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A B S T R A C T
IMPLICATIONS AND
Purpose: Adolescents might be susceptible to the effects of the COVID-19 lockdown. We assessed
changes in mental wellbeing throughout the first year of the pandemic and compared these with
prepandemic levels.
Methods: This five-wave prospective study among Dutch adolescents aged 12e17 years used data
collected before the pandemic (n ¼ 224) (T0), in May (T1), July (T2), and October 2020 (T3), and in
February 2021 (T4). Generalized estimating equations were used to assess the association between
stringency of the lockdown with mental wellbeing.
Results: Adolescents had a lower life satisfaction during the first full lockdown (T1) [adjusted b:
�0.36, 95% confidence interval (CI): �0.58 to �0.13], during the partial lockdown (T3) (adjusted b:
�0.37, 95% CI: �0.63 to �0.12), and during the second full lockdown (T4) (adjusted b: �0.79, 95%
CI: �1.07 to �0.52) compared to before the pandemic (T0). Adolescents reported more internal-
izing symptoms during only the second full lockdown (T4) (adjusted b: 2.58, 95% CI: 0.41e4.75).
During the pandemic [at T1 (adjusted b: 0.29, 95% CI: 0.20e0.38), T2 (adjusted b: 0.36, 95% CI: 0.26
e0.46), T3 (adjusted b: 0.33, 95% CI: 0.22e0.45), and T4 (adjusted b: 0.20, 95% CI: 0.07e0.34)],
adolescents reported a better psychosomatic health, partly attributable to less trouble falling
asleep (p < .01).
Discussion: The COVID-19 lockdown measures have had both a negative and positive impact on
mental wellbeing of Dutch adolescents. However, mental wellbeing was most impacted during the
second full lockdown compared to before the pandemic.
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The COVID-19 lockdown
measures had a negative
impact on adolescent life
satisfaction, but a positive
impact on psychosomatic
health. Mental wellbeing
was lowest during the
second full lockdown
compared to before: life
satisfaction was at its
lowest, more internalizing
symptoms were reported,
and psychosomatic health
increased the least during
this period.
All around theworld, school closures, quarantining, and social
distancing have been key in governmental attempts to reduce
the transmission of the Severe Acute Respiratory Syndrome -
Corona Virus- 2, hospitalizations, and death in the COVID-19
pandemic [1,2]. As a result of these restriction measures,
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billions of people worldwide face unprecedented periods of so-
cial isolation and stress [2,3]. Adolescents might be particularly
susceptible to the social effects of these lockdown measures
[3,4]. Adolescence is not only marked as a time period in which
numerous mental health disorders emerge for the first time, but
also as a formative period for neurocognitive and social de-
velopments [5e7]. For instance, young people spend increasingly
more time with their peers and are more influenced by peers
than by adults in their social decision making, feeling accepted
and rejected, and getting approval [4,6,8]. Friendships are
therefore instrumental aspects of adolescent mental wellbeing
[9]. Social face-to-face contacts in particular are not only actively
discouraged by the COVID-19 restriction measures [2], but also
limited due to the transition to online education. These aspects of
the COVID-19 pandemic, among many others, might jeopardize
adolescent mental wellbeing.

Longitudinal data are required to better understand the ef-
fects of lockdown measures on mental wellbeing, preferably
including baseline measures assessed prior to COVID-19 [3,10].
Several longitudinal studies reported on adolescent mental
wellbeing in response to COVID-19 lockdownmeasures and have
shown that anxiety and depressive symptoms increased, and life
satisfaction deteriorated during the first full lockdown in youth
(8e18 years) living in the Netherlands, Australia, and North
America [11e14]. A large international collaborative effort using
data of 12 longitudinal studies (10 performed in the USA, 1 in the
Netherlands, and 1 in Peru) identified an increase in depressive
symptoms in adolescents (mean age 15.4 years) [15]. However, it
is also known that although life satisfaction of Dutch adolescents
(mean age 15.5 years) decreased, their internalizing symptoms
did not change, and psychosomatic health even improved during
the pandemic, compared to baseline [16]. To date, to our
knowledge, no studies have takenmultiple repeated assessments
of adolescent mental wellbeing during the first year of the
COVID-19 pandemic, and concomitantly the stringency of the
lockdown, into account.

