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Abstract: Introduction: Covid-19 lockdown has caused important changes in children's routines,
especially in terms of nutrition, physical activity, screen time, social activity, and school time. Re-
garding these changes, recent studies show that Covid-19 lockdown was associated with higher
levels of anxiety and depression in children. The objective of this study was to assess changes in
sleep quality in Spanish children during lockdown decreed by the Spanish government between
March and June 2020. Methodology: We compared the BEAR score of 478 participants in the
SENDO project at the periods before, during and after lockdown. We used hierarchical models with
two levels of clustering to account for the intra-cluster correlation between siblings. Interaction of
time with and a set of a priori selected variables was assessed by introducing the interaction term
into the model and calculating the likelihood ratio test. Results: Mean scores in the BEAR question-
naire referred to the periods before, during, and after lockdown were 0.52 (sd 1.25), 1.43 (sd 1.99)
and 1.07 (sd 1.55), respectively, showing a worsening of sleep quality as a result of confinement.
Parental level of education was found to be an effect modifier (p for interaction=0.004). Children
whose parents had higher education (university graduates or higher) showed a smaller worsening
than those without. Conclusion: We found that the mean score in the BEAR questionnaire signifi-
cantly worsened during lockdown and significantly improved after it. However, it did not reach the
initial level. The mean score in the BEAR questionnaire referred to the period after lockdown was
significantly higher than before.

Keywords: Covid-19 lockdownlsleep qualitylparental educationISENDO project

Introduction

The Covid-19 pandemic changed the life of a large part of the population worldwide.
Although the hardest times of the pandemic have passed, we continue to face medium-
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and long-term complications and consequences on public health, the economy, and soci-
ety (1). The most important long-term consequences of the pandemic seem to be related
with its psychological impact (2).

It is known that Covid-19 quarantine caused important changes in children's rou-
tines, especially in terms of nutrition, physical activity, screen time, social activity, and
school time (3). Regarding these changes, recent studies show that Covid-19 lockdown
was also associated with higher levels of anxiety and depression in children (3, 4).

Confinement conditions can lead to forced inactivity and an increase in sedentary
behavior, which is known to be associated with higher risk of physical and psychological
adverse conditions such as obesity, muscle atrophy, cardiovascular vulnerability (5), anx-
iety and depression (6). Besides, fear of becoming infected and a hostile environment
brought on by lockdown have been linked to higher levels of anxiety and depression (7)
which are related to quantity and quality of sleep.

Getting a good night's sleep is necessary for correct growth and development in
childhood and adolescence. Poor sleep or insufficient sleep may affect concentration,
memory, and behavior (8). One study with Italian children showed that irritability and
sleep disorders were the most frequent problems referred to by children and adolescents
during lockdown (4). These sleeping problems included insomnias, difficulty falling
asleep and waking up, and night awakenings.

Adolescence is a critical period in which many physical, psychological, and socio-
cognitive changes occur that may have long-term implications on health and wellbeing.
Adolescents seem to be the most vulnerable to develop sleep problems during confine-
ment. Many studies reported significant changes in subjective wellbeing and an increase
in anxiety symptoms in adolescents during lockdown (8, 9). One study carried out in the
United States found an increase in the relative mean number of searches for information
about suicide, mental health, and financial problems on the Internet (10).

The psychological consequences of the Covid-19 pandemic and lockdown should not
be depreciated. The dramatic changes in lifestyle derived from this pandemic generated a
real threat to mental health because it raised symptoms in previously healthy persons and
it exacerbated symptoms in people with latent disorders. These consequences must be
known and studied to adequately treat current patients and to develop preventive strate-
gies to be implemented in the event of similar catastrophes.

