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Abstract 

Background Childhood obesity is associated with various health outcomes. Restrictive measures to contain 
the spread of the Coronavirus Disease 2019 (COVID-19) pandemic, like lockdowns and school closures, affected 
children’s daily structure, physical activity, dietary habits, and sleep quality, possibly exacerbating risk factors for child-
hood obesity and higher body mass index (BMI) in children. Poor socioeconomic conditions may have led to rela-
tively higher risk for elevated BMI levels following pandemic measures. In this study, the impact of measures related 
to the COVID-19 pandemic on the BMI of third graders was investigated regarding children’s socioeconomic back-
ground (SEB).

Methods Data from 41,728 children (8.84 ± 0.56 years, 20,431 female) were collected in the context of a cohort study. 
Children were tested either before the pandemic  (preCOVID: Sept2017–March2020, n = 26,314), or following the first 
 (postLDI: Aug2020–Dec2020, n = 6657) or second lockdown in Germany  (postLDII: Aug2021–Jan2022, n = 8757). SEB 
was based on the official school type classification of the state of Berlin. Outcome was BMI standard deviation scores 
(SDS).

Results Significant effects of Time and SEB revealed elevated BMIs in  postLDI (M = 0.23, p = 0.011) and  postLDII 
(M = 0.22, p = 0.011) compared to  preCOVID (M = 0.17) cohorts and higher BMIs for children with lower SEB (b = − 0.13, 
p < 0.001). A significant Time × SEB interaction indicated that the effect of SEB on children’s BMI increased in response 
to lockdowns, especially in  postLDII (b = − 0.05, p = 0.006). Results suggest that the COVID-19-related measures lead 
to increased BMI in children, and that children of lower SEB were at particular risk for higher BMIs following lockdowns.

Conclusions These findings highlight the dependency of children’s BMI on societal circumstances. Over the course 
of two lockdowns in Germany, children have experienced BMI increments, particularly in low socioeconomic areas. 
Authorities are called into action to counteract increasing rates of childhood weight by promoting physical activity 
of children and establishing related post-pandemic offers.

Key Points 

1. Children’s weight status and health could be affected in the short and long term as a consequence of increased 
BMI in primary school cohorts following COVID-19 pandemic-related lockdowns.
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Background
Childhood obesity is a major public health challenge of 
the twenty-first century, and its worldwide prevalence 
has dramatically increased over the past four decades [1, 
2]. Elevated body mass index (BMI) and obesity during 
childhood carry substantial immediate and long-term 
consequences, including increased risk of developing 
noncommunicable diseases (NCDs) such as cardiovas-
cular diseases and diabetes mellitus as well as impaired 
psychosocial health [3–6]. Moreover, being overweight 
or obese in childhood increases the likelihood of lifetime 
overweight and obesity [7–10]. Therefore, combating 
childhood overweight and obesity has become a prior-
itized concern for public health authorities [11]. With the 
outbreak of the Coronavirus Disease 2019 (COVID-19) 
pandemic, however, recent efforts to counteract world-
wide obesity trends and associated consequences may 
have been undermined.

With the aim of containing the spread of COVID-19, 
governments across the globe implemented an unprec-
edented range of policies and (non-pharmaceutical) 
measures since the beginning of 2020, including travel 
restrictions, bans on public gatherings, school and sport 
club closings, or even nationwide lockdowns with stay-
at-home orders [12, 13]. While being necessary and effec-
tive in controlling the spread of the virus, these measures 
abruptly changed various daily habits of people. With 
schools being closed, especially children had limited 
opportunities to interact with their peers or to engage in 
physical activities for extended periods, depriving them 
of age-adequate cognitive and physical stimulation [14, 
15]. In fact, findings from the pre-COVID-19 era suggest 
that when disengaged from their usual school curriculum 
(e.g., during summer recess, holidays), children tend to 
be less physically active, increase their screen-time, have 
irregular sleep schedules, and display unhealthier dietary 
behavior, leading to accelerated BMI gains and increased 
body fat [16–19]. Thus, it is conceivable that such obe-
sogenic behaviors are reinforced when children are con-
fined to their domestic environments and deprived of 
outdoor activities and interaction with peers [20]. Recent 
evidence supports this assumption, indicating that 