In this five-wave prospective longitudinal study among Dutch
adolescents, we assessed changes in mental wellbeing
throughout the first year of the COVID-19 pandemic and
compared these with prepandemic levels (T0). The stringency of
the lockdown was significantly different at the four follow-up
assessments (T1eT4), due to diverse implemented restriction
measures. Additionally, we explored whether there was a dif-
ferential change in mental wellbeing between boys and girls, as
girls have incidence of mental health problems during adoles-
cence compared to boys [17].

Methods

Study design and study population, baseline (T0)

Data were obtained from an ongoing population-based birth
cohort study, named WHISTLER (WHeezing Illness STudy in
LEidsche Rijn) [16,18]. Between 2001 and 2012 newborns were
recruited from the general population in a fairly affluent and
newly built suburb of Utrecht, the Netherlands. The participants
have been followed at age of 3, 5, and 8 years. In March 2019, we
invited the 12- to 16-year-old WHISTLER participants to com-
plete a questionnaire and undergo a health assessment. One of
the primary aims was to assess their mental wellbeing during
adolescence. Due to the start of the COVID-19 pandemic, we had
to stop this follow-up round. Up to then 224 adolescents
completed the questionnaires (52.7% girls, mean age
14.82 years). This was indicated as T0. These adolescents were
invited to complete the follow-up questionnaires (T1eT4)
during the first year of the COVID-19 pandemic. Specifically, the
questionnaires were sent in May (T1), July (T2), and October
2020 (T3), and February 2021 (T4). The participants were able to
complete the questionnaire within 1 month. The analysis of
adolescent mental wellbeing at T0 and T1 has been published
elsewhere [16].

Ethical approval for WHISTLER (file number: NL66918.041.18)
was obtained from the Medical Ethics Review Committee of the
University Medical Center Utrecht. Participants and their parents
or legal guardians provided active written informed consent.

Follow-up: assessments throughout the first year of the COVID-19
pandemic (T1eT4)

The Dutch restrictivemeasures varied considerable in the first
year of the pandemic, and our follow-up assessments (T1eT4)
captured four different phases of government policy. To more
objectively rate the stringency of the restrictions and increase
comparability with other countries, we used a national lockdown
stringency index based on a composite measure of nine different
lockdown measures: the Oxford COVID-19 Government
Response Tracker (OxCGRT). The index has values from 0 to 100
(100 ¼ strictest) [19]. This OxCGRT identified that the stringency
of the Dutch lockdown was 78.70 around T1, during the first full
lockdown; 39.81 around T2, during the period that this first full
lockdownwas eased; 62.04 around T3, a less restrictive “partial”
lockdown; and 78.70e82.41 around T4, a second full lockdown,
respectively [19,20]. This indicates that T4 was the most strin-
gent lockdown.

Figure 1 shows the timeline of COVID-19 cases, hospital ad-
missions, deaths, and stringency index in the Netherlands, as
well as the timing of sending the questionnaires and timing of
introduction and easing of lockdown measures. For a full sum-
mary of when and which lockdown measures were introduced
and eased, please refer to Appendix A.

Mental wellbeing assessments

Mental wellbeing was assessed using the following three
indicators: life satisfaction, internalizing symptoms, and psy-
chosomatic health using respectively the Cantril ladder [21,22],
the Revised Child Anxiety and Depression Scale (RCADS) [23],
and the Health Behavior in School-aged Children Symptom
Checklist (HBSC-SCL) 2017 [24]. To investigate whether mental
wellbeing changed from baseline to follow-up, we assessed the
same instruments at each follow-up time period (T1eT4). The
specifics of these instruments are described in short below;
please refer to Appendix B for full details.

