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Abstract 

Background Emerging research suggests that physical activity among children and adolescents decreased dur‑
ing the COVID‑19 pandemic. However, a differentiated overview of European youth is lacking. In particular, no system‑
atic analysis has been conducted to date on the impact of heterogeneous pandemic restrictions and school closures 
within European countries, and with regard to potentially vulnerable groups.

Methods We searched seven databases and included studies for children and adolescents (≤ 19 years) of the WHO 
European Region that compared physical activity during the COVID‑19 pandemic with a pre‑pandemic baseline using 
validated measurement instruments. We used the Oxford Stringency Index and School Closure Index as indicators 
of restriction stringency. Screening for eligibility, data extraction, assessment of the study risk of bias (using the ‘Risk 
of Bias in Non‑randomized Studies ‑ of Exposure’ [ROBINS‑E]) and certainty grading of evidence (using the GRADE 
approach), were all done in duplicate. Unpublished data was requested from study authors. Data were pooled in ran‑
dom effects models. An a priori protocol was published, reporting is carried out in accordance with the ‘Preferred 
Reporting Items for Systematic Review and Meta‑Analyses’ (PRISMA) statement.

Results Of 14,897 non‑duplicate records, 26 publications (n = 15,038 pre‑pandemic, n = 13,041 during pandemic) met 
full inclusion criteria. Comparison before and during the COVID‑19 pandemic revealed a significant reduction in total 
physical activity (standardized mean difference [SMD], ‑0.57 [95%CI, ‑0.95; ‑0.20]) and moderate‑to‑vigorous physical 
activity (SMD, ‑0.43 [95% CI, ‑0.75; ‑0.10]), corresponding to a decrease of 12 min per day (a 20% reduction of the WHO 
recommendation). A decrease in sporting activity was also recorded. Subgroup analyses suggested that middle 
childhood (aged 8–12) and adolescents were particularly affected by the decline. School closures were associated 
with a reduction in physical activity. The certainty of evidence for all outcomes was low.

Conclusions A sharp decline in all forms of physical activity was recorded among European children and adoles‑
cents during the COVID‑19 pandemic. This decline was higher during periods of school closure and mainly affected 
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younger schoolchildren and adolescents. Immediate action by policy‑makers and practitioners, as well as evidence‑
based public health strategies, are imperative in reversing this trend.

Trial registration PROSPERO: CRD42023395871

Keywords Physical activity, Child, Adolescent, COVID‑19, Exercise, Schools, Europe, Health policy, Evidence‐informed 
decision‐making, Non‐pharmacological interventions

Background
The positive effects of physical activity on the physi-
cal and mental health of children and adolescents have 
been outlined in numerous studies [1, 2]. In particular, 
cardiovascular diseases, metabolic diseases, obesity 
and also mental health and cognition in youth all ben-
efit from physical activity [1–5]. Furthermore, regular 
physical activity at a young age forms healthy habits in 
later life [6] and helps to reduce risk factors and dis-
eases over the long term [7]. However, experts are keen 
to stress that the lack of adequate physical activity lev-
els in children and adolescents is a major health prob-
lem [8, 9] that brings with it an enormous global health 
and economic burden [9, 10].

During the COVID-19 pandemic, opportunities for 
continuous physical activity among children and ado-
lescents were severely limited by various public health 
and social measures (PHSM), e.g. closures of educa-
tional institutions (kindergartens, schools, universities), 
the restriction of access to physical activity opportu-
nities (swimming, outdoor play, sports clubs) and the 
limiting of social contacts [11]. The effects of these 
limitations may contribute to long-term behavioural 
change in children and adolescents and could acceler-
ate the downward-trend in physical activity [8] that is 
already in evidence and thereby have a severe lasting 
impact on the health of the upcoming generation [12]. 
Meanwhile, summary analyses describe a global decline 
in physical activity in children and adolescents during 
the COVID-19 pandemic [13–16]. However, there are 
important research gaps concerning the impact of the 
restriction stringency, school closures, different meas-
urement tools and different types of physical activity. 
For the WHO European Region, a systematic analysis 
of changes in youth’s physical activity is lacking at all, 
although the number of studies is constantly increasing 
and the results are partly heterogeneous. The consid-
eration of the WHO European Region further enables 
the analysis of country-specific heterogeneous PHSM 
to infer possible links to a change in physical activity in 
children and adolescents, creating a quasi-experimental 
design. Our aim, therefore, is to assess the impact that 
the COVID-19 pandemic has had on physical activity 
among children and adolescents in the WHO European 
Region compared with a pre-pandemic baseline, taking 

particular account of the relevance of restriction strin-
gency policies.

Methods
The systematic review and meta-analysis is reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) [17] state-
ment (Additional file [AF1]: Table  S1) and adheres to 
the Cochrane Handbook for Systematic Reviews [18]. It 
was registered on the International Prospective Register 
of Systematic Reviews (PROSPERO; CRD42023395871) 
[19] and an a priori protocol was published [20]. Devia-
tions from the protocol are reported in AF1: Table S2.