during COVID-19 pandemic-related lockdowns, children 
consumed unhealthier foods and beverages, spent more 
time in front of screens, had deteriorated sleep quality, 
and were less physically active [21–25]. Accordingly, the 
COVID-19 pandemic and associated lockdowns may 
have exposed children to an increased risk of obesogenic 
behaviors and BMI gain, prompting an undesirable shift 
in their weight status and contributing to the pandemic of 
childhood obesity. Given the deleterious effects of excess 
weight gain during childhood, it is of utmost importance 
to identify whether changes in children’s living condi-
tions and behaviors under pandemic-related restrictions 
translated into a worsening of children’s weight status.

Socioeconomic Background, COVID‑19, and Childhood 
Weight Status
Though pandemic restrictions applied to citizens irre-
spective of their socioeconomic background (SEB), chil-
dren from lower SEBs may have been at particular risk 
for aggravated weight status following these measures. 
SEB disparities with respect to childhood weight status, 
overweight, and obesity levels are well-documented, 
and the prevalence of overweight and obesity in child-
hood appears to be closely related to children’s SEB, sug-
gesting the existence of a socioeconomic gradient for 
childhood overweight and obesity [26]. According to a 
growing body of literature, the relationship between the 
socioeconomic environment of a child and overweight 
and obesity prevalence is geo-specific, demonstrating an 
inverse relation in industrialized, high-income countries, 
like Germany [27]. In these countries, the prevalence of 
childhood overweight and obesity is disproportionately 
higher in areas where socioeconomic conditions are low 
[2, 28, 29]. This imbalance is owed to the fact that the 
socioeconomic environment in which a child grows up 
exerts substantial influence on the presence and effect of 
risk factors related to the development and persistence 
of childhood overweight and obesity [28]. For example, 
several authors report poorer nutrition, lower physical 
activity levels, higher screen time, and higher sedentary 
time to be more common among children of lower SEBs, 
putting them at a relatively higher risk of elevated weight 

2. Children from lower socioeconomic backgrounds are at particularly high risk of poor weight status and have 
higher BMIs. This socioeconomic gradient increased in post-lockdown cohorts, which is why the health of socio-
economically disadvantaged children may have been disproportionally affected by the pandemic.

3. Authorities and policymakers are called upon to take countermeasures to minimize the impact of the COVID-19 
pandemic on children’s weight status and to counteract risks of increasing childhood obesity rates, especially 
in socioeconomically poorer regions.

Keywords Childhood overweight, Childhood obesity, Physical literacy, BMI z-score, BMI standard deviation score
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and BMI as compared to children of higher SEBs [26, 
28–30]. Accordingly, it is assumed that socioeconomic 
inequalities manifest as inequalities in the prevalence and 
effect of risk factors for childhood overweight and obe-
sity, and are reflected in imbalances in children’s weight 
status along the range of the SEB continuum.

While already at risk for increased BMI and unhealth-
ier weight status by virtue of their SEB, children from 
lower SEBs may have been further disadvantaged by the 
COVID-19 pandemic. Given that measures like lock-
downs or home confinement were imposed in the con-
text of preexisting socioeconomic inequalities, it seems 
plausible that the impact of such measures varied accord-
ing to SEBs and, eventually, augmented socioeconomic 
inequalities in child health [31, 32].

In fact, some studies have demonstrated socioeco-
nomic inequalities in the impact of restrictive measures 
on health- and weight-related behaviors of children 
[32–36]. According to these studies, behaviors that 
are considered protective against weight gain during 

childhood (e.g., physical activity, balanced diet, low 
screen time) declined relatively more during COVID-19 
home confinement in children from families with lower 
socioeconomic characteristics (e.g., lower parental edu-
cation, smaller dwelling type, poorer housing condi-
tions). However, few studies have directly investigated 
the impact of childhood SEB on child weight status in 
the context of the COVID-19 pandemic. Therefore, 
examinations of understanding how the COVID-19 
pandemic and associated lockdowns affected the rela-
tionship between children’s SEB and their weight status 
are needed. This is of particular relevance for regions 
and cities with considerable socioeconomic dispari-
ties within the population. Therefore, it was the aim of 
this study to examine the effects of the COVID-19 pan-
demic and associated lockdowns on the weight status 
of third grade primary school children from the state 
of Berlin (Germany), while specifically considering how 
the relation between children’s SEB and their weight 
status was affected in the context of the COVID-19 
pandemic (Fig. 1).

