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ARTICLE INFO ABSTRACT

Keywords: Background: Up to 50 % of preschool-aged children experience sleep problems but recent studies on sleep dis-
Insomnia turbances of 5-year-olds, and particularly in Northern Europe, are limited. Our aim was to determine how 5-year-
Naps old children sleep in Finland by identifying the most common sleep disturbances and examining factors asso-
Circadian rhythm . 1 s .

Child ciated with insomnia symptoms.

Pediatrics Methods: This cross-sectional study included 714 five-year-old children from the CHILD-SLEEP birth cohort. The

Sleep duration main outcome measures from parent-filled questionnaires were sleep durations, bedtimes and wake-up times,

Sleep naps, sleep habits and sleep-related symptoms, the latter assessed using the Sleep Disturbance Scale for Children
(SDSCQ). Factors associated with insomnia symptoms were analyzed using chi-square tests and logistic regression
adjusted for age, sex, and further for siblings, daycare attendance and single parenthood. Insomnia symptoms
were defined as SDSC subscale of Disorders of Initiating and Maintaining Sleep sum >90th percentile for
analyses.
Results: Overall, 43.0 % (N = 292) of children experienced at least one sleep-related problem occurring three or
more times per week. Almost one-fourth (23.3 %) slept less than the recommended minimum of 10 h total. At
least one individual SDSC insomnia symptom occurring >3 times per week was present in 18 % of children, with
sleep onset problems being the most prevalent symptom. Regular naps showed the strongest association with
DIMS insomnia symptoms (p < 0.001; crude model OR 2.70, 95 % CI 1.58-4.85, adjusted model 1 OR 2.70, 95 %
Cl 1.52-4.77; adjusted model 2 OR 2.75, 95 % Cl 1.54-4.92) while different parent-dependent sleep pattern
variables were also associated. Circadian rhythm problems were uncommon.
Conclusion: Attention should be paid to insomnia symptoms and particularly short total sleep duration among 5-
year-olds by considering the role of daytime sleep and evaluating factors that may interfere with independent
sleep.

1. Introduction a sleep problem prevalence of 38.9 % among preschool-aged children,
whereas a Japanese study reported a prevalence of 18 % among 5-year--
Sleep problems in childhood are prevalent, with 20-50 % of children old children [3,4]. Notably, there are cultural differences in sleep pat-

experiencing sleep-related difficulties at some point [1]. Among terns and the way parents report sleep problems, although average total
preschool-aged children, 15-44 % of parents worldwide report their sleep duration appears to be relatively similar (mean 11.04 h, SD 1.23)
child's sleep as problematic [2]. A recent Chinese meta-analysis reported worldwide in 3-5-year-old children regardless of napping [2]. For
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preschool-aged children, the recommended total sleep duration is
10-13 h per day [5].

International Classification of Sleep Disorders (ICSD) categorizes
sleep disorders into insomnia, sleep-related breathing disorders, central
disorders of hypersomnolence, circadian rhythm sleep-wake disorders,
parasomnias and sleep-related movement disorders [6]. In
preschool-aged children, the most common sleep disturbances include
insomnia (15-50 %), parasomnias (9-46 %), obstructive sleep apnea
(1-5 %) and restless legs syndrome (2-4 %) [7-9]. In a review article,
parent-reported prevalence rates were highest at 41 % for insomnia,
0.4-29 % for parasomnias and 11-17 % for breathing problems [10].
However, it was observed that primary-care providers reported lower
prevalences than parents, and formal ICD-9 sleep diagnosis rates were
even lower at 3.7 % [10]. In a study, 2.5 % of preschool-aged children
met formal insomnia criteria [11]. Insomnia symptoms include, for
example, difficulties falling and staying asleep, bedtime resistance and
waking up earlier than desired [6]. No gender differences have been
found for insomnia symptoms in preschool-aged children [9,12].

Previous studies on sleep in preschool-aged children have often
focused either on populations defined by specific diagnosis or condition,
such as autism [13] or associations between sleep and selected out-
comes, such as emotional and behavioral problems [14-16]. Recent
studies describing the prevalence and characteristics of sleep in general
5-year-old populations remain comparatively scarce. In recent years,
only a limited number of studies have investigated sleep disturbances
specifically among 5-year-olds in a descriptive way, and particularly in
Northern Europe. In a Norwegian study from 2013, the overall estimated
diagnosable sleep disorder rate was 19.2 % in 4-year-olds, with
insomnia at 16.6 %, primary hypersomnia at 0.8 %, nightmare disorder
at 2.2 % and sleepwalking disorder at 0.7 % [17]. In a Finnish study from
2010, 45 % of children aged 3-6 years had at least one sleep-related
problem occurring at least three times per week. The most prevalent
difficulties were insomnia symptoms: bedtime resistance at 14.1 % and
difficulties in falling asleep at 10.2 % [18]. As for other previous
research on insomnia symptom prevalences in Northern Europe, a
Swedish study conducted in the 1990s, reported that among children
aged 5-7 years, 5.6 % had difficulties falling asleep and 15.5 % had
night waking [19]. There is no prior data about the prevalence of
circadian rhythm problems in this age group of 5-year-olds. Chronotype
is not a circadian rhythm problem but rather an individual and partly
heritable trait that has been studied in preschool-aged children, with
evening type being associated with more sleep problems than morning
or intermediate types [20,21]. Social jetlag, defined as the discrepancy
in sleep timing between weekdays and weekends, has been associated
with insomnia symptoms in school-aged children and adolescents but
associations to sleep disturbances in preschool age-group are unknown
[22].

