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1  | INTRODUC TION

Pandemics and subsequent disease-confinement responses can 
cause families and children to experience stressful and traumatic 
conditions (Sprang & Silman,  2013). Masten and Obradovic state 
“families often infect each other before any individual is diagnosed, 
they also infect each other with fear’’ (Masten & Obradovic, 2008). 

Because confinement is abrupt and causes constraints in a multi-
tude of ways, protecting core health needs is crucial. In response 
to confinement, there is a growing need for support strategies and 
recommendations tailored to children's health.

Good sleep is essential to children's health as it fosters neu-
ronal functioning, cognitive performance, memory processes 
and decision making (Ednick et  al.,  2009). However, poor sleep 
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Abstract
The COVID-19 confinement has dramatically altered daily routines, causing de-
creased sleep quality in adults. This necessitates careful observation, as sleep plays a 
crucial role in brain maturation and poor sleep increases the risk of psychopathology, 
particularly in the young population. Through an online survey with one baseline 
(April 2020) and two follow-up assessments (May and June 2020), we examined the 
effect of confinement on sleep quality in 452 babies (0–35 months) and 412 pre-
school children (36–71 months) from several, mainly European, countries. An acute 
decrease in sleep quality was found in both groups of children. However, at follow-
up assessments, this effect rebounded to the level reported for the period before 
the confinement. Importantly, caregiver's stress level was identified as a substantial 
risk factor determining lower sleep quality in both groups of children across assess-
ments. Protective factors conserving children's sleep quality included caregiver's en-
gagement in mindfulness techniques or childcare, and the presence of siblings and 
pets. In the near future, we may repeatedly experience the circumstances of abruptly 
enforced confinement. Our findings reveal promising pathways of action to protect 
young children's sleep, with which to essentially mitigate the long-term consequences 
of the pandemic on brain development and mental health.
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behaviours (e.g., short or irregular sleep) are common in adults, 
despite being a recognized risk factor for major health problems, 
such as mood and cardiovascular disorders, obesity and diabetes 
(Chattu et  al.,  2018). Children in particular suffer health conse-
quences from poor sleep, as short, fragmented or poorly consol-
idated sleep in childhood predicts later psychosocial and medical 
problems (Simola et al., 2014; Taveras et al., 2008). Furthermore, 
poor sleep in early childhood is a newly recognized risk for devel-
oping psychopathology (Cook et al., 2020).

The COVID-19 outbreak has led to drastic confinement mea-
sures worldwide, including stay-at-home orders, school and day-
care closures and working from home. The consequent decrease 
in adult sleep quality stands in close relationship to subjectively 
perceived psychological burden and stress (Blume et  al.,  2020; 
Cellini et al., 2020). Importantly, independent of the confinement 
context, stress in parents often co-occurs with disturbed sleep of 
their children (Meltzer & Mindell,  2007). Whether this was also 
the case during the COVID-19 outbreak in 2020 remains largely 
unclear. A recent study examined sleep within families in Israel 
4 weeks after the first COVID-19 confinement measures were 
implemented. Results indicated mild to high levels of maternal 
anxiety, whereas the majority of mothers perceived no change in 
the sleep quality and duration of their 6- to 72-month-old chil-
dren (Zreik et  al.,  2021). However, 30% of mothers reported a 
decrease of their children's sleep quality, while a small number re-
ported a positive change in their child's sleep. On the other hand, 
Dellagiulia et al. (2020) reported decreased sleep quality of 3- to 
6-year-old children in the early phase of the confinement in Italy. 
Even though it improved again over a 4-week period, the overall 
sleep quality remained nonetheless below initial levels. This ob-
servation is concerning and suggests that the extraordinary cir-
cumstances of confinement may pose a long-term threat to young 
children's sleep. As Lionetti et al. (2020) emphasize in their work, 
there is considerable variability in available evidence with regards 
to children's sleep during the confinement, highlighting the need 
to take into account further individual and environmental factors 
as well as long-term dynamics. For example, it remains unknown 
whether the confinement-induced secondary effects were inter-
twined with children's sleep, (e.g., stress in parents that transfers 
to young children, thereby negatively affecting children's sleep 
quality).

Crucially, it is unknown whether protective factors exist that mit-
igate negative consequences. Previous work has shown that factors 
such as family income and parental education positively affect sleep 
behaviour during childhood (Newton et  al.,  2020). Unfortunately, 
such factors are largely unmodifiable and thus cannot provide im-
mediate solutions to support healthy sleep of young children in 
challenging circumstances. However, concepts known to alleviate 
potential risk factors may provide new pathways to indirectly pro-
mote healthy sleep behaviour in young children. For example, pa-
rental stress can be reduced by applying stress-relieving strategies 
such as yoga and physical activity (Smyth et al., 2020). Finally, sleep 
hygiene recommendations include consistent bedtime routines and 

sleep schedules, which have proven their potential to improve chil-
dren's sleep (Werner et al., 2015).