Eligibility criteria
We defined the following criteria as being eligible for 
inclusion: (1) Children and adolescents from the WHO 
European Region [21] ≤ 19years; (2) physical activ-
ity measurement at least once during the COVID-19 
pandemic; (3) reporting of a pre-pandemic baseline; 
(4) measuring of physical activity with validated instru-
ments; and (5) primary studies (also including pre-prints 
and congress abstracts) or reports (grey literature). We 
placed no restrictions on language or effect measures.

Information sources and search strategy
We searched in seven electronic databases (PubMed, 
Embase, Sports Medicine & Education Index, PsycINFO, 
Web of Science, Cochrane Central Register of Controlled 
Trials [CENTRAL] and WHO COVID-19 Research 
Database [including pre-prints]) for eligible publications 
through to January 31, 2023. We tried to identify other 
potentially eligible publications by handsearching the ref-
erence lists of all included studies and related systematic 
reviews, and also searched for registered observational 
studies in clinicaltrials.gov. In addition, the data sources 
of the ‘Global Matrix 4.0 Physical Activity Report’ [16] 
and websites of key organizations (see AF1: Table  S3) 
were checked.

We designed the search strategy by using validated or 
recommended search filters and conducted a peer-review 
process considering the evidence-based Peer Review of 
Electronic Search Strategies (PRESS) checklist [22] (see 
protocol [20] for further details). The search strategy 
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for every database is presented in the Supplement (AF1: 
Table S4).

Selection process
We began by performing an automated deduplication 
process with assistance from the EPPI reviewer software 
[23]. This was followed by title/abstract screening, con-
ducted independently in reviewer teams of two (HLW, 
ID, SH). We obtained the full text of all potentially rel-
evant records. Disagreements were resolved through 
consensus. We prepared a PRISMA flow diagram for 
study selection (AF1: Fig. S1). Reasons for the exclusion 
of publications following full-text assessment were also 
provided (AF1: Fig. S1 and Table S5).

Data extraction
For studies meeting our inclusion criteria, reviewer 
teams of two (HLW, ID, SH) independently extracted 
key study characteristics in Table  1 ‘Characteristics of 
included studies’; disagreements regarding data extrac-
tion were resolved through discussion. For several pub-
lications, we requested further data via email from the 
authors and sent a reminder after 2 weeks if no response 
was received; eight authors provided us with additional, 
unpublished data. For three publications, the corre-
sponding author could not be reached by email [24–26]. 
In the case of duplicate publications or multiple reports 
of a study, we compared and considered all available 
relevant data. We expanded our study characterization 
by adding the Oxford Stringency Index and the School 
Closure Index [11] for the measurement period of every 
study as policy indices for the classification of PHSM. 
The Oxford Stringency Index consists of nine variables; 
one of these variables represents school closures in the 
respective country. In compliance with the COVIDSurg 
Collaborative [27], we defined three cut-off points for the 
Oxford Stringency Index: light restrictions (index < 20), 
moderate lockdowns (index 20–60) and full lockdowns 
(index > 60). For the School Closure Index, we specified 
two cut-off points: no or few alterations compared with 
a pre-COVID-19 situation (index < 2) and partial or full 
school closure (index ≥ 2) [28]. More details on these 
indices are contained in the protocol [20].

We defined total physical activity (TPA), moderate-to-
vigorous physical activity (MVPA) and sporting activity 
(SA) as primary outcomes. Validation of the measure-
ment instrument used, including both self-reported and 
device-based measurements, was defined as a prerequi-
site. No limitations were set as regards effect measures.

Risk of bias assessment
All studies were independently assessed by two 
reviewers (HLW, SH), using the ‘Risk of Bias (RoB) in 

Non-randomized Studies - of Exposure’ (ROBINS-E) 
instrument. This tool comprises seven assessment cri-
teria, with the RoB judgements expressed as ‘low RoB’, 
‘some concerns RoB’, ‘high RoB’ or ‘very high RoB’ [57]; 
more details are provided in the protocol [20]. The stud-
ies were subsequently grouped into ‘some concerns RoB’ 
and ‘high RoB’ (including the categories ‘high RoB’ and 
‘very high RoB’); no study received the rating ‘low RoB’. 
Interpretation of studies with ‘some concerns RoB’ was 
given preference in meta-analyses to deal with methodo-
logical heterogeneity and potential confounding.

Synthesis methods
For all of the studies that were included, we provide both 
the effect estimates at pre-pandemic and pandemic meas-
urement and the change effect as standardized mean dif-
ference (SMD) or risk ratio with the corresponding 95% 
confidence interval (CI). We performed meta-analysis 
when data from at least three studies with different study 
populations could be pooled. First, we distinguished 
between TPA, MVPA and SA and pooled available data 
sets using SMD (95% CI) to summarize change estimates.

