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ARTICLE INFO ABSTRACT

Keywords: Background: The evidence on mental health during COVID-19 evolved fast, but still little is known about the long-
COVID-19 lasting impact of the sequential lockdowns. We examine changes in young people’s mental health from before to
Lockdown

during the initial and second more prolonged lockdown, and whether women and those with pre-existing
depressive symptoms were disproportionally impacted.

Methods: Participants reported on mental health indicators in an ongoing 18-year data collection in the Danish
National Birth Cohort and in a COVID-19 survey, including 8 data points: 7 in the initial lockdown, and 1 year
post. Changes in quality of life (QoL), mental well-being, and loneliness were estimated with random effect linear
regressions on longitudinal data (N = 32,985), and linear regressions on repeated cross-sections (N = 28,579).
Findings: Interim deterioration in mental well-being and loneliness was observed during the initial lockdown, and
only in those without pre-existing depressive symptoms. During the second lockdown, a modest deterioration
was again observed for mental well-being and loneliness. QoL likewise only declined among those without pre-
existing symptoms, where women showed a greater decline than men. QoL did not normalise during the initial
lockdown and remained at lower levels during the second lockdown. These findings were not replicated in the
repeated cross-sections.

Interpretation: Except for an interim decrease in mental health, and only in those without pre-existing depressive
symptoms, this study’s findings do not suggest a substantial detrimental impact of the lockdowns.

Mental health

Young people
Depressive symptoms
Longitudinal data

1. Introduction but then gradually reinforced during the autumn 2020 in response to

rising numbers of cases and deaths attributed to COVID-19. Mid

The COVID-19 pandemic became a global reality in early 2020 with
enormous impact on society and daily living. Like many other countries
worldwide, lockdowns, quarantine requirements and recommendations,
social restrictions, and physical distancing were implemented in
Denmark in March 2020 to mitigate the spread of the virus. The Danish
lockdown demanded all public employees with no critical function to
work from home, closing of national borders, schools, day-care centers,
sports facilities, and restaurants. Moreover, private companies were
strongly recommended to let their employees work from home (Clot-
worthy et al., 2020). This initial lockdown was eased during late spring,
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December, a second national strict lockdown was implemented that
lasted to March 2021, from which a gradual reopening began. Several
studies have documented acutely deteriorations of mental health during
the initial lockdowns compared with pre-pandemic periods (Bueno--
Notivol et al., 2021; Lee et al., 2020; Niedzwiedz et al., 2021; Vinde-
gaard and Benros, 2020). Studies have also shown a covariation between
pandemic pressure measured as confirmed COVID-19 cases, deaths, and
restrictions and the level of psychological well-being in the Danish
population (Sgnderskov et al., 2020a,b,c; Vistisen et al., 2021, 2022).
Especially women and young people have been observed to be
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disproportionally impacted by the lockdown (Chodkiewicz et al., 2021;
Daly et al., 2020; Fancourt et al., 2020; Kwong et al., 2020, 2021; Lee
et al., 2020; Niedzwiedz et al., 2021; Pierce et al., 2020; Varga et al.,
2021; Vistisen et al., 2021). Further, patient organisations, case stories,
and health professionals have raised concerns about marked worsening
of pre-existing mental disorders during the lockdowns, which has also
been documented by studies (Kwong et al., 2020, 2021). Contrary, other
studies, all with before and during lockdown measures, have shown that
the changes in mental health were minimal or even slightly improved in
people with severe and chronic mental disorders, whereas the de-
teriorations in mental health were among people without pre-existing
mental disorders (Daly et al., 2020; Pan et al., 2020; Pinkham et al.,
2020; Thygesen et al., 2021).

Research on the impact of COVID-19 on mental health and related
lockdowns evolved fast, but not many studies are based on high-quality
data and only a few studies in young people include a before measure
and up to several measures during the lockdown. Additionally, we lack
knowledge on how the full picture will unfold, and how the sequential
and prolonged lockdowns have impacted young people’s mental health.
Our aim was to investigate mental health in young people following and
through the initial lockdown, and during the second and more pro-
longed lockdown. The objective was to quantify changes in mental
health measured as quality of life (QoL), mental well-being, and lone-
liness from before to during the lockdowns. We further examined
whether women and individuals with pre-existing depressive symptoms
were disproportionally impacted by the lockdowns. We hypothesised
that the lockdowns had a detrimental impact on mental health in young
people, and that women and those with pre-existing depressive symp-
toms were most vulnerable.