Spain was one of the most affected country by the pandemic in Europe, and its lock-
down conditions were among the most restrictive ones. On March 14, 2020, the Spanish
Government declared the state of alarm and established a lockdown (RD463/2020) that
lasted almost 50 days (until the 274 of May 2020) and was followed by four phases of de-
escalation. During that period, only health care professionals and people in essential ser-
vices could leave their homes. The rest of the citizens, including children, could only go
out to buy food and basic supplies, but not for a walk or working out. The state of alarm
and lockdown ended on June 21%, 2020. The main objective of this study was to assess
changes in sleep quality of Spanish children during the COVID19.

Methodology
Study Aim, Design and Setting

The SENDO project (“Seguimiento del Nifio para un Desarrollo Optimo” [Child Fol-
low-up for Optimal Development]; www.proyectosendo.es) is a multipurpose, ongoing,
prospective pediatric cohort focused on studying the effect of diet and lifestyle on children
and adolescent health. Participants are invited to enter the cohort by their pediatrician at
their primary care health center or by the research team at school. Recruitment started in
2015 and it is permanently open and inclusion criteria are: 1) age between 4 and 5 years
and 2) residence in Spain. The only exclusion criterion is lack of access to an internet-
connected device to complete the questionnaires. Further information on this cohort study
design has previously been reported in detail elsewhere (11).
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Information is collected at baseline and updated every year through online self-ad-
ministered questionnaires completed by parents. In September 2020 an additional brief
questionnaire was sent to participants to collect information on lifestyle changes experi-
enced during the Spanish lockdown between March and June 2020. Answers were col-
lected until December 31st, 2020.

Participants

Among the 832 participants recruited before September 2020, 485 completed the ad-
ditional questionnaire regarding changes in lifestyle during lockdown (participation pro-
portion: 58%). Participants with missing information in four or more questions regarding
sleeping quality were excluded from the analysis (n:7). Participants with fewer missing
items were contacted to complete the information. The final sample consisted of 478 par-
ticipants.

Assessment of the outcome and covariates:

The baseline questionnaire of the SENDO project collects information on sociodem-
ographic, lifestyle and diet-related variables. The information referred to lockdown was
collected through a brief additional questionnaire between September and December
2020. This questionnaire included questions related to changes in sleeping habits, dietary
habits, physical activities, and sedentary time.

Sleep habits were assessed with the BEAR questionnaire, one of the most used tools
to identify sleep problems in children, that has already been validated in Spain (12, 13, 14,
15). It is a user-friendly screening tool that helps identify sleeping problems in children
and includes the questions: 1) Are you reluctant to go to bed?, 2) Do you have any diffi-
culty falling asleep?, 3) Do you usually wake up more than two times per night?, 4) If you
wake up at night, do you have any difficulty falling back asleep? We assigned points to
each answer as follows: always/very often (3 points), often (2 points), occasionally (1 point)
or almost never/never (0 points). Each participant completed the BEAR questionnaire
thrice (including information for periods before, during and after lockdown). We calcu-
lated the total score in each questionnaire adding the punctuation in the four questions.
Final scores ranged between 0 and 12 points, with higher scores meaning more sleeping
problems. We obtained three total scores in the BEAR questionnaire for each participant
referred to periods before, during and after lockdown. For descriptive purposes, partici-
pants were divided into two groups based on their basal score on the BEAR questionnaire
referred to the period before lockdown (0 vs. 21 point).

Statistical Analysis

Participant characteristics are described by basal BEAR score (BEAR score before
lockdown 0 vs 21). We used mean values and standard deviations for quantitative varia-
bles and used percentages for categorical ones. Between-groups comparisons were made
using Student t-test for quantitative variables and x2 tests for qualitative ones.

We compared scores on the BEAR questionnaire referred to the three periods (before,
during and after lockdown) using repeated measures for each participant. We used hier-
archical models with two levels of clustering to account for the intra-cluster correlation
between siblings. In further analyses participants were divided into two groups depend-
ing on parental educational level (university graduates or above).

Interaction between time and a-priori selected variables (i.e. sex, number of siblings,
number of cohabitants, parental education, having a pet, having a mobile phone, physical
activity (METS), BMI (kg/m2), moderate or intense activity (hours/week) and adherence
to the Mediterranean diet) was assessed by introducing the interaction term into the
model and calculating a likelihood ratio test.

