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Abstract

Background: Research points to a high depression burden among youth during the COVID-19 pandemic; however,
a lack of systematic evidence exists. We determine the change in depression symptoms among children and ado-
lescents during COVID-19 compared to pre-pandemic baselines. By using country differences in pandemic-related
restrictions and school closures in Europe as quasi-experimental design, we evaluate policy impacts on depression.

Methods: In this systematic review and meta-analysis, following the PRISMA statement, we searched six databases
(MEDLINE, EMBASE, PsycINFO, Cochrane Central, Web of Science, WHO COVID-19) using a peer-reviewed search string
up until March 18, 2022 with citation tracking and grey literature searches. No limitations regarding language and
effect measures existed. We included studies that compared (1) general depression symptoms or (2) clinically relevant
depression rates in children and adolescents (< 19 years) before and during the COVID-19 pandemic in Europe. The
validated Oxford Stringency Index was used as indicator for pandemic-related restrictions. Screening for eligibility,
extracting data from published reports and from unpublished data requested directly from study authors, assessing
the study risk of bias and grading certainty of evidence using the GRADE approach, were all done in duplicate. Data
were pooled in a random-effects model. PROSPERO: CRD42022303714.

Results: Of 7,422 nonduplicate records, 22 studies with data from 868,634 participants pre-pandemic and 807,480
during pandemic, met full inclusion criteria. For the comparison of depression symptoms before and during the
COVID-19 pandemic, moderate certainty of evidence was observed for general depression symptoms (standardized
mean difference, 0.21 [95%Cl, 0.12—0.30]; I> = 94%) and low certainty of evidence for clinically relevant depression
rates (odds ratio, 1.36 [95%Cl, 1.05-1.76]; I* = 95%) for total population. Increase in general depression symptoms was
higher for male adolescents, whereas increase in clinically relevant depression rates was higher for females. Effect esti-
mates were significantly higher when pandemic-related restrictions were more stringent or school closure occurred.

Conclusion: Anincrease in depression symptoms occurred in a pre-pandemic vs. during-pandemic compari-
son within the COVID-19 pandemic, whereby pandemic-related restrictions (such as school closures) resulted in a
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considerable effect increase. Ensuring adequate supply of mental health recovery services and long-term monitoring

is of high public health relevance.
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Background
Childhood and adolescence represent sensitive periods
in development. Therefore, children and adolescents are
particularly vulnerable to external influences and long-
term health consequences - especially those related to
mental health-can be perpetuated [1-3]. Even prior to
the onset of the COVID-19 pandemic, depression and
anxiety represented the greatest burden of disease among
young people in Europe [2, 4], and depression was sec-
ond in the top five causes of overall disease burden for
youth in Europe [2], with more than 50% of these remain-
ing into adulthood With the onset of the pandemic,
European countries implemented a broad range of pub-
lic health and social measures (PHSM) [5] with varying
intensities to minimize infections. Mainly, PHSM focused
on reductions of social contacts with major implications
for the environment of children and adolescents, such
as school and leisure facilities closing, decreased peer
interactions, changes in the family system due to home
office and quarantine orders [1, 6]. These PHSM have
the potential to influence the depression distribution in
youth significantly [1] and contribute to a widespread
public health mental crisis in European youth [7].
Therefore, the ascertainment of pandemic-induced
changes in depression distribution is of high public
health relevance and was designated as a research pri-
ority [8]. The number of studies conducted in Europe is
constantly increasing, although the studies differ in their
quality, measurement instruments and effect direction;
so far, no study makes use of quasi-experimental designs
to assess the variation in PHSM among European coun-
tries and their effects on youths’ depression. Moreover,
a high-quality synthesis focusing on studies in Europe is
still lacking. Thus, the aim of this systematic review is to
identify, critically appraise, synthesize and assess the cer-
tainty of evidence regarding the impact of the COVID-19
pandemic on depression among children and adolescents
in Europe compared to a pre-pandemic baseline and
evaluate the relevance of the stringency of the measures.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis was registered
on the International Prospective Register of Systematic
Reviews (PROSPERO; CRD42022303714), a review pro-
tocol was published [9], and the review adheres to the
Preferred Reporting Items for Systematic Reviews and

Meta-analysis (PRISMA) statement [10, 11] (Additional
file 1: Table S1).

We searched in six electronic databases (MEDLINE,
EMBASE, PsycINFO, Cochrane Central, Web of Science,
WHO COVID-19 [including pre-prints]) for published
articles until March 18, 2022. In addition, we conducted
forward citation tracking of all included studies, related
systematic reviews and meta-analyses, as well as screened
conference abstracts and websites of key organizations
till April 16, 2022; more information is provided in Addi-
tional file 1: Table S2.

The search strategy combined search terms from three
domains: (1) depression, (2) children and adolescents,
and (3) COVID-19 (Additional file 1: Table S3). Data-
base-specific search strings were developed using vali-
dated or recommended search filters [12—14]. The search
strategy was peer reviewed according to the evidence-
based checklist Peer Review of Electronic Search Strate-
gies (PRESS) [15].

