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Abstract

Background: Sleep and colic problems in infancy have been linked to adverse health outcome, but there is limited
knowledge of the association between sleep and colic problems in infancy and subsequent development,
emotional and behavior problems in young children. The aim of the present study was to examine whether there
is an associations between infants’ crying and sleep problems at 6 months and behavioral and development
problems at 18 months, 3 and 5 years.

Methods: This study is based on the Norwegian Mother, Father and Child Cohort Study (MoBa), conducted at the
Norwegian Institute of Public Health from June 1999 to December 2008. A total of 86,724 children were included.
Colic and sleep (sleep duration, nocturnal awakenings and easy to put to bed) was assessed by mother-reports. Z-
scores were used to assess differences between groups of children (e.g. having colic or not, having a sleep problem
or not). Emotional and behavioral problems were measured with items from the Child Behavior Checklist.
Development problems were measured with items from The Ages and Stages Questionnaire.

Results: Infants with colic scored significantly lower on development at 5 years (B=-0.10, CI [- 0.14 to - 0.06]) and
higher on internalizing problems both at 3 years (B=0.15. Cl [0.11 to 0.18]) and 5 years (B=0.17. CI [0.12 to 0.21]) than
the reference population. Children who awoke frequently and were more difficult to put to bed at 6 months scored
significantly lower on development at 18 months and 3 and 5 years, and higher on internalizing behavior problems
at 3 and 5 years (B=0.18 and B=0.16). Children with shorter sleep duration at 6 months had more internalizing behavior
problems at 3 years (B=0.14. Cl [0.07 to 0.21]) and 5 years (B=0.15. CI [0.05 to 0.25]) than the reference population.

Conclusions: Colic and sleep problems early in life should be taken into account as risk factors for development and
behavioral problems within the first 5 years of a child’s life.
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Background

Crying and sleep problems in infancy are common
concerns for parents [1, 2], often resulting in increased
use of multiple health services [3-5]. Sleep problems
have different presentations and rates at different ages
[2], and the prevalence varies depending on the criteria
used. Between 10 and 35% of parents report problems
with their infant’s sleep, including both sleep duration
and nighttime awakenings [1, 6-8]. A crying duration
exceeding 3 h/24 h for at least 3 days of at least 3 weeks
is typically known as ‘colic’ [9]. Infantile colic affects
between 17 and 25% of infants during the first months
of life, with a reported peak of excessive crying some-
where between 3 and 6 weeks of age [10, 11].

Although infant crying and sleep problems are usually
regarded as self-resolving [10], there is conflicting
evidence on their association with adverse medium to
long-term outcomes. In a meta-analysis [12], both exces-
sive crying and sleep problems during the first year of
life were linked to internalizing and general behavioral
problems in children aged 2 to 10 years, particularly in
multi-problem families. These findings were confirmed
in a recent systematic review that found that sleep dur-
ation among healthy children aged 0-4 years, based on
parents’ reports, is prospectively associated with mental
health problems such as anxiety, depression, and poor
emotion regulation. The evidence related to cognitive
and motor development was not clear [13]. Two previ-
ous Norwegian birth cohort studies have examined sleep
in young children [14, 15], and found that total sleep,
prolonged sleep onset, and frequent nighttime awaken-
ing among 24-month-old children was associated with a
greater risk of concurrent social-emotional problems in
toddlerhood [14]. Children who sleep less than 11h or
awaken three or more times per night at 18 months have
more emotional regulation difficulties at 5 years [15].

Although previous research represents important steps
toward identifying the long-term outcome of colic and
sleep problems in children, these studies have limita-
tions. Most previous studies have examined the associa-
tions in preschool children rather than in the first years
of life. Due to high neuroplasticity and rapid brain devel-
opment in the first years of life, early experiences can
modify the organization of cortical structures and
strengthen the brain connections [16]. Hence, under-
standing the relationship between difficulties already in
infancy will enable researchers and clinicians to identify,
prevent, and treat sleep and crying problems.

The Norwegian Mother and Child Cohort Study
(MoBa) contains valuable information on infant crying
and sleep behavior and children’s health and develop-
ment from birth to toddlerhood. Thus, the aim of the
present study was to examine whether there is an associ-
ations between infants’ crying and sleep problems at 6
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months and behavioral and development problems at 18
months, 3 and 5 years.