Analyses were carried out using the software STATA 15.0. (Stata Corporation, Col-
lege Station, TX, USA). All p-values were two-tails. Statistical significance was determined
at the conventional cut-off point of p < 0.05.
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Ethical considerations

The SENDO project follows the rules of the Declaration of Helsinki on the ethical
principles for medical research in human beings. This study was approved by the Ethics
Committee for Clinical Research of Navarra (Pyto 2016/122). Informed consent was ob-
tained from all participants’ parents at recruitment.

Results

This study includes 479 participants (226 girls) with a mean age of 7.5 years (sd: 1.8).
371 children scored 0 points in the basal BEAR questionnaire (period before lockdown),
meaning they did not present any previous sleeping disorder. The mean score on the
basal BEAR questionnaire in patients with previous sleeping disorders was 0.52 (sd: 1.24).
The mean sleep time before the confinement was 9.2 hours (sd: 0.44).

Basal characteristics of participants by basal BEAR questionnaire are shown in table
1. We observed no differences between groups in sociodemographic and lifestyle charac-
teristics of children nor in their family characteristics.

Table 1. Characteristics of participants in the SENDO project by basal BEAR score (before lock-
down). Numbers are in % or mean (standard deviation).

Baseline scores in the
BEAR guestionnaire
0 points  >1 points P value

N 371
107
Sex (%girls) 46.3 50.9 0.399
Age (years) 7.4(1.8) 75(1.8) 0.614
BMI (kg/m?) 16.2 (2.0) 16.0(1.7)0.501
Moderate or intense
physical activity 9.1(7.3) 8.0(5.2) 0.153
(hours/week)
Leisure screen time
(hours/day) 1.1(0.8) 1.1(0.9) 0.677
Adherence to the Medi-
terranean diet (score in 6.0(1.9) 6.0(1.7) 0.910
the KIDMED index)
Number of siblings 1.4(1.1) 13(1.0) 0.497
Number of cohabitants 3.6(1.3) 3.9(4.2) 0.250
Exposure to passive
smoking (%) 5.8 9.3 0428
Pet owners (%) 26.1 19.6 0.168
Mobile phone owners
(%) 1.1 09 0.898
Mother’s age (years) 42.4 (4.2) 42.0(4.4)0.436
Father’s age (years) 43.3(5.6) 43.4(4.3)0.958
Mother/Father superior
studies (university gradu- 86.0 82.2 0.338

ate or above)

Figure 1 shows the responses to each question in the BEAR questionnaire. For each
question, the percentage of responses before, during and after lockdown were repre-
sented. The most frequent category of response in all the questions was “almost
never/never” either before, during or after lockdown. However, the proportion of partic-
ipants who answered “never/almost never” decreased during lockdown and increased
after it without reaching the initial level.

Figure 1. Description of score of quality of sleep.

Figure 1.1. Proportion of responses to the question Are you reluctant to go to bed?
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Figure 1.2. Proportion of responses to the question Do you have any difficulty falling asleep?
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Figure 1.3. Proportion of responses to the question Do you usually wake up more than two times per night?
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Figure 1.4. Proportion of responses to the question If you wake up at night, do you have any difficulty falling

back asleep?
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Mean scores in the BEAR questionnaire referred to the periods before, during and
after lockdown were 0.52 (sd 1.25), 1.43 (sd 1.99) and 1.07 (sd 1.55) respectively (Table 2).
Children with previous sleeping disorders (=1 points in the basal BEAR questionnaire)
had significantly higher mean scores in the BEAR questionnaires during (3.11 vs. 0.94
points) and after (2.74 vs.0.59 points) lockdown. We found that the mean score in the
BEAR questionnaire significantly increased during lockdown and significantly decreased
after it. However, it did not reach the initial level and the mean score in the BEAR ques-
tionnaire referred to the period after lockdown was significantly higher than before. That
trend was observed in the whole sample and in each group.