The aim of this study was to find out how 5-year-old children sleep in
Finland as previous research in this age group is relatively old. The
objective was to identify sleep problems in this age-group to support the
availability of appropriate interventions in primary care and therefore
promote better sleep quality. We report the prevalence rates of parent-
reported sleep disturbances symptom (insomnia, parasomnias, sleep-
related movement symptoms, sleep-related breathing symptoms, circa-
dian rhythm problems). We also examine sleep-related practices, as
factors such as absence of bedtime routines, parental presence at
bedtime and screentime are known to predict sleep problems [23].
Finally, we characterize factors associated with insomnia symptoms. We
hypothesized that sleep disturbances are common and that insomnia
symptoms more likely occur in children with worse sleep habits and less
regular sleep-wake rhythms.
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2. Methods
2.1. Participants

This study is based on the CHILD-SLEEP birth cohort, which is a
longitudinal birth cohort with measurement points at birth, three, eight,
18, 24 months [24] and five years [25]. The recruitment and baseline
measurements occurred prenatally at 32 nd week in Pirkanmaa Hospital
District area in Southern Finland between April 2011 and December
2012 with 1673 families returning the baseline questionnaires. In this
cross-sectional study, only the data from the five-year measurement
point was used [24,25]. At this point, 714 child-related questionnaires
were returned, totaling a 42.7 % response rate. There were 680 parents
who responded to the sleep-related questions from the questionnaires.
Parental reports were used because 5-year-old children cannot yet be
considered reliable informants due to their young age and objective
measurement methods were not feasible within the scope of the present
study.

Children with diagnoses thought to impact sleep and its evaluation
(N = 12) were excluded from regression analyses leaving 702 partici-
pants for the data analysis. These diagnoses included sleep apnea,
neurodevelopmental conditions and congenital anomalies. No children
were excluded from the analyses due to medications, as used medica-
tions were mainly for asthma and allergies and no cytotoxic or other
potentially harmful drugs were used.

2.2. Ethics

Approval from the Pirkanmaa Hospital District ethical committee
was gathered. Parents signed an informed consent form at recruitment.
The study protocol has been reviewed by Pirkanmaa Hospital District
Ethical Committee (9.3.2011, ethical committee permission code
R11032).

2.3. Sleep parameters

Sleep was assessed with questions covering a wide range of variables,
including two standardized questionnaires: the Brief Infant Sleep
Questionnaire (BISQ) [26] and the Sleep Disturbance Scale for Children
(SDSC) [27]. The BISQ was used to measure and report daytime and
nighttime sleep duration separately in minutes as well as frequency of
night wakings [26]. Despite being validated for children younger than
30 months, the BISQ was used at this 5-year time point to maintain
methodological consistency and enable longitudinal comparisons within
the birth cohort. The questions implemented were “How much time does
your child spend in sleep during the night (between 7 in the evening and
7 in the morning)? Hours: _ Minutes: _”, “How much time does your child
spend in sleep during the day (between 7 in the morning and 7 in the
evening)? Hours: _ Minutes: _” and “Average number of night wakings
per night”. Total sleep duration was calculated as a weighted average of
BISQ daytime and nighttime sleep, accounting for the frequency of naps
everyday/on weekdays/on weekends/never asked separately. A set of
multiple-choice questions to assess bedtimes and wake-up times on
weekdays and weekends was used to evaluate midpoint of sleep by
calculating the halfway point between bedtime and wakeup time and
social jetlag by calculating the differences between weekend and
weekday sleep times [28].

The SDSC was originally validated for children aged 6-16 years but
has later been validated for preschool-aged children [29]. In our study, it
was used to assess children's sleep quality, comprising sleep duration,
sleep latency in 15-min intervals, and the frequency of 25 different
sleeping problems. Sleep problems were presented as statements such as
“The child goes to bed reluctantly” or “The child has difficulty getting to
sleep at night” with five response options: never, occasionally (once or
twice per month or less), sometimes (once or twice per week), often (3-5
times per week) and always (daily). The sleep problem items were
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dichotomized at a cut-point of at least three times per week to represent
clinically relevant problems. Prevalences were reported for all individ-
ual SDSC items and grouped according to SDSC subscales: Disorders of
initiating and maintaining sleep, Sleep breathing disorders, Disorders of
arousal, Sleep-wake transition disorders, Disorders of excessive som-
nolence, and Sleep hyperhidrosis. A summary score of Disorders of
initiating and maintaining sleep (DIMS) was calculated and dichoto-
mized as 90th percentile at 14 points for the regression analyses. The
DIMS consists of seven SDSC items: sleep duration, sleep latency, going
to bed reluctantly, difficulty in falling asleep, falling asleep anxiety,
night awakenings, difficulty in falling asleep after awakenings [27]. We
report the distribution of DIMS score in the Supplement Table 1. We also
report parasomnias and parent-reported sleep-related movement
symptoms as their own groups to correspond with the International
Classification of Sleep Disorders (ICSD) [6]. However, we do not
examine how many children met the diagnostic criteria for different
sleep disorders.