To identify such associations during the COVID-19 confinement, 
we longitudinally examined the dynamics of sleep behaviour in young 
children and the corresponding familial circumstances. In addition to 
children between 3 and 6 years of age, our sample includes children 
below 3 years of age, thus extending previous work to the youngest 
population. We believe that studying this population is of particular 
importance, as detecting risks as early as possible in development is 
crucial for successful implementation of protective measures. Based 
on the first findings in adults (Blume et al., 2020; Cellini et al., 2020) 
as well as children (Dellagiulia et  al.,  2020; Zreik et  al.,  2021), we 
hypothesized that confinement acutely decreases young children's 
sleep quality. We expected caregiver's stress to be significantly as-
sociated with this decrease, due to the previously recognized link 
between parental stress and sleep problems in children (Meltzer & 
Mindell, 2007). In addition, we explored further determinants of the 
confinement circumstances across repeated assessments through-
out the confinement to identify protective factors and gain a com-
prehensive understanding of this extraordinary situation. Therefore, 
the aim of this study was to test whether the COVID-19 confinement 
induced (1) acute and/or (2) persisting consequences for young chil-
dren's sleep, as well as to identify environmental determinants of 
such changes.

2  | METHODS

2.1 | Study design

Data on 864 young children were collected with an online survey 
in German, French, Italian, Spanish and English languages (SoSci 
Survey; Leiner,  2020). Participants were recruited through social 
media, childcare institutions and medical practices. Institutional 
ethics committees approved the procedure. Informed consent was 
obtained from the person completing the survey. During the acute 
phase of the confinement in April 2020, 781 primary caregivers 
(Mage = 36.2 ± 4.9 years, 738 females) of children from newborns 
(0 months) to 71 months (i.e., 0–5.9 years) completed the baseline 
survey. Of those, 175 participated again in the first follow-up assess-
ment in May 2020, and 149 also participated in a second follow-up 
assessment in June 2020. All caregivers with at least one child of 
up to 6 years of age were included in the study. We only excluded 
caregivers who reported that their working and childcare arrange-
ments were not affected by the confinement measures at all at the 
baseline assessment. Caregivers provided the data for each of their 
children separately by means of a loop in the survey following the 
same instructions for each child. Specifications of confinement con-
ditions in relation to countries and the corresponding numbers of 
participants are presented in Table S1. Sixty-five percent of caregiv-
ers were European, 0.3% Asian, 0.3% North African, 0.8% North 
American, 0.1% Central American, 2% South American, 0.9% Slavic 
and 0.3% Middle Eastern. Forty-five percent of caregivers reported 
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having a university degree, 13% a tertiary educational degree, 8% a 
secondary educational degree and 1% a basic educational degree as 
their highest level of education.

2.2 | Quantification of sleep

Validated sleep instruments were used for the two age groups: 
babies (0–35  months) were assessed with the Brief Infant Sleep 
Questionnaire (BISQ) (Sadeh,  2004) and preschool children 
(36–71  months) were assessed with the Children's Sleep Habits 
Questionnaire (Owens et al., 2000). The English questionnaires were 
translated by the authors into German, French, Italian and Spanish. 
At least two native speakers reached agreement for each translation. 
For adequate referencing of sleep within the age norms, analyses 
were performed separately for the two age groups: n = 452 babies 
aged 0–35 months (Mage = 1.5 ± 0.8 years, 233 girls) and n = 412 
preschool children aged 36–71 months (Mage = 4.5 ± 1 years, 178 
girls). For comparability of age groups and to streamline the multi-
dimensionality of sleep patterns, we selected four primary variables: 
bedtime, latency of sleep, duration of sleep and sleep fragmentation.

Babies’ bedtimes were quantified with an open question to care-
givers: When (clock time) does your child usually fall asleep for the 
night? Caregivers of preschool children were presented with the 
statement: My child goes to bed at the same time at night. The fre-
quency of its occurrence within the past week was rated on a 5-point 
scale: 1 = never (0 days/week), 2 = rarely (1 day/week), 3 = some-
times (2–4 days/week), 4 = usually (5–6 days/week) or 5 = always 
(7 days/week).

The latency of sleep in babies was assessed with the open ques-
tion: How long does it take to put your child to sleep in the evening? 
For preschool children, the statement “My child falls asleep within 
20 min after going to bed” was presented with the above-mentioned 
5-point response scale.

The duration of sleep in babies was quantified with the question: 
How much time does your child spend in sleep during the NIGHT 
(between 7 in the evening and 7 in the morning)? In preschool chil-
dren, the statement “My child sleeps about the same duration each 
24-hr-day (night-time sleep and naps combined)” was quantified with 
the above-mentioned 5-point response scale.

In babies, “average number of awakenings per night” was as-
sessed to quantify sleep fragmentation. In preschool children, the 
statement “How often does your child wake up during the night?’’ 
was presented with the above-mentioned 5-point response scale.