Fig. 1 Location of schools which participated in the ‘Berlin has Talent’ program within the socioeconomically diverse city of Berlin. Schools are 
displayed as geo tag icons in black. Planning areas of Berlin are color graded according to the Employment and Social Index (ESIx) of the city 
of Berlin. The ESIx is adapted from the ‘Health and Social Structure Atlas of Berlin’ and informs about the economic and social wealth of a region. 
For more information about the ESIx, see Berlin Senate [37]
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Methods
Sample and Study Design
The data analyzed in this cohort study were collected as 
part of the “Berlin has Talent” program (https:// berlin- 
hat- talent. de/), a project of the Regional Sports Confed-
eration Berlin [Landessportbund Berlin, LSB] and the 
Berlin Senate concerned with monitoring and promot-
ing motor performance of third-grade primary school 
children in Berlin. The program, design, and recruitment 
process of the study have been extensively explained else-
where [38–41]. The total data set comprised data from 
68,996 children (8.83 ± 0.56  years, 33,726 female), of 
which 27,224 were excluded due to the unavailability of 
test dates [19, 42–44] and 44 due to biologically implau-
sible BMI standard deviation scores (SDS) (BMI SDS > 8 
& BMI SDS < -4) [45, 46]. To control for a potential sea-
sonality bias, only data collected during the months Sep-
tember, October, and November were considered. This 
led to the exclusion of another 19,285 data points. The 
final sample for the analysis comprised data from 22,443 
children (32.53% of those tested; 8.73 ± 0.53 years, 11,047 
female) from 5 different cohorts. A flow diagram showing 
the number of data cases excluded at each stage as well as 
demographic characteristics of participants by pandemic 
stage are presented in Fig. 2. The study design and data 
collection periods in each cohort relative to COVID-19 
pandemic lockdowns in Germany are visualized in Fig. 3. 
The study and the consent forms signed by the subjects’ 
parents were approved by the Berlin Senate. The study 
was conducted in accordance with the Declaration of 
Helsinki.

Procedure: Data Collection
Data collection in the present sample was carried out 
annually between August/September (depending on the 
start of the school year) and April. Data collection was 
terminated early in March and December 2020, respec-
tively, due to the imposition of COVID-19 pandemic-
related lockdowns in these months. Most recent data 
from school year 2021/2022 was available until January 
2022 at the time this study was conducted.

Each year, public primary schools from annually 
increasing numbers of Berlin districts (2017/2018: 6/12 
districts; 2018/2019: 7/12 districts; 2019/2020: 8/12 dis-
tricts; since 2020/2021: 12/12 districts) received a writ-
ten invitation by the Berlin school administration to 
participate in the project. In the present sample, between 
106 and 177 primary schools participated each year. The 
selection of the third graders to be examined was carried 
out school by school by a project group commissioned by 
the LSB and the Berlin school administration. Between 
6607 and 10,482 third graders per year completed the 

testing procedure in our sample, provided that parental 
consent was given. Entrusted by the Berlin school admin-
istration, a company specialized in the collection of 
sports data was responsible for conducting the German 
Motor Test and corresponding anthropometric measures 
(e.g., height, weight), using virtually unchanged person-
nel over the years. Demographic variables (e.g., age, gen-
der) were collected via questionnaires. The study and the 
consent forms signed by the subjects were approved by 
the Senate of Berlin.

Variables
BMI and BMI SDS. To assess lockdown- and SEB-related 
effects as well as their interaction effects on child weight 
status, BMI was used as dependent variable. To calcu-
late BMI, height and weight were measured according to 
standardized procedures using a measuring tape attached 
vertically to a wall and a scale, respectively. Values were 
recorded to the nearest 1 cm and 100 g, respectively. BMI 
was calculated by dividing weight by the square of height 
[BMI = weight (kg)/height  (m2)]. To account for age and 
sex-specific BMI variation in growing children, BMI raw 
scores were converted to sex-standardized BMI-for-age 
SDS (BMI z-scores) using the national BMI-for-age ref-
erence standard of Germany by Kromeyer-Hauschild 
et al. [47]. The 10th, 50th and 90th BMI percentile curves 
of the present sample relative to the Kromeyer-Hauschild 
et al. [47] population are presented in the supplementary 
material (Additional file 1: Fig. S2).