Second, we differentiated according to the measure-
ment instrument used (accelerometer measurement 
versus self-reported scores). Device-based measure-
ments (via accelerometer) were summarized as ‘minutes/
day’ (details for data conversion are presented in AF1: 
Table  S6). Self-reported measurements for TPA were 
summarized within the Physical Activity Questionnaire 
for Children/Adolescents (PAQ-C/A) since the majority 
of measurements used this instrument. Due to the heter-
ogeneity in self-reported MVPA measurements, we sum-
marized these measurements as SMD and subsequently 
re-expressed them using a familiar instrument (WHO 
Health Behaviour in School-aged Children [HBSC sur-
vey]), to ensure practical interpretability of the results.

Third, we analyzed change effect estimates for the 
subgroups: gender (female/male), age (age categories 
are based on those laid down by the Centers for Dis-
ease Control and Prevention [58]: ‘preschoolers/middle 
childhood’: 3 to 8 years; ‘middle childhood’: 9–11 years; 
and ‘young teens/teenagers’: 12 to 18 years, studies with 
overlapping age intervals were assigned based on the 
age structure that was most appropriate and studies in 
which there was a wide age interval were excluded from 
these analyses), measurement time point (spring/sum-
mer 2020, winter 2020/2021, spring 2021), Oxford Strin-
gency Index (≤ 60 versus > 60), School Closure Index 
(< 2 versus ≥ 2) and length of pandemic-related restric-
tions before measurement (Oxford Stringency Index > 60 
before measurement for 30/60/90 days).

We performed some data conversion before conduct-
ing meta-analyses (AF1: Table S6). If the studies that were 
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included did not report sufficient data for inclusion in the 
meta-analysis (e.g. reporting percentage change) and we 
had not received the information we had requested from 
the authors, the results were reported in narrative tables. 
Where possible, we included adjusted effect estimates. If 
both self-reported and parent-reported data were avail-
able, we included the self-reported data.

We assessed heterogeneity by visual inspection of the 
forest plots, the  I2 statistic [59] and with 95% prediction 
intervals when > 3 studies were included in meta-analyses 
[60–62]. We considered  I2 values of greater than 50% as 
substantial. We tried to explain heterogeneity by con-
ducting subgroup analyses and meta-regression (if ≥ 10 
studies per examined variable) [60] with the potential 
categorical moderators: RoB, age, symptom reporter, 
country, Oxford Stringency Index (≤ 60 versus > 60), 
School Closure Index (< 2 versus ≥ 2) and study design. In 
addition, the following potential continuous moderators 
were considered: time of measurement during pandemic, 
publication year, Stringency Index, School Closure Index 
and sample size. We considered potential publication bias 
by conducting a visual inspection of (contour-enhanced) 
funnel plots [63, 64] and we applied the Egger’s test when 
a meta-analysis included ≥ 10 studies [65].

We conducted meta-analysis calculations with the 
package ‘meta’ [66] in R Studio 4.2.1 [67] using the ran-
dom effects model with a restricted maximum likeli-
hood approach [68] and the Hartung-Knapp method for 
calculating the 95% CI. All statistical analyses were per-
formed based on the statistical guidelines presented in 
the Cochrane Handbook for Systematic Reviews of Inter-
ventions [69].

Certainty of evidence assessment
We applied the ‘Grading of Recommendations Assess-
ment, Development and Evaluation’ (GRADE) approach, 
adapted to the use of non-randomized studies [70], to 
assess overall certainty of evidence for each of the pri-
mary outcomes; more information is provided in the pro-
tocol [20]. Certainty of evidence for each outcome was 
evaluated independently by two review authors (HLW, 
WS); differences were resolved through discussion. 
The ‘Summary of findings’ table summarizes the results 
regarding certainty of evidence. Details of the criteria 
used to grade the evidence are reported in AF1: Table S7; 
evidence profiles containing more detailed explanations 
can be found in AF1: Table S8.

Results
Our systematic literature search identified 14,891 non-
duplicate records and six grey literature publications. 
Of these, 135 studies and six grey literature reports 
were assessed for eligibility (full-text screening) and 

25 [24, 25, 29–31, 33–35, 37, 39–43, 45, 48–55, 71, 72] 
studies and one report [32] were deemed to meet the 
criteria for inclusion in the review (AF1: Fig. S1). In 
total, data from 15,038 children and adolescents pre-
pandemic and 13,041 children and adolescents during 
pandemic were included in this review. The most rele-
vant reasons for exclusion after full-text screening were 
‘no validation of the measurement instrument’ (n = 80, 
59.3%); and ‘no data reporting on physical activity’ 
(n = 19, 14.1%); details are described in AF1: Table S5.