Following the Population—Exposure—Comparison—Out-
come framework [16] we defined the following inclusion cri-
teria: (1) healthy children and adolescents <19 years, living
in the WHO European region [17]; (2) outcome measured
during COVID-19 pandemic; (3) reporting of a plausible
pre-pandemic baseline; and (4) measurement of general
depression symptoms or clinically relevant depression rates
[39, 47]. We excluded studies of children and adolescents
with preexisting psychiatric diagnoses. No limits regarding
language and effect measures were imposed. Multiple pub-
lications drawing upon the same study population and pro-
viding the same measurement points during the pandemic
were considered as one study. Studies conducted with the
same study population with varying pandemic measurement
points were considered individually.

Study selection followed a three-stage process: (1)
import and automated deduplication of identified stud-
ies to EPPI reviewer software [18]; (2) screening of titles
and abstracts; (3) screening of full texts; screenings were
performed independently by two reviewers (HLW, ID) in
which disagreements or uncertainty about eligibility were
resolved through discussion.

Data analysis

Two authors (HLW, ID) independently extracted data
using piloted extraction forms. The following data were
extracted from published reports and unpublished data
requested from study authors: study information (first
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author, year of publication, country, study type), popula-
tion and setting (sample size [% female], age), COVID-19
determinants (time point [month/year] of data meas-
urement), pre-pandemic baseline (time point [month/
year] of data measurement, link between population
before and during pandemic), outcomes (type of out-
come, diagnostic instrument, psychometric properties of
the diagnostic instrument, symptom reporter). The pri-
mary outcomes were general depression symptoms and
clinically relevant depression rates. General depression
symptoms were defined as measurements of depression
symptoms. This outcome summarizes various instru-
ments measuring depressive symptoms in children and
adolescents (e.g. Child Behavior Checklist, Patient Health
Questionnaire, Hopkins Symptom Checklist), with no
specific clinical cut-off. The data were usually reported as
continuous measurement, data that were only available
as dichotomous variables for general depression symp-
toms were transformed according to the recommended
formula by Chinn [19]. Because measurement instru-
ments varied considerably, effect estimates were unified
to standardized mean difference (SMD) with a 95% con-
fidence interval (CI), also recommend by the Cochrane
Handbook for depression as an outcome measure [10].
Medical classifications (International Statistical Classifi-
cation of Diseases and Related Health Problems reports)
and measurement instruments with a clinical cut-off
were summarized to clinically relevant depression rates
which defined major depression; they were presented as
a dichotomous effect estimate using odds ratios with a
95% CI. To allow comparison of the two effect measures
(SMD and OR), we converted the total effect for general
depression symptoms into OR using the Hasselblad and
Hedges’ method [10]. For all studies, we used the Oxford
COVID-19 Stringency Index [6] and the School Closure
Index [6] as indicators for the COVID-19 PHSM impact.
An Oxford Stringency Index>60 was classified as ‘full
lockdown, 20-60 as ‘moderate lockdown’ and<20 as
‘light restrictions. A School Closure Index > 2 was classi-
fied as ‘partial/full school closure’; further information is
provided in Additional file 1: Methods.

We assessed risk of bias independently by three review-
ers (HLW, LMP, ID) using the risk of bias instrument for
non-randomized studies of exposures [20]. This instru-
ment consists of seven items; we slightly adapted the tool
by removing item number four (‘Bias due to departures
from intended exposures’) due to lack of applicability to
the question at hand. Detailed assessment criteria oper-
ationalizing the remaining six criteria are described in
Additional file 1: Table S4. The assessment in each risk
of bias item was summarized to an overall judgement for
the whole study as low, moderate, serious or critical [20].
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For meta-analysis, we grouped studies according to risk
of bias assessment, aggregating low/moderate (=low)
risk of bias studies and serious/critical (=high) risk of
bias studies separately and in total to address substantial
methodological heterogeneity and potential confound-
ing. Pooled effect of the low-risk-of-bias studies was con-
sidered for further interpretation.

If multiple pre-pandemic time points exist, we used
data at the latest possible time point to calculate effect
estimates. Different subgroups were analysed: gender
(female/male), age (0-5, 6-10, 11-15, 16-19 vyears),
country, Oxford COVID-19 Stringency Index (> 60/ < 60)
[6], School Closure Index (>2/<2) [6] and time of meas-
urement (spring/summer 2020, autumn 2020, winter
2020/spring2021, summer 2021, autumn 2021). Effect
estimates from combined scores of depression and anxi-
ety were rejected from meta-analysis. When both parent
and self-rated data were provided [21], we used the self-
rated data. We conducted meta-analysis calculations in
Review Manager 5.4.1 [22] and R Studio 4.2.1 [23] using
the inverse-variance random-effects model with the ‘Der-
Simonian and Laird’ approach [10].

