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Abstract

Background Considering the heterogenous evidence, a systematic review of the change in anxiety in European
children and adolescents associated with the COVID-19 pandemic is lacking. We therefore assessed the change com-
pared with pre-pandemic baselines stratified by gender and age as well as evaluated the impact of country-specific
restriction policies.

Methods A registration on the‘International Prospective Register of Systematic Reviews' (PROSPERO) occurred and
an a priori protocol was published. We searched six databases (PubMed, Embase, PsycINFO, Cochrane Central Register
of Controlled Trials, Web of Science, WHO COVID-19) using a peer-reviewed search string with citation tracking and
grey literature screening. Primary outcomes were: (1) general anxiety symptoms; and (2) clinically relevant anxiety
rates. We used the Oxford COVID-19 Stringency Index as an indicator of pandemic-related restrictions. Screening of
title/abstract and full text as well as assessing risk of bias (using the ‘Risk of Bias in Non-randomized Studies of Expo-
sure’ [ROBINS-E]) and certainty of evidence (using the ‘Grading of Recommendations Assessment, Development and
Evaluation’ [GRADE]) was done in duplicate. We pooled data using a random effects model. Reporting is in accordance
with the Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) statement.

Results Of 7,422 non-duplicate records, 18 studies with data from 752,532 pre-pandemic and 763,582 pandemic par-
ticipants met full inclusion criteria. For general anxiety symptoms the total change effect estimate yielded a standardised
mean difference (SMD) of 0.34 (95% confidence interval [Cl], 0.17-0.51) and for clinically relevant anxiety rates we observed
an odds ratio of 1.08 (95%-Cl, 0.98-1.19). Increase in general anxiety symptoms was highest in the 11-15 years age group.
Effect estimates were higher when pandemic-related restrictions were more stringent (Oxford Stringency Index > 60: SMD,
0.52 [95%-Cl, 0.30-0.73]) and when school closures (School Closure Index>2: SMD, 0.44 [95%-Cl, 0.23-0.65]) occurred.

Conclusion General anxiety symptoms among children and adolescents in Europe increased in a pre/during com-
parison of the COVID-19 pandemic; particularly for males aged 11-15 years. In periods of stringent pandemic-related
restrictions and/or school closures a considerable increase in general anxiety symptoms could be documented.
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Background

Mental disorders are important causes of disease bur-
den among children and adolescents [1, 2]. Even before
the COVID-19 pandemic, the burden of disease study
highlighted that anxiety disorders were the most preva-
lent condition in 2019 among young people in Europe.
Among mental health conditions, such disorders repre-
sented a leading cause of years lived with disability [2, 3].
In this regard, a link can be drawn between the non-treat-
ment or undertreatment of anxiety disorders in child-
hood and adolescence and mental illnesses in adulthood,
such as anxiety, depression and substance use disorders
[4, 5]. Anxiety is generally defined as feelings of con-
cern that appear to have no obvious cause, but are suf-
ficiently persistent and severe to affect daily life [6]. With
the onset of the COVID-19 pandemic, the implementa-
tion of a broad range of public health and social meas-
ures (PHSM) [7] served to exacerbate many determinants
of poor mental health. In particular, the environment of
children and adolescents has been changed considerably
by PHSM, which comprise school and leisure facilities
closing, fewer peer interactions, changes in the family
system as a result of the requirement to work from home,
and quarantine orders [7-9]. As already known from pre-
vious studies [10-13], such changes can lead to serious
impairments in young people’s mental health. To date,
the impact of the COVID-19 pandemic on anxiety has
been assessed primarily for the adult population [14-16]
or its global prevalence for children and adolescents [17—
19]. Existing European studies with a pre-pandemic base-
line showed heterogeneous results [20-23]. However, a
deeper understanding of changes in anxiety symptoms in
the young population group is lacking, especially for the
European continent.

An up-to-date examination of changes in anxiety symp-
toms among children and adolescents is therefore imper-
ative and of great public health (PH) relevance in order
to counteract suboptimal developments [2]. An analysis
of the changes in the European continent means that the
lack of an evidence base in the subgroup-stratified sum-
mary among children and adolescents can be rectified. It
also allows for the use of a quasi-experimental design by
analysing the impact of heterogeneous pandemic-related
interventions in the European countries. Hence, the aim
of this systematic review and meta-analysis is to identify,
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critically assess, summarise, and determine the certainty
of evidence (CoE) regarding the impact of the COVID-
19 pandemic on anxiety among children and adolescents
in Europe compared with the pre-pandemic baseline.
Thereby, it aims to provide information about the rel-
evance of pandemic-related restrictions which will con-
tribute to the analysis and the lessons learned from the
immediate restrictions taken to safeguard the population
in various European countries.