2. Methods
2.1. Participants

In the mid-nineties, the nationwide national birth cohort, the Danish
National Birth Cohort (DNBC) was established, into which 30% of
children born in Denmark in 1996-2003 were enrolled (Olsen et al.,
2001). Longitudinal data exist from prenatal life unto early adulthood
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collected in the latest data sweep, the 18-year data collection
(DNBC-18). The DNBC-18 was initiated in 2016 and was completed in
the beginning of 2022. Further information is available: www.dnbc.dk.
To document the public health impact of the national COVID-19 lock-
down, we invited participants to complete a COVID-19 survey. Only
participants who had earlier provided either their private mail or phone
number were invited. Further eligibility criteria were an active social
security number and not having withdrawn participation. The initial
COVID-19 survey, determined wave 1, was launched in the third week of
the initial lockdown, Fig. 1. The participants born into the DNBC were
between 16 and 24 years during the initial lockdown. All participants
who responded within a week were re-invited to up to six subsequent
consecutive online surveys, i.e. wave 2-7 (Clotworthy et al., 2020).
Approximately one year later, i.e. April/May 2021, all participants with
identical eligible criteria were re-invited to wave 8 of the COVID-19
survey.

The populations, in the present study, were restricted to participants
aged 18-24 years with information on household-socio-occupational
status, maternal age at childbirth, parity, and maternal smoking
collected during pregnancy. In the analyses including the DNBC-18 and
the COVID-19 survey, we further restricted our population to those
eligible for the DNBC-18 before the initial lockdown, Fig. S1, resulting in
a population aged 18-24 years. In total, 32,985 participants had com-
plete data in the DNBC-18. Of these, 7,431 and 8,808, respectively,
participated in wave 1 and wave 8 of the COVID-19 survey, Fig. S1. We
also estimated changes in mental health by utilising the DNBC-18
collected in 2018 to March 2021 (N = 28,579) as repeated cross-
sections divided into five periods for each year, Fig. S2. The periods
reflected the initiation, reopening, and reinforcements of the lockdowns
in Denmark, Fig. 1.

2.2. Primary mental health outcome measures

Primary mental health measures in this study include two widely
used measures of QoL and mental well-being that have shown good
reliability and validity (Koushede et al., 2019; Levin and Currie, 2014).
The measure of loneliness in this study was only based on a single item.
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Fig. 1. The data set up presented according to the development of the COVID-19 pandemic and following lockdowns in Denmark.
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2.2.1. QoL

We used an adaptation of the Cantril Ladder scale in which re-
spondents rate their life from O for the worst life to 10 for the best
possible life to measure QoL (Levin and Currie, 2014). This adaption of
the Cantril Ladder scale is widely used internationally among adoles-
cents and has shown good reliability and convergent validity with other
emotional well-being measures.

2.2.2. Mental well-being

We used the 7-item Short Warwick-Edinburgh Mental Well-Being
Scale (SWEMWABS) (Stewart-Brown et al., 2011), which is a validated
instrument, also in a Danish age-appropriate sample, to measure mental
well-being (Koushede et al., 2019). The response-option for each item is
a five-point likert scale. Thus, the total scale ranges from 7 to 35, with
higher values indicating better well-being. In the DNBC-18 and wave 8,
the items referred to the previous two weeks, whereas in wave 1-7 of the
COVID-19 survey, the items were rephrased to the specific week. A
1-point change on the scale is considered to represent a clinically
meaningful change.

2.2.3. Loneliness

In the DNBC-18, participants were asked ‘How often do you feel
lonely?’ with the response options ‘Never’, ‘Occasionally’, ‘Often’, ‘Very
often’, or ‘Do not know’ (excluded). In the COVID-19 survey, the item on
loneliness was: ‘In the last week, how often have you felt lonely?” with
response options: ‘Seldom or not at all (less than 1 day)’, ‘Some or a little
(1-2 days)’, ‘Occasionally or often (3—4 days)’, or ‘Most of the time (5-7
days)’. The two highest, i.e. at least ‘Often’ and ‘Occasionally or often
(3-4 days)” were categorised as lonely, and otherwise participants were
categorised as not lonely.