Methods

Study population

The Norwegian mother and child cohort study

The present study uses data from The Norwegian
Mother and Child Cohort study (MoBa), a prospective
population- based cohort study conducted by the
Norwegian Institute of Public Health from 1999 through
2008 [17]. The MoBa is a study of health and causes of
disease among mothers and children. Pregnant women
were invited to take part in the study around the time of
the ultrasound examination in week 17-20 of gestation.
All pregnant women in Norway were eligible for partici-
pation in MoBa if they were able to read Norwegian.
Each woman could participate with more than one preg-
nancy. About 41% of the invited women consented to
participate. The MoBa cohort included 114.500 children
and 95.200 mothers. In MoBa biological material from
mother and child, as well as questionnaire data have
been collected since pregnancy and until the child is 8
years old. Questionnaires are completed by the mothers
at given time points in the follow up (at gestational week
15, gestational week 30, and when the child was 6 months
and 18 months, and 3, 5, and 8years), and linked to
national health registries. Participation rates were about
92.2% at week 22 in pregnancy, 84.8% at 6 months, 72.5%
at 18 months, 58.5% at 3 years and 53.0% at 5 years [17].

The current study is based on version 10 of the MoBa
data files. The establishment of MoBa and initial data
collection was based on a license from the Norwegian
Data Protection Agency and approval from The Regional
Committees for Medical and Health Research Ethics.
The MoBa cohort is now based on regulations related to
the Norwegian Health Registry Act. The current study
was approved by The Regional Committees for Medical
and Health Research Ethics (project no; 2017/2199).

For the present study, we have analyzed data on 86,
724 children. Twins (n= 1480) and triplets (n= 14) were
excluded. Data was collected at four time points, when
the child was 6 months (Questionnaire 4), 18 months
(Questionnaire 5), 3 years (Questionnaire 6) and 5 years
(5 years Questionnaire).

Measures

Demographic variables

Demographic variables included child gender, gestational
age, maternal age, maternal education level, civil and
work status.

Emotional and behavioral problems (CBCL)
The child’s emotional, social and behavioral problems
was assessed with the Child Behavior Checklist (CBCL)
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[18]. The CBCL/1.5-5 consists of 99 items. The items
rates as not true (0 points), somewhat or sometimes true
(1points), or very true or often true (2 points). There are
several syndrome scales in the CBCL, and the scales are
designated as Emotionally Reactive, Anxious/Depressed,
Somatic Complaints, Withdrawn, Attention Problems,
and Aggressive Behavior [18]. The title of each scale
summarizes the kinds of problems that form the syn-
drome. In addition to the syndrome scales, the CBCL/
1.5-5 can be scored in terms of two broad groupings of
syndromes, internalizing (Emotion/Reactive, Anxious/
Depressed, Somatic Complaints,) and externalizing be-
havior problems (Attention Problems, Aggressive Behav-
ior) [18]. The CBCL has been proven to be a valid and
reliable tool [19]. Due to space restrictions in the MoBa
questionnaires, an abbreviated version of the full CBCL
scales were used, including 19 items at 18 months, 26
items at 3years and 27 items at 5years. The MoBa
abbreviated externalizing scale are previous found to be
representative of the full externalizing CBCL scale [20]
In the present study, the CBCL was collected at 18
months, 3 years and 5 years.

The ages and stages questionnaire (ASQ II)

The child’s general development was assessed with the
ASQ [21]. The ASQ, 2nd edition, consists of 19 age-
specific questionnaires intended for use from the age of
4 to 60 months old. Each questionnaire in the ASQ con-
sists of 30 items covering five developmental areas: com-
munication, gross motor, fine motor, problem solving,
and personal-social development The ASQ items rates
yes (10 points), sometimes (5 points), or not yet (0
points). The ASQ has shown good test—retest reliability
(94%), and concurrent validity when compared to stan-
dardized tests (76—-88%) [21]. The Norwegian version of
the ASQ has also shown good validity [22]. In the MoBa
study, an abbreviated ASQ scale was used, including a
13-item scale at 18 months, a 10-item scale at 3 years
and a 12-item scale at 5years, respectively. In the
present study, the ASQ was collected at 18 months, 3
years and 5 years.