Methods

This systematic review and meta-analysis is reported
according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) [24]
statement (Additional file 1: Table S1). Our protocol is
registered on the ‘International Prospective Register of
Systematic Reviews’ (PROSPERO; CRD42022303714)
[25] and was published a priori [26]; any deviations from
the original review protocol are presented in Additional
file 1: Table S2.

Data sources, search strategy and eligibility criteria

We searched for published articles in six electronic data-
bases (PubMed, Embase, PsycINFO, Cochrane Central
Register of Controlled Trials, Web of Science, WHO
COVID-19 database [including pre-prints]), up to 18
March, 2022. Additionally, we enlarged our searches by
examining previous systematic reviews and meta-analysis
on the same topic, checking reference lists in included
studies and searching relevant grey literature sources
such as reports issued by key organisations and abstracts
of relevant conferences up to 16 April, 2022; more infor-
mation on the screened key organisations and confer-
ences is provided in Additional file 1: Table S3.

We developed the search strategy according to the
Population—Exposure—Comparison—Outcome (PECO)
[27] scheme and included the following key search terms:
children and adolescents (population), COVID-19 (expo-
sure) and anxiety (outcome). The availability of a pre-
pandemic baseline (comparison) was assessed manually.
The six tailored search strategies can be found in Addi-
tional file 1: Table S4. The search strategy was reviewed
by a search specialist using the evidence-based checklist
‘Peer Review of Electronic Search Strategies’ (PRESS)
[28].

Our pre-defined eligibility criteria were equally defined
according to the PECO [27] scheme:

+ Population: Children and adolescents <19 years, liv-
ing in the WHO European region [29].



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

+ Exposure: Participation in survey during the COVID-
19 pandemic.

+ Comparison: Pre-pandemic baseline.

+ Primary outcomes: Measurements of general anxiety
symptoms or clinically relevant anxiety rates; no sec-
ondary outcomes were considered.

We excluded studies undertaken in children and ado-
lescents with pre-existing psychiatric diagnoses. No
limits regarding language and effect measurement were
applied, however our search strategy was designed and
run in English. Publications drawing upon the same study
population and measurement time points were included
as one item. When measurement time points varied dur-
ing the COVID-19 pandemic, each measurement time
point was considered individually.

Selection process and data extraction

After deduplication, two reviewers (HLW, ID) used the
recommended EPPI reviewer software [30] to inde-
pendently screen first titles and abstracts, and second
full texts, in accordance with the above eligibility crite-
ria. Disagreements or uncertainty about eligibility were
resolved through discussion. Reasons for exclusion after
full text screening were recorded and are reported in a
separate table (Additional file 1: Table S5).

Further, two reviewers (HLW, ID) used piloted extrac-
tion forms to independently extract data from one third
of the published studies and unpublished data requested
from study authors. Remaining data extraction was com-
pleted by one reviewer (HLW) and verified by the other
(ID). Differences in data extraction were discussed and
resolved between the two reviewers. Our data extraction
forms, in accordance with a former systematic review
[31], included the following items: study information
(first author, year of publication, country, study type),
population and setting (sample size, % female, age of CA),
COVID-19 determinants (time point of data measure-
ment), pre-pandemic baseline (time point of data meas-
urement, link between pre-pandemic population and the
population during the pandemic) and outcomes (type of
outcome, diagnostic instrument, psychometric proper-
ties of the diagnostic instrument, symptom reporter). We
defined general anxiety symptoms and clinically relevant
anxiety rates as primary outcomes. General self-reported
measurements of anxiety were summarised as general
anxiety symptoms. Since the measurement instruments
and scales used varied considerably, the measurement
data was standardised to standardised mean differ-
ence (SMD) with a 95% confidence interval (CI); this
standardisation is also recommended by the Cochrane
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Handbook [32]. Measurements with a clinical cut-off or
with a clinical diagnostic (International Statistical Classi-
fication of Diseases and Related Health Problems [ICD])
were summarised as clinically relevant anxiety rates and
reported as odds ratio (OR) with a 95% CI. To describe
PHSM restrictions in the measurement time frame of the
studies and make them comparable, we used the Oxford
COVID-19 Stringency Index [8] and the School Closure
Index [8] as indicators. The Oxford COVID-19 Strin-
gency Index consists of nine metrics including school
closures, workplace closures and stay-at-home require-
ments. The index ranges from 0 (no restrictions) to 100
(most stringent restrictions) and was validated [8]. In
accordance with the COVIDSurg Collaborative [33], we
defined three categories: light restrictions (index<20),
moderate lockdowns (index 20—-60) and full lockdowns
(index>60). The School Closure Index represents the
handling of school closures and is an incorporated meas-
urement in the Oxford COVID-19 Stringency Index,
which was considered separately in our analyses. The
index ranges from 0 to 3: 0 describes no restrictions; 1
contains recommended closure or all schools open with
alterations resulting in significant differences compared
with non-COVID-19 operations; 2 involves closure (only
some levels or categories, e.g. just high school, or just
public schools); and 3 requires closures at all levels [8].
We defined the cut-offs as ‘no or few alterations com-
pared with a pre-COVID-19 situation’ (index<2) and
‘partial or full school closure’ (index>2) [31]. We con-
tacted nearly all study authors and asked to provide fur-
ther unpublished data on age or gender-stratified data.