2.3. Measure of pre-existing depressive symptoms

Measure of pre-existing depressive symptoms was assessed in the
DNBC-18 by the Major Depression Inventory (MDI). The MDI is a vali-
dated instrument referring to feelings in the past two weeks and ranging
from O to 50, with higher scores indicating more severe depression (Bech
et al.,, 2015). Pre-existing depressive symptoms was categorised as
scoring >26, and we further categorised severity of depressive symp-
toms: severe (31-50), moderate (26-30), mild (21-25), and no depres-
sion (0-20) (Bech et al., 2015).

2.4. Covariates

Participants reported their current educational enrolment and
housing composition in the DNBC-18. We also included information on
gender, age, household-socio-occupational status, maternal age at
childbirth, parity, and maternal smoking collected during pregnancy.
These covariates were categorised as shown in Table S1.

2.5. Statistical analysis

To account for differential attrition, we estimated inverse probability
weights (IPW) by logistic regressions with having data as outcome and
the following predictors: gender, household-socio-occupational status,
maternal age at childbirth, parity, and maternal smoking collected
during pregnancy. Separate analyses were performed for each data point
and on the appropriate baseline population, Figs. S1 and S2. Age at time
of wave 1 was additionally included in the models for the COVID-19
waves. These IPWs were included in all analyses including the specific
data points.

Using the longitudinal data, we estimated the mean changes with
corresponding 95% confidence intervals (CI) in QoL, mental well-being,
and proportion of change in loneliness by subtracting the pre-lockdown
measurement from the lockdown measurement. For the periods in
2018-2021 in the repeated cross-sectional setup, we estimated the mean
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of QoL and mental well-being and the proportion being lonely with
corresponding 95% CI. These calculations were stratified on gender and
pre-existing depressive symptoms, respectively. Next, we performed
random effects linear regressions on the longitudinal data and linear
regressions on the repeated cross-sectional data to estimate the changes
in mean QoL and mental well-being, as well as the proportion being
lonely, respectively, from before to during lockdown. In the longitudinal
setup, we examined the changes from before to during lockdown by
including wave 1-8. We contrasted before with during lockdown in a
model with a binary variable for lockdown, gender, and pre-existing
depressive symptoms. To test for disproportional impact of the lock-
down among women vs. men and young people with vs. without pre-
existing depressive symptoms, we gradually expanded the models with
interactions. First, we included the interaction between lockdown and
gender and then the interaction with pre-existing symptoms. In-
teractions were included if disproportional impacts were observed for at
least one of the mental health indicators. Additionally, we investigated
whether severity of pre-existing depressive symptoms mattered by
including the four categories of severity in the analyses. To examine
whether the impact of the lockdown varied across the waves of the
COVID-19 survey, we exchanged the binary lockdown variable with a
variable indicating wave 1-8. Lastly, we conducted a sensitivity analysis
where we restricted the before measure in the longitudinal analyses to
participants who completed DNBC-18 in the spring/summer months
(periods 2 or 3) in 2019. This was done to address whether our results
were biased by seasonal variation or the time gap between the pre- and
during lockdown measurement.

In the repeated cross-sectional setup, the during lockdown period
was defined as the second period in 2020 and onwards. The pre-defined
periods coincide with seasonality as periods 2 and 3 represent spring and
summer while periods 1, 4, and 5 represent autumn and winter. We
started out testing for interaction between lockdown and period and
omitted it if insignificant. We subsequently examined the dispropor-
tional impact of lockdown on gender and depressive symptoms by
including interaction terms as described above. We performed these
analyses unadjusted and adjusted for household-socio-occupational
status, maternal age at childbirth, maternal smoking collected during
pregnancy, educational enrolment, and household composition.

The analyses were performed with SAS Software, version 9.4 (SAS
Institute, North Carolina, US) using the commands proc survey means,
proc mixed/GLM and applying the weight statement for IPW and
random statement for random effect.