Additionally, there was a question to assess nap frequency with 6
answer choices (never, occasionally on weekends; on weekdays, but not
on weekends; occasionally on weekends; on weekends, but not on
weekdays; everyday). Regular nap sleepers were defined as taking naps
at least 5 times a week. This “regular naps” group was formed by
combining children reported to nap “on weekdays, but not on week-
ends” and “everyday”. This variable was manually reviewed because,
due to a questionnaire design issue, parents were able to select more
than one response option for nap frequency. There were also questions
to assess sleeping location (own bed in own room, own bed in parents'
room, shared room with siblings, parents' bed and partly parents’ bed,
partly own bed), the frequency of location changes during the night
(every night, 3-6 times a week, 1-2 nights a week, less than once a
week) as well as regularity of bedtime routines (no established practice,
mostly same practices, same practices always or almost always) and how
often child falls asleep independently (never, less often than once a
week, many times a week, at least once every day, always or almost
always).

2.4. Other data

Children's age in years and sex from the hospital registry were used in
the models as confounding factors. Family-related variables included
single parenthood (no/yes), number of siblings (0 vs. >1), and daycare
attendance (no/part-time/full-time), and were included in adjusted
models. We were also interested in screentime so high total screentime
was defined as > 136 min per day (75th percentile). This exceeds the
American Academy of Pediatrics' recommendation of no more than 1 h
of daily screentime for 2-5-year-old children [30].

2.5. Statistical analyses

The data was analyzed using SPSS V29.0. Descriptive statistics and
sex-specific prevalence rates were calculated using the whole data
without exclusions. Sex-differences were examined using t-tests and chi-
square tests with girls as the reference group.

As potential associated factors for insomnia symptoms (DIMS >90th
percentile), we investigated regular napping (>5 times a week),
inability to fall asleep independently daily, sleeping place (other than
child's own bed in own room), changing sleeping place every night or
often (>3 nights per week), midpoint (as a continuous variable), social
jetlag >90 min (90th percentile), nocturnal hyperkinesia (>3 times per
week), late bedtime (10 p.m. or later), and high screentime >136 min
per day (75th percentile).

Each associated factor was cross tabulated with the outcome (DIMS)
and crude associations were examined using chi-square tests. Logistic
regression analysis was implemented to evaluate the associations be-
tween each factor and insomnia symptoms (DIMS). We computed one
crude model and two different adjusted models using logistic regression
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Table 1
Sample characteristics.

All Girls Boys p-value
girls vs.
boys

Sex, N (%) 714 339 375
(47.5 %) (52.5 %)
Age, mean (SD) N =712 N =338 N =374 1.00

5.7 (0.43) 5.7 (0.44) 5.7 (0.42)

BMI, mean (SD) N =637 N =302 N =335 0.45
15.7 (2.0) 15.8 (1.7) 15.7 (2.3)
Gestational week, mean N = 667 N =313 N = 354 0.44
(SD) 40.0 (1.2) 40.1 (1.2) 39.9 (1.3)

Daycare status 0.84
No daycare, N (%) 31 (4.6 %) 15 (4.7 %) 16 (4.5 %)
Part-time, N (%) 191 93 98

(28.3 %) (29.2 %) (27.4 %)
Fulltime, N (%) 454 210 244

(67.2 %) (66.0 %) (68.2 %)
Diagnosed disease 0.93
No, N (%) 514 241 273

(75.7 %) (75.5 %) (75.8 %)
Yes, N (%) 165 78 87

(24.3 %) (24.5 %) (24.2 %)
Diagnosis?
Food allergy, N (%) 39 (5.7 %) 23 (7.2 %) 16 (4.4 %)
Allergic rhinitis, N (%) 31 (4.6 %) 12 (3.8 %) 19 (5.3 %)
Asthma, N (%) 26 (3.8 %) 8 (2.5 %) 18 (5.0 %)
Atopic eczema, N (%) 66 (9.7 %) 35 31 (8.6 %)

(11.0 %)
Frequent otitis, N (%) 18 (2.7 %) 9 (2.8 %) 9 (2.5 %)
Other, N (%) 54 (8.0 %) 25 (7.8 %) 29 (8.1 %)
Been hospitalized N = 0.005
676

Yes, N (%) 183 70 113

(27.1 %) (22.0 %) (31.6 %)

Regular medication N 0.89
= 668
Yes, N (%) 46 (6.9 %) 22 (7.0 %) 24 (6.8 %)

analysis. In the adjusted model 1, only age and sex were adjusted for. In
the adjusted model 2, variables adjusted for were age, sex, siblings,
daycare attendance (no daycare), and single parenthood. Odds ratios
(OR) with 95 % confidence intervals (CI) were calculated on each model
and associated factor.