Risk of Bias assessment

Three reviewers (HLW, LMP, ID) independently assessed
the risk of bias (RoB) in teams of two using the ‘Risk of
Bias in Non-randomized Studies of Exposure’ (ROB-
INS-E) instrument [34]. For each study, the seven bias
domains and a whole RoB assessment was revealed as
either low, some concerns, high RoB, or very high RoB
[34].

Data synthesis and statistical analyses

For the meta-analysis, we pooled effect estimates for
general anxiety symptoms and clinically relevant anxi-
ety rates in total and analysed different subgroups: gen-
der (female/male), age (11-15, 16-19 years), Oxford
Stringency Index (>60/<60) [8] and School Closure
Index (>2/<2) [8]. We used, where possible, results from
adjusted analysis for pooling. If necessary, dichotomous
data were transferred to SMD, using the formula recom-
mended by Chinn [35]. Where multiple pre-pandemic
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measurements were available, the last measurement
was used for calculation purposes. We excluded meas-
urements, with combined anxiety/depression scores,
from the meta-analysis. Where parent and self-reported
data were presented [36], we gave preference to the self-
reported data. Furthermore, within the meta-analysis, we
grouped the studies according to their RoB rating; low/
some concerns (=low) RoB studies and high RoB/very
high RoB (=high) RoB studies were summarised both
separately and in total. In particular, the pooled effect
of the low RoB studies was taken for further interpreta-
tion. We used Review Manager 5.4.1 [37] and R Studio
4.2.1 [38] for data entry, statistical analysis, and graph
creation. In all meta-analyses, random-effect models and
the inverse-variance method with the ‘DerSimonian and
Laird’ approach were used.

We investigated heterogeneity by using visual inspec-
tion of the forest plots as well as the Chi? test and I? index
[39]. If I>> 50%, substantial heterogeneity was presumed.
We conducted sensitivity analyses and meta-regression
(if>10 studies per examined variable) to explain substan-
tial heterogeneity [40]. Publication bias was analysed by
visually interpreting funnel plots for signs of asymmetry
[41] and statistically by calculating the Egger’s test (if > 10
studies) [42].

Certainty of evidence

We assessed the overall CoE for each outcome using the
‘Grading of Recommendations Assessment, Develop-
ment and Evaluation’ (GRADE) system and presented it
along with the main findings of the review in a ‘Summary
of findings’ table, based on a transparent format with
defined applied criteria (Additional file 1: Table S6) and
a generated evidence profile (Additional file 1: Table S7)
[43]. The GRADE tool covers five categories for down-
grading (RoB, imprecision, inconsistency, indirectness,
publication bias) and three categories for upgrading
(magnitude of effects, dose-response relationships,
impact of residual confounding). The CoE could be rated
as high, moderate, low or very low.

Results

Our electronic search identified 7,420 non-duplicate
records from database searches and additional two grey
literature publications. Of these, 51 studies entered full-
text screening. After a comprehensive screening process,
detailed in the PRISMA flow diagram (Additional file 1:
Figure S1), we included 18 studies with 22 effect meas-
ures, comprising 16 peer-reviewed studies [20, 22, 23, 36,
44-55], one report [56], and one pre-print [21]. Reasons
for exclusion after full-text screening are described in
Additional file 1: Table S5.
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Study characteristics