Role of the funding source

The funder of this study had no role in the study design, data
collection, data analysis, data interpretation, writing of the article, or in
decision to publish.

2.6. Ethical aspects

This study was approved by the Danish Data Protection Agency via a
joint notification to the Faculty of Medicine and Health Sciences —
University of Copenhagen (ref. 514-0497,/20-3000, ‘Standing together
at a distance: how are Danish National Birth Cohort participants expe-
riencing the corona crisis?’). The cohort is approved by the Danish Data
Protection Agency and the Committee on Health Research Ethics under
case no. (KF) 01-471/94. Data handling in the DNBC has been approved
by Statens Serum Institut (SSI) under ref. no 18/04608 and is covered by
the general approval (Fallesanmeldelse) given to SSI. The 18-year
follow-up was approved under ref. no 2015-41-3961. The DNBC par-
ticipants were enrolled by informed consent.

3. Results

Slightly more than half of the participants were 18-20 years of age
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during the initial lockdown. More women than men participated in the
DNBC-18 and the majority of the participants were undertaking edu-
cation, living with parents, and from educated households. In the
COVID-19 survey, seven out of ten participants were women in wave 1
and wave 8, while this proportion slightly increased in wave 2-7,
Table S1. Participants in wave 2-7 were more often without pre-existing
depressive symptoms, under education, living with parents, from
educated households, nulliparous, non-smoking, and older mothers than
participants within the DNBC-18 and wave 1 and 8, Table S1.

Before lockdown, women and young people with depressive symp-
toms reported lower on all mental health indicators than men and those
without depressive symptoms, Table S2.

Deteriorations in QoL, mental well-being, and loneliness was
observed in the strictest phase of the initial lockdown. Mental well-being
and loneliness reached the before levels during the initial lockdown,
while the QoL never normalised, Fig. 2. One year post the initial lock-
down (wave 8), reflecting the easing up after the second more prolonged
lockdown, the QoL and mental well-being were at same levels as
observed early during the initial lockdown. Loneliness was only slightly
increased at wave 8 compared to before. Similar patterns were seen for
women and men, while it was young people without pre-existing
depressive symptoms who experienced the deteriorations.

For QoL, the lockdown had a disproportional impact on gender and
pre-existing depressive symptoms groups, Fig. 3. The biggest decline in
QoL following lockdown was observed for women without pre-exiting
depressive symptoms [—1-12, 95% CI:-1-17;-1-07], while QoL declined
—0-85 [95% CI:-0-90;-0-80] among men without pre-existing depressive
symptoms. The lowest level of QoL was at wave 2-5 for both groups, and
QoL then slightly increased later in the initial lockdown. The level of
QoL was still lower compared with before lockdown for both groups in
spring 2021. Contrary, the QoL improved in young people with pre-
existing depressive symptoms, especially in men. For mental well-
being and loneliness, it was likewise people without-pre-existing
depressive symptoms who experienced the deteriorations, while those
with pre-existing depressive symptoms improved. Women and men
without pre-existing depressive symptoms were not disproportionally
impacted by the lockdown, as the drop in mental well-being was —0-63
[95% CI:-0-71;-0-55] for women and —0-59 [95% CI:-0-67;-0-50] for
men, and the proportion feeling lonely increased by 8-0% [95% CI:7-0;
9.0%] for women and 6-0% [95% CI:5-0; 7-0%] for men. The de-
teriorations in well-being and loneliness were greatest early in the initial
lockdown. In spring 2021, the overall changes in mental well-being and
loneliness from before lockdown were approximately the same as the
change observed during the initial lockdown. When investigating the
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degree of pre-existing symptoms, the deteriorations were greatest for the
no depressive symptom group and the greatest improvements were seen
for the severe group, Fig. S3. Restricting the before measure to data
collected in spring and summer 2019 did not change the overall
conclusion, Fig. S4.