Heterogeneity was assessed visually and using Chi? test
and I? index [24]. We assumed substantial heterogeneity
if I>50%. To explain substantial heterogeneity, sensitiv-
ity analyses and meta-regression analyses (if > 10 studies
per examined variable) were performed [10]. We inves-
tigated publication bias by visually interpreting funnel
plots for signs of asymmetry [10] and statistically by cal-
culating the Eggers’ test (if > 10 studies) [25].

Certainty of evidence for each body of evidence was
evaluated by using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
approach [26]. Five domains for downgrading and three
domains for upgrading certainty of evidence are consid-
ered in GRADE; applied criteria are listed in Additional
file 1: Table S5. GRADE finally specifies four levels of
certainty of evidence for a body of evidence for each out-
come: high, moderate, low and very low [26].

Results

Electronic search retrieved 7420 nonduplicate records
and 2 grey literature publications. A total of 51 full-text
articles were retrieved, and 22 studies [21, 27—-47] with
26 effect estimates met full inclusion criteria (Additional
file 1: Fig. S1; exclusion reasons after full-text screening
are described in Additional file 1: Table S6).

Study characteristics

Study characteristics are presented in the Table 1. Of
the 22 studies, five were from Germany [29, 38, 41, 42,
46], four from Norway [30, 34, 40, 47] and the United
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Kingdom [21, 27, 37, 45], two from Italy [31, 33], Ice-
land [35, 44], Netherlands [36, 39], Switzerland [28, 32]
and one from Israel [43]. The majority were conducted
in spring/summer 2020 (17 effects), followed by winter
2020/spring 2021 (five effects) and autumn 2020 (four
effects). From the included studies, 21 (95%) [21, 27-32,
34-47] provided data for children and adolescents over
11 years and seven (32%) for children and adolescents
under 11 years [28, 31, 33, 38, 39, 41, 46]. In total, data
were included from 868,634 participants pre-pandemic
and 807,480 participants during pandemic. Outcome
measures differentiated between general depression
symptoms (63,744 pre-pandemic and 116,858 dur-
ing pandemic) and clinically relevant depression rates
(743,736 pre-pandemic and 751,776 during pandemic).
In 15 studies, measurement time point was classified as
‘full lockdown’ (Oxford COVID-19 Stringency Index > 60)
[21, 27-29, 31, 33, 36-39, 41-43, 45, 47], and in 11 stud-
ies, schools were partially or fully closed (School Clo-
sure Index>2) [21, 27, 29, 31, 33, 36, 37, 39, 42, 43, 45].
Additional unpublished data were provided by 16 stud-
ies [21, 27, 29-33, 36, 38—42, 45—47] (in particular, gen-
der and age-stratified data). All effect estimates of the
included studies are summarized in Additional file 1:
Table S7. Risk of bias was moderate in 11 studies [29, 30,
32, 38-40, 42-44, 46, 47], serious in nine [21, 27, 33-37,
41, 45] and critical in two [28, 31]; detailed information is

Table 2 Summary of findings
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provided in Additional file 1: Table S8 and in Additional
file 1: Fig. S2 (traffic light plots) and Additional file 1: Fig.
S3 (weighted bar plots).

Meta-analysis of general depression symptoms

For general depression symptoms, 17 studies [21, 27,
29-32, 35-37, 39-45, 47] were pooled and certainty of
evidence was graded as ‘moderate’ (Table 2; further infor-
mation in Additional file 1: Table S9). Total change effects
of general depression symptoms before and during the
COVID-19 pandemic revealed in statistical pooling of
nine low-risk-of-bias studies [29, 30, 32, 39, 40, 42—-44, 47]
with 11 effect estimates a SMD of 0.21 (95% CI, 0.12 to
0.30, I> =94%; Fig. 1) respectively a converted OR of 1.46
(95% CI, 1.24 to 1.72; Table 2). Comparisons of gender-
stratified analysis in seven low-risk-of-bias studies [29,
30, 32, 39, 40, 42, 47] with nine measurements yielded
an increase for both females (SMD, 0.17 [95% CI, 0.04 to
0.31, I>=88%]; Additional file 1: Fig. S4) and males (SMD,
0.22 [95% CI, 0.06 to 0.37, *=93%]; Additional file 1:
Fig. S5). An age-stratified comparison of effect changes
for general depression symptoms before and during
the COVID-19 pandemic with low-risk-of-bias stud-
ies was possible only for the age categories 11-15 years
and 16-19 years. The age category 11-15 years included
six low-risk-of-bias studies [32, 39, 40, 42, 44, 47] with
8 effect estimates and yielded for the total population a

