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Abstract

Objective: We report here the influence of sleep patterns on the development of infants in Japan. A total of 479 infants were
registered in two different Japanese cities. Direct neurological observations were performed by licensed pediatric neurologists.

Method: We designed a prospective cohort study and identified the sleep factors of children showing atypical development. The
Kinder Infant Developmental Scale (KIDS) was used to evaluate the infant developmental quotient (DQ); we also applied a neu-
robehavioral screening battery. Neurobehavioral observations in 18-month-old infants were designed to check all developmental
categories within the three areas of motor function, language, and social function. Based on the observations, each infant was clas-
sified as having ‘‘atypical development” or ‘‘typical development”.

Result: We found that later sleep onset time (>22:00 h), and longer naps during the day each had significant positive correlations
with atypical development patterns in 18-month-old infants. For each hour the infant sleep-onset time extended past 22:00 h, the
infants showed worse neurodevelopmental outcomes, at an odds ratio increase of 2.944.

Conclusion: Although our results may be confounded by sleep problems resulting from pre-existing developmental disabilities,
we can safely conclude that appropriate sleeping habits are important for healthy development in 18-month-old infants.
� 2015 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

During the period of early infancy, sleep patterns
begin to change dramatically [1–3]. Sleep deprivation
and other sleep problems in children caused by factors
such as late sleep onset and curtailed nocturnal sleep
are a major public health concern in Japan and
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worldwide [4,5]. Sleep problems in adolescents and
adults have also increased worldwide. Despite these
sleep-related health concerns, relevant epidemiological
studies have been limited, with very few being compre-
hensive enough to show a correlation between sleep sta-
tus and mental, cognitive, behavioral, and/or physical
health; further, only a few of these have been prospec-
tive cohort studies [6–9]. We therefore designed a
prospective study to investigate the relationship between
sleep status and social competence in Japanese infants
[10]. This study was based on the understanding that
incomplete acquisition of social competence underlies
social problems in children, resulting in irritability,
school refusal, mild developmental disorders, adolescent
delinquency, social withdrawal, infant care anxiety, and
child abuse [11,12].

While some manuscripts report that the development
of sociality in children is affected by individual factors
such as temperament and inborn growth/development
properties, others emphasize environmental factors such
as family and social environment, behaviors of parents,
and the mother–child relationship [13–15]. The develop-
ment of sociality in children is known to be affected by a
combination of biological and psychosocial factors;
however, its relation to sleep patterns remains insuffi-
ciently researched.

Previous cohort studies seeking to identify the under-
lying cause of specific problems in children have not
included direct developmental and behavioral observa-
tions in collaboration with pediatric neurologists or
psychologists. Recently, late onset and shorter sleep
periods have been tentatively linked to the cognitive
and behavioral functions of infants and children
[16,17]. Children with autism spectrum disorder (ASD)
or attention deficit hyperactivity disorder (ADHD) have
shown higher rates of nonstandard sleep factors [18–24].
However, only a few studies have been designed as
prospective cohort studies, and most of these were based
on questionnaires. We therefore designed a cohort study
that relied on direct evaluation of behavior, including
minor neurological signs, to evaluate the relationship
between sleep patterns and child development. We
hypothesized that sleep patterns, especially late
sleep-onset time resulting in a shorter night’s sleep,
would show deleterious effects in the development of
18-month-old infants.

2. Methods

2.1. Participants

The Japan Children’s Study (JCS) is a unique
prospective cohort study that commenced in 2005 and
was conducted by the JCS research group at two study
sites in Japan. The JCS was designed to assess factors
affecting development in children, in particular those
affecting social skills (children’s sociability) [10]. Infants
born between 2004 and 2005 together with their parents
were selected from two sampling areas, Osaka and Mie
City, to participate in this study. The developmental
ages of prospective subjects in this project were 4, 9,
18, and 30 months of age. We chose the 18-month-old
infants to enroll in the final study because from this
age we requested that the parents maintain a sleep diary
designed by us [25]. Sleep is a phenomenon thought to
involve a mixture of biological and psychosocial factors
[3]. In analyzing the extensive questionnaires and obser-
vational data necessary for such cohort studies, we thus
examined factors that affect the development of sociality
in 18-month-old infants using various sleep variables as
criteria. This study used data from the JCS project cov-
ering 479 families, including mothers and children,
where serial observations and follow-up was possible
for 4-, 9-, and 18 month-old infants. Children whose
mothers completed the questionnaires at baseline and
continued to participate in observations at 9 and
18 months of age (403 infants, 84.1%) were eligible to
stay in the study. The follow-up rate of 18-month-old
infants was 86% in Osaka and 92% in Mie City. Direct
neurological observations were performed by licensed
Japanese pediatric neurologists.