SEB. SEB was an independent variable. It was based 
on the scientifically-based official school type classifica-
tion of the state of Berlin and was not influenced by any 
of the authors of this paper. It comprises a multidimen-
sional index describing the structural and social condi-
tions of a school. The index is measured by authorities, 
used for political decisions, and considered to be valid 
[48]. The Berlin state school type classification takes six 
characteristics into account: (1) The number of pupils 
in a school whose parents draw social welfare, (2) the 
number of pupils in a school whose common language at 
home is not German, (3) the number of pupils in a school 
with special educational needs, (4) the number of pupils 
in a school who repeat a grade, (5) the total number of 
teachers in a school relative to the required number of 
teachers according to the school’s schedule, and, (6) the 
status-index of the Berlin Senate Administration for 
Urban Development and Housing, a spatial index based 
on child poverty, unemployment benefits, and transfer 
payments. For index formation, each characteristic is 
divided into five equally sized segments, depending on 
their respective ranges, and, thus, equally weighted. A 
loading value (1–5) is assigned to each of the five seg-
ments, and the average of all loading values of a school 

https://berlin-hat-talent.de/
https://berlin-hat-talent.de/
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gives its index. Based on this index, a school is classified 
as one of seven school types. The Berlin state school type 
classification is school-specific. Hence, the SEB value of a 
child represents the child’s SEB at the school-level.

Time. Time was an independent variable and defined 
with respect to government-imposed lockdowns during 
the COVID-19 pandemic in Germany. By the time this 
study was conducted, Germany experienced two major 
lockdowns, categorized as lockdown I (LD I: March 
2020–May 2020, i.e., about three month) and lock-
down II (LD II: January 2021–May 2021, i.e., about five 
month). Measurements prior to the 1st lockdown were 

operationalized as  preCOVID (September 2017–March 
2020), following the 1st and prior to the 2nd lockdown 
as  postLDI (August 2020–December 2020), and follow-
ing the 2nd lockdown as  postLDII (August 2021–January 
2022; Fig. 3).

Data Analysis and Statistics
All statistical analyses were performed with RStudio 
(Version 4.1.2) [49]. Pre- and post-processing of data 
were carried out using the tidyverse package [50]. Statis-
tical inference regarding the effects of COVID-19 pan-
demic lockdowns and SEB on BMI of primary school 

Fig. 2 Flow diagram of excluded cases as well as demographic characteristics of the final sample by pandemic stage
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children was based on multilevel mixed-effects mod-
els (lme4 and lmerTest packages) [51, 52]. The outcome 
measure was age- and sex-adjusted BMI SDS (continu-
ous, higher values indicate higher BMI). BMI raw scores 
were converted to BMI SDS using the sds function of the 
childsds package [53]. Independent variables were Time 
 (preCOVID,  postLDI,  postLDII), school-level SEB (continu-
ous, −  2 to 2, higher values indicate higher SEB), and 
the interaction thereof, Time × SEB. The two lowest and 
highest of the seven SEB groups were aggregated to one 
group, respectively, due to low incidence in the lowest 
and highest SEB group, respectively. Covariates were Age 
(continuous, z-standardized), Gender (male, female) [54], 
and Month of Test (Jan., Feb., … Nov., Dec.). Month of 
Test was added to control for seasonal variation of BMI 
(e.g., school holidays, seasons [19, 42–44]) in addition to 
excluding data which were not collected in September, 
October, or November from the analysis. The supple-
ment includes results of the analysis when all available 
test months were used (Additional file 1: Tables S8–S14). 
Independent variables were added as fixed effects as 
well as covariates to control for potential confounding 
effects. A random effects term was specified for School 
and District, with participants (level 1) being nested in 
School (level 2, intraclass correlation  coefficientschool 
 [ICCschool] = 0.05) and District (level 2,  ICCdistrict = 0.02). 
This allowed us to account for the variance arising from 
differences between School and District and adjust the 
model estimates accordingly. We adhered to a bottom-up 