The characteristics of each of the studies that were
included are described in Table 1. The total population
sample included data from 752,532 pre-pandemic and
763,582 pandemic participants (broken down into gen-
eral anxiety symptoms: 11,425 pre-pandemic and 13,387
pandemic participants; clinically relevant anxiety rates:
741,107 pre-pandemic and 750,195 pandemic partici-
pants). Studies were carried out in a range of countries:
four in Germany [21, 44, 45, 56], four in the United King-
dom [22, 23, 36, 55], three in Italy [47-49], two in Spain
[51, 52], two in Switzerland [53, 54], and one in Israel
[46], one in the Netherlands [20], and one in Norway
[50], respectively. Most of the studies measured general
anxiety symptoms in spring/summer 2020 (14 effect
measures) [20-23, 36, 45-47, 49-51, 53-55], while two
effect measurements were conducted in autumn 2020
[21, 22] and three in winter 2020/spring 2021 [21, 51,
52]. Clinically relevant anxiety rates were analysed in
four studies [44, 45, 48, 56]. Of the included studies, 17
[20-23, 36, 44—50, 52—56] reported data for children and
adolescents over the age of 11 and 11 studies [20, 36, 44,
45, 47-49, 51, 54-56] for children and adolescents under
the age of 11. The measurement time point was rated as
‘full lockdown’ (Oxford Stringency Index > 60) in 14 stud-
ies [20, 22, 23, 36, 44, 46—54] and partial or full school
closure occured in 11 studies (School Closure Index >2)
[20-23, 36, 4649, 51, 55]. In addition, 12 studies [20-23,
36, 44, 45, 47, 49, 53, 55, 56] provided further study data
(generally unpublished gender-stratified and age-strati-
fied data). The effect estimates of the 18 studies that were
included are summarised in Additional file 1: Table S8.
The RoB assessment revealed a ‘some concerns’ rating
for six studies [20, 21, 44, 46, 53, 56], a ‘high RoB’ rating
for eight studies [22, 23, 36, 45, 47, 50, 51, 55] and a ‘very
high RoB’ rating for four studies [48, 49, 52, 54]. Detailed
rating information is provided in Additional file 1: Fig-
ure S2 (traffic-light plot) and Additional file 1: Figure S3
(weighted-bar plot).

Meta-analysis of general anxiety symptoms

For general anxiety symptoms, 12 studies [20-23, 36,
45, 46, 48, 49, 52, 53, 55] were pooled and CoE was
graded as ‘very low’ (Table 2; further information in
Additional file 1: Table S7). In a pooling of four low RoB
studies with six measures, a total change of a SMD of
0.34 (95% CI, 0.17 to 0.51, I*=96%; Fig. 1) was calcu-
lated. Following gender stratification, a SMD of 0.30
(95% CI, 0.12 to 0.49, I>=90%; Additional file 1: Figure
S4) for females and 0.34 (95% CI, 0.07 to 0.60, I>=95%;
Additional file 1: Figure S5) for males in low RoB stud-
ies was revealed. Age-stratified pooling was possible for
the 11-15 years age category with three studies [20, 21,
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Table 2 Summary of findings

Outcome Number of studies Standardised Odds Summary of findings Certainty
mean Ratio, 95% of evidence
difference, Cl (GRADE)
95% ClI

General anxiety symptoms 12 studies [20-23, 36, Low risk of bias Low risk of bias studies predicted anincrease @ © © O

45,46,49,51-53, 55] studies:0.34, in general anxiety symptoms in the total pop- Verylow abe

0.17t0 0.51 ulation, female and male children and adoles-
All studies: cents with a dose response-relationship.
0.14,-0.02 to
0.31

Clinically relevant anxiety rates

4 studies [44, 45, 48, 56]

Low risk of
bias: 1.08,

09810 1.19
All studies:

0.99,0.85 to

1.15

OO
Very low #0<

Low risk of bias studies predicted no increase
in clinically relevant anxiety rates in the

total population and male children and
adolescents; however, with partly moderate
confidence intervals.

2 Downgraded -1 for risk of bias due to some concerns about bias as 66% of the included studies were assessed with serious or critical risk of bias

b Downgraded -1 for inconsistency due to a significant chi?® test and a substantial high |2 test (> 50%), further analysis via subgroup analysis, sensitivity analysis and
9 y 9 9 Y group y! y Y
meta-regression analysis were conducted

“Downgraded -1 for indirectness due to moderate confidence intervals and overlap of the line of no effect of the 95% Cl in total effect estimate, although a broad

sample size

First author SMD SE
RoB = Low Risk of Bias

Ertanir 2021 (5/20), 11-15y 0.00 0.0765
Ravens-Sieberer 2022 (5-6/20), 11-19y 0.20 0.0408
Ravens-Sieberer 2022 (9-10/21), 11-19y 0.27 0.0408
Ravens-Sieberer 2022 (12/20-1/21), 11-19y 0.35 0.0408
Shoshani 2021 (4/2020), 11-17y 0.45 0.0357
Luijten 2021 (4-5/20), 8-18y 0.75 0.0459
Random effects model

RoB = High Risk of Bias

Giménez-Dasi 2021 (3-4/20), 6-11y -0.33 0.1429
Widnall 2022 (5/20), 13-15y -0.24 0.0561
Giménez-Dasi 2021 (12/20-2/21), 6-11y -0.24 0.1020
Rau 2021 (6-7/20), 9-17y -0.19 0.0510
Knowles 2022 (5-8/20), 12-18y -0.12 0.0663
Bignardi 2020 (4-6/20), 7-12y -0.06 0.1429
Widnall 2022 (10/20), 13-15y 0.00 0.0612
Wright 2021 (6-8/20), 10-12y 0.01 0.1173
Crescentini 2020 (4/20), 6-18y 0.15 0.0510
Carrillo-Diaz 2022 (9-12/20), 11-17y 1.23 0.1071