Outcome Number of studies Standardized mean  Odds Ratio, 95% Cl Summary of findings  Certainty of evidence
difference, 95% ClI (GRADE)
General depression 17 studies Low-risk-of-bias Low-risk-of-bias Low risk of bias studies @& @& & ©
symptoms [21,27,29-32,35-37,  studies: studies: predicted an increase  Moderate®<4
39-45,47] 0.21,0.12t0 0.30 146,1241t01.72 of general depression
All studies: (converted?) symptoms in the total
0.16,0.07 to 0.25 All studies: population, female and
1.34,1.14t0 157 male children and ado-
(converted?) lescents with a dose
response-relationship
Clinically relevant 5 studies Low-risk-of-bias Low risk of bias studies @& @& © ©
depressive rates [29, 30, 38,41, 46] studies: predicted an increase Low®
1.36,1.05t0 1.76 of clinically relevant
All studies: depressive symptoms
1.19,093t0 1.53 in the total population

and female children
and adolescents;
however, with partly
moderate confidence
intervals

2 Conversion in odds ratio with 95% confidence interval according to the Hasselblad and Hedges' method [10]

b Downgraded — 1 for risk of bias due to some concerns about bias due to confounding (e.g. no appropriate controlling for important confounding domains) and bias
due to missing data (e.g. no sufficient documented handling of missing data)

¢ Downgraded — 1 for inconsistency due to a significant chi? test and a substantial high I? test (> 50%), further analysis via subgroup analysis, sensitivity analysis and
meta-regression analysis were conducted

4 Upgraded + 1 because the dose-response relation shows significant higher effect estimates when the Stringency Index was > 60 or the School Closure Index > 2

€ Downgraded — 1 for indirectness due to moderate confidence intervals and overlap of the line of no effect of the 95% confidence interval in total effect estimate,
although a large sample size
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Standardised Mean

Difference SMD 95%-Cl Weight
L ¥ 0.03 [-0.06; 0.12] 5.3%
| 0.10 [0.08; 0.12] 6.0%
L 0.11 [-0.04; 0.26] 4.4%
.- 0.14 [0.03; 0.25] 5.0%
L3 0.14 [0.05; 0.23] 53%
- 0.14 [0.05; 0.23] 53%
023 [0.21; 0.25] 6.0%
13 0.27 [0.18; 0.36] 5.3%
= 029 [0.22; 0.36] 56%
- 036 [0.26; 0.46] 52%
- 048 [0.40; 0.56] 54%

o : .
- -0.23 [-0.33;-0.13] 52%
. -0.15 [-0.26;-0.04] 5.0%
—&& -0.10 [-0.29; 0.09] 3.8%
3 -0.02 [-0.13; 0.09] 5.0%
i 0.06 [-0.05; 0.17] 5.0%
0.20 [-0.28; 068] 1.3%
- 021 [0.11; 0.31] 52%
R 030 [0.14; 046] 43%
& 0.32 [0.11; 053] 3.5%
—=+—— 073 [046; 1.00] 28%

<« !
l I < I | 0.16 [0.10; 0.22] 100.0%
-0.5 0 0.5 1

£

less depression more depression

First author SMD SE
Burdzovic 2021 (10-12/20), 15-16y 0.03 0.0459
Soest 2022 (1-3/21), 13-18y 0.10 0.0102
Ertanir 2021 (5/20), 11-15y 0.11 0.0765
Myhr 2021 (5/20), 13-16y 0.14 0.0561
Ravens-Sieberer 2022 (5-6/20), 11-19y 0.14 0.0459
Ravens-Sieberer 2022 (9-10/21), 11-19y 0.14 0.0459
Thorisdottir 2021 (10/20), 13-18y 0.23 0.0102
Ravens-Sieberer 2022 (12/20-1/21), 11-19y 0.27 0.0459
Shoshani 2021 (4/2020), 11-17y 0.29 0.0357
Bujard 2021 (5-7/20), 16-19y 0.36 0.0510
Luijten 2021 (4-5/20), 8-18y 0.48 0.0408
Rau 2021 (6-7/20), 9-17y -0.23 0.0510
Knowles 2022 (5-8/20), 12-18y -0.15 0.0561
Halldorsdottir 2021 (10/20-4/21), 16-17y, male  -0.10 0.0969
Widnall 2022 (5/20), 13-15y -0.02 0.0561
Widnall 2022 (10/20), 13-15y 0.06 0.0561
Janssen 2020 (4/20), 16-17y 0.20 0.2449
Crescentini 2020 (4/20), 6-18y 0.21 0.0510
Halldorsdottir 2021 (10/20-4/21), 16-17y, female 0.30 0.0816
Wright 2021 (6-8/20), 10-12y 0.32 0.1071
Bignardi 2020 (4-6/20), 7-12y 0.73 0.1378
Random effects model
Heterogeneity: 1 = 94% [92%; 95%], 12, = 318.70 (p < 0.01)
Test for subgroup differences: y_f =145,df=1(p =0.23)

Fig. 1 Forest plot of changes in youth general depression symptoms comparing before and during COVID-19 pandemic