In the repeated cross-sections, there was a slight tendency of
improved mental health during summer, i.e. period 3, but no obvious
year-to-year variation, Fig. 4. No clear changes from before to during
lockdown were observed for QoL, mental well-being, or loneliness. The
regression analyses confirmed almost no impact of the lockdown on any
of the mental health indicators, Fig. 5. The period effect was equal
before and during lockdown, indicating no disproportional impact of
lockdown on the periods. There was a minor indication of dispropor-
tional impact of the lockdown in people without depressive symptoms.
QoL only dropped slightly [—0-17, 95% CI:-0-22;-0-13] in people
without depressive symptoms, while no change was seen in young
people with pre-existing depressive symptoms. A small improvement
was observed in mental well-being among people without depressive
symptoms [0-09, 95% CI:0-01; 0-17], whereas no improvements were
seen in those with depressive symptoms. Loneliness increased 3-0%
[95% CI:1-0; 6-0%] in young people with depressive symptoms, while no
changes were observed among people without depressive symptoms.

4. Discussion

Within the longitudinal setup, this study demonstrates an interim
deterioration in mental well-being and loneliness during the initial
lockdown, and only in young people without pre-existing depressive
symptoms. During the gradual reopening of the second lockdown, the
mental well-being was equivalent to early in the initial lockdown, while
the proportion of loneliness was at levels during the reopening of the
initial lockdown, thereby only slightly increased. QoL likewise only
declined following lockdown among young people without pre-existing
symptoms, but women had a bigger decline in QoL than men. QoL did
not normalise among young people without pre-existing symptoms
during the initial lockdown and remained at lower levels in spring 2021.
These findings from the longitudinal setup also resonate well with
findings from other Danish studies showing a covariation between the
intensity of the pandemic and the level of psychological well-being in
the Danish population (Sgnderskov et al., 2020a,b,c; Vistisen et al.,
2021, 2022). Further, loneliness and QoL improved in the Danish pop-
ulation during spring 2021 (Pedersen et al., 2022), so we believe that it
is likely that the deteriorations observed were only interim. In our study,
the observed deteriorations in mental health seemed rather modest and
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Fig. 2. Mean change from pre-to during lockdown [95% CI] in QoL and mental well-being, and proportion of change in loneliness stratified by gender and pre-

existing depressive symptoms, respectively (longitudinal setup).
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Quality of life
0,

N* Women with pre-existing depressive Change [95% CTJ

symptoms (N=2,643)
2,281 Wave 1-8 ® 027 [0-14;0-40]
627 Wave 1 0:24[0-12;0-35]
351 Wave 2 0:04 [-0-11;0-19]
213 Wave 3 0-12[-0-06;0-31]
141 Wave 4 0-38 [0-16;0-60]
97 Wave 5 0-11[-0-15;0-37]
73 Wave 6 0-13 [-0-17;0-43]
64 Wave 7 0-28 [-0-04;0-59]
715 Wave 8 0-53 [0-39;0-67]

Women without pre-existing depressive

symptoms (N=16,501)
18,551 Wave 1-8 L -1-12[-1:17;-1-07]
4,571 Wave 1 -1:24 [-1-28;-1-19]
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1,830 Wave 3 -1-34 [-1-41;-1-28]
1,296 Wave 4 -1-17 [-1-25;-1-10]
1,035 Wave 5 -1-28 [-1:37;-1-20]
831 Wave 6 -1-18 [-1:27;-1-08]
751 Wave 7 -1-11 [-1-21;-1-01]
5,356 Wave 8 -0-84 [-0-89;-0-79]

Men with pre-existing depressive

symptoms (N=684)
383 Wave 1-8 * 0-51[0-27;0-75]
102 Wave 1 0-78 [0-59;0-98]
60 Wave 2 0:69 [0-46;0-93]
32 Wave 3 0-32[0-01;0-63]
22 Wave 4 0-57 [0-20;0-94]
19 Wave 5 0-41[0-02;0-79]
10 Wave 6 0-54[0-06;1-02]
9 Wave 7 0-93[0-41;1-44]
129 Wave 8 1-12[0-89;1-36]

Men without pre-existing depressive

symptoms (N=13,157)
7,881 Wave 1-8 . -0-85 [-0-90;-0-80]
2,131 Wave 1 -0-77 [-0-81;-0-73]
1,129 Wave 2 -0-99 [-1-05;-0-94]
661 Wave 3 -1-04 [-1-11;-0-97]
475 Wave 4 -1-00 [-1-08;-0-92]
356 Wave 5 -1-14 [-1:23;-1-04]
276 Wave 6 -0-90 [-1-00;-0-79]
245 Wave 7 -0-83 [-0-94;-0-72]
2,608 Wave 8 -0-75 [-0-81;-0-69]

-2:0 -1-0 0-0 1-0 20

Fig. 3. Regression of changes in QoL, mental well-being, and loneliness from pre-to during lockdown (longitudinal setup).

