B 12-Months Group Predicted Group Status Total
Self-Sleep Regulated Non-Self Sleep Regulated
Original Count Sleep Regulated 32 5 37
Non-Sleep-Regulated 3 12 15
% Sleep Regulated 86.5 13.5 100.0
Non-Sleep-Regulated 20.0 80.0 100.0

Notes: Classification Results: 94.2% of original grouped cases correctly classified. Classification Results: 84.6% of original grouped cases correctly classified.

happiness from birth to death. Foundations for this life-
promoting capacity are laid in the first years of life,
when the infant’s wake-sleep cycle is entrained by the
circadian day-night cycle, and the infant learns to go to
sleep promptly at age- and circumstance-appropriate
times, sleep in synchrony with family and community
requirements, and self-regulate sleep, so that sleep is
resumed easily after nightwakings, without distress, dis-
ruption, or the intervention of others. Henderson et al’
described the development of infant sleep trajectories
over the first year of life, focusing particularly on the
development of the capacity for sleeping through the

night (evidence of sleep self-regulation). The present
study extends this analysis by showing, at way-points
of 6 and 12 months, the clear differentiation of infants
into those who can self-regulate their sleep and those
who have difficulty with that, and documenting both the
growth over the first year of the self-regulation capacity,
such that at 12 months approximately 72% of infants
were classified as S-R, the rarity of reversal from S-R to
NS-R status (only one such case was observed), and yet
the reality that at 12 months approximately 28% of
infants were not yet self-regulated sleepers. This is
consistent with other studies of sleep development in
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the first year.'”** In the absence of comparable data on
sleep trajectory development from the beginning of
the second year onwards it is not possible to say with
confidence what happens to this NS-R cohort, but epi-
demiological data show that PSD are common in early
childhood,'”'**> suggesting that failure to achieve sleep
self-regulation in the first year may have enduring,
adverse consequences for a substantial number of
children.

This study also specifically examined factors that might
predict, from age 1-month, how sleep trajectories might
develop, specifically seeking to predict S-R and NS-R status
at 6 and 12 months. This is the earliest age at which such
a prediction has been attempted, and provides a further
basis for early intervention programmes*® and preventive
guidance, which might promote healthy sleep development
in the first year, with enduring benefits thereafter. The DFA
achieved very high predictive accuracy (>84% at both target
ages) and was consistent in identifying key predictive vari-
ables. Not surprisingly, fewer nightwakings at 1-month
predicted good sleeping at 6 and 12 months. The presence
of parents at initial sleep onset at 1-month predicted poor
sleep at both 6 and 12 months, and at 12 months, the
number of settling activities parents engaged at 1 month
also predicted poorer sleep at 12 months.

These findings are consistent with models of the pre-
cipitating and maintaining factors for PSD developed by
France, Henderson et al,m’34’40’47 which emphasise the
importance of bed and sleep environment cues rather
than parent-provided cues at sleep onset and at subsequent
wakings for the development of infant sleep self-
regulation.*>*” These models also emphasise the potential
for parent-provided reinforcement of sleep-interfering
responses emitted by the infant when initial sleep onset
is delayed and when later nightwakings are signalled to
contribute to PSD, consistent with the number of parent
settling activities at 1-month being a predictor of NS-R
status at 12 months. Further, these models, alongside
transactional models of sleep development,*® propose
feedback mechanisms which mutually engage and amplify
parent and child behaviour in less adaptive ways. Parents
who engage in more intensive responses in attempts to
settle their less regulated young infants, who may be
intrinsically more difficult to soothe and settle by virtue

of their temperaments,***->°

inadvertently strengthen their
child’s sleep-disruptive behaviour, thereby amplifying
their infant’s regulation difficulties. This feedback process

is predicted to result in parenting settling routines and

infant sleep disturbances both becoming more frequent

and intense with time, which 1is consistent with

observations, '¢-*4047

Predicting sleep outcome at 6 months has validity both
pragmatically and developmentally, since the prior five
months is long enough for stability to have developed in
those parent (being present at sleep-onset) and child
(nightwaking) behaviours that both characterise and pre-
dict S-R and NS-R sleep status. Sleep-wake organisation
changes most rapidly during this period>>' and stability in
the trajectory leading to the development of good sleep
patterns is becoming well established at this age.* >3

A new finding in this study was the clear dose—
response relationship between the frequency of parental
settling behaviors at 1-month and later infant sleep reg-
ulation status. Notably, every infant at 1-month of age
did have a parent present when they fell asleep on more
than one night of the week, so parental presence per se is
not predictive of later outcomes. The critical differential
(at 12 months) was that the majority (87%) of parents of
NS-R infants’ were present when their infant fell asleep
on 5 or 6/6 nights. The odds of a NS-R infant having
a parent present on >80% of week nights compared to
<50% of nights was 27.44 higher than the odds for
a S-R infant. Thus, it is the frequency and intensity of
parental settling activities that have the greatest influence
on their infant learning to self-soothe and thus the emer-
gence of self-regulated sleep rather than the nature or
presence of these activities, per se.

Study limitations include having only a modest sample
size and one that is characterised by a relatively narrow
representation of SES status and ethnicity and was drawn
from only one country. Further, the data were derived from
parent report, and, due to privacy concerns, not all families
permitted VSM for objective recordings and reliability
checks. Further systematic replications that address these
limitations are clearly warranted.

Conclusion

The current study has identified the frequency of parent
settling activities and of infant nightwaking at 1-month as
reliable predictors of sleep regulation (i.e., of S-R and NS-R
sleep status) in infants at 6 and 12 months. These novel
findings help reveal important early mechanisms in the
development of sleep regulation over the first year.
Additionally, the study findings offer valuable information
for health professionals by identifying malleable early envir-
onmental and individual risk factors for the development of

Nature and Science of Sleep 2020:12

submit your manuscript

955

Dove


http://www.dovepress.com
http://www.dovepress.com

Henderson et al

Dove

later sleep disturbances and the associated negative devel-
opmental sequelae and family morbidity. This clarifies our
understanding of infant sleep development and contributes
to a growing literature aiming to prevent and thereby reduce

the risks of developing chronic sleep disturbances.>*>
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