Sleep-related variables

Child sleep was measured by single questions about the
child’s quantity of sleep “How many hours does your
child sleep per day?”, nighttime awakenings “How often
does the child wake up during the night?” and about
how easy the child is to put to bed at night “Is the child
easy to put to bed and falls asleep fast? ” [17]. The
response options for sleep duration were categorized as
follows: O: sleep duration were less than 8 h,1: 8-10h, 2:
11-12h, 3: 13 to 14 h, 4: 14 h or more of sleep. For stat-
istical analyses, the variable was further operationalized
as appropriate sleep >10h per day vs not-appropriate
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sleep. The response options for nighttime awakenings
were as follows: 0: 3 or more times every night, 1: once
or twice every night, 2: a few times a week, 3: seldom or
never. Further, in a similar way to sleep duration, this
variable was dichotomized for statistical analyses as not
frequent vs frequent awakenings. The reference category
was not frequent defined as twice every night or more
seldom (values 1 or higher of the original variable). The
question about how easy the child is to put to bed was
dichotomized as follows: easy to put to bed and not easy
to put to bed.

Colic

Colic was assessed by the parent reporting on a question
when her child was 6 months: ‘Has the child had colic?.
The response categories were yes or no. Parents thus an-
swered vyes if they thought their child had had colic, and
no other diagnostic criteria were needed.

Statistical analyses

Continuous variables were described with mean and
standard deviation (SD), categorical variables with
counts and percentages. Both main outcomes were
assessed using a questionnaire administered at four time
points. The number of included items varied among as-
sessment points so we used z-scores to be able to assess
differences between groups of children both at given
time points and across the whole follow-up. The z-
scores were constructed as follows: at each assessment
point the dataset was divided into two groups based on
the exposure variable (e.g. having colic or not, having a
sleep problem or not). Those who did not report such
an event (no colic, no sleep problems) served as the
normal population for a given outcome (event). Thus z-
scores equal to zero represent the mean for the normal
population, scores over zero indicate higher values of
the outcome compared to the norm, and scores below
zero indicate values lower than 50% of the norm
(Supplementary file 1).

To model changes at given time points and across the
follow-up trajectories, we used linear mixed models for
repeated measures with an unstructured covariance
matrix to account for dependencies within the included
individuals (children), as the same child was assessed at
several time points. The results are expressed as estimates
of beta (B) with 95% confidence intervals (CI). P-values <
0.05 were considered statistically significant. As the study
is considered exploratory, no correction for multiple test-
ing was done. All analyses were performed using SPSS,
version 24.

Results
The participants’ characteristics are described in Table 1.
There were 51.0% boys in the sample, and a large
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Table 1 Characteristics of the study population when the child

is 6 months
n (%) mean (SD) Median (range)
Child (N= 86,724) mean (SD)
Male n (%) 40, 205 (51.0)
Missing (n= 7947)
Gestation age
>37 weeks 70,815 (95.0)
32-36 weeks 3231 (43)
28-31 weeks 309 (04)
< 28 weeks 192 (0.3)
Missing (n=12,177)
Birth weight in grams 78,816 3600 (500, 5960)
Missing (n = 7908)
Mother (N= 86,724)
Maternal age 82,377 298 (4.5)
Missing (n = 4387)
Maternal education °
low 26,607 (34.0)
medium 32,941 (42.0)
high 18,836 (24.0)
Missing (n = 8340)
Work status °
Education 4930 (6.0)
Employed 68,153 (83.1)
Other 8938 (10.9)
Missing (n = 4703)
Civil status ©
Married/co-habiting 80,333 (97.9)

Missing (n = 4640)

? Education at 16-20 weeks of pregnancy: low education = completed
elementary school and or high school. Medium education = completed
college / university 1-3 years. High education = completed college /
university 4 years

P Work Status at 16-20 weeks of pregnancy: education = student, at home,
trainee, military service. Employed = employed in the public or private sector.
Other = unemployed

€ Civil status at 16-20 weeks of pregnancy

proportion of mothers had a medium to high level of
education and were married or co-habiting.