*Repeated measures
Random effect estimates and 95% CI presented (N = 32,985)
(Total number including repeated measures N = 62,081)

All models were weighted by IPW baseline population 1, Fig. S2 (N = 67,346)

p-value for interaction between lockdown, gender, and pre-existing depressive symptoms (wave 1-8):

QoL (p < 0-001), mental well-being (p < 0-001), and loneliness (p < 0-001).

were not replicated in repeated cross-sectional setup. Summarised, our
findings do not suggest a substantial lasting impact of the lockdowns on
mental health among young individuals.

The longitudinal data allow us to quantify the week-to-week varia-
tion in impact across the entire span of the initial lockdown. In contrast,
in the repeated cross-sections, the initial lockdown is represented by one
longer period. Mental well-being and loneliness seemed to normalise
during the gradual reopening of the initial lockdown, and this might
explain why we only observe deteriorations in QoL in young people
without depressive symptoms in the cross-sectional analyses.
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Additionally, in the COVID-19 survey it was explicitly stated that the
aim was to investigate how the COVID-19 pandemic impacted our
living, which was not the case in the ongoing DNBC-18, where COVID-
19 was not mentioned, and no adaptions were made. The DNBC par-
ticipants are regularly invited to complete age specific follow ups. Thus,
it is likely, however untestable, that the participants in the DNBC-18
deliberately compensated, so their responses reflected their overall
health and not solely their current lockdown situation.

The majority of studies that have suggested a decline in young
people’s mental health are cross-sectional or do not include a pre-
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Mental well-being
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lockdown measurement (Bauerle et al., 2020; Chodkiewicz et al., 2021;
Daly et al., 2021; Fancourt et al., 2020; McGinty et al., 2020; Soest et al.,
2020). Most of the earlier findings do also indicate that women were
more detrimentally impacted by the lockdown than men (Chodkiewicz
et al., 2021; Daly et al., 2020; Fancourt et al., 2020; Kwong et al., 2020,
2021; Lee et al., 2020; Niedzwiedz et al., 2021; Pierce et al., 2020; Varga
etal., 2021; Vistisen et al., 2021), but for individuals with a pre-existing
mental disorder, the findings are mixed (Bauerle et al., 2020; Daly et al.,
2020; Kwong et al., 2020, 2021; Pan et al., 2020; Pinkham et al., 2020;
Thygesen et al., 2021; Varga et al., 2021; Vindegaard and Benros, 2020).
One possible explanation for the mixed findings can be the methodo-
logical differences. Regression to the mean is of concern, and longitu-
dinal studies in which adjustment for pre-lockdown mental health was
performed documented greater deteriorations following the lockdown
in individuals with pre-existing mental health disorders (Kwong et al.,
2020, 2021). Contrary, studies without adjustment for baseline values,
as in our study, document slightly improved or unchanged mental health
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following lockdown among those with a pre-existing mental disorder
(Daly et al., 2020; Pan et al., 2020; Pinkham et al., 2020; Thygesen et al.,
2021). Observational studies examining change and adjusting for
baseline values can lead to bias in the direction of the cross-sectional
association between pre-existing depressive symptoms and the
pre-lockdown measure of mental health (Barnett et al., 2005; Glymour
et al., 2005; Van Breukelen, 2006). Individuals with pre-existing
depressive symptoms scored substantially lower on all mental health
indicators, and thus the association between pre-existing depressive
symptoms and these mental health indicators reverses after adjustment
for the pre-lockdown levels (Tu et al., 2008).