2.2. Exclusion criteria

Infants born prematurely (gestation period less than
36 weeks) and those with multiple congenital anomalies
(more than 4 anomalies), chromosomal abnormalities,
or congenital intrauterine TORCH infections (toxo-
plasma, rubella, cytomegalovirus, herpes infection,
etc.) were excluded from this study because infants with
these condition are known to have underlying mental
and behavioral abnormalities and skewed development.

3. Measurements

3.1. Sleep schedules

In the present study, we used the Japan Children’s
Study Sleep Questionnaire (JCSSQ) to evaluate infant
sleep patterns at the age of 18 months. JCSSQ is a
unique questionnaire that allows the parameters of
‘‘wake time”, ‘‘bed time”, ‘‘number of nights waking”,
‘‘nap time” and so on to be addressed for weekdays,
Saturdays, and Sundays using three separate timelines
in a form that is simple and easy for caregivers to fill
in (Fig. 1) [25,26]. Therefore, we evaluated the sleep
diary data for weekdays, Saturday and Sunday represen-
tatively within a 2-week period.

We previously confirmed the efficacy of our novel
sleep diary [25]. In our previous study, we found that
infant sleep is largely influenced by the parents sleep
hygiene [26]. Fathers work hard until Saturday in most



Fig. 1. The Japan Children’s Study Sleep Questionnaire (JCSSQ). Waking time and sleep-onset time were recorded separately for weekdays,
Saturdays, and Sundays. Parents were requested to complete the JCSSQ.
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cities in Japan. Therefore, Friday is more like a weekday
than the weekend. Parents were requested to complete
the JCSSQ.

3.2. Neurobehavioral observations

Neurobehavioral observations in 18-month-old
infants were designed to check all developmental cate-
gories within this area [10,27]. Neurological examina-
tions included gross and fine motor functions such as
muscle tone, standing and walking posture, fine motor
skills when playing with toys, building with blocks,
scribbling with a pencil, and pointing out body parts
such as eye, mouth, nose, and ear. Infants were also
asked to point out specific items such as a dog, doll,
cup, fish, scissors or a picture book. Social functions
consisted of gazing at objects and eye-to-eye contact
with the mother. We also used direct observation of
important items in MCHAT [28]: namely (original item
numbers in parentheses following question), Does your
child take an interest in other children? (2), Does your
child ever use his/her index finger to point, to indicate
interest in something? (7) Does your child imitate you?
(13) Does your child respond to his/her name when
you called? (14) and If you point at the toy across the
room, does your child look at it? (15). Language func-
tions included perception and expression of language,
and the number of words spoken. For neurobehavioral
observations, development can be separated into motor
development, cognitive behavior development, and
social cognitive development. Based on observations in
these three areas, each 18-month-old infant was classi-
fied as having atypical development or typical develop-
ment. Infants in whom all three areas were observed
as normal and well-balanced were classified into the
‘‘typical development” group, whereas those in whom
deviation or an imbalance development among the three
areas was recognized were classified into the ‘‘atypical
development” group. These neurobehavioral observa-
tions took about 45 min [27].
3.3. Questionnaires

In addition to JCSSQ, we used the following ques-
tionnaires and data to identify factors influencing child
development, as determined by the Kinder Infant Devel-
opment. Scale (KIDS) [29]: Evaluation of Environmen-
tal Stimulation Short version (EESS) [30], Autistic
Behavior Symptoms [31], Stressful Life Event [32], Child
Temperament (Original Scales and Items) [33,9], and
physical information including height, body weight,
and head circumference. KIDS has nine categories
including Physical motor (physical motor ability),
Manipulation (fine motor ability), Receptive language
and Expressive language (verbal ability), Concept (cog-
nitive abilities), Social relationships with other children
and Social relationships with adults (social behavior),
Discipline (development of self-control) and Feeding
(eating habits). Temperament has 4 subcategories
including approach to/withdrawal from to new situa-
tions and negative emotionality and frustration toler-
ance and attention span and persistence.