Life satisfaction was assessed with the Cantril ladder, a valid
and reliable instrument of life satisfaction in adolescence
[21,22,25]. The Cantril ladder includes one question “Looking at
the past 3 months, how do you feel about your life?” and
possible answers range from 0 to 10 (10 ¼ best possible life)
[21,22,25].

Internalizing symptoms, i.e., the severity of self-reported
anxiety and depressive symptoms, were assessed using the
RCADS. The RCADS is based on anxiety disorders and depression
from the Diagnostic and Statistical Manual of Mental Disorders-
IV [23]. The questionnaire contains 47 items, which are rated by
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respondents on a four-point Likert scale ranging from 0 “never”
to 3 “always.” In our study, the correlation between the sub-
domains “anxiety” and “major depressive disorder” was r(Pear-
son) > 0.7 across waves; therefore, we analyzed these
subdomains together as internalizing symptoms. Raw scores
were converted into gender and age-normed T-scores using the
syntax from the RCADS-developer (based on US population) [26]
and evaluated as a continuous score.

Psychosomatic health complaints are symptoms that are often
related to psychosocial factors, such as stress [27]. Psychosomatic
health was measured with HBSC-SCL and expressed in a mean
score of 10 symptoms, such as having a headache, being nervous,
or feeling dizzy [24]. The higher the mean score, the better psy-
chosomatic health one is experiencing, meaning that one is feeling
little stress. The HBSC-SCL has good psychometric properties and
has also been validated in Dutch [24,28].

Statistical analyses

We used descriptive statistics to summarize the character-
istics of the study population. Due to correlations among
repeated measures of outcomes in the same individual,
regression models using generalized estimating equations
(GEE) with an identity link function were used to assess the
association between time of assessment (stringency of the
lockdown) with repeated measures of mental wellbeing (life
satisfaction/internalizing symptoms/psychosomatic health;
each outcome measure analyzed individually). While using the
GEE, we choose for an independent correlation structure which
enables the GEE to handle time-dependent variables (such as
age) to change over time [29]. Associations with the outcomes
were expressed as differences (b’s), with “no lockdown mea-
sures” (T0) as the reference category. As a secondary analysis,
we tested for interactions between gender and time of assess-
ment to analyze whether boys’ and girls’ mental wellbeing
changed differentially over time. Additionally, McNemar’s
chi-squared tests were used to analyze whether the fre-
quency of occurrence of psychosomatic symptoms differed
between baseline and follow-up assessments.

We used multiple imputation, producing 25 sets of imputed
data, with predictive mean matching to impute missing cova-
riates and outcome measures, incorporating data on potential
confounders (age and gender) and the outcomes [30]. We
imputed the data for all participants who completed baseline
(T0). Moreover, as auxiliary variables are considered to improve
the quality of imputation and therefore might reduce bias, we
included two auxiliary variables: ethnicity and level of education
of the adolescent [31,32]. Analysis on multiple imputation in-
creases precision of the estimates and reduces the potential bias
introduced by missing data [30]. Therefore, it was chosen as the
primary analysis for the GEE. The results from the complete case
analysis are shown in Appendix C.

We adjusted the GEE for a priori selected potential con-
founders based on directed acyclic graphs: gender (male/female)
and age. A p-value <.05 was considered statistically significant.
All analyses were done with SPSS 26.0.
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Results

Study population

Table 1 shows the characteristics of the study population at
the five assessment waves (T0eT4). Of the 224 participants who
completed their questionnaire at baseline, 158 participants
(70.5%) completed it at T1, 149 participants (66.5%) at T2, 152
participants (67.9%) at T3, and 128 participants (57.1%) at T4. Data
on mental wellbeing were available for at least 2 of the 5
assessments for 186 (83%) participants, and for 4 of the 5
assessments for 132 (59%) participants. Of the 224 adolescents at
T0, 95.1% had a Western ethnicity, and 93.3% had a parent with a
high (university) or intermediate (vocational) level of education.
Girls and adolescents with a higher level of educationwere more
willing to complete the follow-up questionnaires (Table 1). In
general, no differences with respect to the outcome measures
were observed between the participants who completed the
follow-up questionnaire and participants who did not. However,
girls were more likely to complete the questionnaires at all
follow-up rounds (T1, p ¼ .002; T2, p ¼ .004; T3, p ¼ .012; T4,
p ¼ .000) compared to boys. In addition, adolescents with higher
levels of education completed follow-up questionnaires more
frequently at T2 (p ¼ .017) and T3 (p ¼ .005).