SMD of 0.21 (95% CI, 0.16 to 0.27, I>=73%; Additional
file 1: Fig. S6), effect estimates were also significant for
both female and male children and adolescents in low-
risk-of-bias studies (Additional file 1: Figs. S7 and S8).
The age category 16—19 years contained six low-risk-of-
bias studies [29, 30, 39, 42, 44, 47] with eight effect esti-
mates and yielded a SMD of 0.17 (95% CI, 0.07 to 0.27,
>=96%; Additional file 1: Fig. S9) for the total popula-
tion; also, effect estimate for males was significant (SMD,
0.27 [95% CI, 0.13 to 0.41], I> = 86%; Additional file 1: Fig.
$10), but not for females (Additional file 1: Fig. S11). The
consideration of different pandemic restriction levels in
the meta-analysis of nine low-risk-of-bias studies [29, 30,
32, 39, 40, 42-44, 47] showed for every restriction level
(Oxford COVID-19 Stringency Index > 60 vs < 60, School
Closure Index > 2 vs<2) a significant increase (Fig. 3). A
‘full lockdown’ (Oxford COVID-19 Stringency Index > 60:
SMD, 0.30 (95% CI, 0.12 to 0.47, 12=97%; Fig. 3) and
‘partial/full closed schools’ (School Closure Index>2
SMD, 0.31 (95% CI, 0.15 to 0.46, 1> = 88%; Fig. 3) resulted
in higher effect estimates for total population and also

for female and male children and adolescents. Thereby,
effect estimates for male children and adolescents were
higher (data not shown). An analysis of effects by time of
occurrence showed after a strong increase at the begin-
ning of the COVID-19 pandemic (spring/summer 2020)
a flattening over time (Additional file 1: Fig. S12). In
effect pooling for countries, the highest effect estimate
was determined for the Netherlands (SMD, 0.44 [95%
CI, 0.26 to 0.63], I>=21%; Additional file 1: Fig. S13) and
the lowest for Norway (SMD, 0.09 [95% CI, 0.05 to 0.13],
>=28%; Additional file 1: Fig. S13). Pooling-effect esti-
mates of Germany, Iceland and United Kingdom were
not significant.

Meta-analysis of clinically relevant depression rates

For the comparison of change effects before and dur-
ing the COVID-19 pandemic regarding clinically rel-
evant depression rates, five studies [29, 30, 38, 41, 46]
were pooled and certainty of evidence was graded as
‘low’ (Table 2; further information in Additional file 1:
Table S9). Total change yielded in four low-risk-of-bias
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studies [29, 30, 38, 46] an OR of 1.36 (95% CI, 1.05 to
1.76, I*=95%; Fig. 2). Clinically relevant depression rates
increased in females in low-risk-of-bias studies signifi-
cantly (OR, 1.46 [95% CI, 1.08 to 1.97], I*=95%; Addi-
tional file 1: Fig. S14), but not for males (Additional file 1:
Fig. S15). Data from Witte et al. [46] also reported sta-
tionary care in 2021 among females of 10-14 years with
an OR of 1.20 (95% CI, 1.03 to 1.39; Additional file 1:
Table S7) and of 15-17 years with an OR of 1.43 (95%
CI, 1.30 to 1.57; Additional file 1: Table S7). Further sub-
group analyses were not possible.

Heterogeneity, publication bias and sensitivity analysis

For each association, meta-analysis was stratified by low
vs. high risk-of-bias studies (Figs. 1, 2, 3 and Additional
file 1: Figs. S4-S11, S13-S15). Heterogeneity was in part
substantial (I?>50%). In meta-regression analyses, the
covariate ‘symptom reporter’ (b=0.59; 95% CI, 0.08 to
1.10; p=0.03) acts as a moderator in total population.
For low-risk-of-bias studies, the meta-regression analy-
sis revealed the covariates ‘month start data collection’
(b=—0.01; 95% CI, — 0.02 to — 0.00; p=0.04), ‘School
Closure Index’ (b=10.22; 95% CI, 0.10 to 0.34; p=0.0002)
and ‘country’ (Netherlands: b=0.25; 95% CI, 0.08 to 0.42;
p=0.004; Norway: b=— 0.14; 95% CI, — 0.25 to — 0.02;
p=0.02). All moderator analyses are presented in the
Additional file 1: Tables S10-S17. Sensitivity analyses
were performed by comparison of (1) cohort vs. cross-
sectional studies, (2) converted vs. unconverted effect
estimates and (3) adjusted vs. unadjusted effect estimates
for all studies and low-risk-of-bias studies. Except for a
notable change in the comparison of adjusted and unad-
justed values, no divergent results were observed (Addi-
tional file 1: Table S18). In total, the (contour-enhanced)
funnel plots were not asymmetrical (Additional file 1:

(2022) 16:109
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Figs. S16-S21). Also, Eggers’ test was not significant, nei-
ther for total population nor for female and male popula-
tion in any age category (Additional file 1: Table S19).