Information on parents’ age, level of education, and
annual family income, as well as the children’s sex, birth
weight, birth order, and gestational age was obtained
from a questionnaire completed by mothers [10].

3.4. Statistical analysis

First, we used Student’s t-test to compare the average
sleeping items recorded in the developmental profiles of
infants evaluated as having ‘‘atypical development” or
‘‘typical development” according to neurobehavioral
observations. Next, we examined the relationship
between significant and marginally significant sleeping
items using the generalized additive model. Data analy-
ses were conducted using this binary outcome as the
response variable. Because there were many risk factors,
the tree-based data mining technique was used to screen
out unimportant factors. Non-linear relationships
between outcomes and selected risk factors were then
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identified using the generalized additive models (*).
After fitting the model, partial residual plots with
smoothed spline curves were created for graphic repre-
sentation of the non-linear effects of risk factors on out-
come. A final logistic regression model for multiple risk
factors was then constructed. Spline functions were
introduced to approximate the non-linear effects of risk
factors. Then, using the Random Forest and Stochastic
Gradient Boosting methods, we selected variables from
the development profiles using related indexes including
response variables not in the development profile includ-
ing basic information, sleeping items assessed at
18 months of age, media, temperament, autism, develop-
mental age, childhood maltreatment, mother/father
attributes, family economy, child care environment,
perinatal period, sleeping items at four months of age,
sleeping items at nine months of age, and whether the
mother smoked. Finally, we applied the multivariate
additive logistic model to the variables data, deleted
the insignificant variables, and then built a multivariate
model. Data mining was carried out using TreeNet (**)
software, while the R package was used for constructing
the generalized additive models. The statistical package
SAS was used for all other statistical analyses. (*Simon
N. Wood (2006) Generalized Additive Models: An Intro-

duction with R. New York, Chapman & Hall/CRC)
(**TreeNet, Salford Systems, San Diego, California,
USA).

3.5. Ethics

This study protocol was approved by the Ethical
Review Committee of the Research Institute of Science
and Technology for Society, Japan Science and Tech-
nology Agency and the Ethical Review Committee of
each institute of the JCS research groups, based on the
Guidelines Concerning Epidemiological Research of
the Ministry of Education, Culture, Sports, Science
and Technology and the Ministry of Health Labor
and Welfare in Japan [10]. The study protocol was also
approved by the Ethics Committee of the Kurume
University School of Medicine.

4. Results

4.1. Neurodevelopmental assessments at 18 months of age

Serial observations were done in 403 infants from 479
families (follow-up rate; 84.1%). Of these, 300 infants
were evaluated as having typical development, and 80
were evaluated as having atypical development. We
diagnosed 19 children as having deviated development,
and 61 children as having imbalanced development,
based on the neurobehavioral observations. Then, we
confirmed similar tendencies in sleep items and other
background items. Finally, we performed statistical
analysis on the combined group of deviated/imbalanced
development as ‘‘atypical. The remaining 23 infants
were unevaluated due to incomplete information.

4.2. KIDS

Using KIDS B, we evaluated DQ scores in atypical
children (n = 80) and typical children (n = 300) and
found no significant difference between the scores of
atypical children (100.05 ± 10.5) and typical children
(109.0 ± 9.4).

4.3. Comparison of sleep-related variables in 18-month-

old infants (Table 1)

Examination of sleep onset times showed that on
weekdays and Sundays, infants in the typical group fell
asleep more quickly than those in the atypical group
(P = 0.0075, P = 0.029). For the Saturday daytime
sleep, infants in the atypical group had a shorter morn-
ing daytime nap, afternoon daytime nap, and total day-
time nap than those in the typical development group
(P = 0.0188, P = 0.0358, and P = 0.006, respectively).
For nocturnal sleep on weekdays, Saturdays and
Sundays, infants in the typical group had a longer sleep
time than those in the atypical group (P = 0.0035,
P = 0.0075, and P = 0.0025, respectively), while there
was a significant difference in sleep efficiency—the ratio
of time actually slept to time spent in bed, � 100%—on
Saturdays (P = 0.0079). The sleep-related variables
producing significant differences between the two groups
were similar among weekdays, Saturdays, and Sundays.

4.4. Relationship among data collected in the development

profiles of 18-month-old infants and significant sleeping

variables using the generalized additive model

Univariate analysis showed that infants in the typical
development group had an earlier sleep-onset time,
shorter daytime nap time, and spent a longer time in
bed compared to those in the atypical development
group (Table 2).