Figure 2 shows both the overall mean of the entire sample, as
well as the mean stratified by gender for all three outcome
measures per assessment (T0eT4). This illustrates the trend over
time The exact values of the outcome measures are described in
Appendix D.
Associations between time of assessment (lockdown stringency)
and mental wellbeing

Weusedmultiple imputation to imputemissing covariate and
outcome data. The effect estimates for results based on the
multiple imputation dataset were comparable to the complete
case analysis. The precision was generally improved as the con-
fidence intervals (CIs) were slightly smaller. We considered the
imputed results as the primary results and present the complete
case results in Appendix C.

Adolescents had a significantly lower life satisfaction during
the first full lockdown (T1) (adjusted b: �0.36, 95% CI: �0.58
to �0.13), during the partial lockdown (T3) (adjusted b: �0.37,
Table 1
Characteristics of the WHISTLER cohort study samples that completed the questionna

Demographics T0 (n ¼ 224) T1 (n ¼ 158)

Age in yearsa, mean (SD) 14.82 (1.24) 15.53a (1.25)
Gender (%)
Girl 118 (52.68) 94 (59.49)

Educational level of the adolescentb (%)
Primary school 3 (1.34) 2 (1.26)
Low 52 (23.21) 34 (21.52)
Intermediate 63 (28.13) 39 (24.68)
High 101 (45.09) 79 (50.00)
Special education 8 (3.57) 4 (2.53)

Stringency index of lockdown NA 78.70

NA ¼ not applicable; SD ¼ standard deviation; T0 ¼ before the COVID-19 lockdown; T
(assessment July 18, 2020); T3 ¼ partial lockdown (assessment October 18, 2020); T4
Illness STudy in LEidsche Rijn.

a Calculated based on completion date of follow-up questionnaire.
b Low: preevocational secondary education; intermediate: higher general secondar

higher vocational education and university.
95% CI: �0.63 to �0.12), and during the second full lockdown
(T4) (adjusted b: �0.79, 95% CI: �1.07 to �0.52) compared to
before the pandemic (Table 2). At the time that the first full
lockdown was eased (T2), no significant change in life satisfac-
tion was reported (adjusted b: �0.19, 95% CI: �0.42 to 0.05).
There were differential changes in life satisfaction over time
between boys and girls (pinteraction ¼ .015); boys’ life satisfaction
decreased at a faster rate over time than girls’ life satisfaction.

Adolescents reported significantly more internalizing symp-
toms during the second full lockdown only (T4; adjusted b: 2.58,
95% CI: 0.41e4.75), compared to internalizing symptoms
assessed before the beginning of the pandemic (T0). During the
first full lockdown (T1) (adjusted b: 0.96, 95% CI: �0.58 to 2.50),
during the easing of the first full lockdown (T2) (adjusted b: 0.66,
95% CI: �1.00 to 2.31), and during the partial lockdown (T3)
(adjusted b: 0.90, 95% CI: �0.90 to 2.69) no significant change in
internalizing symptoms was reported (Table 2). Secondary ana-
lyses did not reveal a differential change in internalizing symp-
toms at the various assessments between boys and girls
(pinteraction ¼ .46).

Throughout the first year of the COVID-19 pandemic [at T1
(adjusted b: 0.29, 95% CI: 0.20e0.38), T2 (adjusted b: 0.36, 95%
CI: 0.26e0.46), T3 (adjusted b: 0.33, 95% CI: 0.22e0.45), and T4
(adjusted b: 0.20, 95% CI: 0.07e0.34)], adolescents reported a
significantly better psychosomatic health than before the start of
the pandemic (T0) (Table 2). Secondary analyses did not reveal a
differential change in psychosomatic health at the various
assessments between boys and girls (pinteraction ¼ .29).