Random effects model

Random effects model

Heterogeneity: /> = 97% [96%; 98%], 72, = 499.07 (p < 0.01)
Test for subgroup differences: y_f =533,df =1 (p =0.02)

Standardised Mean
Difference SMD 95%-Cl Weight
|
i 0.00 [-0.15; 0.15] 6.3%
0.20 [0.12; 0.28] 6.5%
0.27 [0.19; 0.35] 6.5%
0.35 [0.27; 043] 6.5%
045 [0.38; 0.52] 6.6%
0.75 [0.66; 0.84] 6.5%
<> 0.34 [0.17; 0.51] 38.9%
—a -0.33 [[0.61;-0.05] 55%
= -024 [-0.35;-0.13] 6.4%
—E -0.24 [-0.44;-0.04] 6.0%
= -0.19 [-0.29;-0.09] 6.5%
=il -0.12 [-0.25; 0.01] 6.4%
—& -0.06 [-0.34; 0.22] 55%
o 0.00 [-0.12; 0.12) 6.4%
—sa- 0.01 [-0.22; 0.24] 59%
= 0.15 [0.05; 0.25] 6.5%
—— 123 [1.02; 1.44] 6.0%
> 0.02 [-0.19; 0.23] 61.1%
| : | | 0.14 [-0.02; 0.31] 100.0%
1 05 0 05 1

less anxiety more anxiety

Fig. 1 Forest plot of changes in youth general anxiety symptoms comparing before and during COVID-19 pandemic. SE, standard error; SMD,
standardized mean differences; RoB, risk of bias; 95%-Cl, 95%-confidence interval
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53] and five effect measures, and for the 16—19 years age
category with two studies [20, 21] and four effect meas-
ures. For the 11-15 years age category, the total change
effect estimate yielded a SMD of 0.39 (95% CI, 0.18 to
0.60, 1*=93%; Additional file 1: Figure S6). Change
effect estimates were also evident for females (SMD,
0.34; 95% CI, 0.19 to 0.49; I*=71%; Additional file 1:
Figure S7) and males (SMD, 0.45; 95% CI, 0.15 to 0.74;
1>=93%; Additional file 1: Figure S8). Pooling within the
16-19 years age category revealed a SMD of 0.24 (95%
CI, -0.01 to 0.49, I>=92%; Additional file 1: Figure S9)
in total, a SMD of 0.18 (95% CI, -0.01 to 0.37; I*="75%;
Additional file 1: Figure S10) for females and a SMD of
0.31 (95% CI, -0.02 to 0.63; *=92%; Additional file 1:
Figure S11) for males.

To estimate the extent to which the stringency of
PHSM has an impact on anxiety symptoms, low RoB
studies were pooled by the Oxford COVID-19 Strin-
gency Index (>60 vs <60) and the School Closure Index
(>2 and<2). An increase in general anxiety symptoms
was observed for the Oxford COVID-19 Stringency
Index>60 (SMD, 0.52; 95% CI, 0.30 to 0.73; I*=96%;
Fig. 2) and the School Closure Index >2 (SMD, 0.44; 95%
CI, 0.23 to 0.65; I*=96%; Fig. 3).

Meta-analysis of clinically relevant anxiety rates

For clinically relevant anxiety rates, four studies [44,
45, 48, 56] were pooled and CoE was graded as ‘very
low’ (Table 2; further information in Additional file 1:
Table S7). Total change yielded an OR of 1.08 (95% CI,
0.98 to 1.19, I>=82%; Fig. 4) in two low RoB studies [44,

First author SMD SE

Sl = Stringency Index > 60

Ravens-Sieberer 2022 (12/20-1/21), 11-19y 0.35 0.0408

Shoshani 2021 (4/2020), 11-17y 0.45 0.0357
Luijten 2021 (4-5/20), 8-18y 0.75 0.0459
Random effects model

S| = Stringency Index <60

Ertanir 2021 (5/20), 11-15y 0.00 0.0765
Ravens-Sieberer 2022 (5-6/20), 11-19y 0.20 0.0408
Ravens-Sieberer 2022 (9-10/21), 11-19y 0.27 0.0408

Random effects model

Random effects model
Heterogeneity: /* = 96% [93%; 97%], 7> = 120.55 (p < 0.01)
Test for subgroup differences: ‘/_3 =7.16,df =1 (p <0.01)

(2023) 17:74
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56]. Clinically relevant anxiety rates increased signifi-
cantly in females in low RoB studies (OR, 1.10 [95% CI,
1.02 to 1.19], I?’=52%; Additional file 1: Figure S12), but
not for males (OR, 1.04 [95% CI, 0.92 to 1.17], *=76%;
Additional file 1: Figure S13).