Table 2. Mean (standard deviation) scores of the BEAR questionnaire referred to the periods before,
during and after lockdown in the whole sample and by groups depending on participant’s score in
the questionnaire referred to the period before lockdown.

Before the lockdown  During lockdown  After lockdown
0.52 (1.25) 1.43 (1.99)? 1.07 (1.55)°¢

Mean score (the whole sam-
ple)

Mean score in children with no
previous sleep problems (0
points in the questionnaire re- 0 (0) 0.94 (1.54)¢ 0.59 (1.06)%

ferred to the period before lock-
down)
Mean score in children with
previous sleep problems (>1
points in the questionnaire re- 2.33(1.66) 3.11 (2.42)9 2.74 (1.83)M
ferred to the period before lock-
down)

aduring vs. before: p<0.001, Pafter vs. before: p<0.001, after vs. during: p<0.001.
dduring vs. before: p<0.001, cafter vs. before: p<0.001, fafter vs. during: p<0.001.
sduring vs. before: p<0.001, hafter vs. before: p=0.009, fafter vs. during: p<0.017.

Additionally, mean leisure screen time of participants was 1.13 hours/day (sd: 0.81)
before the lockdown and 2.65 hours/day (sd: 1.69) during it (p<0.001). Mean time of mod-
erate or vigorous physical activity was 1.27 hours/day (sd: 0.99) before the lockdown and
0.79 hours/day (sd: 0.96) during (p<0.001).

Parental level of education was found to be an effect modifier (p for interac-
tion=0.004). Although similar trends in the mean score were observed in both groups (an
increase in the mean score during lockdown and a decrease after it), children whose par-
ents had higher education (university graduate or higher) showed a smaller increase in
the comparison before vs. during lockdown (0.86 vs. 1.17 points) and a higher decrease in
the comparison during vs. after it (0.38 vs. 0.2 points). Children whose parents did not
have high education did not present a significant improvement in sleep quality after the

6
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lock down according to their mean score in the BEAR questionnaire (1.75 vs. 1.55 points)
(Table 3). The comparison of mean scores in the questionnaire before lockdown showed
no difference between group. However, children whose parents did not have higher edu-
cation showed significant higher mean scores in the questionnaire referred to both the
period during (difference = 0.38 points) and after (difference = 0.56 points) lockdown (Ta-
ble 3).

Table 3. Mean (standard deviation) score of the BEAR questionnaire referred to the periods before,
during and after lockdown in the whole sample and by groups depending on participant’s parents
level of education.

Before lockdown During lockdown  After lockdown

Mean score in the whole sam-

0.52 1432 1.07°¢
ple
Mean score in children whose
parents did not have higher ed- 0.58 (1.24) 1.75 (2.30)¢ 1.55 (1.92)f
ucation
Mean score in children whose 0.51 (1.25) 1.37 (1.93)9 0.99 (L.46)"

parents had higher education
2during vs. before: p<0,001, Pafter vs. before: p<0,001, <after vs. during: p<0,001.

dduring vs. before: p<0,001, cafter vs. before: p<0,001, fafter vs. during: p=0,311.
sduring vs. before: p<0,001, hafter vs. before: p<0,001, fafter vs. during: p<0,001.

Discussion

In this study of 479 children from the SENDO project, we found that the lockdown
decreed in Spain between March and June 2020 as consequence of the Covid-19 pandemic
was associated with a significant worsening of sleep quality, especially in children whose
parents did not have higher education. Furthermore, we found that although it improved
after lockdown, the sleep quality did not achieve previous levels, suggesting the conse-
quences of lockdown on sleep quality could have a long-term effect. The increase in anxi-
ety disorders in children, together with the increase in screen time, that persisted after the
end of the lock down, may explain the worsening of children's sleep quality. A study with
715 minors from the United Kingdom found that not only they took longer to fall asleep,
but also that for every daily hour they spent in front of a screen, nighttime sleep was re-
duced by 26 minutes (6). A review of more than twenty previous studies and that included
more than 125,000 minors pointed that children who used screens before going to sleep
double the risk of having insufficient sleep time than those who did not probably because
bright light suppresses the production of melatonin, the sleep-inducing hormone (7).