ASQ questionnaire

When the whole follow-up was considered, our data for
ASQ revealed small but statistically significant differ-
ences between children with colic and disruptive sleep
early in life and the reference population. Firstly, we
assessed possible differences over time between children
who had colic and children who did not have colic.
Compared to baseline, ASQ scores were slightly but sta-
tistically significantly lower at 5 years (B=-0.10, CI [-0.14
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to - 0.06]) for children with colic. With respect to sleep
duration, when comparing children who did not have
enough sleep at baseline to children for whom enough
sleep was reported, we found significantly higher scores
for ASQ at 18 months (B=0.09, CI [0.04 to 0.14]) and 3
years (B=0.08, CI [0.01 to 0.14]) but there were no dif-
ference in ASQ scores between the children at 5 years.
However, it has to be kept in mind that the differences
at 18 months and 3 years, although statistically signifi-
cant, were very small. When we compared children who
awoke frequently at night to those who did not at base-
line, there were small but statistically significant differ-
ences between the children concerning the ASQ scores
at 18 months (B=-0.06, CI [-0.01 to - 0.02) and 3 years
(B=-0.01, CI [-0.01 to - 0.03]). Lastly, we compared
children who were easy to put to bed to those who were
difficult in that respect. Children for whom the parents
reported difficulties in falling asleep scored significantly
lower on ASQ compared to those who were easy to put
to bed, at 18 months (B=-0.06, CI [-0.08 to - 0.03) and
also at 5 years ( B=-0.09, CI [-0.01 to - 0.05]) (Table 2).

CBCL questionnaire

As shown in Table 3, children with colic at baseline
compared to children who did not have colic scored sig-
nificantly higher on CBCL internalizing problems both
at 3 years ( B=0.15. CI [0.11 to 0.18]) and 5 years ( B=
0.17. CI [0.12 to 0.21]) and significantly lower on CBCL
externalizing problems.

Children who slept too little at baseline scored signifi-
cantly higher on internalizing problems both at 3 years
(B=0.14. CI [0.07 to 0.21]) and 5 years (B=0.15. CI [0.05
to 0.25]) compared to children who had enough sleep at
baseline and significantly lower on CBCL externalizing
problems. Children whose parents reported that the
child awoke frequently at night scored significantly
higher on CBCL internalizing problems and significantly
lower on CBCL externalizing problems compared to
children who did not awake frequently at night at
baseline. Children who were not easy to put to bed at
baseline compared to children who were easy in that re-
spect scored significantly higher on CBCL internalizing
problems both at 3 and 5 years (B=0.18 and B=0.16) re-
spectively. They also scored 18% lower on externalizing
problems at 3 years and similarly 19% lower at 5 years
compared to the mean scores of those who were easy to
put to bed.

Discussion

This large population-based study revealed that infants
with colic scored significantly lower on general develop-
ment at 5years and higher on internalizing problems
both at 3 and 5years than the reference population.
Children who awoke frequently and were more difficult
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Table 2 Mixed effects analysis of the relationship between ASQ
and colic and sleep problems

ASQ
Variable B 95% Cl p-values
Colic
Time
Baseline (6 months) ref
18 months -003 -006to 0.00 0.02
3 years 0.03 —0.00to - 0.06 0.07
5 years -0.10 -0.14to0-0.06 <0.01
Sleep duration °
Time
Baseline (6 months) ref
18 months 0.09 0.04 t0 0.14 <001
3 years 0.08 0.01 to 0.14 0.02
5 years -0.02 —0.11 to 0.07 0.62
Frequent nocturnal awakenings °
Time
Baseline (6 months) ref
18 months -0.06 —-0.01 to - 0.02 <001
3 years -0.01 -0.01to - 0.03 <0.01
5years 0.01 -0.01 to - 0.02 0.26
Easy to put to bed ©
Time
Baseline (6 months) ref
18 months —-0.06 —0.08 to —0.03 <001
3 years 0.03 0.00 to = 0.5 0.04
5 years -0.09 —-0.01to-005 <0.01

*Adjusted for ICQ. Mother’s education, mother’s age

Sleep duration: Hours of sleep per day

PFrequent nocturnal awakenings: Usually wakes during the night
Easy to put to bed: Easy to put to bed and falls asleep quickly

to put to bed at 6 months scored significantly lower on
general development at 18 months and 3 and 5 years,
and higher on internalizing behavior problems at 3 and
5years than the reference population. Children with
shorter sleep duration at 6 months had more internaliz-
ing behavior problems at 3 and 5 years.

Our results are consistent with the findings of previous
research [12, 13, 15, 23], which concluded that colic and
sleep problems early in life may predict later develop-
ment and behavioral difficulties. In accordance with pre-
vious studies [15, 24-26], our findings revealed that
internalizing behavioral problems are most frequently
reported in association with sleep problems in young
children. In a previous Norwegian cohort study, Sivert-
sen and colleagues (2015) found that shorter sleep
duration at 18 months was predictive of developing emo-
tional regulation difficulties utilizing the CBCL both
concurrently and at 5 years of age, especially in relation
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to internalizing problems. However, our study extends
previous findings by showing that children with shorter
sleep duration already from 6 months of age had more
internalizing behavior problems at later ages than their
peers. Behaviour difficulties identified in young children
can persist and increase a child’s risk of later adverse
outcomes, although stability and pathways of behavior
problems seems to vary according to the types of prob-
lem that are studied [27, 28].