Finally, we examined attrition and conducted sensitivity analyses for
the model by controlling for factors associated with attrition (e.g.,
parental depression, parental anxiety), as reported in the Supplement
table 2.

3. Results
3.1. Participant characteristics

The sample comprises 375 boys and 339 girls with a mean age of 5.7
years, and it can be considered as representative of general population
sample. The observed health related outcomes were consistent with
those typically reported for this age group. The sample characteristics
are reported in Table 1.

Sleep-related habits are reported in Table 2. Only 8.4 % of children
were co-sleepers defined as sleeping with their parents at least 3 times
per week. However, 14.1 % of children changed sleeping place during
the night to parents’ bed at least three times per week with boys doing so
more than girls (17.4 % and 10.5 %, respectively). A fifth (21.7 %) could
not fall asleep independently daily. Only 0.6 % of children had no reg-
ular bedtime routines.
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Table 2
Sleep-related characteristics.
All Girls Boys p-
value
Naps N (%) N (%) N (%) 0.002
Never 417 191 226
(61.4 %) (59.9 %) (62.8 %)
Occasionally on 131 76 55
weekdays (19.3 %) (23.8 %) (15.3 %)
On weekdays, but not on 52 (7.7 %) 16 (5.0 %) 36
weekends (10.0 %)
Occasionally on 55 (8.1 %) 20 (6.3 %) 35 (9.7 %)
weekends
On weekends, but not on 1(0.1 %) 1(0.3%) 0 (0.0 %)
weekdays
Every day 23 (3.4 %) 15 (4.7 %) 8 (2.2 %)
Total-% 100.0 % 100.0 % 100.0 %
Regular naps (>5 times 97 44 53
per week) (14.3 %) (13.0 %) (14.1 %)
Bedtime routine
No established practice 4 (0.6 %) 0 (0.0 %) 4 (1.1 %) 0.16

Falling asleep independently

Not daily 147 71 76 0.70
(21.7 %) (22.3 %) (21.1 %)

Sleeping place (at least 3 times per week)

own bed, own room 482 228 254 0.87
(75.5 %) (75.2 %) (75.8 %)

own bed, parents' room 43 (7.0 %) 25 (8.6 %) 18 (5.6 %) 0.15

same room with siblings 313 152 161 0.79
(49.4 %) (50.0 %) (48.9 %)

parents' bed 51(8.4%) 21(7.3%) 30(9.5%) 0.32

part of the night own 920 32 58 0.013

bed, part parents' bed (14.1 %) (10.5 %) (17.4 %)

Sleeping place change

at least 3 nights per week 94 32 62 0.006
(14.0 %) (10.1 %) (17.5 %)

3.2. Sleep duration and naps

Daytime sleep and nighttime sleep are reported separately as only
14.3 % of the children were reported to be regular nappers. Children
were sleeping on average 9:59 h per night (SD 0:38, range 7:30-12:00)
(Table 3). As many as 11.9 % of the girls and 10.8 % of the boys were
sleeping 9 h or less per night. As for naps, children at the age of five
generally did not take naps, with 61.4 % never taking naps and 19.3 %
taking naps occasionally on weekdays (Table 2). The mean nap duration
among children who took naps was 53 min. Only 3.4 % (N = 23) of
children took naps every day and these children's naptime was longer at
1:26 h. Moreover, their total sleep duration was 11:11 (SD 0:42) which
was 1:07 longer than those who never took naps (mean 10:04). 14.3 %
(N = 97) of children took naps regularly, defined as at least 5 days per
week. Their average naptime was 71 min, and total sleep time was 10:34
(SD 0:47). Mean total sleep time, when frequency of naps was accounted
for, was 10:07 (SD 0:40, range 8:00-12:34). There were only minor
differences between genders.

3.3. Circadian rhythm problems

Circadian rhythm problems were rare in this age group. Bedtime was
reported to be 20:45 on average (SD 0:32, range 19:00-23:00). Late
bedtime (10pm or later) was reported in 3.1 % of children. Wake-up
time on average was 7:12 (SD 0:32, range 5:30-9:30). Only 4.5 %
(N = 30) had a social jetlag of over 1.5 h.
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3.4. Prevalence of sleep problems

Overall, 43.0 % (N = 292) of children experienced at least one SDSC
sleep-related problem occurring at least three times per week (Table 4).
In 18.0 % of children, at least one individual insomnia symptom (DIMS
item or sleep latency) was occurring >3 times per week. Going to bed
reluctantly (6.9 %) and difficulty in falling asleep (6.6 %) were the most
common insomnia symptoms (Table 4) as well as sleep latency of over
30min in 11.9 % of children (Table 3). DIMS sum mean was 11.08 (SD
2.73).

27.1 % of children experienced at least one parent-reported para-
somnia or sleep-related movement symptom (SDSC subscales of Sleep-
wake transition disorders and Disorders of arousal symptoms) three
times a week. Parent-reported sleep-related movement symptoms
(25.8 %) were more common than parasomnia symptoms (4.6 %)
(Table 4). Nocturnal hyperkinesia was the most prevalent sleep distur-
bance altogether as 18.8 % of children had it at least three times a week,
followed by bruxism (8.7 %). The most common parasomnia symptom
was sleep talking occurring in 3.7 % of children. Other parasomnia and
sleep-related movement symptoms were less frequent than 1 %.