Study characteristics
A detailed description of the included publications is 
presented in Table  1 and AF1: Table  S9. The included 
26 publications are scattered across 14 WHO European 
Region countries: four from Spain [43, 45, 48, 49], four 
from the United Kingdom [52–55], three from Germany 
[30, 31, 73], two from Croatia [25, 71], two from Italy [34, 
35], two from Poland [39, 72], two from Slovenia [41, 42], 
and one each from Bosnia and Herzegovina [24], Czech 
Republic [29], Ireland [33], Netherlands [37], Portugal 
[40], Sweden [50] and Switzerland [51]. A graphical over-
view of how these studies are distributed is provided in 
AF1: Fig. S2. TPA and MVPA were analyzed in 15 pub-
lications (TPA: [24, 25, 29, 30, 34, 35, 40, 41, 43, 45, 48, 
49, 52, 55, 71], MVPA: [31, 33, 35, 37, 39, 42, 43, 45, 48, 
50, 53–55, 72, 73]) respectively, and SA in three publica-
tions [31, 51, 73]. Self-reported data were collected in 20 
analyses [24, 25, 29–31, 33–35, 39–42, 49–53, 71–73] and 
accelerometer data in six analyses [35, 37, 43, 45, 48, 55].

The publications were conducted as cohort (n = 15, 
[24, 25, 31, 34, 35, 37, 41, 43, 45, 48, 50, 52, 55, 71, 73]), 
cross-sectional (n = 7, [29, 30, 39, 42, 49, 53, 54]) or ret-
rospective studies (n = 4, [33, 40, 51, 72]). The majority 
were carried out in spring/summer 2020 (n = 18, [24, 25, 
30, 31, 33, 34, 37, 40–43, 48, 51–53, 55, 71, 72]) or winter 
2020/2021 (n = 6, [29, 35, 39, 45, 49, 73]). In 24 publica-
tions, the period during the pandemic was classified as 
‘full lockdown’ (Oxford COVID-19 Stringency Index > 60, 
[24, 25, 29–31, 33–35, 37, 39–43, 45, 48–53, 55, 71, 73]). 
In 20 publications, pandemic-measurement occurred 
during partial or full school closures (School Closure 
Index ≥ 2, [24, 25, 29–31, 33–35, 39–43, 48, 52, 53, 55, 
71–73]). The length of a ‘full lockdown’ (Oxford COVID-
19 Stringency Index > 60) before pandemic measurement 
ranged from 0 to 405 days. The RoB assessment revealed 
‘some concerns’ for 16 publications [25, 29, 31, 33–35, 37, 
41, 42, 45, 49, 50, 53–55, 73], ‘high RoB’ for eight publica-
tions [24, 30, 38, 39, 48, 51, 52, 71] and ‘very high RoB’ 
for two publications [40, 43]. Details on RoB assessment 
are presented in AF1: Fig. S3 (traffic-light plots) und AF1: 
Fig. S4 (weighted bar plots).
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Meta-analysis for total physical activity
For TPA, we performed a meta-analysis with 14 stud-
ies [24, 25, 29, 30, 34, 35, 40, 41, 43, 45, 48, 49, 55, 71] 
and certainty of evidence was graded as ‘low’ (Table  2). 
The pooled SMD estimate for change of TPA, including 
self-reported scores and accelerometer measurements, 
was -0.57 (95% CI, -0.95 to -0.20;  I2 = 96%; Fig. 1) for all 
14 studies, and a SMD of -0.47 (95% CI, -0.90 to -0.04; 
 I2 = 96%; Fig.  1) for eight studies with a ‘some concerns 
RoB’ rating. The SMD for ‘high RoB’ studies had a wide 
95% CI and crossed the null effect (-0.71, 95% CI -1.58 to 
0.15;  I2 = 96%).

Hereinafter, analyses were differentiated according to 
the outcome measurement instrument. Eight studies with 
the widely used PAQ-C/A instruments yielded a reduc-
tion of -0.29 score points (95% CI, -0.51 to -0.08;  I2 = 96%; 
AF1: Fig. S5). A pooling of four studies with an acceler-
ometer measurement revealed a reduction of -47.7 min 
(95% CI, -115.9 to 20.5;  I2 = 96%; AF1: Fig. S6) per day.

Gender-stratified pooling yielded a SMD of -0.16 (95% 
CI, -0.46 to 0.15;  I2 = 84%; AF1: Fig. S7) for female chil-
dren and adolescents and a SMD of -0.37 (95% CI, -0.81 
to 0.08;  I2 = 86%; AF1: Fig. S7) for male CA. The age-
group classification showed a significant decline for mid-
dle childhood (adapted to the age range of 8 to 12 years: 
SMD, -1.00; 95% CI, -1.86 to -0.13;  I2 = 81%; Fig. 2) and 
young teens/teenagers (SMD, -0.30; 95% CI, -0.55 to 
-0.05;  I2 = 96%; Fig. 2), but not for children younger than 
7 years of age (SMD, -0.04; 95% CI, -1.00 to 0.91;  I2 = 62%; 
Fig. 2).