Our results also revealed that children in the group
with frequent awakenings or difficulty with putting to
bed had poorer general developmental outcomes at pre-
school ages than children with no such problems. One
explanation for our findings may be that frequent awak-
enings predict poorer attention regulation [29, 30] and
affect executive task performance that is important for
the ability to learn new skills and solve problems in
everyday life [31, 32]. Although difficulties falling asleep
or frequent awakenings in children are often followed by
longer sleeps on subsequent days or nights, these results
highlight the importance of nighttime sleep as a compo-
nent of total sleep duration and are consistent with the
literature supporting a positive association between
nighttime sleep duration and development outcome in
preschool children [23].

Current empirical knowledge on the development of
excessive criers after the end of the difficult colic period
is inconclusive. Our results showed that infants with
colic reported at 6 months of age scored significantly
lower on general development and higher on internaliz-
ing problems then the reference population. These find-
ings are confirmed by previous studies, which reported
an association between infant crying and subsequent
child behavioral problems [12, 33], especially in external-
izing behaviors and lower motor scores [34]. Conversely,
Bell et al. (2018) did not find any associations in an
Australian study between infants with colic whose crying
self-resolved and internalizing and externalizing behavior
problems measured by caregiver reports [35]. However,
some of the infants with colic in our study may have had
multiple regulatory problems (crying combined with
sleep problems) and thus may have been at greater risk
of developmental deficits later in life compared with
infants with isolated crying problems [12]. In addition,
we did not have any information about crying after 6
months which may affect long-term development.

Different underlying mechanisms have been proposed
to explain the predictive links between early regulation
problems and subsequent development problems, in-
cluding overlapping genetic and biomedical features [36]
and parenting factors [37]. Sleep disturbance may influ-
ence the brain circuits that underlie emotional process-
ing that are key characteristics of emotional and
behavioral problems [38, 39]. Children with individual
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Table 3 Mixed effects analysis of the relationship between
CBCL and colic and sleep problems (Continued)

CBCL CBCL
Variable B 95% Cl p-values  Variable B 95% ClI p-values
Colic 3years -0.18 -0.21 to -0.16 <001
Internalizing 5years -0.19 -0221t0-0.16 <001
Time *Adjusted for ICQ. Mother’s education, mother’s age
. Sleep duration: Hours of sleep per day
Baseline (18 months) ref PFrequent nocturnal awakenings: Usually wakes during the night
3 years 0.15 01110 0.18 <00] “Easy to put to bed: Easy to put to bed and falls asleep quickly
5 years 0.17 0.12 to 0.21 <001
Externalizing
Time differences in personality, temperament, behavior, and
) social competence trigger positive or negative reactions
Baseline (18 months) ref .. )
from parents. When parents are affected by their infants
3 years —0.06 —0091t0 -003 <001 fragmented sleep or crying, they may provide less
5years -005 - 008 t0 - 001 <007 optimal stimulation overall, inadequate parental prac-
Sleep duration® tices or limit-setting behavior that may negatively affect
Internalizing development and behavior [37].
Time This study showed that infants with colic and sleep
4 problems at 6 months scored significantly lower on gen-
Baseline (18 months) ref . .
eral development, and higher on behavior problems than
3 years 014 00710021 <001 the comparison group, for example, children with colic
5 years 0.15 005 to 025 <001 at 6 months scored 10% lower on developmental prob-
Externalizing lems at 5 years compared to the mean scores of children
Time without colic, and children with shorter sleep duration
o s . ..
Baseline (18 months) of scored 15% higher on internalizing pfoblems ‘at 3 years
compared to the mean scores of children with longer
3 years -0.21 -0.28 to -0.15 <001 . o T
sleep duration. The clinical relevance of this findings
> years —011 ~01810004 <001 should be further investigated in later research. How-
Freqkuerjt nocturnal ever, previous research revealed that crying and sleeping
awakenings problems in infancy predict later development and be-
Internalizing havior difficulties [12, 33, 40].
Time Our findings extend the outcomes to a younger age
Baseline (18 months) ref group and underscore the importance of preventive
3 years 006 0,05 10 0.07 <00 measures and supporting families with infants with colic
5 years 006 004 16 0,03 001 and sleep problems. Several r‘lsk agd protective factor‘s
o for sleep problems have been identified [41], and identi-
Externalizing fication of problems and support for families and appro-
Time priate referral are needed throughout infancy and early
Baseline (18 months) childhood.
3 years —0.09 —0.10 to —0.08 <001 Although the present study has many strengths, in-
5 years 0,09 —011 to — 009 <00 cluding the large prospective longitudinal sample with
. repeated follow-ups, the results must be interpreted in
Easy to put to bed . X L .
" light of several methodological limitations. Firstly, the
Internalizing assessment of sleep or colic did not include validated or
Time objective measures and mother-reported sleep duration
Baseline (18 months) ref was assessed in predefined categories. Secondly, we did
3 years 0.18 0.15 to 021 <001 not include all the items in the ASQ or CBCL instru-
5 years 016 012 10 0.20 <00 ment, and thus the use of abbreviated versions instead of
. the original scales may have affected the results. Thirdly,
Externalizing . .
‘ some confounders were controlled for in this study,
Time while other variables that could have impacted the ana-
Baseline (18 months) ref