Discussion

To our knowledge, this is the first review that systemati-
cally reviewed the evidence regarding changes to depres-
sion among children and adolescents in Europe after the
onset of the COVID-19 pandemic. The pooled effect
estimates of low-risk-of-bias studies-comparing effects
before and during the COVID-19 pandemic-revealed a
significant increase of general depression symptoms for
total, female and male children and adolescents; thereby,
increase for male adolescents was higher, in particular for
the age category 16—19 years. The comparison between
countries revealed a dose-response-relationship in that
estimates for general depression symptoms were signifi-
cantly higher when PHSM were more stringent or school
closure (partial) occurred. Certainty of evidence for
general depression symptoms was graded as ‘moderate’
Furthermore, an increase in clinically relevant depres-
sion rates could be shown for total and female children
and adolescents, graded as ‘low’ regarding certainty of
evidence.

PHSM implemented in the European region have
affected both the activities and the settings that are
of major relevance to the youth mental health. Previ-
ously, children and adolescents have been found to
be particularly vulnerable to the unintended effects
of quarantine and isolation, especially with regards to
depression symptoms [48, 49], which can last up to nine
years after exposure [49]. Besides, almost 76 million
school children in Europe [50] have been affected by
full or partial school closures and other PHSM imple-
mented in the school setting. This, lead to remarkable

Experimental Control

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Burdzovic 2021 (10-12/20), 15-16y 69 741 122 1335 —— 1.02 [0.75;1.39] 17.5%
Witte 2022 (2020), 5-17y 5353 545626 5083 533701 1.03 [0.99;1.07] 23.9%
Kostev 2021, (2020), 2-17y 1168 203742 986 206528 : 1.20 [1.10;1.31] 23.4%
Bujard 2021 (5-7/20), 16-19y 215 854 87 854 —+=— 2097 [2.26;3.89] 18.7%
Rau 2021 (6-7/20), 9-17y 60 777 94 777 —= 0.61 [0.43;0.85] 16.5%
Random effects model 751740 743195 e 1.19 [0.93; 1.53] 100.0%
Heterogeneity: /1% = 95% [90%; 97%], 2 = 76.23 (p < 0.01)

Test for subgroup differences: zj =1352,df=1(p <0.01) 05 1 2

less depression more depression
Fig. 2 Forest plot of changes in youth clinically relevant depression symptoms comparing before and during COVID-19 pandemic
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Standardised Mean

First author SMD SE Difference SMD 95%-Cl Weight
Soest 2022 (1-3/21), 13-18y 0.10 0.0102 0.10 [0.08;0.12] 55%
Ravens-Sieberer 2022 (12/20-1/21), 11-19y 0.27 0.0459 = 027 [0.18;0.36] 4.5%
Shoshani 2021 (4/2020), 11-17y 0.29 0.0357 i 029 [0.22;0.36] 4.8%
Bujard 2021 (5-7/20), 16-19y 0.36 0.0510 — 0.36 [0.26;0.46] 4.3%
Luijten 2021 (4-5/20), 8-18y 0.48 0.0408 —+— 048 [040;056] 4.7%
Burdzovic 2021 (10-12/20), 15-16y 0.03 0.0459 = 0.03 [-0.06;0.12] 4.5%
Ertanir 2021 (5/20), 11-15y 0.11 0.0765 0.11 [-0.04;0.26] 3.3%
Myhr 2021 (5/20), 13-16y 0.14 0.0561 — 0.14 [0.03;0.25] 4.1%
Ravens-Sieberer 2022 (5-6/20), 11-19y 0.14 0.0459 — 0.14 [0.05;023] 45%
Ravens-Sieberer 2022 (9-10/21), 11-19y 0.14 0.0459 =T 0.14 [005;023] 45%
Thorisdottir 2021 (10/20), 13-18y 0.23 0.0102 023 [0.21;0.25] 55%
Random effects mode << 0.14 [0.06; 0.21] 26.3

Ravens-Sieberer 2022 (5-6/20), 11-19y 0.14 0.0459 —i=+ 0.14 [0.05;0.23] 45%
Ravens-Sieberer 2022 (12/20-1/21), 11-19y 0.27 0.0459 i 027 [0.18;0.36] 4.5%
Shoshani 2021 (4/2020), 11-17y 0.29 0.0357 -~ 029 [0.22;0.36] 4.8%
Bujard 2021 (5-7/20), 16-19y 0.36 0.0510 — 0.36 [0.26;0.46] 4.3%
Luijten 2021 (4-5/20), 8-18y 0.48 0.0408 —+— 048 [040;056] 4.7%
Burdzovic 2021 (10-12/20), 15-16y 0.03 0.0459 = 0.03 [-0.06;0.12] 4.5%
Soest 2022 (1-3/21), 13-18y 0.10 0.0102 0.10 [0.08;0.12] 55%
Ertanir 2021 (5/20), 11-15y 0.11 0.0765 0.11 [-0.04;0.26] 3.3%
Myhr 2021 (5/20), 13-16y 0.14 0.0561 — 0.14 [0.03;0.25] 4.1%
Ravens-Sieberer 2022 (9-10/21), 11-19y 0.14 0.0459 — 0.14 [0.05;0.23] 45%
Thorisdottir 2021 (10/20), 13-18y 0.23 0.0102 : 023 [0.21;0.25] 55%
Random effects model === 0.13 [0.05; 0.21] 27.3