Contrary to our expectations, psychosomatic health was
better throughout the first year of the pandemic than before.
Therefore, in an exploratory a posteriori analysis, we assessed
changes in specific psychosomatic symptoms which are pre-
sented in Appendix E. We identified that adolescents were able
to fall asleep more easily (p< .01) throughout the first year of the
pandemic at all follow-up rounds. In addition, adolescents also
experienced other specific symptoms less frequently at some
follow-up rounds (Appendix E).

Discussion

This is the first study that considered multiple repeated
assessments of adolescent mental wellbeing, both prepandemic
as well as during the first year of the COVID-19 pandemic
ires before and throughout the COVID-19 pandemic

T2 (n ¼ 149) T3 (n ¼ 152) T4 (n ¼ 128)

15.76 (1.28) 16.01 (1.28) 16.30 (1.28)

88 (59.06) 87 (57.23) 82 (64.06)

2 (1.24) 3 (1.97) 2 (1.56)
27 (18.12) 32 (21.05) 24 (18.75)
33 (22.15) 30 (19.74) 28 (17.72)
75 (50.34) 75 (49.34) 64 (50.00)
4 (2.68) 3 (1.97) 3 (2.34)

39.81 62.04 78.80e82.41

1 ¼ first full lockdown (assessment April 18, 2020); T2 ¼ first full lockdown eased
¼ second full lockdown (assessment February 2, 2021); WHISTLER ¼ WHeezing

y education or intermediate vocational education; high: preuniversity education,



Figure 2. Life satisfaction, internalizing symptoms, and psychosomatic health before and throughout the first year of the COVID-19 pandemic for the entire sample and
stratified by gender. T0 ¼ before the COVID-19 lockdown; T1 ¼ first full lockdown (assessment April 18, 2020); T2 ¼ first full lockdown eased (assessment July 18,
2020); T3 ¼ partial lockdown (assessment October 18, 2020); T4 ¼ second full lockdown (assessment February 2, 2021).
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(OxCGRT stringency index: T1: 78.80; T2: 39.81; T3: 62.04; and
T4: 78.80e82.41). Our five-wave prospective cohort study among
Dutch adolescents yielded an interesting picture of change on
mental wellbeing throughout the first year of the COVID-19
pandemic. Life satisfaction decreased during the first and sec-
ond full lockdowns as well as the partial lockdown, compared to
before the pandemic. Notably, life satisfaction decreased most at
the second full lockdown in February 2021. Moreover, boys’ life
satisfaction decreased at a faster rate than girls during the
pandemic compared to the prepandemic baseline. Adolescents
only reported more internalizing symptoms, reflecting anxiety
and depression symptoms, during the second full lockdown.
Interestingly, throughout the first year of the COVID-19
pandemic, adolescents reported significantly better perceived
psychosomatic health. Exploratory analyses indicated that this
improvement is partly attributable to being able to fall asleep
more easily.
Previous longitudinal studies assessing mental wellbeing
during and before the pandemic can be used to benchmark our
findings, while keeping in mind that these studies did not assess
mental wellbeing during the entire first year of the pandemic.
Similar to our study, a deterioration in life satisfaction during the
pandemic was observed in Australian adolescents (aged 13e
19 years; stringency index: 65.74e69.44) and Dutch adolescents
(aged 10e20 years; stringency index: 78.80e65.74) [11,12,14,16].
In our study, we observed that life satisfaction seems to be
correlated with the stringency level of the lockdown: when the
stringency index was high life satisfaction decreased, and vice
versa. However, we did not observe this patternwhen comparing
the absolute values of the stringency index between countries, as
Australian adolescents experienced a lower life satisfaction, but
Chinese youth did not: the stringency index of the Australian
lockdown was substantially lower compared to that of the Chi-
nese lockdown. Therefore, focusing on a change in mental



Table 2
Life satisfaction, internalizing symptoms, and psychosomatic health: differences
when measured before the start of the COVID-19 pandemic (reference),
compared to assessments throughout the first year of the COVID-19 pandemic