lyzed associations, such as maternal psychopathology or



Valla et al. BMC Pediatrics (2021) 21:23

maternal burden of care were left unexplored. Lastly, the
results may also be affected by a selection bias due to
high attrition rates in the MoBa study [17]. When
comparing MoBa participants with the data from the
Medical Birth Registry in Norway (including all women
giving birth in Norway) on key parameters, a lower rate
on predictor variables was found, with higher maternal
age and fewer health related risks, than children of those
not participating. Still, we would advise caution when
interpreting our findings.

Conclusion

This large population-based study revealed that colic
and disruptive sleep early in life may be risk factors for
developmental and behavioral problems within the first
5 years of a child’s life. It is important to be aware that
disruptive sleep and colic in infancy may have long-term
negative consequences. Thus, early intervention should
be a part of a comprehensive plan to prevent behavioral
and developmental difficulties.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-020-02483-1.

Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.
Additional file 5.

Abbreviations
MoBa: The Norwegian Mother and Child Cohort Study; ASQ: Ages and
Stages Questionnaires; CBCL: The Child Behavior Checklist

Acknowledgements

The Norwegian Mother, Father and Child Cohort Study is supported by the
Norwegian Ministry of Health and Care Services and the Ministry of
Education and Research. We are grateful to all the participating families in
Norway who take part in this on-going cohort study.

Authors’ contributions

LV: Responsibility for the study design, analysis and interpretation, and in the
writing of the manuscript. MCS: Was involved in and supervised the
statistical analysis. RA: Has been involved in the study design, statistical
analysis, and in critically revising the manuscript for important intellectual
content. NM: Has critically revising the manuscript for important intellectual
content. CO: Has critically revising the manuscript for important intellectual
content. SH: Primary responsibility for the study design, Participated in the
analytic framework of the study, with the data interpretation, and in the
writing of the manuscript. All the authors have given their final approval of
the final version of the manuscript.

Funding
This study did not receive any specific funding.

Availability of data and materials

The data that support the findings of this study are available from
Norwegian Institute of Public Health, but restrictions apply to the availability
of these data, which were used under license for the current study, and so
are not publicly available. Data are however available from the author upon

Page 7 of 8

reasonable request and with permission of the Norwegian Institute of Public
Health.

Ethics approval and consent to participate

Written informed consent was obtained from all MoBa participants upon
recruitment. The study was approved by the Regional Committee for
Medical Research Ethics in South-Eastern Norway.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Nursing and Health promotion,Faculty of Health Sciences,
Oslo Metropolitan University, Oslo, Norway. ZDepar’[ment of Pediatric and
Adolescent Medicine, Akershus University Hospital, Larenskog, Norway.
3nstitute of Clinical Medicine, Campus Ahus, University of Oslo, Oslo,
Norway.

Received: 3 August 2020 Accepted: 20 December 2020
Published online: 07 January 2021

References

1. Hysing M, Harvey AG, Torgersen L, Ystrom E, Reichborn-Kjennerud T,
Sivertsen B. Trajectories and predictors of nocturnal awakenings and sleep
duration in infants. J Dev Behav Pediatr. 2014;35(5):309-16.

2. Petit D, Touchette E, Tremblay RE, Boivin M, Montplaisir J. Dyssomnias and
parasomnias in early childhood. Pediatrics. 2007;119(5):e1016-25.