4.5. Identification of variables related to the data collected

in the development profiles of 18-month-old infants using

methods of Random Forest and Stochastic Gradient
Boosting methods

The tree-based data-mining procedure identified 17
risk factors that contributed to adverse sleep times in
infants. Using the generalized additive model, 8 of these
17 factors remained significant: in the order of the most
significant, Discipline (P = 0.0008), Expressive language
(P = 0.001), Receptive language (P = 0.001), Head cir-
cumference (P = 0.007), sleep efficiency (Saturdays)
(P = 0.009), Concept (P = 0.002), sleep-onset time



Table 1
Comparing average values of sleeping-items per development profile of 18-month-old children.

Variable Atypical children (n = 80) Typical children (n = 300) P value
mean ± SD mean ± SD

Bedtime (weekdays), in hour:minutes 21:49 ± 1:03 21:30 ± 0:53 0.0075**

Wake time (weekdays), in hour:minutes 7:22 ± 1:04 7:19 ± 0:49 0.6938
Bedtime (Saturdays), in hour:minutes 21:56 ± 0:57 21:42 ± 0:56 0.0559
Wake time (Saturdays), in hour:minutes 7:34 ± 0:59 7:36 ± 54 0.8717
Bedtime (Sundays), in hour:minutes 21:56 ± 1:42 21:39 ± 0:55 0.029*

Wake time (Sundays), in hour:minutes 7:40 ± 1:00 7:43 ± 0:57 0.6914
Morning nap (weekdays), hours 0.20 ± 0.49 0.12 ± 0.37 0.1222
Afternoon nap (weekdays), hours 1.84 ± 0.63 1.76 ± 0.80 0.4535
Morning nap (Saturdays), hours 0.19 ± 0.50 0.08 ± 0.29 0.0188*

Afternoon nap (Saturdays), hours 1.81 ± 0.79 1.59 ± 0.81 0.0358*

Morning nap (Sundays), hours 0.13 ± 0.38 0.07 ± 0.30 0.1546
Afternoon nap (Sundays), hours 1.55 ± 0.86 1.43 ± 0.83 0.2931
Time in bed (weekdays), hours 9.46 ± 0.93 9.77 ± 0.78 0.0035**

Total sleep time (weekdays), hours 11.54 ± 0.87 11.70 ± 1.08 0.2285
Sleep efficiency (weekdays), % 82.10 ± 5.83 83.52 ± 7.41 0.1169
Time in bed (Saturdays), hours 9.54 ± 0.97 9.84 ± 0.83 0.0075**

Total sleep time (Saturdays), hours 11.49 ± 1.13 11.55 ± 1.06 0.6401
Sleep efficiency (Saturdays), % 83.16 ± 6.48 85.47 ± 6.72 0.0079**

Time in bed (Sundays), hours 9.64 ± 1.05 9.99 ± 0.87 0.0025**

Total sleep time (Sundays), hours 11.34 ± 1.23 11.53 ± 1.08 0.1744
Sleep efficiency (Sundays), % 85.23 ± 6.82 86.70 ± 8.35 0.1573
Total nap time (weekdays), hours 2.02 ± 0.63 1.89 ± 0.76 0.1813
Total nap time (Saturdays), hours 1.97 ± 0.86 1.67 ± 0.82 0.006**

Total nap time (Sundays), hours 1.68 ± 0.84 1.58 ± 1.53 0.5855

Each value is expressed as mean ± standard deviation (SD).
* Is significantly difficult between typical and atypical children (student T test). Significantly different (P < 0.05).

** Significantly different (P < 0.01).

Table 2
The relation of ‘‘development profile of 18-month-old children” and
significant sleeping-items by using generalized additive model.

Variable edf v2 P value

Bed time (weekdays) 1.001 6.958 0.00834**

Bed time (Saturdays) 1 3.619 0.0571
Bed time (Sundays) 1 4.703 0.0301*

Number of afternoon nap (weekdays) 1 4.062 0.0439*

Number of afternoon nap (Saturdays) 1 3.323 0.0683
Morning nap (Saturdays) 1.472 7.151 0.0672
Afternoon nap (Saturdays) 1 4.345 0.0371*

Time in bed (weekdays) 1.586 11.41 0.00971**

Time in bed (Saturdays) 1.29 8.9 0.0306*

Sleep efficiency (Saturdays) 1 6.881 0.00871**

Time in bed (Sundays) 1.765 13.38 0.00388**

Total nap time (Saturdays) 2.701 10.81 0.0128*

edf, equivalent degree of freedom.
* Significantly different (P < 0.05).