Only 4.9 % of all children experienced at least one sleep breathing
disorder symptom with snoring being the most prevalent symptom
(4.7 %). Disorders of excessive somnolence (6.0 % excluding bed-
wetting) and sleep hyperhidrosis symptoms (7.1 %) were relatively
uncommon with the prevalence of specific symptoms being less than
5 %. In our sample, 4.7 % of children experienced bed-wetting at least
three times per week.

3.5. Associated factor analyses

Finally, we studied factors associated with insomnia symptoms
(DIMS >90th percentile) among children (Table 5). Regular naps
showed the strongest association (p < 0.001) to DIMS insomnia symp-
toms across all models. Other factors associated with insomnia symp-
toms (p < 0.05) were sleep place being other than child's own bed in
own room, inability to fall asleep alone, sleeping location changes
during the night, later midpoint and nocturnal hyperkinesia. Screen-
time, social jetlag and late bedtime were not associated with DIMS
insomnia symptoms.

We found that maternal age, maternal vocational education, number
of children, smoking, maternal depression, ADHD, anxiety, and stress
were significantly associated with attrition. Sensitivity analyses adjusted
for these factors yielded similar results to those reported in Table 5
(Supplement table 2). After controlling for these factors, statistical sig-
nificance increased, although the magnitude of change was marginal. In
contrast, maternal health status, fatigue, traumatic experiences, sleep
difficulties, BMI, and family atmosphere were not predictive of attrition.
Additionally, none of the child-related characteristics at age 3
months—including age, sex, total sleep time, sleep quality, parental
perception of sleep problems, night wakings, sleep onset latency, day-
time sleep, nighttime sleep, proportion of daytime sleep, breastfeeding,
and pacifier use—were associated with attrition at 5 years.

4. Discussion

In this study on sleep among five-year-old children, sleep distur-
bances were common, with nearly half experiencing at least one sleep
problem three or more times per week. The most relevant finding clin-
ically was insufficient total sleep of under 10 h in almost a fourth
(23.3 %) of the children. Other important findings were high prevalence
of at least one individual insomnia symptom occurring at least 3 times
per week (18 %), particularly sleep onset problems, the prevalence of
parent-reported sleep-related movement symptoms of 25.8 %, and reg-
ular napping in 14.3 % of children, which was strongly associated with
insomnia symptoms (DIMS score) in analyses. Our findings were aligned
with our hypothesis as sleep disturbances are prevalent and insomnia
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Table 3
Sleep pattern characteristics.
All Girls Boys
N Mean or % SD N Mean or % SD N Mean or % SD P

Bedtime and wake-up times
Bedtime, average 673 20:45 0:32 316 20:46 0:31 357 20:45 0:33 0.85
Bedtime, weekday 673 20:39 0:33 316 20:39 0:32 357 20:39 0:34 0.96
Bedtime, weekend 678 21:01 0:37 318 21:02 0:35 360 21:01 0:38 0.52
Bedtime, average > 22:00 21 3.1% 9 2.8 % 12 3.4 % 0.70
Wake-up time, average 672 7:12 0:32 316 7:13 0:30 356 7:11 0:35 0.295
Wake-up time, weekday 672 7:01 0:33 316 7:01 0:31 356 7:00 0:34 0.72
Wake-up time, weekend 679 7:40 0:44 319 7:44 0:41 360 7:37 0:47 0.039
Sleep latency (SDSC)
>30min 81 11.9% 43 13.5% 38 10.6 % 0.24
Sleep duration (BISQ)
Total 677 10:07 0:40 318 10:06 0:40 359 10:09 0:39 0.33
Total (no napping) 379 10:04 0:38 164 10:01 0:40 215 10:06 0:37 0.26
Total (naps every day) 17 11:11 0:42 9 11:15 0:44 8 11:06 0:42 0.64
Total (naps regularly) 95 10:34 0:47 43 10:29 0:49 52 10:38 0:44 0.32
Total <10 h 158 23.3% 80 25.2% 78 21.7 % 0.29
Night sleep 679 9:59 0:38 319 9:58 0:39 360 10:00 0:38 0.45
Night sleep <9 h 77 11.4 % 38 11.9% 39 10.8 % 0.66
Nap duration 281 0:53 0:29 147 0:52 0:26 134 0:55 0:32 0.46
Nap duration (naps every day) 18 1:26 0:18 10 1:27 0:11 8 1:24 0:25 0.73
Nap duration (regular sleepers) 95 1:11 0:25 43 1:09 0:20 52 1:14 0:28 0.26
Circadian rhythm and its changes
Midpoint, weekday 670 1:52 0:45 314 1:50 0:26 356 1:54 0:57 0.29
Midpoint, weekend 676 2:23 0:48 316 2:23 0:33 360 2:23 0:59 0.87
Social jetlag 669 0:31 0:45 313 0:33 0:27 356 0:29 0:57 0.23
Disorders of initiating and maintaining sleep sum score
DIMS-sum 679 11.08 2.73 319 11.32 2.92 360 10.87 2.54 0.034

symptoms were more prevalent among those with worse sleep habits
(regular napping, inability to fall sleep alone, sleeping in other than own
bed). However, contrary to our expectations, circadian rhythm problems
were uncommon and were not associated with insomnia symptoms.