Regarding the course of time, TPA decreased in spring/
summer 2020 (10 studies: SMD, -0.60; 95% CI, -1.10 to 
-0.11;  I2 = 97%; AF1: Fig. S8), in winter 2020/spring 2021 
(3 studies: SMD, -0.59; 95% CI, -2.36 to 1.18;  I2 = 94%; 
AF1: Fig. S8) and in spring 2021 (1 study: SMD, -0.29; 
95% CI, -0.40 to -0.18; AF1: Fig. S8). A comparison 
regarding the Oxford Stringency Index was not possible 
because all studies had an index > 60 at the measurement 
time point. Comparisons of the School Closure Index 
revealed that full or partial school closures were associ-
ated with higher TPA reductions (SCI ≥ 2: SMD, -0.66; 
95% CI, -1.08 to -0.24;  I2 = 97%; Fig. 3), whereas no school 
closure or few alterations had no statistical association 
with TPA reductions (SMD, -0.10; 95% CI, -2.80 to 2.60; 
 I2 = 85%; Fig. 3).

Although the analyses by restriction length (number of 
days before measurement in which the Oxford Stringency 
Index was > 60) revealed no significant associations, the 
trend indicated that TPA decreases more where the dura-
tion of the restriction is longer (Restriction before meas-
urement ≥ 30 days: SMD, -0.48; 95% CI, -1.32 to 0.37; 
 I2 = 97%; Fig. S9; Restriction before measurement ≥ 60 
days: SMD, -0.63; 95% CI, -1.72 to 0.45;  I2 = 95%; Fig. S10; 

Restriction before measurement ≥ 90 days: SMD, -0.77; 
95% CI, -7.16 to 5.61;  I2 = 95%; Fig. S11).

Meta-analysis for moderate-to-vigorous physical activity
In the meta-analysis for MVPA, we include 12 publi-
cations [31–33, 35, 37, 39, 42, 43, 45, 50, 54, 55] (data 
from two publications [31, 32] of the same study pop-
ulation with different measuring time points were 
aggregated) and certainty of evidence was rated as 
‘low’ (AF1: Table  S8). A SMD of -0.43 (95% CI, -0.75 
to -0.10;  I2 = 92%; AF1: Fig. S12) was calculated as the 
total change effect, while pooling of ‘some concerns 
RoB’ resulted in a SMD of -0.43 (95% CI, -0.84 to -0.02; 
 I2 = 94%; AF1: Fig. S12).

Self-reported changes revealed a reduction of -0.55 
score points when re-expressed with the WHO HBSC 
survey instrument based on the SD (= 1.9) from Chen 
et al. [50] (AF1: Fig. S13). Changes based on six acceler-
ometer measurements resulted in a MVPA reduction of 
-12.0 min (95% CI, -27.1 to 3.1;  I2 = 96%; AF1: Fig. S14) 
per day.

Subgroup analysis by gender revealed a SMD of -0.15 
(95% CI, -0.48 to 0.18;  I2 = 78%; AF1: Fig. S15) for female 
children and adolescents and a SMD of -0.33 (95% CI, 
-1.01 to 0.35;  I2 = 90%; AF1: Fig. S15) for male children 
and adolescents regarding MVPA reduction. Stratifica-
tion by age groups yielded a reduction, with a SMD of 
-0.74 (95% CI, -1.45 to -0.04;  I2 = 95%; AF1: Fig. S16) 
for middle childhood, while change effect estimates for 
preschoolers and young teens/teenagers were imprecise 
and the 95% CI crossed the null effect (preschoolers: 
SMD, -0.08; 95% CI, -6.60 to 6.44;  I2 = 88%; young teens/
teenagers: SMD, -0.42; 95% CI, -1.56 to 0.72;  I2 = 89%; 
Fig. S16). The analysis over time indicates a reduction 
in spring/summer 2020 (6 studies: SMD, -0.59; 95% CI, 
-1.14 to -0.04;  I2 = 97%; AF1: Fig. S17) and winter 2020/
spring 2021 (4 studies: SMD, -0.26; 95% CI, -1.09 to 
0.57;  I2 = 91%; AF1: Fig. S17); two studies were excluded 
from this analysis because measurement periods were 
too broad [50, 54]. Only comparisons regarding the 
School Closure Index were possible. In measurement 
periods with fully or partially closed schools, the reduc-
tion in MVPA was considerably higher than in periods 
with fewer school restrictions (SCI ≥ 2: SMD, -0.57; 
95% CI, -0.96 to -0.17 versus SCI < 2: SMD, -0.19; 95% 
CI, -1.04 to 0.67; Fig.  4). Consideration of the restric-
tion duration prior to measurement did not reveal any 
trend (Restriction before measurement ≥ 30 days: SMD, 
-0.36; 95% CI, -0.80 to 0.08;  I2 = 93%; Fig. S18; Restric-
tion before measurement ≥ 60 days: SMD, -0.30; 95% CI, 
-0.89 to 0.29;  I2 = 94%; Fig. S19; Restriction before meas-
urement ≥ 90 days: SMD, -0.36; 95% CI, -1.46 to 0.74; 
 I2 = 90%; Fig. S20).
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Sporting activity
Sporting activity was analyzed in three publications with 
different measurement instruments (self-reported score 
points [31, 32] and self-reported minutes/week [51]), 
two of them originating from the same study population 
with different measurement time points [31, 32]. As a 
result, no meta-analysis was performed. All of the stud-
ies described a statistically significant decline in sporting 
activity among children and adolescents both for spring 