2.3 | Risk and protective factors

We characterized the individual extent of confinement in the par-
ticipating families by examining their social-contextual situations. 
The following variables assessed general circumstances, potential 
risk factors and potential protective factors: child's (exact) age [age], 
sex (boy/girl/other) [sex], presence of siblings (yes/no) [siblings] or 

pets (yes/no/sometimes) [pets]; change in caregiver's working ar-
rangements (5-point scale with 1 = not affected to 5 = affected a 
lot) [work]; change in caregiver's childcare arrangements (5-point 
scale with 1 = not affected to 5 = affected a lot) [childcare arrange-
ments]; time caregiver spent on childcare (in min/day) [childcare]; 
caregiver's current quarantine status (yes/no/don't know) [quaran-
tine]; caregiver's fear of being infected (5-point scale with 1  =  no 
fear to 5  =  a lot of fear) [fear of infection]; change in caregiver's 
adherence to isolation recommendations across time (5-point scale 
with 1 = decreased a lot to 5 = increased a lot) [adherence to isola-
tion recommendations]; change in caregiver's level of stress (5-point 
scale with 1 = decreased a lot to 5 = increased a lot) [stress]; change 
in caregiver's social interactions (5-point scale with 1 = decreased 
a lot to 5 =  increased a lot) [social interaction]; and time caregiver 
spent on mindfulness strategies (in min/day) [mindfulness]. The vari-
ables were selected to capture the degree of confinement (i.e., work, 
childcare arrangements, quarantine, adherence to isolation recom-
mendations, social interaction) and caregiver's well-being (i.e., fear, 
stress). In addition, we explored potentially modifiable factors with 
a positive impact (i.e., siblings, pets, childcare, mindfulness). These 
factors were selected based on previous investigations of concepts 
alleviating the negative determinants of children's sleep, such as car-
egiver's stress (Newton et al., 2020; Smyth et al., 2020).

2.4 | Statistical analysis

2.4.1 | Part 1: Acute dynamics at 
baseline assessment

Although this study was not launched until the confinement, we 
quantified the dynamics of children's sleep at the baseline assess-
ment by addressing both the current situation “since the confine-
ment”, as well as the time “before the confinement” (retrospectively). 
We will refer to these as “during” and “before” throughout the report. 
To quantify the acute effect of confinement on sleep, the difference 
in responses “before”–“during” was calculated for the baseline as-
sessment. In babies, this yielded the change in minutes for bedtimes, 
latency and duration of sleep and the average change in the number 
of nocturnal awakenings for sleep fragmentation. In preschool chil-
dren, this approach revealed positive (becoming more frequent) or 
negative (becoming less frequent) effects of confinement.

Outliers were excluded whenever exceeding 1.5 interquar-
tile ranges above the upper quartile or below the lower quartile. 
Wilcoxon signed-rank tests revealed changes from “before” to 
“during” the confinement in four sleep variables (bedtime, sleep 
latency, sleep duration and number of awakenings) for babies and 
preschool children separately. To test factors affecting changes in 
sleep variables (“before”–“during”), we applied linear mixed models 
with fixed factors age, sex, siblings, pets, work, childcare arrange-
ments, childcare, quarantine, fear of infection, adherence to isola-
tion recommendations, stress, social interaction and mindfulness. 
Participants’ identification number was included as a random effect 



4 of 14  |     MARKOVIC et al.

to account for inter-individual differences. Missing values (on av-
erage 7%) were imputed by means of predictive mean matching 
(Buuren, 2018) with seven imputations and 20 iterations each as pre-
viously recommended for longitudinal questionnaire data (Nooraee 
et al., 2018). For each sleep variable and for the two age groups, the 
best fitting model was determined separately, through backward se-
lection based on the Akaike information criterion (AIC). We used the 
software R and the packages nlme, MASS and mice. All p-values were 
corrected for multiple testing (i.e., four sleep variables) by means of 
the false discovery rate (Benjamini & Hochberg, 1995).

2.4.2 | Part 2: Persistent dynamics across follow-up 
assessments

The same statistical procedures were applied to longitudinal data 
across assessments, including baseline, and first and second follow-
up. In follow-up surveys, only the prevailing situation was assessed, 
with referrals to the time period “since completing the last survey”. 
The longitudinal analysis thus included absolute values without the 
quantification of a temporal change. Time (1 to 3 for the three as-
sessments) was included as an additional factor to examine evolu-
tion across the three time-points of assessment.

3  | RESULTS

The two goals of this study were to test whether the COVID-19 con-
finement induced (1) acute and/or (2) persisting consequences for young 
children's sleep. Moreover, we aimed to identify environmental determi-
nants of potential changes in children's sleep behaviour. In the following 
paragraphs, we present the results for the two analyses examining acute 
and persistent dynamics separately. Acute dynamics (Part 1) represent 
the change from before (assessed retrospectively) to during the confine-
ment (baseline assessment). Persisting dynamics (Part 2) reflect longi-
tudinal analyses (across assessments, including baseline, and first and 
second follow-up). Furthermore, we grouped the resulting determinants 
of children's sleep into risk and protective factors, depending on whether 
they relate to children's sleep negatively or positively. Finally, for simpli-
fication, we only provide details regarding the evolution of the examined 
determinants averaged across all caregivers (i.e., caregivers of babies and 
caregivers of preschool children pooled together), because the reports 
on these variables were similar for the two groups.

3.1 | Part 1: Acute Dynamics at Baseline 
Assessment (April 2020)

3.1.1 | Children's sleep during the acute phase of the 
confinement

We observed an acute worsening of sleep in both age groups 
(Figure 1). Specifically, babies experienced a prolongation of sleep 

latency (by 8 ± 21 min), a delay of bedtime (by 21 ± 42 min) and a 
shortening of sleep duration (by 6 ± 53 min) during the confinement 
in comparison to the time before. Furthermore, we found an increas-
ing trend in the number of nocturnal awakenings (by 0.13 ± 1.25; 
p =.05). Similarly, preschool children experienced a reduction in con-
sistency of several sleep variables in the acute phase of the confine-
ment: less regular bedtimes (by 0.40 ± 0.85 points), less frequently 
falling asleep within 20 min (by 0.31 ± 0.87 points), increased day-to-
day variability of sleep duration (by 0.16 ± 0.69 points) and increased 
sleep fragmentation (by 0.13 ± 0.72 points).