4.1. Sleep duration

Compared with previous studies, the 5-year-old children in our
sample slept over 30 min less than those in a cross-cultural study from
2013 (mean 10.64 h, SD 1.26) in the same age group of 5-year-olds and
over 1 h less than 4-5-year-olds in a 2012 meta-analysis (mean 11.5 h,
range 9.1-13.9), though the meta-analysis included only two studies in
this age group [2,31]. The American Academy of Sleep Medicine rec-
ommends that five-year-old children should sleep 10-13 h per day,
including daytime sleep [5]. In our study, the mean total sleep duration
was just over 10 h (10:07) and notably 23.3 % of children slept less than
the recommended minimum total of 10 h, and furthermore 11.4 % were
sleeping 9 h or less per night. This indicates that a large proportion of
5-year-olds sleep too little which has been associated with impaired
cognitive development, obesity risk and poor emotional well-being [32,
33].

4.2. Naps

In our study, 14.3 % of children were napping at least 5 days a week,
which is lower than previously reported as a study found that 27 % of 5-
year-olds took naps 4 days a week [34]. However, another study noted
that in predominantly Caucasian countries, only 6.8 % of children nap at
the age of five, compared to predominantly Asian countries where
60.7 % of five-year-olds were napping [2]. Compared with the 6.8 % in
Caucasian populations, napping prevalence was significantly higher in
our sample as 38.6 % napped at least on some days. A meta-analysis on
napping patterns found that 94 % of children stop napping by the age of

5 being [35].

Sleep typically becomes monophasic around the age 3 to 4 years;
however, there is considerable interindividual variability in when chil-
dren stop napping [35]. This may reflect the child's inherent sleep need,
with those requiring more sleep continuing to nap longer or cultural
preferences. Respectively, in our sample, children who took regular naps
had longer total sleep duration and were therefore more likely to meet
the American Academy of Sleep Medicine's recommended total sleep
duration [5]. On the other hand, taking regular naps at the age of five
was strongly associated with insomnia symptoms (higher DIMS score).
This may indicate that napping at this age reflects, at least in some cases,
insufficient nighttime sleep or circadian misalignment. Moreover, nap-
ping may reduce sleep pressure in the evening and delay bedtime which
could be misinterpreted as an insomnia symptom.

Bedtime routines, however, appeared to be well established in our
sample, with only 0.6 % of children reported lacking a routine. This is
notably lower than in previous research, where 11.4 % of preschoolers
had a bedtime routine less than three times per week [36]. However, the
quality of these routines was not assessed in our study and therefore
further research is needed.

4.3. Circadian rhythm problems

There is limited research on circadian rhythm problems in this age
group. In our study, late bedtime and social jetlag were uncommon,
suggesting that circadian rhythm disturbances are rare. The low prev-
alences could explain why no association with insomnia symptoms was
observed in the analyses, although previous research on school-aged
children has shown social jetlag associating with insomnia symptoms
[22]. Another possible explanation for the lack of association with late
bedtime is that children with later bedtimes may fall asleep quickly and
therefore have no difficulties initiating sleep.
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Table 4 4.4. DIMS insomnia and associated factors
Prevalence of sleep problems at the age of five (SDSC).
SDSC — Sleep disturbance scale for children >3-5 times In our study, nearly half of the children (43.0 %) had at least one
43.0 % (N = 292) had at least one occurring at least 3 times a week  a week sleep-related problem occurring three or more times per week, which is
N % similar to the 45 % reported in a 2010 study of Finnish 3-6-year-olds
- — — - [18]. Therefore, sleep problems have not increased in previous years in
Disorders of initiating and maintaining sleep (without sleep 79116 Finland. Comparing internationally to the same age group, overall
duration and sleep latency) = DIMS ’

- insomnia symptom rates are similar though ranges differ quite a lot as
g:}l;fu;:yb;df:ll;cgtz:i}ép :Z 2:2 the definition changes within studies [7,10]. However, it should be
Falling asleep anxiety 6 009 noted that in our study, insomnia was not assessed using formal diag-
Night awakenings 11 1.6 nostic criteria and those rates tend to be even lower at 2.5 % reported in
Difficulty in falling asleep after awakenings 0 0 a study [11]. As for specific insomnia symptoms, compared to the pre-
Sleep breathing disorders 33 4.9 vious study from Sweden, night awakenings were less prevalent in our
Snoring 2 a7 study (our under 2 % vs. 16 %) as well as bedtime resistance (7 % vs
Breathing problems 1 01 13 %) but sleep onset problems were comparable [19].