Time of
assessment

Crude b (95% CI) Adj b (95% CI)

Life satisfactiona

T0: before
COVID-19
pandemic

Reference - Reference -

T1: first full
lockdown

�0.47 (�0.68 to �0.26) �0.36 (�0.58 to �0.13)

T2: first full
lockdown
eased

�0.33 (�0.55 to �0.12) �0.19 (�0.42 to 0.05)

T3: partial
lockdown

�0.56 (�0.78 to �0.34) �0.37 (�0.63 to �0.12)

T4: second full
lockdown

�1.02 (�1.25 to �0.80) �0.79 (�1.07 to �0.52)

Internalizing
symptomsb

T0: before
COVID-19
pandemic

Reference - Reference -

T1: first full
lockdown

1.18 (�0.15 to 2.50) 0.96 (�0.58 to 2.50)

T2: first full
lockdown
eased

0.95 (�0.37 to 2.27) 0.66 (�1.00 to 2.31)

T3: partial
lockdown

1.27 (�0.05 to 2.58) 0.90 (�0.90 to 2.69)

T4: second full
lockdown

3.04 (1.50e4.58) 2.58 (0.41e4.75)

Psychosomatic
healthc

T0: before
COVID-19
pandemic

Reference - Reference -

T1: first full
lockdown

0.25 (0.17e0.32) 0.29 (0.20e0.38)

T2: first full
lockdown
eased

0.30 (0.22e0.39) 0.36 (0.26e0.46)

T3: partial
lockdown

0.26 (0.17e0.35) 0.33 (0.22e0.45)

T4: second full
lockdown

0.12 (0.01e0.22) 0.20 (0.07e0.34)

The values are based on imputed data.
Adj ¼ adjusted (adjusted for gender and age); CI ¼ confidence interval;
T0 ¼ before the COVID-19 lockdown; T1 ¼ first full lockdown (assessment April
18, 2020); T2 ¼ first full lockdown eased (assessment July 18, 2020); T3 ¼ partial
lockdown (assessment October 18, 2020); T4 ¼ second full lockdown (assess-
ment February 2, 2021).

a A higher score indicates a higher life satisfaction.
b A higher score indicates more severe self-reported internalizing symptoms.
c A higher score indicates experiencing psychosomatic complaints less

frequently.
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wellbeing over time within a specific context seems to be pref-
erable over comparing adolescent mental wellbeing between
countries while using the stringency index. However, future
research could focus on disentangling which aspects of the
different national lockdowns affect mental wellbeing.

Our sample only reported significantly more internalizing
symptoms during the second full lockdown (stringency index:
78.80e82.41). Australian youth (8e18 years old) reported more
anxiety and depressive symptoms in the initial phase of the
pandemic [12] (stringency index: 65.74e69.44), as did adoles-
cents (aged 14e17) living in the USA (stringency index: 67.13e
72.69) [13,33]. Nonetheless, the average scores of the youth
living in the USA did not reach the clinical threshold for anxiety
disorders and depression [13,26]. Additionally, Barendse et al.
[15] showed, especially for bi- or multiracial adolescents, an in-
crease in depressive symptoms in an international sample of
adolescents (mean age 15.4 years). Therefore, it remains impor-
tant to monitor internalizing symptoms and to evaluate poten-
tially vulnerable subgroups, especially when the stringency level
of the pandemic increases. Some studies identified vulnerable
subgroups: Cohen et al. [34] showed that healthy adolescents
experienced more anxiety and depression during the pandemic
compared to before, while adolescents with early life stress who
were thought of being at particular risk did not. Additionally,
Zijlmans et al. [35] showed that youth (aged 8e18 years) with a
(chronic) somatic condition experienced a better mental well-
being compared to their healthy peers. However, youth with pre-
existing mental problems had a lower mental wellbeing than
youth with a somatic condition or healthy peers [35]. These
studies suggested that some youth with adverse life events
seemed to be more resilient than healthy adolescents. Therefore,
future studies could examine which risk and resilience factors
might be of influence on adolescent mental wellbeing changes
during the COVID-19 pandemic.