3.1.2 | Risk factors during the acute phase of the 
confinement

Several dimensions of sleep behaviour in young children were as-
sociated with the change in stress level of the primary caregiver. The 
caregivers reported an increase in stress of 3.55  ±  1.13 points in 
April (as compared to before the confinement). This increase was 
associated with later bedtimes, longer sleep latency, shorter sleep 
duration and increased sleep fragmentation of their babies (Table 1). 
Similarly, caregiver's increased stress was associated with less reg-
ular bedtimes in preschool children. Also, caregivers who were in 
quarantine (36%) reported longer sleep latency for their babies as 
compared to caregivers who were not in quarantine. In contrast, no 
significant acute association of quarantine status was observed with 
any of the sleep variables in preschool children.

3.1.3 | Protective factors during the acute 
phase of the confinement

Several protective factors for young children's sleep were identi-
fied. Time caregivers spent on mindfulness strategies had beneficial 
effects on young children's sleep. Caregivers reported a slight in-
crease in time spent on mindfulness strategies (by 1.76 ± 10.04 min) 
in April, but also the number of caregivers who performed mindful-
ness strategies increased from 10% before the confinement to 12% 
in April. Although there was no significant acute effect of mindful-
ness time on babies’ sleep, the acute effects of increased caregiv-
ers’ mindfulness time on preschool children's sleep were broad and 
included more regular bedtimes and more frequently reported short 
sleep latency (Table 1).

The presence of siblings had a positive effect on the quality of 
sleep. Forty-three percent of caregivers reported having more than 
one child. Although several positive effects of siblings on babies’ 
sleep were found, these did not reach significance. In contrast, pre-
school children with siblings showed significantly more regular bed-
times (Table 1).

Another relevant factor was the time caregivers spent on child-
care activity. Surprisingly, caregivers reported an acute decrease in 
childcare time (by 21.46 ± 481.54 min) in April. We note that the 
participants often reported having difficulties in estimating the time 
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spent on different activities during the early phase of the confine-
ment due to unstructured and overlapping activities experienced 
in this period. Nevertheless, more childcare time was associated 
with shorter sleep latency and less sleep fragmentation in babies 
(Table 1). In preschool children, we observed more frequent short 
sleep latency. These findings indicate notably higher sleep quality 
in children of caregivers who spent more time with their children 
during the confinement.

Furthermore, the presence of pets showed a positive effect on 
sleep quality. Twenty-six percent of caregivers reported having pets 
in their household. The presence of pets was associated with lower 

sleep fragmentation in babies and lower day-to-day variability of 
sleep duration in preschool children (Table 1).

A final determining factor was the context of work arrangements. 
Caregivers whose work arrangements were strongly affected by the 
confinement (on average 3.84 ± 1.27 points in April) reported earlier 
bedtimes and longer sleep duration in their babies, whereas no such 
effects were observed in preschool children (Table 1). We note that 
the details of changes in work arrangements were unknown to us and 
acknowledge that these might have included severe events such as loss 
of employment. Nevertheless, we based the definition of this factor as 
protective on its overall effect on children's sleep, which was positive.

F I G U R E  1  Acute decrease in sleep quality in babies (0–35 months) and preschool children (36–71 months) as a consequence of the 
COVID-19 confinement in April 2020. Raincloud plots indicate the distribution of core sleep quality measures (bedtimes, latency of sleep, 
duration of sleep and sleep fragmentation) before and during the confinement (452 babies and 412 preschool children). Dots represent 
individual subjects and box plots indicate the first and third quartiles (whisker length 1.5 * interquartile range; vertical lines represent the 
median). Statistics (z, p) are based on Wilcoxon signed-rank tests (before versus during the confinement). Data were collected with age-
specific assessments: Brief Infant Sleep Questionnaire (BISQ) for babies and Children's Sleep Habits Questionnaire for preschool children. 
Consequently, we note the quantification of absolute values for babies and reports of frequency of occurrence for preschool children. The 
significance levels are indicated as *p < 0.05, **p < 0.01 and ***p < 0.001 after correcting for multiple testing by means of the false discovery 
rate. This figure was based on Blume et al. (2020) for the purpose of comparability
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3.1.4 | Role of age and sex during the acute 
phase of the confinement

Sleep behaviour changes during childhood maturation (Iglowstein 
et al., 2003) and varies depending on sex (Plancoulaine et al., 2015). 
For babies, older age at baseline was associated with acute con-
sequences of confinement, including later bedtimes, longer sleep 
latency, longer sleep duration and increased sleep fragmentation 
(Table 1). Similarly, older preschool children showed less regular bed-
times and less frequent short sleep latency as compared to younger 
children in the same group (i.e., preschool children).

No significant sex differences were found with regards to the 
acute reaction to the confinement.

Our models revealed no additional acute effects in relation to 
young children's sleep quality for the remaining factors (i.e., child-
care arrangements, fear of infection, adherence to isolation recom-
mendations and social interaction).