Heterogeneity, publication bias and sensitivity analysis

As heterogeneity was substantial in all meta-analyses
(I?>50%), meta-regression analyses were conducted for
the total population, female and male children and ado-
lescents. In every meta-regression analysis, ‘RoB’ and
‘study design’ represent positive covariates (Additional
file 1: Tables S9-14). The covariate ‘RoB’ was addressed
by the aforementioned stratification of low vs high RoB
studies. Effect direction and significance did not change
after removing the study with cross-sectional design.
Sensitivity analyses (Additional file 1: Table S15) revealed
significant differences for study design and effect conver-
sion. However, only one cross-sectional study and one
study with converted measurements were included in the
analyses. Effect direction and significance did not alter
after removing these studies from meta-analyses. Visual
analysis of the (contour-enhanced) funnel plots implied
asymmetry (Additional file 1: Figures S14-S19), but
was discarded by applying Egger’s test (Additional file 1:
Table S16).

Discussion

This systematic review and meta-analysis provides
insights into the changes in general anxiety symptoms
and clinically relevant anxiety rates in European children

Standardised Mean

Difference SMD 95%-Cl Weight

= 0.35 [0.27,0.43] 16.9%

= 0.45 [0.38;0.52] 171%

== 0.75 [0.66;0.84] 16.7%

<<= (0.52 [0.30; 0.73] 50.7%

—a 0.00 [-0.15;0.15] 15.5%

3 0.20 [0.12;0.28] 16.9%

= 0.27 [0.19;0.35] 16.9%

<= 0.17 [0.05; 0.30] 49.3%

_ 0.34 [0.17; 0.51] 100.0%
T 1
-0.5 0 0.5

less anxiety more anxiety

Fig. 2 Forest plot of changes in youth general anxiety symptoms comparing Oxford Stringency Index. SE, standard error; SMD, standardized mean

differences; Sl, stringency index; 95%-Cl, 95%-confidence interval
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Standardised Mean

First author SMD SE Difference SMD 95%-Cl Weight
SCL = School Closure Index 2 2
Ravens-Sieberer 2022 (5-6/20), 11-19y 0.20 0.0408 3 0.20 [0.12;0.28] 16.9%
Ravens-Sieberer 2022 (12/20-1/21), 11-19y 0.35 0.0408 - 0.35 [0.27;0.43] 16.9%
Shoshani 2021 (4/2020), 11-17y 0.45 0.0357 - 0.45 [0.38;0.52] 17.1%
Luijten 2021 (4-5/20), 8-18y 0.75 0.0459 == 0.75 [0.66;0.84] 16.7%
Random effects model = 0.44 [0.23; 0.65] 67.6%
SCL = School Closure Index < 2
Ertanir 2021 (5/20), 11-15y 0.00 0.0765 —=a 0.00 [-0.15;0.15] 15.5%
Ravens-Sieberer 2022 (9-10/21), 11-19y 0.27 0.0408 = 0.27 [0.19;0.35] 16.9%
Random effects model =SS 0.14 [-0.12; 0.41] 32.4%
Random effects model ~= 0.34 [0.17; 0.51] 100.0%
Heterogeneity: 1> = 96% [93%; 97 %], xi =120.55 (p <0.01)
Test for subgroup differences: -/_f =291,df=1(p =0.09) -05 0 0.5

less anxiety more anxiety

Fig. 3 Forest plot of changes in youth general anxiety symptoms comparing School Closure Index. SE, standard error; SMD, standardized mean

differences; SL, School Closure Index; 95%-Cl, 95%-confidence interval

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
RoB = Low Risk of Bias |
Witte 2022 (2020), 5-17y 7759 545626 7328 533701 1.04 [1.00;1.07] 45.4%
Kostev 2021, (2020), 2-17y 1438 203742 1274 206528 1.15 [1.06;1.24] 41.4%
Random effects model 749368 740229 > 1.08 [0.98; 1.19] 86.8%
RoB = High Risk of Bias
Davico 2021 (2-4/20), 0-18y 5 50 24 131 —7—r— 0.50 [0.18;1.38] 2.0%
Rau 2021 (6-7/20), 9-17y 43 77 74 pags —F 0.56 [0.38;0.82] 11.2%
Random effects model 827 908 - .55 [0.38; 0.79] 13.2%
Random effects model 750195 741137 < 0.99 [0.85; 1.15] 100.0%
Heterogeneity: /> = 83% [57%; 93%], 7> = 17.94 (p < 0.01) I ' I T '
Test for subgroup differences: 7_? =1250,df =1 (p <0.01) 0.2 0.5 1 2 5