3. Morris S, James-Roberts IS, Sleep J, Gillham P. Economic evaluation of
strategies for managing crying and sleeping problems. Arch Dis Child. 2001;
84(1):15-9.

4. McCallum SM, Rowe HJ, Gurrin L, Quinlivan JA, Rosenthal DA, Fisher JR.
Unsettled infant behaviour and health service use: a cross-sectional
community survey in Melbourne, Australia. J Paediatr Child Health. 2011;
47(11):818-23.

5. Vandenplas Y, Hauser B, Salvatore S. Functional gastrointestinal disorders in
infancy: impact on the health of the infant and family. Pediatr Gastroenterol
Hepatol Nutr. 2019,22(3):207-16.

6. Byars KC, Yolton K, Rausch J, Lanphear B, Beebe DW. Prevalence, patterns,
and persistence of sleep problems in the first 3 years of life. Pediatrics. 2012;
129(2).e276-84.

7. Galland BC, Sayers RM, Cameron SL, Gray AR, Heath AM, Lawrence JA, et al.
Anticipatory guidance to prevent infant sleep problems within a
randomised controlled trial: infant, maternal and partner outcomes at 6
months of age. BMJ Open. 2017;7(5):014908.

8. Hanafin S. Sleep patterns and problems in infants and young children in
Ireland. Child Care Health Dev. 2018:44(3):470-5.

9. Wessel MA, Cobb JC, Jackson EB, Harris GS Jr, Detwiler AC.
Paroxysmal fussing in infancy, sometimes called colic. Pediatrics. 1954;
14(5):421-35.

10.  Wolke D, Bilgin A, Samara M. Systematic Review and Meta-Analysis: Fussing
and Crying Durations and Prevalence of Colic in Infants. J Pediatr. 2017;185:
55-61.e4.

11. Vandenplas Y, Abkari A, Bellaiche M, Benninga M, Chouraqui JP, Cokura F,
et al. Prevalence and health outcomes of functional gastrointestinal
symptoms in infants from birth to 12 months of age. J Pediatr Gastroenterol
Nutr. 2015,61(5):531-7.

12. Hemmi MH, Wolke D, Schneider S. Associations between problems
with crying, sleeping and/or feeding in infancy and long-term
behavioural outcomes in childhood: a meta-analysis. Arch Dis Child.
2011;96(7):622-9.

13. Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Birken CS, et al.
Systematic review of the relationships between sleep duration and
health indicators in the early years (0-4 years). BMC Public Health. 2017;
17(Suppl 5):855.

14. Hysing M, Sivertsen B, Garthus-Niegel S, Eberhard-Gran M. Pediatric sleep
problems and social-emotional problems. A population-based study. Infant
Behav Dev. 201642:111-8.


https://doi.org/10.1186/s12887-020-02483-1
https://doi.org/10.1186/s12887-020-02483-1

Valla et al. BMC Pediatrics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2021) 21:23

Sivertsen B, Harvey AG, Reichborn-Kjennerud T, Torgersen L, Ystrom E,
Hysing M. Later emotional and behavioral problems associated with
sleep problems in toddlers: a longitudinal study. JAMA Pediatr. 2015;
169(6):575-82.

Sameroff AJ, Mackenzie MJ. Research strategies for capturing transactional
models of development: the limits of the possible. Dev Psychopathol. 2003;
15(3):613-40.

Magnus P, Birke C, Vejrup K, Haugan A, Alsaker E, Daltveit AK, et al. Cohort
profile update: the Norwegian mother and child cohort study (MoBa). Int J
Epidemiol. 2016;45(2):382-8.

Achenbach TM, Edelbrock C. Manual for the child behavior checklist.
Burlington: University of Vermont; 1983.

Kristensen S, Henriksen TB, Bilenberg N. The child behavior checklist for
ages 1.5-5 (CBCL/1(1/2)-5): assessment and analysis of parent- and
caregiver-reported problems in a population-based sample of Danish
preschool children. Nord J Psychiatry. 2010,64(3):203-9.

Zachrisson HD, Dearing E, Lekhal R, Toppelberg CO. Little evidence that
time in child care causes externalizing problems during early childhood in
Norway. Child Dev. 2013,84(4):1152-70.

Squires J, Potter L, Bricker D. The ASQ User's guide. 2nd ed. Baltimore:
Brookes; 1999.

Richter J, Janson H. A validation study of the Norwegian version of the ages
and stages questionnaires. Acta Paediatr. 2007,96(5):748-52.