** Significantly different (P < 0.01).
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(weekdays) (P = 0.007), and Approach to new situations
(P = 0.011) (Table 3).

4.6. The final logistic model reflects non-linear effects of

risk factors on the outcome

Among the sleep items, sleep efficiency (Saturdays)
and sleep-onset time (weekdays) proved the most
important components for typical development. The
effect of sleep efficiency (Saturdays) was linear. When
the estimated parameter increased by one point, the
odds for the child to be classified in the atypical group
(for each of the items listed above) changed to 0.927
(P = 0.0075) (Fig. 2). The non-linear effect of sleep-
onset time on the outcome can be graphically viewed
by a partial residual plot with a smoothed spline curve.
There were no effects of risk factors for sleep-onset times
prior to 22:00. However, after 22:00, and for each hour
thereafter, the odds of the child being in the atypical
group increased to 2.944 (P = 0.003) (Fig. 3).

5. Discussion

The present study showed that the development of
18-month-old infants is affected by their sleeping habits.
Later sleep-onset time (>22:00 h), and longer naps dur-
ing the day showed significant associations with atypical
development patterns in 18-month-old infants. In our
cohort study, all infants were assessed for development
and classified, not only by the KIDS B, but also by
licensed Japanese neuro-pediatricians through observa-
tions. This direct examination for infant’s development
leads to a more reliable relationship between infant
development and their sleep habits.



Table 3
Risk factors for adverse sleep times in infants.

Parameter Estimate SE Wald v2 Pr > ChiSq

Intercept �10.4024 7.09 2.15 0.14
Discipline (<19) �0.7264 0.19 14.07 0.0002
Discipline (>19) 0.2095 0.15 2.03 0.15
Expressive language �0.2804 0.08 11.94 0.0006
Receptive language �0.2370 0.07 10.93 0.0009
Head circumference 0.3559 0.14 6.88 0.0087
Sleep efficiency (Saturdays) �0.0760 0.03 7.15 0.0075
Concept 0.2332 0.07 10.56 0.0012
Sleep onset (week day) >22 1.0796 0.36 8.83 0.0030
Approach/withdrawal to new situation 0.3874 0.14 7.92 0.0049
Approach/withdrawal to new situation (square) �0.0112 0.003 9.27 0.0023

SE, standard error.

Fig. 2. Sleep efficiency (weekend). The effect is linear for sleep
efficiency (Saturday): namely, when the estimated parameter decreases,
odds for the child to be an atypical one are 0.927 (P = 0.0075).

Fig. 3. Sleep-onset time (weekdays) >22. For the sleep-onset time
(weekdays), no effect presents in prior to 22:00; after 22:00, for each
hour getting later, odds of the child to be an atypical one increase
2.9435 (P = 0.003).
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The assessment of development profiles by pediatric
neurologists revealed that more infants with a late
sleep-onset time, short sleeping hours during the night,
and reduced sleep efficiency on Saturdays were classified
as having atypical development than infants with
healthy sleep habits. Further, when infant sleep-onset
time extended one hour past 22:00 h, the infants showed
worse neurodevelopmental outcomes (odds ratio
increase of 2.944-fold); this finding demonstrated the
possibility that sleep and development in ‘‘atypical
development”may reveal only an association or a causal
relationship between sleep habits and development. The
18-month period after birth is very important in child-
hood development, especially for the development of
fine motor skills or coordinated motion and social cog-
nition. In addition, it is important to consider both envi-
ronmental effects and the child’s innate capabilities as
factors that affect childhood development [15–17]. In
this report, we discuss findings that demonstrate an
association between sleep and development. First, we
discuss the involvement of sleep as an environmental
factor affecting development. During the first 18 months
after birth, children are considered to be markedly
affected by the rhythm of sleeping and by the lifestyles
of their caregivers. Touchette et al. reported that such
a tendency starts in 4-month-old infants where sleep-
onset time is delayed on weekends, even without the
infants’ strong preference for a delayed sleep time [23].
In the present study, the tendency for the sleep-onset
time of 18-month-old infants to be delayed on weekends
but not on weekdays was found in both typical and
atypical infants. Further, bedtime on Sundays was sig-
nificantly later in atypical infants than in typical infants.
Taking these findings together, it can be considered that
for atypical infants, the sleeping time on both weekday
and Sunday nights is shorter than that of typical infants.
The significantly longer napping time on Saturday by
atypical infants is considered to be compensation for
reduced sleeping time during the night. While napping
time on Saturdays is longer in these infants, the effi-
ciency of sleep on Saturdays was shown to decrease. It
is therefore possible that continued late bedtimes and
short sleeping hours for a long period of time has an
adverse effect on development processes in infants,
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suggesting that caregivers recognize that their own life-
style could be a factor influencing the development of
their children. In light of our findings, we suggest that
caregivers be encouraged to show an active interest in
their children’s sleep during early childhood by, for
example, checking sleep status during health checkups.