Sleep apnea 0 0 Comparing to previous Finnish study from 2010, DIMS insomnia
Disorders of arousal 7 10 symptoms were somewhat lower than those reported previously, as the
- - mean DIMS-score was lower in our sample (11.08 vs 12.2) [18]. This
:f:;zﬁzsrsﬂ 2 g:z difference may partly be explained by less prevalent sleep onset diffi-
Sleepwalking® 1 o1 culties as sleep latency of over 30 min (11.9 % vs. 27.7 % in the previous
Sleep-wake transition disorders 184 21 stud}.r) and tl.rouble falling asleep (6.6 % vs. 1‘0.2 %) were less common.
Bedtime resistance was also less common in our sample (6.9 % vs.
N°°tf‘mﬁl hyperkinesia” 127 188 14.1 %), which may further explain the lower DIMS score [18]. How-
glr;x;g IKing® Zg g; ever, although these rates were lower, sleep duration was shorter in our
Hypnic jerks’ 12 1.8 study, which contributed to DIMS score as an increasing factor. Also,
Rhythmic movement disorders” 2 0.3 lower sleep duration can contribute to less sleep onset problems and
Hypnagogic hallucinations’ 1 01 bedtime resistance due to stronger accumulation of homeostatic sleep
Disorders of excessive somnolence 69 10.2 pressure. Other insomnia symptoms were consistent with the previous
Tired when waking up 29 43 Finnish study. However, it should be noted that the previous Finnish
Daytime somnolence 4 0.6 study examined children aged 3-6 years, whereas our sample consisted
Sleep paralysis 3 0.4 exclusively of 5-year-olds [18]. This age difference may have contrib-
Difficulty in waking up 1218 uted to some differences as bedtime resistance tends to be less prevalent
Bed-wetting 32 4.7 .
Sleep attacks o o among older children [37.]. . .
We found that DIMS insomnia symptoms score (>90th percentile)
Sleep hyperhidrosis 8 71 was associated with regular naps, sleep place being other than own bed
Falling asleep sweating 33 4.9 in own room, inability to fall asleep alone, sleep location changes during
Night sweating 30 44 the night, later midpoint and nocturnal hyperkinesia. These results
? = parasomnias (ICSD) — prevalence 4.6 % (N = 31). suggest that parent-dependent sleep patterns may be relevant when
> _ sleep-related movement disorders (ICSD) — prevalence 25.8 % (N = 175). evaluating insomnia symptoms in 5-year-old children. However, further
research is needed to investigate directionality and causality, as children
who experience anxiety or fears at bedtime may be more dependent on
parental presence and therefore are more likely to have sleep onset
problems.
Table 5
Factors associated with insomnia symptoms in five-year-old children (DIMS >90th percentile).
Factor Crude models Model 1 Model 2
% (N) % (N) OR(95%CD  p N AOR1 (95 % p N AOR2 (95 % P
NORM RISK cn cn
Regular naps 9.4% (54) 223% 2.70 <0.001 668 2.70 <0.001 646 2.75 <0.001
1) (1.58-4.85) (95.2 %) (1.52-4.77) (92.0 %) (1.54-4.91)
Not falling asleep 9.5% (50) 17.6% 2.03 0.008 667 1.98 0.010 645 1.99 0.010
independently daily (25) (1.21-3.42) (95.0 %) (1.17-3.35) (91.8 %) (1.18-3.38)
Not sleeping in own bed in 9.9 % (47) 17.1 % 1.88 0.017 627 1.89 0.017 607 1.89 0.018
own room (26) (1.12-3.16) (89.3 %) (1.12-3.17) (86.5 %) (1.12-3.20)
Sleeping place change 10.0 % 19.6 % 2.19 0.008 662 2.23 0.008 640 2.30 0.007
(57) 18) (1.22-3.92) (94.6 %) (1.23-4.04) (91.2 %) (1.26-4.19)
Midpoint 1.84 0.017 661 1.86 0.016 639 1.81 0.022
(1.12-3.04) (94.2 %) (1.16-3.09) (91.0 %) (1.09-3.01)
Social jetlag 11.6 % 6.7%(2)  0.54 0.405 659 0.56 0.436 637 0.59 0.495
(73) (0.13-2.33) (93.9 %) (0.13-2.41) (90.7 %) (0.13-2.65)
Nocturnal hyperkinesia 9.6%(52) 187 % 2.17 0.005 665 2.09 0.008 643 2.12 0.008
(23) (1.27-3.70) (94.7 %) (1.21-3.60) (91.6 %) (1.22-3.68)
Late bedtime 11.0 % 21.1%(4) 215 0.184 663 2.17 0.180 641 2.17 0.182
(71) (0.70-6.66) (94.4 %) (0.70-6.73) (91.3 %) (0.70-6.77)
High screentime 11.0 % 12.5 % 1.16 0.592 653 1.24 0.443 631 1.26 0.413
(54) (20) (0.67-2.01) (93.0 %) (0.71-2.16) (89.9 %) (0.72-2.20)

Logistic regression analyses sample sizes: AOR1 N = 627-668, AOR2 N = 607-646.
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Surprisingly, in our sample, screentime was not associated with
DIMS insomnia symptoms even though previous research suggests that
[38]. This may be explained by the dichotomization at the 75th
percentile, where screentime was already high (136 min), resulted in
relatively high screentime even in the lower category. We also did not
examine when screentime took place, as it may not have occurred before
bedtime.