3.2 | Part 2: Persistent dynamics across follow-up 
assessments (April, May, June 2020)

3.2.1 | Children's sleep throughout the confinement

Interestingly, divergent trajectories were found for the investigated 
sleep behaviours throughout the confinement (Figure  2). Already 
at the first follow-up in May 2020, sleep latency in babies returned 
to initial values, that is, the retrospective reports for the period 
before the confinement (April = 30 ± 24 min, May = 21 ± 12 min, 
June = 22 ± 11 min as compared to 21 ± 15 min before the con-
finement). In contrast, sleep duration further decreased over the 
follow-up period (April = 10:18 ± 01:10 h, May = 10:10 ± 01:03 h,  
June =  10:04  ±  01:22 h as compared to 10:33  ±  00:58 h before 
the confinement). Babies’ bedtimes remained unchanged across 
follow-up assessments (clock times: April  =  20:55  ±  01:06, 
May  =  20:54  ±  01:04, June  =  20:52  ±  01:01 as compared to 
20:26  ±  00:59 before the confinement). Similarly, the number of 
awakenings demonstrated no significant changes across assess-
ments (April = 1.86 ± 1.70, May = 1.49 ± 1.39, June = 1.58 ± 1.49 as 
compared to 1.62 ± 1.49 before the confinement).

In preschool children, bedtimes became more regular 
throughout the follow-up period (April  =  3.78  ±  0.89 points, 
May = 3.98 ± 0.60 points, June = 4.00 ± 0.50 points as compared 
to 4.15  ±  0.70 points before the confinement). Furthermore, 
short sleep latency (i.e., below 20  min) was more frequently re-
ported (April =  3.56  ±  1.13 points, May  =  3.83  ±  0.95 points, 
June = 3.90 ± 0.85 points as compared to 3.90 ± 1.05 points be-
fore the confinement). In contrast, the regularity of sleep duration 
remained stable across follow-up assessments (April = 4.09 ± 0.74 
points, May  =  4.16  ±  0.54 points, June  =  4.10  ±  0.49 points 
as compared to 4.25  ±  0.62 points before the confinement). 
Similarly, sleep fragmentation showed no changes across assess-
ments (April  =  2.31  ±  1.11 points, May  =  2.29  ±  1.08 points, 

June = 2.32 ± 1.06 points as compared to 2.24 ± 1.12 points be-
fore the confinement).

3.2.2 | Risk factors throughout the confinement

We observed a persistent decrease in caregivers’ stress to 
2.82  ±  1.10 points in May (since the last assessment, i.e., April) 
and to 2.72  ±  1.15 points in June (since the last assessment, i.e., 
May). Nevertheless, we observed a trend towards an association of 
greater levels of caregiver's stress with longer sleep latency and in-
creased sleep fragmentation in babies across assessments (p =.07). 
Furthermore, greater caregiver's stress was significantly associated 
with less regular bedtimes and less frequent short sleep latency in 
preschool children (Table 2).

Caregivers who were in quarantine (36% in April, 17% in May, 
4% in June) reported later bedtimes, shorter sleep duration and in-
creased sleep fragmentation for their babies across assessments as 
compared to caregivers who were not in quarantine (Table 2). In con-
trast to the broad effect on babies’ sleep, no significant persistent 
effect of quarantine status was observed for any of the sleep vari-
ables in preschool children.

3.2.3 | Protective factors throughout the 
confinement

Interestingly, caregivers temporarily reduced their time spent on 
mindfulness strategies from April to May (by 4.88 ± 10.84 min), with 
only 3% of caregivers engaging in such activities. Afterwards, it in-
creased again (by 1.50 ± 5.25 min) in June, with 10% of caregivers 
engaging in mindfulness practices, corresponding to the level before 
the confinement. Across assessments, more mindfulness time was 
associated with increased sleep fragmentation in babies as well as 
preschool children. Furthermore, more mindfulness time was associ-
ated with more regular bedtimes, more frequently reported short 
sleep latency and lower day-to-day variability of sleep duration in 
preschool children (Table 2).

The presence of siblings showed no significant persistent ef-
fect on babies’ sleep. However, preschool children with siblings 
showed more regular bedtimes and a more regular sleep duration 
compared to preschool children without siblings across assess-
ments (Table 2).

The time caregivers invested in childcare increased from 
April to May (by 6.46  ±  454.09  min) and from May to June (by 
21.33  ±  430.62 min). A persistent effect of childcare time across 
assessments was found for babies in decreased sleep latency. 
Moreover, more childcare time was associated with less frequent 
awakenings in preschool children across assessments (Table 2).

In contrast to the acute effects at baseline assessment (Part 1), 
we found no significant persistent effect of pets on young children's 
sleep across the confinement period, suggesting that pets have a 
positive impact only in acute phases.
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Although the caregivers’ working arrangements remained af-
fected throughout the confinement (3.81  ±  1.31 points in May, 
3.06 ± 1.41 points in June), there were no significant persistent ef-
fects of this variable on children's sleep.

3.2.4 | Role of age and sex throughout the 
confinement

For babies, older age was associated with longer sleep latency and 
reduced sleep fragmentation across assessments. Similarly, older 
preschool children's sleep demonstrated a reduced day-to-day vari-
ability of sleep duration and less frequent awakenings (Table 2).