Interestingly, reported psychosomatic health of adolescents
increased during the pandemic. Although statistically significant,
it is questionable whether this improvement was also clinically
relevant. As psychosomatic health was expressed in amean score
of 10 symptoms, the direct impact on daily life, except for
experiencing less stress in general, was difficult to determine.
However by assessing changes in specific psychosomatic symp-
toms, we identified that the improved psychosomatic health was
partly attributable to falling asleep more easily during the
pandemic compared to before. Other studies reported that youth
more often slept 8 hours or longer during the COVID-19-related
lockdown compared to their sleep rhythms prior to the
pandemic [11,36,37], and that bedtime and wake times shifted to
later hours [37]. During puberty, hormonal changes alter the
homeostatic and circadian regulation of sleep, with the result
that adolescents tend to stay up and sleep in [38]. The altered
sleep rhythm might conflict with early school start times. As a
result, chronic sleep loss is a common phenomenon for adoles-
cents [39]. Due to school closures, online education (T1, T3, and
T4), and summer holidays (T2), it might be conceivable that our
sample of adolescents were able to shift their bedtime and wake
times to later hours, resulting in better syncing of their sleep-
wake behavior with their circadian rhythm. Multiple studies
have shown that delaying school start times led to better align-
ment of circadian system and therefore resulted in better sleep
quantity and quality. As a consequence, mental health issues
decreased, and physical health and academic performances
improved [40,41]. Therefore, it was previously recommended
that national governments may consider possibilities that could
enhance the alignment of adolescent sleep-wake behavior with
their circadian rhythm, e.g., by delaying school start times [16].

It is well known that adolescent girls have lower mental
wellbeing on average than boys [42]. Also in our study, boys
scored better than girls on all three indicators of mental well-
being. However, our results showed that boys’ life satisfaction
deteriorated during the pandemic, while Magson et al. [12] re-
ported that a decline in life satisfaction among adolescents (13e
16 years) during the pandemic was particularly pronounced
among girls. We can only speculate as towhy only boys showed a
deterioration in life satisfaction. Lockdown measures actively
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discouraged group gatherings. When focusing on social in-
teractions, boys are more likely to hang out in groups, whereas
girls tend to spend more time in friendship dyads [43,44].
Therefore themeasuresmight have affected boys’ life satisfaction
more than girls’. Also, girls are more likely than boys to
communicate with friends online [45]. Research showed that
adolescents had higher anxiety and depression scores during the
pandemic compared to before, when they experienced a poorer
connection with friends and family [46]. Keeping in touch with
friends online during the pandemic may reduce the impact of
lockdown measures on girls’ mental wellbeing. Finally, girls
might have more communication tools to cope with changes due
to the lockdown measures because they are, in general, more
likely to ask for help, have more positive connections to their
parents, and communicate more than boys [47]. Future research
could focus on why gender matters when it comes to changes in
life satisfaction during this pandemic.

Our study reported an interesting picture of change onmental
wellbeing throughout the first year of the COVID-19 pandemic.
By (partly) maintaining their mental wellbeing, our participants
showed that they functioned resiliently during the pandemic. In
the literature, it is described that supportive social environment
like parent support makes adolescents more able to respond
resiliently to adversity [9,48]. In 2017, the HBSC study, conducted
in 45 European countries plus Canada, found that Dutch ado-
lescents were remarkably positive about their relationship with
parents [45,49]. Of the Dutch 15-year-olds, 81% and 90% reported
that they can easily talk to their father or mother about their
worries, respectively. In other countries, the average was much
lower: 65% (father) and 80% (mother) [45]. Although these data
were collected in 2017, these results give an indication on how
adolescents might experience being in lockdown at home with
their parents. This gives them a good starting position regarding
their mental wellbeing for the crisis. Future research may allow
researchers to confirm these protective factors.