4.5. Other sleep problems

Other common sleep symptoms were parent-reported sleep-related
movement symptoms (25.8 %) with nocturnal hyperkinesia (18.8 %)
and bruxism (8.7 %) being the most common. Nocturnal hyperkinesia
symptoms was more prevalent in our sample than in previous studies
from Finland and Sweden (18.1 % vs. 2-6 %) [18,19]. Bruxism preva-
lence was comparable nationally and internationally (8.7 % vs 6-11 %)
[2,18,19]. The prevalences of parasomnia symptoms, sleep-related
breathing symptoms, and bed-wetting were similar to past studies in
Northern Europe [18,19]. Prevalences of sweating while falling asleep
and night sweating had decreased in our sample compared to previous
Finnish study (4-5 % vs. 11-13 %) [18]. However, the significance of
night sweating is unclear in general as it is not classified as a sleep
disorder per se but rather a sign of possible other problems, such as
sleep-related breathing disorders. It should be noted that we did not
examine the prevalences of children meeting the diagnostic criteria for
different sleep disorders.

4.6. Strengths and limitations

Strengths of this study include the large cohort representing the
Finnish population and the consideration of environmental confounding
factors in the analyses. However, some limitations should be acknowl-
edged. Firstly, parent-reported questionnaires were used due to the
young age of the children, but this study design is subject to bias, as
parents may not be aware of their child's nighttime activities, particu-
larly if they sleep in a separate room, but may also overestimate certain
sleep problems. Additionally, families with higher socioeconomic status
are overrepresented in the sample as previously reported, which may
limit generalization of the results [39]. Also, we did not report whether
diagnostic criteria were met for different sleep disorders.

Non-response bias within the cohort may have led to selection bias.
However, we evaluated attrition in the sample and found that was
associated with certain maternal characteristics; however, these asso-
ciations were small, suggesting that the sample remained broadly
representative. Importantly, none of the studied child characteristics at
age 3 months—such as sleep problems, sex, or breastfeeding—were
associated with attrition. Finally, adjusting for attrition-associated fac-
tors in the sensitivity analyses (Supplement 2) did not change the results
suggesting that the findings are unlikely to be biased due to attrition.

The assessment of nap frequency was weak, as the questionnaire
design allowed parents to answer more than one response option,
resulting in conflicting responses. Also, three different questions were
used to assess sleep duration: BISQ (minutes), multiple-choice questions
(bedtimes and wakeup times in 30-min intervals), and SDSC (five-point
multiple-choice scale). Due to its higher precision and correlation with
actigraphy, the open question in BISQ was used for sleep duration,
whereas multiple-choice questions in 30-min intervals taking in
consideration weekday and weekend times were used to calculate sleep
midpoints, resulting in rough estimates of social jetlag. Some groups in
our analyses were relatively small, especially social jetlag and late
bedtime. Furthermore, due to the cross-sectional design of this study, the
directionality and causality of the observed associations cannot be
determined.

In addition, another limitation of this study is that for the analyses,
insomnia symptoms were defined as SDSC DIMS subscale at > 90th
percentile (>14 points) instead of the validated pathological risk
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threshold of T-score >70 corresponding to > 16 points [27]. However,
our lower cut-off DIMS >14 points corresponded approximately to a
T-score of 63, which falls within the suspected/borderline range for
sleep disorders [29]. In our sample, only 3.7 % of children exceeded this
validated T-score based threshold of >16 points. Using this stricter
cut-off would have reduced statistical power and increased the risk of
selection bias and less precise estimates. To support future comparisons,
the distributions of DIMS subscale score are presented in Supplement 1.

4.7. Future studies and clinical significance

Future studies are needed to assess why many children sleep less than
the recommended minimum of 10 h total. In terms of clinical signifi-
cance, our results highlight the importance of primary-care providers to
recognize sleep problems and address those to prevent later neuropsy-
chiatric and psychosocial difficulties, as shown in previous studies [32].
Once identified, sleep problems should be managed appropriately and
guidance should be provided to parents [40,41]. Also, to prevent sleep
problems, parents should receive education on healthy sleep, as parental
knowledge about sleep is typically limited, and parents often underes-
timate their children's sleep need, which could partly explain the shorter
sleep duration observed in this study [42]. In Finland, most children
have a routine health check with a primary-care doctor at the age of
four, but it is unclear to what extent sleep issues are addressed during
these visits. This calls for research on sleep guidance practices in Finnish
primary care.

5. Conclusions

Sleep is important for childhood development and therefore sleep
disturbances should be identified and addressed [32]. The present study
discovered that nearly half of the children experienced sleep distur-
bances, highlighting that sleep problems are common in this age group.
Attention should be paid to insomnia symptoms and especially to short
total sleep duration among 5-year-olds. This could be approached by
considering the role of napping and supporting independent sleep as
these might be background factors to it as they showed associations to
insomnia symptoms. However, longitudinal analyses are needed to
clarify these connections. Guidance on sleep should be provided more in
primary-care to promote healthier sleep among children.
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