Random effects model < 0.21 [0.17; 0.25] 100.0%

Heterogeneity: I° = 94% [92%; 96%], 1, = 357.74 (p < 0.01)
Test for subgroup differences: Z§ =10.34,df =3 (p = 0.02)

04 02 0 02 04
less depression more depression

Fig. 3 Forest plot of changes in youth general depression symptoms comparing policy indices

reduction in social contacts with peers, a disruption
of daily routines, and an increase in loneliness, which
appear to have major effects on the pathogenesis of
depression in youths [1, 51, 52]. Our review supports
previous findings by showing an increase for general
depression symptoms in children and adolescents when
PHSM were more rigorous and schools were closed or
partially closed. Whereas the pandemic might have also
been a stressor due to illness, loss of relatives and eco-
nomic burdens, this paper proves the impact of social
distancing policies on depression.

Our analyses indicates an increase of depression for
total children and adolescents, as well as in gender and

age-related subgroups (except for female adolescents of
16-19 years), which is in line with other high-quality sys-
tematic reviews [51, 53]. However, in our pooled analy-
ses, the increase was higher among males and highest
for male adolescents aged 16-19 years, which seem to
contrast with previous studies [2, 51, 53]. Possible expla-
nations for the different gender tendencies could be that
the COVID-19 pandemic affects depression pathogen-
esis in varying gender-dependent ways related to con-
textual conditions: Male children and adolescents had,
in comparison to female children and adolescents, lower
pre-pandemic depression scores [2] and thus had the



Ludwig-Walz et al. Child and Adolescent Psychiatry and Mental Health

potential to experience higher increases, whilst females
already had located higher depression levels [2, 53].
Whereas the increase in general depression symptoms
for female children and adolescents is less, clinically rel-
evant depression rates rose for them considerably. Also,
a further later increase in female youth can be supposed
as the report of Witte et al. [46] described a high rise in
inpatient depression care for female adolescents aged
15-17 years in 2021. This is supported by other studies
reporting a sharp decline in access to health care facilities
at the beginning of the pandemic [54, 55].

While previous global analyses have shown an increase
of depressive symptoms over the course of the pandemic
[53], depression seemed to slightly flatten in the general
European context for the youth population. However, for
this association a country moderation can be assumed;
the meta-regression analysis highlighted the countries of
the Netherlands (positive estimate) and Norway (nega-
tive estimate) as potential covariates. Norway utilized
lower PHSM and less frequent school closures [6] in the
COVID-19 pandemic than other countries. Also, two
Norwegian studies [30, 47] collected data at a later time
point (winter 2020/spring 2021), and the pooled effect
estimate for this time frame might be minimized by this.

As a consequence, to these different trends within
countries-and our results on depression increases in spe-
cific age group-children and adolescents of the cohorts
2001-2010 (aged 11-19 in the years 2020-2021) should
be monitored in particular for the next years. The mon-
itoring should include in- and outpatient treatment
by child and adolescent psychiatrists, child and ado-
lescent psychotherapists, mental health services, and
child protection services. Since these professionals were
understaffed at the onset of the pandemic [1] and the
demand for depression treatment is increasing during
the COVID-19 pandemic, policy makers should consid-
erably strengthen the resources [56]. Early screening and
adequate diagnostic procedures are of utmost impor-
tance allowing to implement stepped care approaches.
On an early intervention or indicated prevention level
teachers and school social workers should be sensitized
on increased depression risks and their characteristics.
Thus, patients with urgently needed inpatient treatment
e.g. suicidal patients could be discovered at an early stage
and referred to protective treatment. Patients and fami-
lies that need counseling can be reached with online ther-
apies etc. Until now we lack studies on the effect of online
outpatient treatment during phases of school closures. In
many places in Europe these treatment alternatives have
been quickly implemented [57]. But it was impossible to
study the effects of these changes in the treatment setting
in real head to head comparison studies. Although many
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care providers tried their best to maintain treatment rela-
tionships with online approaches we have to assume that
these setting changes could be less effective than usual
psychotherapy. With growing waiting lists in the ser-
vices an increasing number of patients in need could not
be served in a timely manner. Not addressing depressive
symptoms at young age is strongly associated with recur-
rent depression in later life [58, 59] and other mental
disorders, such as anxiety symptoms [60] and sleep dis-
turbances [61], and an increased risk for suicide attempts
and completion [58]. To mitigate depression effects dur-
ing the COVID-19 pandemic in children and adolescents,
studies have also highlighted some protective determi-
nants, including a positive parent—child communica-
tion [62], robust family structures [63], social contacts
to peers [64], physical activity [65] and green time [66].
These determinants need to be supported e.g. by family
support and counseling services.