model building approach, starting with a baseline model 
and evaluating whether the inclusion of additional com-
ponents adds to the fit of the model [55, 56]. Likeli-
hood ratio tests were applied to evaluate fixed effects via 
improved model fit for less parsimonious models (anova 
function; R base package). Model testing started by eval-
uating the random intercept-only model (unconditional 
means model, M0) and the covariate model (M1), con-
taining the control variables Age, Gender, and Month of 
Test, and the nested random intercept structure. Sub-
sequently, Time (M2), SEB (M3), and Time × SEB (M4) 
were successively added to evaluate main and interac-
tions effects of independent variables using χ2 likelihood 
ratio tests. Extending the random effects structure (i.e., 
by adding random slopes for the independent variables) 
led to convergence and singularity issues. According 
to parsimonious model fitting principles [51], only ran-
dom intercepts for School and District were included 
in the final model. Contrast analyses were performed 
based on the final model using estimated marginal means 
(emmeans package) [57] to contrast  preCOVID,  postLDI and 
 postLDII BMI SDS. Estimated marginal trends (emtrends 
function; emmeans package) [57] were used to inspect 
the Time × SEB interaction and investigate to which 
extent the effect of SEB (i.e., slope) on BMI SDS varied 
as a function of Time, that is, between  preCOVID,  postLDI 
and  postLDII. Unstandardised ( b ) and standardised ( β ) 
regression weights as well as 95% confidence intervals of 
these comparisons are reported (Additional file 1: Tables 

Fig. 3 Data collection periods between September 2017 and January 2022. Measurements are displayed in grey by Time. Lockdowns are 
highlighted as red rectangles, the “lockdown light” (November 2020 until January 2021) is highlighted in light red. For more information 
on regulatory measures in Germany, see German Federal Statistical Office [Statistisches Bundesamt] [59].
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S5 and S7), and p-values were Benjamini–Hochberg 
adjusted to control for false discovery rate, that is, type-
I-error [58]. All models were fitted using maximum like-
lihood estimation (ML), and all tests were performed at 
a significance level of α = 0.05 to control for type-I error. 
F-statistics were computed to facilitate interpretation of 
main and interaction effects using type-III sum of squares 
ANCOVA with Satterthwaite-approximation (anova 
function; R base package; Additional file 1: Table S1).

Results
3.1 OverviewThe distribution of the data by Time and 
SEB is displayed in the supplement (Additional file 1: Fig. 
S3). Likelihood ratio tests of stepwise model comparisons 
are presented in Additional file  1: Table  S2. According 
to the unconditional means model (M0), there was sub-
stantial BMI SDS variance between School (τ00 = 0.04, 
SD = 0.21, 95% CI 0.18, 0.23) and District (τ00 = 0.02, 
SD = 0.16, 95% CI 0.09, 0.28) as well as within them 
(σ2 = 1.19, SD = 1.09, 95% CI 1.08, 1.1), providing evi-
dence for the mixed-effect model approach. The param-
eter estimates of the final model including fixed effects 
of covariates, predictors, and interaction terms alongside 
random effects for School are presented in Additional 
file 1: Table S3. Unstandardized and standardized regres-
sion values are given with their confidence intervals and 
p-values for each predictor. Details on the estimated 
marginal means and estimated marginal trends analysis 
are presented in Additional file 1: Tables S4–S7. F-statis-
tics of the final model computed using a type-III sum of 
squares ANCOVA with Satterthwaite-approximation can 
be found in Additional file 1: Table S1.

Lockdown‑Related Effects
Likelihood ratio tests revealed that the main effect of 
Time, χ2 (2) = 9.74, p = 0.008, was significant (Additional 
file  1: Table  S2), suggesting considerable differences in 
BMI SDS between stages of the COVID-19 pandemic. 
Post-hoc estimated marginal means analysis determined 
that BMI SDS in  postLDI (M = 0.27, SE = 0.04) and  postLDII 
(M = 0.25, SE = 0.04) were higher compared to BMI 
SDS in  preCOVID (M = 0.20, SE = 0.04; Additional file  1: 
Table  S4). According to post-hoc pairwise comparisons 
(contrasts), the BMI SDS differences between  preCOVID 
and  postLDI (p = 0.012) and between  preCOVID and 
 postLDII (p = 0.024) were both significant, indicating that 
BMI levels in Berlin third grade primary school children 
were significantly elevated in response to the COVID-19 
pandemic-related lockdowns. There was no significant 
difference between  postLDI and  postLDII BMI SDS levels 
(p = 0.588), suggesting elevated BMI SDS across all chil-
dren in  postLDI persisted in  postLDII (Additional file  1: 
Table S5). Results of the estimated marginal means analy-
sis and post-hoc pairwise comparisons between BMI SDS 
of each pandemic stage are illustrated in Fig. 4a.