2020 [31, 51] and winter 2020/2021 [32]. Certainty of evi-
dence when considering all three comparisons was rated 
as ‘low’.

Heterogeneity, sensitivity analysis and publication bias
The meta-analyses revealed substantial heterogeneity 
 (I2 > 50% and wide prediction intervals) for the most part. 
We conducted meta-regression analyses using a range of 

Fig. 1 Forest plot of changes in total physical activity comparing before and during COVID‑19 pandemic

Fig. 2 Forest plot of changes in total physical activity comparing different age groups
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different variables; however, none of these variables acted 
as moderator (AF1: Tables S10-S13).

We also performed sensitivity analyses by comparing 
the following: (1) cohort studies versus cross-sectional 
studies versus retrospective studies (if available); (2) con-
verted versus unconverted effect estimates (e.g. summa-
rizing weekday and weekend measures); and (3) adjusted 
versus unadjusted effect estimates (AF1: Tables S14-S15). 
We found no significant differences, except when com-
paring adjusted versus unadjusted effect estimates in 
TPA, although only one study with adjusted values was 
available.

To assess publication bias, we created (contour-
enhanced) funnel plots for TPA, MVPA and SA (AF1: 
Figs. S21-S23). Visual inspection suggests some degree 
of reporting bias for both outcomes. In the application 
of Egger’s test, a reporting bias for MVPA was confirmed 
(p = 0.02; AF1: Table  S16) and also indicated for TPA 
(p = 0.052; AF1: Table S16).

Discussion
Our objective was to assess the impact of the COVID-19 
pandemic and PHSM on physical activity among chil-
dren and adolescents in Europe and to identify possible 

Fig. 3 Forest plot of changes in total physical activity comparing school closure indices

Fig. 4 Forest plot of changes in moderate‑to‑vigorous physical activity comparing school closure indices
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vulnerable subgroups. Overall, the results of this sys-
tematic review indicate a considerable decline in TPA, 
MVPA and SA in comparison with pre-pandemic values. 
Our analysis revealed that stringent school closures (par-
tially or fully closed schools) are associated with a higher 
decline in TPA and MVPA versus schools with either no 
restrictions or only a small number of restrictions. Fur-
thermore, the analyses emphasized a noticeable decrease 
in TPA and MVPA in middle childhood (8 to 12 years) 
and in TPA among adolescents. To our knowledge, this 
is the first systematic review on physical activity changes 
among youth from the WHO European Region consider-
ing pandemic-related restrictions and various subgroups.

Even before the pandemic, children and adolescents in 
Europe were not physically active enough [74]. Our study 
revealed that TPA in European children and adolescents 
declined further in a pre-during-comparison.. This corre-
sponds to a reduction of approximately 48  min per day 
when considering accelerometer measurements only. 
MVPA also decreased in European youth, corresponding 
to a reduction of 12 min per day in accelerometer meas-
urements. Moreover, SA showed a decline, even without 
effect pooling. Former reviews have also documented a 
decline in total PA during the COVID-19 pandemic rang-
ing between 11 to 91 min per day [75, 76] respectively 
a reduction of 20% for TPA or 28% for MVPA [13]. Our 
results confirmed the general decline for European chil-
dren and adolescents and further highlighted that this 
decline affects all types of physical activity. The decrease 
of 12 min per day in MVPA represents a 20% drop in 
what is recommended. However, we assume that there 
was a large variation in MVPA change as suggested by 
the wide prediction interval ranging even to more than 
53 min decrease in MVPA regarding the lower limit. 
Also the reduction in TPA of 48 min per day represents 
a severe change in the daily routine of European youth.