Findings from the longitudinal setup showed that young people with
pre-existing depressive symptoms experienced a resilience or an
improvement during lockdown, for which there could be multiple
possible explanations. The lockdown and the social isolation might have
given individuals with depressive symptoms more calmness, as the new
circumstances were in line with their normal daily life. This is also
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supported in a qualitative study where a small group of young people
described how their mental health had improved during the initial
lockdown (McKinlay et al., 2022). Young people without pre-existing
depressive symptoms however showed a deterioration in mental
health which might represent a normal fear in response to an unpre-
dicted crisis such as the COVID-19 pandemic. Although our study did not
show any deteriorations among young people with pre-existing
depressive symptoms, it is important to emphasise that we demon-
strate that the mental health of these individuals was and remained
systematically worse compared to those without pre-existing depressive
symptoms.

4.1. Strengths and limitations

Strengths worth highlighting are the tandem use of longitudinal data
on individuals aged 18-24 and repeated samples of individuals aged 18
years originating from the same baseline population. Moreover, our data
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collection during the initial lockdown included up to seven measure-
ments spanning the reopening phases, as well as one measurement after
a second and more prolonged lockdown. The repeated cross-sections
allowed us to indirectly quantify seasonal variations, as the pre-
specified periods reflect different seasons. In these analyses, there was
no indications of a disproportional impact of lockdown on the periods.
This setup is only vulnerable to attrition if the participation in DNBC-18
systematically changed over year of birth or season, as opposed to the
longitudinal setup which is more vulnerable to attrition due to loss to
follow-up. We attempted to reduce bias from differential attrition by
inverse probability weighting. The validity of this method relies on a
correctly specified model including all relevant predictors for loss to
follow-up, which cannot be assumed as we only had access to the
maternal self-reported characteristics.

Interpretation of our findings deserve consideration of some limita-
tions. In the longitudinal setup, the baseline data was collected at age 18
years and three months for all participants, whereas the participants’
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sectional setup).

ages during lockdown was 18-24 years. Thus, the timespan between the
before and during lockdown measurement was greater for the older
participants. For older participants, changes in mental health may be
underestimated since the pre-lockdown measurement represent a
younger age than the follow-up measures, and on average reporting on
mental health instruments improves with age (Pierce et al., 2020).
Another limitation in the longitudinal setup is that the changes in mental
health may be explained by the seasonal variation. As an attempt to
preclude this, we restricted the before measure to data collected in
spring/summer 2019 to account for both the varying timespan and po-
tential seasonal variation. The results from these analyses did not change
the overall conclusion, and therefore these limitations should not raise
any major concerns. However, we cannot preclude that other life events
such as moving from parental home, leaving or starting school, occu-
pation, or university study have influenced the mental health and
thereby our estimates of change. This shortcoming is circumvented in
the repeated cross-sectional analyses, where we compare different
samples of 18-year-olds.

Mental well-being was measured by SWEMWBS, which has been
validated in a Danish setting and is psychometrically sound (Koushede
et al., 2019), whereas QoL and loneliness were measured by one item
only. However, by including all three mental health indicators based on
before measure and several during lockdown measures, we believe that
our results contribute substantially to our knowledge on the mental
health impact of the lockdown. Finally, the DNBC has previously been
shown to be healthier and more often from households with higher
occupational levels than the background population (Jacobsen et al.,
2010), and our population was mainly living with their parents and
studying. Thus, the findings from this study cannot necessarily be
generalised to all 18-24-year-olds. Moreover, all countries have expe-
rienced different COVID-19 related governmental restrictions as well as
incidence and death rates (Varga et al., 2021). The impact of the lock-
down in mental health is likely to be more pronounced in countries with
more severe restrictions compared to a country where national lock-
downs were accompanied with economic relief packages. Thus, the
findings from this study should be generalised to other countries with
caution.

In summary, the findings from the longitudinal setup did reveal a
modest intermittent deterioration in mental health during the initial
lockdown in young individuals without depressive symptoms prior to
lockdown, as well as lower QoL and well-being during the second
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lockdown. The mental health of young individuals with depressive
symptoms prior to lockdown did not show similar deteriorations but
remained unchanged or even slightly improved. Only for QoL, women
without pre-existing depressive symptoms experienced a greater decline
than men. These findings interpreted simultaneously with the findings
from the repeated cross-sections do not support a substantial lasting
impact of the lockdowns on the mental health in young individuals.
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