While sleep patterns appear to affect development,
there are also known effects of innate developmental
problems on sleep patterns in children. For instance,
ASD, developmental retardation and ADHD are well
known to cause sleep problems in children [18–24]. In
addition, there is a relationship between going to bed
late and behavioral problems in children [15–17]. Touch-
ette et al. described that shortened sleep duration, espe-
cially before the age of 41 months, is associated with
hyperactivity/impulsivity and lower cognitive perfor-
mance at school [34]. In the present study, it is likely that
infants with ASD and ADHD were classified as having
atypical development based on neurobehavioral obser-
vations. It is therefore possible that delayed sleep-
onset time and short sleeping hours in these infants
resulted from pre-existing developmental problems.

Head circumference, which is a clinical index of brain
capacity, reflects actual brain volume, and in early child-
hood, variations in head circumference are proportional
to brain weight and volume. This study revealed that the
head circumference of atypical infants, which in this
study possibly includes infants with ASD, was signifi-
cantly larger than that of typical infants. This finding
is consistent with recent studies indicating that ASD is
associated with macrocephaly [35–40].

Our findings, together with those of other studies,
suggest that sleeping problems could be an index allow-
ing the early recognition of children with behavioral
problems, such as ASD. Other variables showing a
statistically significant difference between typical and
atypical infants include parenting, conception, language
comprehension, and language expression.

From the perspective of relationships, our association
of poor sleeping habits in 18-month-old infants with
atypical development likely resulted both from infants
having developmental problems being unable to estab-
lish sleeping habits, and from infants with poor sleeping
habits due to inappropriate parenting behavior showing
atypical development. The contribution of environment
is likely represented, at least in part, by the demon-
strated difference between typical and atypical infants
in the score for approach to new situations (based on
the child’s temperament scale). Temperament problems
in children are closely associated with parenting stress
and anxiety in caregivers [33,9]. In early childhood,
developmental retardation is associated with avoidance
of novel stimulation and a negative temperament [33],
and parenting stress in mothers is enhanced when their
children show temperamental characteristics that are
difficult to deal with [33,9]. It is reported that as sleeping
hours during the night increase, the score of contiguity
increases [41,42]. These findings lead to the notion that
developmental problems in infants together with inap-
propriate parenting behavior caused by parenting stress
lead to problematic sleeping habits in infants. It has also
been reported that parasympathetic hypoactivity and
elevated heart rate are more frequent in Japanese chil-
dren at the age of five or six when nocturnal sleeping
hours are reduced [43].

This study has two major limitations. One is that we
could not further specify the diagnosis of ‘‘atypical
development”, which may include children with ASD,
ADHD, and other developmental disabilities as well as
normal infants with atypical development. This was
because the JCS cohort study was finished before the
final follow-up was completed and the second study
comprised a relatively small sample size of the groups.
Another limitation was that we could not use the objec-
tive sleep tools of actigraphy or polysomnography
because it was not feasible to use the actigraphs in such
a large cohort study. Sleep efficiency may be not so accu-
rate, even though we previously reported that the sleep
efficiency by using sleep log significantly correlated with
actigraph findings [44,45].

In conclusion, we directly examined all infants at
18 months of age in a cohort study, and could found a
significant association between their development and
sleep habits. Though sleep habits in infants are
influenced by both their caregivers’ lifestyles and
pre-existing developmental problems, we can safely
conclude that appropriate sleeping habits are important
for healthy development in 18-month-old infants.
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