Our analyses outline a possible association between 
stricter school closures (partial or full closure) and 
more significant reductions in both TPA and MVPA. 
This is consistent with two recent meta-analyses, which 
reported that during stringent PHSM and periods of 
school closure depression [28] and anxiety symptoms 
[77] among children and adolescents increased in par-
ticular. Thus, school closures seem to represent particu-
larly sensitive periods for suboptimal health outcomes in 
children and adolescents. Our results must be placed in 
the context of the formation of research on health hab-
its [6, 78], which proposes that (healthy) habits depend 
on stability mechanisms. This stability – based on family, 
social, and school support – was substantially disrupted 
for children and adolescents during strict lockdowns 
or school closures. From a public health perspective, 
it is imperative to note that perpetuation of inactive 

behaviors in young age contributes to tracking inactive 
patterns into adulthood, which in turn is associated with 
numerous suboptimal health consequences [7, 79]. Once 
restrictions had been lifted, a return to an active daily life 
seemed to pose a challenge for some children and adoles-
cents [80]. A recent systematic review also points to an 
association between physical activity and youth’s mental 
health during the COVID-19 pandemic [81]. School clo-
sures also imply the elimination of physical activity in the 
school setting and for getting from one place to another, 
which contribute to the overall reduction. This highlights 
the importance of maintaining physical activity services 
and opportunities even during times of crisis, consider-
ing broader contextual and environmental conditions.

The pandemic-related reduction in physical activity 
varies between age groups. Our analyses revealed that 
children in middle childhood, aged approximately 8 to 
12 years, recorded the strongest reductions in TPA and 
MVPA. Adolescents recorded a significant reduction in 
TPA. In contrast, there was no significant association 
for children aged 4 to 7 years, who were in pre-school 
or in the first year of elementary school, which is con-
sistent with previous literature [82]. A decline in youth’s 
physical activity as they get older – particularly evident in 
early and late adolescence – was also documented even 
before the pandemic [7]. However, this trend in inac-
tivity appears to have spread considerably into middle 
childhood (8 to 12 years of age) during the COVID-19 
pandemic. This inactivity expansion in middle childhood 
could be a consequence of closing schools and restrict-
ing access during the COVID-19 pandemic to physical 
activity opportunities, which are more physically active 
in (un-) organized sports than younger children [83]. 
Further, a lack of adult activation and supervision during 
the COVID-19 pandemic was described as a main bar-
rier for physical activity in middle childhood [84] and 
also parents’ attitudes towards risk, which have become 
more severe during the pandemic, correspond with chil-
dren’s activity status [85]. Therefore, the group of middle 
childhood might represent a ‘new’ vulnerable group that 
should be addressed in further analyses.

Analyses based on the measurement time point 
revealed a significant reduction in TPA and MVPA at the 
beginning of the pandemic (spring/summer 2020). Tak-
ing into account an evident decline in physical activity 
among adolescents since 2001 [8], we can assume that 
the COVID-19 pandemic accelerated this process. Fur-
ther closer monitoring and analyzing of physical activity 
among children and adolescents is essential to identify 
trends, specify vulnerable subgroups and ensure appro-
priate interventions implementation.

Stratification by gender revealed no significant differ-
ences. This result is in contrast to some primary studies 



Page 20 of 26Ludwig‑Walz et al. Int J Behav Nutr Phys Act          (2023) 20:149 

[35, 42], although other reviews do not confirm a signifi-
cant difference [13] and some reviews did not analyse a 
possible difference by gender [14, 76]. Considering all 
available data, significant decreases were revealed for 
both TPA and MVPA. When separated by measure-
ment instrument (self-reported vs. accelerometer meas-
urement), only self-reported TPA showed a significant 
decrease. Indeed, all measurement instruments were val-
idated this could indicate an inaccuracy of the self-rating 
instruments as already reported in other studies [86, 87]. 
This emphasizes the need for stratifying results by meas-
urement instrument in systematic reviews addressing 
physical activity.

The certainty of evidence assessment with the GRADE 
approach resulted in a low certainty for the analyzed 
outcomes meaning that the true effect might be mark-
edly different from the estimated effect [88]. However, 
it must be noted, that GRADE was primarily developed 
for assessing the certainty of evidence of classical clini-
cal questions according to the PICO-scheme (patient, 
intervention, comparison, outcome) and that a precise 
adaptation for public health questions is lacking [89]. 
Beyond the scope of this systematic review, the GRADE 
working Group suggested Evidence to Decision (EtD) 
criteria for making clinical recommendations, health 
system or public health recommendations. Although 
the EtD framework cannot be applied completely on our 
research question, important criteria from a population 
perspective (e.g. problem priority, desirable [un-]antici-
pated effects, certainty of evidence, equity, acceptability, 
and feasibility) allow a placement of our results [90–92]: 
It can be supposed that the consequences of decreasing 
physical activity levels during the COVID-19 pandemic 
among children and adolescents would be serious [1, 2]. 
Increasing physical activity is associated with a variety 
of short- and long-term health effects in children and 
adolescents (see explanations above). Adverse effects of 
increasing physical activity might be possible, but mainly 
in elite sports [93]. Thus, the desired effects outweigh the 
undesired effects. A positive cost-effectiveness rate [94, 
95] and a reduction in social inequality [96, 97] can be 
assumed when interventions to increase physical activ-
ity are implemented. Implementation of interventions to 
increase physical activity is well feasible and should be 
based on the best available evidence [98].