Nonetheless, adolescents’ mental wellbeing changed the
most during the longer lasting second full lockdown (T4)
compared to prepandemic levels: life satisfactionwas lowest and
more internalizing symptoms were reported. During this lock-
down, schools were closed for the second time during the
pandemic. A recent systematic review showed that during the
first wave of the COVID-19 pandemic, mental health issues
among children and adolescents (mainly anxiety and depressive
symptoms) and adverse health behaviors (such as decreased
physical activity and increased screen time) were associatedwith
school closures and the social lockdown [50]. Nonetheless, it was
not possible to disentangle the effects of school closures from
broader social lockdown measures [50].

A particular strength of this study is the longitudinal pro-
spective designwith five timewaves of data collection, including a
prepandemic baseline assessment. The follow-up assessments
included the initial and also the consecutive COVID-19 phases
during the first year of the pandemic taking multiple lockdowns
with a different stringency index into account. Multiple indicators
of mental wellbeing were assessed, with internationally
renowned instruments. Some limitations deserve mention.
Despite the longitudinal design, we cannot determine a causal
relationship between the stringency of the lockdown and
adolescent mental wellbeing. Mental wellbeing was most
impacted during the second full lockdown. Moreover, also the
stringency index was at its highest at that point of time: 78.70e
82.41 [19,20]. However, the duration of the lockdown might be
another driver of these negative outcomes, since participants had
already been in a lockdown for over 3.5 months. The independent
effect of the duration versus the stringency of the lockdown could
not be disentangled. Additionally, factors unrelated to the
pandemic, such as seasons and school breaks, might also have
influenced the associations. For example, certain affective disor-
ders aremore present in particular seasons; adolescents especially
suffer from seasonal affective disorder in winter, resulting in
feeling more irritable, fatigue, and sad [51]. Seasonal affective
disorder could also have had an effect on our outcome measures.

Moreover, the participants of the WHISTLER birth cohort were
recruited from the general population living in a fairly affluent,
and newly built suburb in the Netherlands [18]. As a result, ado-
lescents with parents with a lower educational background and a
non-Western migration background were underrepresented. This
limits the generalizability of our results to populations with
different educational, ethnic, and/or cultural backgrounds.

In cohort studies, loss-to-follow-up is a common phenome-
non which can lead to attrition bias. For all three outcome
measures, there was no significant difference between re-
sponders and nonresponders at baseline. However, girls and
adolescents with higher levels of education were more likely to
complete the questionnaires at follow-up rounds. Because girls
scored lower on all three outcomes compared to boys, a lower
mental wellbeing might have been observed than in a repre-
sentative sample. Therefore, attrition bias might have been
introduced by loss of boys completing the questionnaire in the
follow-up rounds. Adolescent education level did not affect
mental wellbeing, and therefore loss of follow-up of adolescents
with lower levels of education did not introduce attrition bias.

The COVID-19 pandemic is one of the most profound events
for society and citizens in the last decades. Ongoing longitudinal
research will grant researchers to appreciate its lasting impact
with regard to mental wellbeing. Moreover, such research may
allow researchers to identify why certain subgroups of youth
were doing well or were doing poorly before, during, and in the
aftermath of the pandemic. Due to co-occurrence of other factors
that might have affected adolescent mental wellbeing, the in-
dependent effect of the lockdown severity on our outcome
measures could not be established. To gain better insight in the
impact of the COVID-19 pandemic on mental wellbeing,
combining the results of various studies concerning this topic
would be promising. Furthermore, our results suggest that
further research is warranted on the relationship between sleep
andmental wellbeing, and on interventions or policy (e.g., school
starting time) changes that enhance better syncing of adolescent
sleep-wake behavior with their circadian rhythm.

In conclusion, this prospective, longitudinal study among
Dutch adolescents identified that the COVID-19 lockdown mea-
sures mainly have had a negative impact on adolescent life
satisfaction, but have had a positive impact on psychosomatic
health. Additionally, mental wellbeing changed most during the
longer lasting second full lockdown when compared to prepan-
demic levels: life satisfaction was at its lowest, more internal-
izing symptoms were reported, and psychosomatic health
increased the least at this period in time.
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