Although no effects of sex were found in the baby group, pre-
school girls showed poorer sleep quality compared to boys in the 
same group, including less frequent short sleep latency and higher 
day-to-day variability of sleep duration (Table 2).

We found no persistent effects of childcare arrangements, fear 
of infection, adherence to isolation recommendations and social in-
teraction on children's sleep across assessments.

4  | DISCUSSION

This investigation examined the influence of the COVID-19 confine-
ment on young children's sleep as reported by their primary caregiv-
ers in an internationally distributed online survey. A fundamental acute 
change in response to the confinement in April 2020 was significantly 
decreased sleep quality in babies and preschool children. Throughout 
the two subsequent months, this effect largely disappeared and sleep 
quality normalized. Most importantly, caregiver's stress due to the 
confinement was identified as the dominant negative determinant of 
children's sleep. Stress not only governed the strong acute change at 
baseline, but it furthermore persisted to determine children's sleep 
throughout the confinement period. Fortunately, the factors positively 
influencing children's sleep included caregiver's mindfulness practices, 
time spent on childcare and the presence of siblings in the household, 
demonstrating both acute as well as persistent associations.

4.1 | Are young children more severely affected 
than adults?

We demonstrate negative secondary consequences of the confine-
ment that are notable in several domains of sleep quality in babies 

and preschool children. Our results agree with findings among 3- to 
6-year-old children in Italy (Dellagiulia et al., 2020), as well as with 
adults assessed in Italy, Switzerland, Germany and Austria (Blume 
et al., 2020; Cellini et al., 2020). The observation that adults in the 
USA and Italy notably delayed their bedtime during the acute con-
finement period (Cellini et al., 2020; Wright et al., 2020) agrees with 
our observations in young children.

Interestingly, although adults prolonged their sleep during the 
early confinement (Cellini et al., 2020; Wright et al., 2020), sleep du-
ration continuously decreased throughout the confinement period 
in our group of babies. The cohort of 3- to 6-year-old children in Italy 
showed a similar initial decrease in sleep duration during the early 
phase of the confinement (Dellagiulia et  al.,  2020). However, this 
group of children was older than our baby group and, importantly, 
recovered across a 4-week period. Unfortunately, the structure of 
the questionnaire we applied for the assessment of sleep behaviour 
in preschool children did not allow examination of sleep duration. In 
this age group, only the variability of sleep duration was assessed, 
a measure not directly comparable to the approach of Dellagiulia 
et  al.  (2020). On the other hand, Zreik et  al.  (2021) reported no 
change in maternal perception of children's sleep duration in 40% 
of the study population (6- to 72-month-old children from Israel) 
4 weeks after the first confinement measures were implemented. 
Nevertheless, 35% of mothers indicated a decrease in sleep duration 
of their babies. In alignment with the association of caregivers’ stress 
with children's sleep in our study, the authors reported that mater-
nal anxiety was negatively linked to children's sleep duration. Thus, 
the findings overlap to a large extent, and the large variability might 
have been influenced by cultural and methodological differences. 
Nevertheless, the continuous shortening of nocturnal sleep we ob-
served in the group younger than 3  years is alarming, as this age 
range constitutes a highly vulnerable developmental period encom-
passing the most rapid brain growth across the lifespan (Dekaban & 
Sadowsky, 1978). It is quite remarkable that nocturnal sleep duration 
in this group decreased by 29 min from the period before the con-
finement until our last assessment, given that normative data show 
that nocturnal sleep duration increases up to 3 years of age (Scholle 
et al., 2011). A chronic loss of half an hour of sleep is sizable, as the 
National Sleep Foundation (USA) (Hirshkowitz et al., 2015) recom-
mends sleep durations of 14–17 h at age 0 to 3 months, 12–15 h at 
age 4 to 11 months, and 11–14 h between 1 and 2 years.

An additional contrast to adults was found in the regularity of 
sleep duration. During the early confinement period, adults expe-
rienced more similarity between work days and free days regarding 
their sleep duration as compared to before the confinement (Blume 

F I G U R E  2  Evolution of sleep variables across the COVID-19 confinement period from April to June 2020 in babies (0–35 months) and 
preschool children (36–71 months). Box plots, indicating the first and third quartiles as well as the mean (whisker length 1.5 * interquartile 
range), and scattered dots display core sleep measures (bedtimes, latency of sleep, duration of sleep and sleep fragmentation) for baseline 
assessment (April 2020; in orange; 452 babies and 412 preschool children), first follow-up (May 2020; in blue; 96 babies and 100 preschool 
children) and second follow-up (June 2020; in green; 90 babies and 95 preschool children). t- and p-values depict significant time effects 
from our linear mixed model after correcting for multiple comparisons by means of the false discovery rate. Due to age-specific assessment 
tools, absolute values are presented for babies and reports of frequency of occurrence for preschool children
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et al., 2020), whereas the preschool children in our study showed 
acutely decreased day-to-day similarity in sleep duration. We con-
clude that young children's sleep is more severely harmed by the 
implementation of confinement in comparison to the effect con-
finement had on adults’ sleep. This observation may be explained 
by children's increased sensitivity towards environmental influences 
due to the rapid and dramatic changes associated with development 
(Rice & Barone, 2000).