It can be assumed that the opportunity costs in health 
terms will be high for the more than 156 million children 
and adolescents aged 0 to 19 years in Europe [99] due to 
the decline in physical activity (as outlined in our review), 
rise in mental health disorders [28, 77], increase in obe-
sity [100] and screen time [101]. Additionally, financial 
and social constraints [102], and health impairments like 
immune function and viral and bacterial infections [103, 

104] further affect the state of health of children and ado-
lescents. No estimates are available on this yet, however.

Consequently, the downward spiral must be reversed. 
This is also underlined by the ‘strong recommendation’ 
of the WHO that ‘Children and adolescents should do at 
least an average of 60 min per day of moderate-to-vigor-
ous-intensity […]’ [1]. Beyond the findings of this review 
and considering the scientific evidence, we suggest the 
following immediate short-term and long-term action by 
policy-makers and practitioners:

 (I) (Re-)increase physical activity through low-thresh-
old, comprehensive, targeted, and evidence-based 
interventions [1, 105]. Special attention must be 
given here to vulnerable groups that are either 
already known or are to be identified. Schools and 
educational settings in particular are important 
locations for promoting physical activity as they 
reach children and adolescents on a broad basis, 
regardless of their socio-cultural background [1]. 
In contrast to previous – often unsuccessful – pro-
grams in school and educational settings [7], future 
programs should include multi-component inter-
ventions (e.g. comprehensive school physical activ-
ity programs [106, 107]). Physical education in the 
school environment should communicate physical 
activity as a positive element in an individual’s life-
style, and one that should be integrated as a con-
stant component in daily life [108, 109]. For this 
purpose, social support from family and friends as 
well as access to green places are important com-
ponents in the implementation and stabilization of 
an active lifestyle among children and adolescents 
[7, 105, 110–112]. Moreover, the application of 
digital interventions to promote physical activity 
(eHealth) should be strengthened in the design of 
programs [113, 114]. These can also be applied in 
periods of crisis.

 (II) Implementation of a global and national monitoring 
and surveillance systems for the adversely impacted 
youth cohorts over a longer time period in order to 
assess medium-term and long-term health conse-
quences and to be able to implement targeted health 
improvement interventions [115–118]. 

 (III) Restriction in youth’s social life and the closure of 
educational institutions should be carefully consid-
ered, taking into account children’s rights [119] the 
best scientific evidence.

Strengths and limitations
This systematic review adheres to the methodological 
recommendation of the Cochrane Handbook for Sys-
tematic Reviews [18]. The main strength is the broad 
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number of studies that were able to be included, despite 
the restrictive inclusion criteria (only studies with a pre-
pandemic baseline and instrument validation were incor-
porated); this improves the trustworthiness of the results. 
Furthermore, in an improvement over previous studies, 
outcomes could be separated into TPA, MVPA and SA. 
Authors of the studies were also contacted to provide fur-
ther data, enabling to include unpublished data.

The evidence identified in this review also has sev-
eral limitations. First, RoB was rated high or very high 
for over 38% of the studies included. Second, there was 
a high degree of heterogeneity for the most part in the 
meta-analyses and a publication bias was determined 
in MVPA. We addressed these by downgrading the cer-
tainty of evidence in GRADE and provided further analy-
ses (meta-regression, sensitivity analyses). Third, the data 
available for young children (under 7 years) was limited. 
However, this age group appears to meet the TPA and 
MVPA recommendations [82]. Fourth, the analyses for 
school closures revealed a wide and overlapping sub-
group CI and non-significance of the test for some sub-
group analyses. The assumptions set out should therefore 
be interpreted with caution and further research is 
needed to confirm or refute these findings. Fifth, only 
a small number of studies from Eastern Europe were 
included and no appropriate pooling for single countries 
was possible. Sixth, subgroup analyses concerning social 
status were not possible due to a lack of data. Seventh, 
based on the literature search through to January 2023, 
analyses of the development of PA in the course of the 
pandemic and its aftermath are limited. It will take sev-
eral more years to capture the longer-term trend in physi-
cal activity. Eight, the impact of the COVID-19 pandemic 
on the reduction in physical activity must be interpreted 
with caution. By performing a pre-during-comparison 
and stratifying by School Closure Index, we addressed 
this limitation and attempted to minimize it.

Conclusions
Among children and adolescents in Europe, TPA, MVPA 
and SA declined sharply during the COVID-19 pan-
demic. This was the case in particular for TPA and MVPA 
among the population groups of middle childhood (8 to 
12 years) and for TPA among adolescents. There are indi-
cations that reductions were most pronounced during 
pandemic-related school closures. Our findings suggest 
that the decline in physical activity during the pandemic 
could accelerate the long-term trend in declining physi-
cal activity among CA. Rigorous strategies and ambitious 
(school) programs to increase physical activity are there-
fore required, along with long-term monitoring of fur-
ther trends.
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