To our knowledge, this is the first study that shows a long-term impact from Covid-
19 lockdown on children's quality of sleep. Our results highlight the importance of as-
sessing sleep quality in children and developing preventive measures for future possible
lockdowns. Our results agree with previously published articles reporting that Covid-19
pandemic has increased the levels of stress in children and their relatives (18). One cross-
sectional study carried out in China with 53,730 participants found that more than 35% of
participants developed psychological distress (19), and a similar study also performed in
China with 1,304 participants showed that more than 50% presented negative emotional
influence during the Covid-19 pandemic (20). Those finding are consistent with previous
knowledge that suggested that long periods of social isolation negatively impact people’s
psychological wellbeing (21) leading to depression, stress, and anxiety (22). We hypothe-
size that worsening of sleep quality in Spanish children observed in this study could be at
least partially explained by an increase in children’s anxiety level.

Recent studies found that social isolation during the Covid-19 pandemic greatly re-
duced the level of physical activity in both male and female students (23, 24) which may
have worsened their sleep quality. Physical activity can promote positive mood (25), help
maintain a healthy weight, and establish self-esteem both in children and adolescents (26).
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Vigorous physical activity can significantly reduce adolescents” stress, anxiety, and de-
pression (27) and protect them from metabolic syndrome (28). The use of electronic de-
vices has been associated with worse sleep quality (29, 30) and their use increased during
the lockdown (31).

We found that parental education was an effect modifier. In our study children whose
parents had a low or middle level of education showed a greater worsening of sleep qual-
ity. This finding is not surprising considering recent publications that showed that Covid-
19 lockdown had an important impact on parents and caregivers who developed high
levels of anxiety, stress, and depression (32). That impact seemed to be greater in mothers
(33), especially in those with lower levels of education or unemployed (34). Therefore, we
hypothesize that children from parents with medium or low levels of education showed
a greater deterioration of sleep quality either because the level of anxiety at their homes
was higher or because those parents had fewer resources to help their children sleep.

The Covid-19 pandemic and subsequent lockdown led to an alarming increase in
levels of anxiety, depression, irritability, boredom, inattention and sleeping problems in
children (35). These consequences are not exclusive to a pandemic and can appear in the
event of any other natural or man-made disaster. Public health strategies are needed to
prevent this type of consequences through a multidisciplinary approach that helps chil-
dren to better manage and control stress and anxiety (36).

Despite our results, this study had some limitations. Self-reported information is sus-
ceptible to misclassification bias. Since the SENDO project information is updated every
year through online questionnaires, families are used to this method of data collection,
which reduces the risk of systematic error. Participants in the SENDO project are mostly
white children from medium to high-level educated families. Although this may hamper
the generalizability of our results, it increases the validity of the responses and reduces
confounding by socioeconomic status. Due to the observational design, we cannot deny
the possibility of residual confounding by variables that were not accounted for.

In conclusion, many studies have associated the Covid-19 pandemic and lockdown
with psychological and lifestyle changes. Our study shows that the Covid-19 lockdown is
also associated with a significant worsening of sleep quality. Moreover, although the end
of lockdown brought about a slight improvement, mean scores in the BEAR scale re-
mained significantly higher than before, suggesting the consequences on sleep quality
could persist overtime. This worsening is higher in children whose parents did not have
higher studies. Helping children to maintain healthy sleeping habits despite the circum-
stances and providing early psychological support when needed is important to prevent
negative psycho-physical symptoms from lockdown that could persist over the years.
These recommendations should be considered in order to develop preventive strategies
to be implemented in the event of similar catastrophes. More studies are needed to deter-
mine the long-term effects of the COVID19 lockdownto mitigate them and, if necessary,
to define prevention strategies that could be implemented in the event of a similar situa-
tion occurring again..
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