4.2 | Unique evolution of young children's sleep 
behaviours across confinement

Throughout the assessments, young children's sleep mostly recov-
ered to the same levels reported for the period before the confine-
ment. This confirms that the retrospective assessments at baseline 
were not significantly affected by recall bias. However, several sleep 
variables underwent a unique evolution across assessments. For 
example, bedtimes and sleep duration demonstrated no improve-
ment across the confinement period. One possible explanation for 
this result is that the multi-dimensionality of sleep (Buysse,  2014) 
reflects a variety of different mechanisms underlying each inves-
tigated sleep variable, some of which are in the midst of their de-
velopment in the cohort investigated here. For example, bedtimes 
may reflect the child's or even caregiver's chronotype (i.e., morn-
ingness/eveningness) and thus somewhat link to their circadian 
rhythm, whereas sleep duration is determined by prior time spent 
awake, thus reflecting sleep need accumulated throughout wakeful-
ness (Skeldon et al., 2016). Furthermore, it is plausible to assume that 
further contextual factors such as physical exercise and exposure 
to daylight (Altena et al., 2020), including the seasonal increase in 
daylight hours, are involved, which were not examined in this work. 
Additionally, regular food intake aligns the metabolic processes that 
facilitate the maintenance of a daily rhythm of body physiology 
(Depner et al., 2018), representing another potential factor influenc-
ing sleep beyond the scope of our investigation.

In contrast to the negative impact on bedtimes and sleep dura-
tion, we observed an improvement in other sleep variables across 
the confinement period, which may reflect families’ adapting to the 
new circumstances. Alternatively, this improvement may also relate 
to the decrease of caregiver's stress, which was detected as the main 
risk factor influencing young children's sleep.

4.3 | Psychological consequences of 
confinement situations

Stress-related sleep problems are common in adults, but this frus-
trating relationship is rather bidirectional (Altena et  al.,  2016). 
The decrease of adults’ sleep quality during the confinement 
highly depended on the increase in perceived burden (Blume 
et  al.,  2020), symptomatology of stress, depression and anxiety 
(Cellini et al., 2020). Our findings extend this state of knowledge by 

demonstrating that caregivers’ stress not only worsened their own 
sleep, but also affected the sleep of their offspring.

We must consider that confinement measures trigger secondary 
– psychological – consequences that go beyond the direct effect on 
physiological health. In 2003, Canada implemented quarantine as an 
extreme type of confinement in response to the outbreak of SARS, 
which caused considerable psychological distress in a large fraction 
of the population. Up to 30% showed symptoms of post-traumatic 
stress disorder and depression (Hawryluck et al., 2004). Shortly after 
the outbreak of COVID-19, the prevalence of acute post-traumatic 
stress symptoms in China was 4.6%. Notably, poor sleep quality was 
identified as a risk factor (Sun et al., 2020). These recent insights il-
lustrate the need to identify interventions that improve sleep quality 
as a global matter of urgent action.

4.4 | Young children's sleep can be protected during 
confinement

Fortunately, several dimensions of sleep are modifiable and can be 
targeted with sleep interventions. One example is sleep hygiene, in-
cluding regular sleep schedules and calming bedtime routines, which 
effectively improves children's sleep and leads to fewer behavioural 
problems (Werner et al., 2015). A healthy sleep intervention com-
prising similar aspects was shown to improve not only infant sleep, 
but also elevate maternal well-being (Symon & Crichton,  2017), 
which further supports a bidirectional relation between young chil-
dren's sleep and caregivers’ well-being.

Our study revealed several factors that can protect young chil-
dren's sleep. For example, the practice of mindfulness strategies by 
caregivers was associated with better quality of their children's sleep. 
Specifically, preschool children of caregivers who spent more time 
applying mindfulness techniques showed more regular bedtimes and 
sleep duration, and more frequent short sleep latency. Interestingly, 
caregivers applying mindfulness techniques also reported more fre-
quent awakenings in their babies and preschool children, which pos-
sibly reflects an effect of increased sensory awareness, as can be 
achieved through yoga practice (Rivest-Gadbois & Boudrias, 2019). 
Previous reports indeed confirm that positive parent personality, 
as reflected by optimism, empathy and mindfulness, can moderate 
the parents’ stress and enhance the quality of their children's sleep 
(Miadich et al., 2019). Our findings extend this concept by showing 
that caregivers’ active engagement in mindfulness techniques effec-
tively protects their young children's sleep during the extreme con-
dition of a pandemic confinement.

Further protective factors for young children's sleep were iden-
tified in caregivers’ working arrangements (i.e., working from home 
during the confinement) and in the time caregivers spent on child-
care. Both most likely arise from increased time caregivers spent 
at home during the confinement and thus with their children. The 
increased time family members spent together was recently pro-
posed as a possible positive consequence of the confinement (Altena 
et  al.,  2020). Furthermore, the presence of siblings and pets in a 
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household showed a positive effect on young children's sleep. It is 
possible that these partially compensate for the limited social inter-
actions under confinement conditions.

4.5 | Will there be consequences for young 
children's development?