less anxiety more anxiety

Fig. 4 Forest plot of changes in youth clinically relevant anxiety symptoms comparing before and during COVID-19 pandemic. OR, Odds Ratio; RoB,

risk of bias; 95%-Cl, 95%-confidence interval

and adolescents after the onset of the COVID-19 pan-
demic when compared with the pre-pandemic baseline.
We included 18 studies that assessed changes in over
750,000 children and adolescents (for several measure-
ment points) across Europe. The pooled effect estimates
of low RoB studies revealed an increase in general anxi-
ety symptoms overall, and particularly for males in the
11-15 years age category. A significant increase in clini-
cally relevant anxiety rates was also observed among
female children and adolescents.

Considering the various different restriction poli-
cies in European countries, this systematic review and

meta-analysis is the first that assessed the association
between PHSM and higher general anxiety symptoms.
For children above six years of age, school closures
have been a major disruptor as these measures radically
changed their life [9]. Instead of having social contact
five days a week, often for six or eight hours a day with
their class, peers and friends, they were homebound and
unable to socialise properly. These full or partial school
closures affected approximately 105 million pupils and
students in Europe [57]. Our meta-analyses revealed par-
ticularly high general anxiety symptoms during periods
of school closure (SMD, 0.44; 95% CI, 0.23 to 0.65) and
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other restriction measures (SMD, 0.52; 95% CI, 0.30 to
0.73); these effect increases outlined a potential impact
of school closures and PHSM on anxiety symptoms.
However, the evidence rating of "very low" have tobe
considered here; therefore, further reseach is needed.
Both effect estimates were higher than in a previous
meta-analysis on depression [31]. As social anxiety can
be reduced through exposure to social interactions, the
non-exposure to social contacts and social challenges in
the school environment as a result of PHSM may explain
the stronger correlation with the symptomatology. Fur-
ther research will allow a comparison of the reduction
in anxiety symptoms between subgroups and countries
following the acute pandemic phase. Our results sug-
gest that the higher association with restrictive meas-
ures could lead to a more rapid reduction in symptoms
once life returns to normal. Nevertheless, social exclu-
sion of children and adolescents during the pandemic
could lead to life-long mental and physical health conse-
quences [3, 58, 59]. However, a clearcut separation of the
effects on anxiety due to school closure from those due to
other pandemic related restrictions—like worries about
(elderly) relatives, fear of long-lasting health effects (long
COVID), and also closure of recreational and sports facil-
ities—was not possible. This limitation was already found
in a previous review [19]. Therefore, our results must be
interpreted indicative regarding the possible drivers for
the increased anxiety.

Regarding different subgroups, our analyses first
showed strong differences between studies with low and
high RoB. While the increase in general anxiety symp-
toms is clearly evident for studies with a low RoB, the
pooling effects of high RoB studies were indistinct and
non-significant. The heterogeneous evidence in literature
can partly be attributed to the different quality of exist-
ing studies; this underlines the importance of strictly
assessing the RoB. Second, age-specific analyses found
considerably higher effect estimates for children and ado-
lescents aged 11-15 years, in particular among males,
but lower and more imprecise estimates for those aged
16-19 years. Taking into account the fact that the risk
of anxiety disorders among children aged 10-14 years
had already been reported as being high three dec-
ades before the COVID-19 pandemic [2], our findings
showed that this age group was also more vulnerable to
increases during the COVID-19 pandemic. The impre-
cise results for general anxiety symptoms among males
in the 16—19 year age category are in contrast to findings
on depression [31]. This underlines the necessity to dif-
ferentiate between different mental health diagnoses in
specific age groups in the COVID-19 pandemic. Third,
for clinically relevant anxiety rates, the pooled associa-
tions were based on two low RoB studies from Germany
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and should be interpreted with caution; further empirical
evidence is needed here.

This paper has strong implications for both policy and
clinical practice. Policy-makers should consider the unin-
tended consequences before imposing PHSM such as
school closures on the mental health of children and ado-
lescents. Psychiatrists, psychotherapists and other public
health experts for children and adolescents should there-
fore be included in pandemic crisis task forces [60, 61].
The increase in general anxiety symptoms and the varia-
tion between specific groups and countries requires chil-
dren and adolescents to be closely monitored over the next
few years. This monitoring should cover a broad range
of age groups, similar to the recommendation of the U.S.
Preventive Services Task Force to screen all children and
adolescents aged 8-18, regardless of whether they have
symptoms [62]. Based on our study, children and adoles-
cents born in 2005 to 2010 (aged 11-15 years in 2020 to
2021) should be monitored henceforth. While our study
indicates a strong need for anxiety disorder therapies (like
previous research for depression symptoms [31]), these
professionals were understaffed even before the pandemic
[6]. Policy makers should therefore strengthen availability
and capacity of these professional groups.