Smithson L, Baird T, Tamana SK, Lau A, Mariasine J, Chikuma J, et al. Shorter
sleep duration is associated with reduced cognitive development at two
years of age. Sleep Med. 2018;48:131-9.

Touchette E, Chollet A, Galera C, Fombonne E, Falissard B, Boivin M, et al.
Prior sleep problems predict internalising problems later in life. J Affect
Disord. 2012;143(1-3):166-71.

Mindell JA, Leichman ES, DuMond C, Sadeh A. Sleep and social-emotional
development in infants and toddlers. J Clin Child Adolesc Psychol. 2017;
46(2):236-46.

Zaidman-Zait A, Hall WA. Children's night waking among toddlers:
relationships with mothers’ and fathers' parenting approaches and
children's behavioural difficulties. J Adv Nurs. 2015;71(7):1639-49.

D'Souza S, Underwood L, Peterson ER, Morton SMB, Waldie KE. Persistence
and change in behavioural problems during early childhood. BMC Pediatr.
2019;19(1):259.

Briggs-Gowan MJ, Carter AS, Bosson-Heenan J, Guyer AE, Horwitz SM. Are
infant-toddler social-emotional and behavioral problems transient? J Am
Acad Child Adolesc Psychiatry. 2006;45(7):849-58.

Sadeh A, De Marcas G, Guri Y, Berger A, Tikotzky L, Bar-Haim Y. Infant Sleep
predicts attention regulation and behavior problems at 3-4 years of age.
Dev Neuropsychol. 2015;40(3):122-37.

Lam JC, Koriakin TA, Scharf SM, Mason TBA, Mahone EM. Does
increased consolidated nighttime Sleep facilitate Attentional control?
A pilot study of nap restriction in preschoolers. J Atten Disord. 2019;
23(4):333-40.

Bernier A, Beauchamp MH, Bouvette-Turcot AA, Carlson SM, Carrier J. Sleep
and cognition in preschool years: specific links to executive functioning.
Child Dev. 2013;84(5):1542-53.

Bernier A, Carlson SM, Bordeleau S, Carrier J. Relations between
physiological and cognitive regulatory systems: infant sleep regulation and
subsequent executive functioning. Child Dev. 2010;81(6):1739-52.

Smarius LJ, Strieder TG, Loomans EM, Doreleijers TA, Vrijkotte TG, Gemke RJ,
et al. Excessive infant crying doubles the risk of mood and behavioral
problems at age 5: evidence for mediation by maternal characteristics. Eur
Child Adolesc Psychiatry. 2017;26(3):293-302.

Rao MR, Brenner RA, Schisterman EF, Vik T, Mills JL. Long term cognitive
development in children with prolonged crying. Arch Dis Child. 2004;89(11):
989-92.

Bell G, Hiscock H, Tobin S, Cook F, Sung V. Behavioral outcomes of infant
colic in toddlerhood: a longitudinal study. J Pediatr. 2018,201:154-9.
Barclay NL, Gregory AM. Quantitative genetic research on sleep: a review of
normal sleep, sleep disturbances and associated emotional, behavioural,
and health-related difficulties. Sleep Med Rev. 2013;17(1):29-40.

Sadeh A, Tikotzky L, Scher A. Parenting and infant sleep. Sleep Med Rev.
2010;14(2):89-96.

Palmer CA, Alfano CA. Sleep and emotion regulation: an organizing,
integrative review. Sleep Med Rev. 2017;31:6-16.

39.

40.

Page 8 of 8

Halligan SL, Cooper PJ, Fearon P, Wheeler SL, Crosby M, Murray L. The
longitudinal development of emotion regulation capacities in children at
risk for externalizing disorders. Dev Psychopathol. 2013;25(2):391-406.
Wang B, Isensee C, Becker A, Wong J, Eastwood PR, Huang RC, et al.
Developmental trajectories of Sleep problems from childhood to
adolescence both predict and are predicted by emotional and behavioral
problems. Front Psychol. 2016;7:1874.

Field T. Infant sleep problems and interventions: a review. Infant Behav Dev.
2017;47:40-53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	The Norwegian mother and child cohort study

	Measures
	Demographic variables

	Emotional and behavioral problems (CBCL)
	The ages and stages questionnaire (ASQ II)
	Sleep-related variables
	Colic

	Statistical analyses
	Results
	ASQ questionnaire
	CBCL questionnaire

	Discussion
	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