Sleep is intertwined with developmental processes and crucial for 
the maturation of central brain functions in animals (Jha et al., 2005). 
Sleep also plays a mediating role in human health (Garrison, 2015). 
Particularly the first years of life demand adequate sleep: poor sleep 
in infancy and early childhood increases the risk of later psychoso-
cial and medical problems (Simola et al., 2014; Taveras et al., 2008). 
Accordingly, we are relieved to report that many dimensions of 
young children's sleep normalized after the first month of confine-
ment. Nevertheless, it is crucial to track behavioural consequences 
that may emerge in this population in the following years. Moreover, 
the sleep behaviours that are easily modifiable should be targeted to 
promote healthy developmental outcomes.

Practical recommendations to limit the effect of stress on sleep 
should be tailored to adults and include elements of cognitive be-
havioural therapy (Altena et al., 2020). Our investigation shows that 
balancing stress will not only benefit adults, but also their young 
children. Given the severe acute changes in response to confine-
ment we observed for young children, it is of utmost importance to 
raise public awareness and provide timely psychosocial interven-
tions in comparable situations. To this end, public health officials, 
infectious diseases physicians, psychiatrists and psychologists need 
to provide sleep-specific guidance to support those families at risk 
of adverse psychological, social and developmental consequences 
of confinement.

4.6 | Limitations

The sudden global implementation of the COVID-19 confinement 
provided a unique insight into family dynamics under extreme con-
ditions. However, the social-distancing regulations allowed only for 
subjective methodology in our study, as they prevented a physiologi-
cal objective assessment of sleep (e.g., actimetry, sleep electroen-
cephalogram). Consequently, our analyses are based on caregivers’ 
subjective reports. We thus cannot rule out the possibility that the 
observed changes in young children's sleep behaviour were subject 
to caregivers’ misperception (e.g., due to elevated stress during the 
confinement). Furthermore, the examined sleep variables were not 
directly comparable between the two age groups (i.e., babies and 
preschool children) due to different assessment instruments. To 
account for this, we analysed and presented the data for the two 
groups separately. Although the terms “infants” and “toddlers” 
would be more suitable to precisely describe the younger group, we 
decided to refer to them as “babies” for simplification. It is important 
to consider that the baby group also included newborns of only up 

to 3 months of age. With regards to sleep behaviour, this is a highly 
dynamic age encompassing rapid changes and large inter-individual 
variability. However, the number of babies of up to 3  months of 
age was low (n = 15 accounting for 3% of the baby group) and they 
showed changes in sleep variables from the period before the con-
finement that were similar to those of the older babies in the sam-
ple. The only exception was that the number of awakenings in the 
newborn subgroup decreased from before to during the confine-
ment by 0.6, whereas the older baby subgroup (3 months and older) 
increased by 0.15 (Wilcoxon rank sum test: z=−2.14, p  =.03). We 
thus strongly believe that the overall dynamics are not driven by this 
subgroup of subjects.

Another limiting factor is the large number of participants who 
dropped out of the study after the first assessment. However, we 
note that across follow-up assessments similar numbers of partici-
pants could be maintained. A further limitation of the study is the 
lack of momentary assessments before the confinement, as baseline 
data were based on retrospective assessments. This was impossi-
ble to address due to the abruptness of the confinement situation. 
However, at follow-up assessments, we observed a rebound to lev-
els of retrospective assessments for several sleep variables, sug-
gesting that our findings were not subject to significant recall bias. 
Nevertheless, we cannot rule out the possibility that referring to 
the unspecific period of time in the past (“before the confinement”) 
has affected our results. However, we evaluated that referencing a 
specific time-point before the confinement may be difficult for care-
givers of the youngest children in the study population, in which 
changes in sleep behaviour can occur within very short time-scales. 
Finally, the widespread geographic distribution of our sample raises 
concerns with regards to possible cultural differences but also dif-
ferences in confinement regulations. Although we were not able to 
control for cultural differences due to an already complex statisti-
cal model, we attempted to account for differences in confinement 
regulations by including multiple determinants of the confinement 
situation as factors in our analyses.

We note that our distinction between risk and protective factors 
depending on whether they affect children's sleep in a negative or 
a positive manner was based on adults’ sleep. We acknowledge that 
our current understanding of “good” and “poor” sleep in early life is 
still limited. For example, we define increased sleep fragmentation 
as an indicator of poor sleep in young children. However, it has been 
suggested that fragmented sleep in the first months of life may serve 
a central role in preventing sudden infant death (Goto et al., 1999; 
Mosko et  al.,  1997). It is thus possible that some of the observed 
effects described as negative would rather show positive conse-
quences for development. However, this issue is beyond the scope 
of our study and remains an open question for future research.

4.7 | Conclusions

Our findings demonstrate that primarily in the acute period of the 
COVID-19 confinement, the perceived stress of primary caregivers 
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was associated with drastically decreased sleep quality in their young 
children. However, several protective factors have promising poten-
tial to counteract such negative impacts. It is of immediate concern 
to protect children's sleep, especially during periods of confinement, 
as chronically disturbed sleep in vulnerable periods of early life can 
negatively impact brain development (Cook et  al.,  2020). Notably, 
the pandemic is already causing a rise in childhood mental health is-
sues that are expected to far outlast the crisis (Holmes et al., 2020). 
Consequently, beyond monitoring success in disease containment, 
we strongly recommend tracking the well-being of adults as well as 
young children.
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