Screening and adequate diagnoses are important for
identifying children and adolescents with anxiety disor-
ders and the need for therapy. The gap between studies
measuring general anxiety symptoms and those measuring
clinically relevant anxiety rates in our systematic review
might indicate a lack of clinical evidence and diagnoses.
Parents, teachers, health care professionals and sports
trainers should be made aware of risk factors and symp-
toms of anxiety disorders as well as mental health ser-
vices. The negative consequences in later life of a failure
to address anxiety symptoms on children and adolescents
are well documented [3, 58, 59]. Moreover, even before
the COVID-19 pandemic, anxiety and depression disor-
ders were two of the top five causes of overall disease bur-
den for children and adolescents in Europe, and suicide
was a leading cause of death among 10-19-year-olds in
the WHO European region [3]. It is therefore important
to implement evidence-based interventions that can help
address mental health issues in children. Targeted inter-
ventions and longer programmes in particular seemed to
be more effective [3]. In addition, protective factors should
be communicated and supported; including parent—child
dialogue [63], a predictable home environment [64], peer-
to-peer social contact [65] and physical activity [66]. Fur-
ther, increased resilience among child and adolescents
could be a predictor of fewer anxiety symptoms [67, 68].

There are several research gaps regarding anxi-
ety symptoms in the COVID-19 pandemic in Europe,
including evidence for children aged below 10 vyears,
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differentiation by social status or education, and clini-
cally relevant anxiety rates. Generally, there are only a
very small number of studies on anxiety with a pre-pan-
demic baseline in Europe, although no such studies were
able to be included for Eastern European countries and
hardly any evidence from southern Europe. To improve
this, representative longitudinal cohort or panel studies
on CA should be conducted in all European countries so
as to have a pre-crisis baseline and to monitor changes
over time. Such a cohort or panel should include vali-
dated anxiety measures for general symptoms and for a
clinically relevant cut-off, as well as demographic, socio-
economic and health-related confounders. These criteria
are necessary in order to reduce the RoB and to allow
subgroup-specific analyses.

Strength and limitations

There are several limitations to this review. First, RoB was
high for 12 studies (66% of the studies included), mainly
based on bias due to participant selection, missing data
and insufficient adjustment of important confounders.
This limitation was addressed by downgrading for RoB
in GRADE and we stratified our meta-analyses by RoB.
Second, the instruments that were used differed greatly
in their scales. To unify them, we transformed the effect
estimates to SMD or OR. Third, there was a high level of
heterogeneity in the meta-analyses (I*>50%), which we
tried to explain by conducting meta-regression analy-
ses. Fourth, no country pooling and visualisation over
time were possible due to the low study quality. There
were only a small number of available studies within our
strict inclusion criteria with age-group-specific data.
Fifth, there is a lack of longitudinal studies. Sixth, more
subgroup analyses were not feasible. Seventh, the Oxford
Stringency Index [8] and the School Closure Index [8]
were used as proxies for PHSM and cannot cover all fac-
ets of the COVID-19 pandemic.

The strengths of this review are that it largely follows
the methodological guidelines recommended by the
Cochrane Handbook for systematic reviews [32], such
as systematic search in several databases with a peer-
reviewed search strategy and consideration of pre-prints,
grey literature, and conference abstracts. In addition, lit-
erature screening, data extraction and RoB rating were
performed independently and unpublished data was
requested from study authors. In addition, the assess-
ment of the RoB and the CoE was conducted using rec-
ommended tools. Thus, an assessment of evidence based
on high quality studies was possible, allowing contra-
dictory findings from previous studies to be properly
interpreted.
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Conclusion

This systematic review and meta-analysis showed an
increase in general anxiety symptoms among European
children and adolescents during the first two years of the
COVID-19 pandemics compared with a pre-pandemic
baseline. The 11-15 years male age group was particu-
larly affected. Social distancing policies implemented in
European countries, and in particular school closures,
might be associated with a considerable increase in the
effect of general anxiety symptoms. Therefore, school
closures should be implemented only with the greatest
caution and with consideration of the evidence avail-
able regarding the mental health of children and adoles-
cents. At present, the need is huge to monitor anxiety
symptoms in children and adolescents on a long-term
basis and to identify which of the 105 million children
and adolescents in Europe have disorders that require
professional management and treatment. Due to long-
term consequences of anxiety disorders and the risk of
suicidality, those affected have to be clinically addressed
through early identification and therapy.
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