A research gap is evident for countries in Eastern
Europe, children<11 years and socioeconomic sub-
groups (e.g. social status, education, financial resources).
Future studies should use broad longitudinal population
samples with pre-pandemic baselines and representa-
tiveness for their respective country if possible, validated
instruments for depression measuring with a verified
cut-off for clinically relevant symptoms, detailed statisti-
cal analysis with subgroup stratification for at least gen-
der and age and an appropriate handling of confounders.
Also, quasi-experimental designs should be used to high-
light PHSM-related differences for depression develop-
ment in children and adolescents.

Strengths and limitations

This review largely adheres to the methodological recom-
mendation of the Cochrane Handbook [10]. This include
searches conducted in multiple databases, independent
screening and risk of bias assessments, literature search
(including pre-prints, grey literature and conference
abstracts) with a peer-reviewed search strategy, retrieval
of unpublished data, risk of bias assessment using a vali-
dated tool and using the GRADE approach.

This review has limitations. First, the majority of
included studies fails to control for potential confound-
ers, which is why we had to downgrade for risk of bias in
GRADE. Second, instruments used for assessing depres-
sion varied greatly; we tried to limit the impact by calculat-
ing SMD and OR as standard effect estimates. Third, more
subgroup analyses were not possible. Fourth, high hetero-
geneity within the meta-analyses (I*>50%) existed, a part
that could be explained by meta-regression analyses. Fifth,
the studies included in this review only covered a limited
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time frame. Sixth, the Oxford COVID-19 Stringency Index
and School Closure Index represent proxies regarding
PHSM and school closures that might be imprecise.

Flow Chart. Figure S2. Traffic light plots of the domain-level judgements
for each individual result. Figure S3. Weighted bar plots of the distribu-
tion of risk of bias judgements within each bias domain. Figure S4. Forest
Plot of Changes in Female General Depression Symptoms Comparing
Before and During COVID-19 Pandemic. Figure S5. Forest Plot of Changes
in Male General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S6. Forest Plot of Changes in Total (11-15
years) General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S7. Forest Plot of Changes in Female (11-15
years) General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S8. Forest Plot of Changes in Male (11-15
years) General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S9. Forest Plot of Changes in Total (16-19
years) General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S10. Forest Plot of Changes in Male (16-19
years) General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S11. Forest Plot of Changes in Female (16-19
years) General Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S12. Plot of change effects (standardized
mean differences and 95% confidence interval) from low RoB studies

on a time axis. Figure $13. Forest Plot of Country Changes in General
Depression Symptoms Comparing Before and During COVID-19 Pan-
demic. Figure S14. Forest Plot of Changes in Female Clinically Relevant
Depression Rates Comparing Before and During COVID-19 Pandemic.
Figure S15. Forest Plot of Changes in Male Clinically Relevant Depres-
sion Rates Comparing Before and During COVID-19 Pandemic. Figure
S16. Funnel Plot of Changes in Total General Depression Symptoms
Comparing Before and During COVID-19 Pandemic. Figure S17. Funnel
Plot of Changes in Female General Depression Symptoms Compar-

ing Before and During COVID-19 Pandemic. Figure S18. Funnel Plot of
Changes in Male General Depression Symptoms Comparing Before and
During COVID-19 Pandemic. Figure $19. Funnel Plot of Changes in Total
Clinically Relevant Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S20. Funnel Plot of Changes in Female
Clinically Relevant Depression Symptoms Comparing Before and During
COVID-19 Pandemic. Figure S21. Funnel Plot of Changes in Male Clinically
Relevant Depression Symptoms Comparing Before and During COVID-19
Pandemic. Methods. Oxford COVID-19 Stringency Index and the School
Closure Index.

Conclusions

This meta-analysis shows an increase in general depres-
sion symptoms and clinically relevant depression rates
for European children and adolescents compared to
pre-pandemic baselines, whereas the increase in gen-
eral depression symptoms was higher for male adoles-
cents and clinically relevant depression rates were higher
for females. Also, rigorous PHSM and school closures
resulted in a higher effect increase for general depres-
sion symptoms. Therefore, there is an urgent need for a
long-term monitoring of depression and other internaliz-
ing symptoms among children and adolescents, particu-
larly those cohorts affected by the COVID-19 pandemic,
for the coming decades. As depression leads to partici-
pation deficits and increases the risk for suicidality, the
long-term effects of the observed changes have to be
(clinically) addressed by early intervention and indicated
prevention measures. PHSM affected children and ado-
lescents should be weighed with the most careful consid-
eration and scientific expertise, as they can contribute to
a worsening of child and adolescent mental health.
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