SEB‑Related Effects
There was a significant effect of school-level SEB on 
BMI SDS, χ2 (1) = 109.71, p < 0.001, according to likeli-
hood ratio tests (Additional file  1: Table  S2), suggest-
ing that BMI SDS varied substantially as a function of a 
child’s SEB. Estimates of the multilevel model indicate 
that BMI SDS of Berlin third grade primary school chil-
dren was lower with higher SEB and was higher with 
lower SEB (p < 0.001). Thus, results are in support of a 

Fig. 4 Main effects of Time and SEB on BMI SDS. a Post-hoc pairwise comparisons (contrasts) of estimated marginal mean BMI SDS with standard 
errors by Time  (preCOVID,  postLDI and  postLDII). Benjamini–Hochberg adjusted p-values from the estimated marginal mean analysis are given. b Effect 
of SEB on BMI SDS (Slope). Unstandardized beta values and p-values from multilevel model estimates are given
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socioeconomic gradient for children’s weight status. The 
linear effect of school-level SEB on BMI SDS is portrayed 
in Fig. 4b.

Time × SEB Interaction Effects
After adding the interaction term Time × SEB to the 
model, likelihood ratio tests disclosed a significant inter-
action effect, χ2 (2) = 6.92, p = 0.031 (Additional file  1: 
Table S2), describing that the effect of SEB on children’s 
BMI SDS varied significantly as a function of Time, that 
is, depended on the stage of the COVID-19 pandemic. 
Post-hoc estimated marginal trends analysis revealed 
that the effect of SEB on BMI SDS (i.e., the slope) slightly 
increased (that is, the slope exhibited a steeper decline) 
from  preCOVID  (bpre = −  0.13, SE = 0.01) to  postLDI 
 (bpostLDI = − 0.14, SE = 0.02), and noticeably increased in 
 postLDII  (bpostLDII = −  0.17, SE = 0.02; Fig.  5; Additional 
file  1: Table  S6). Thus, the linear effect of SEB on BMI 
SDS was highest in the  postLDII stage, followed by the 
 postLDI and the  preCOVID stage. Post-hoc pairwise com-
parisons of SEB-slopes (slope contrasts) showed a signifi-
cant difference between  preCOVID and  postLDII SEB-slopes 
(p = 0.028). However, the differences between  postLDI and 
 postLDII SEB-slopes (p = 0.142) and between  preCOVID and 
 postLDI SEB-slopes (p = 0.54, Fig. 5a) were not significant. 
As such, the linear effect of SEB on BMI SDS was not sig-
nificantly stronger in  postLDI compared to  preCOVID, but 
significantly elevated in  postLDII compared to  preCOVID 
(Fig.  5; Additional file  1: Table  S7). In other words, the 
effect that children with lower SEB have higher BMIs just 
slightly increased in  postLDI, but substantially increased 

in the  postLDII stage. Post-lockdown BMI trajectories by 
SEB (Additional file 1: Fig. S1) show that BMIs of children 
with higher SEB even declined from  postLDI to  postLDII, 
while BMIs of lower SEB children exhibited an incline in 
this period.

Discussion
The findings of this study indicate that (1) age- and sex-
adapted BMI SDS were considerably elevated in children 
measured after the 1st and 2nd lockdown in Germany, 
(2) children with lower school-level SEB had substantially 
higher BMI SDS across all cohorts than those with higher 
school-level SEB, and (3) the socioeconomic gradient 
reflecting significantly higher BMI SDS for children with 
lower SEB was even stronger in post-lockdown cohorts, 
especially in the post-lockdown II cohort.

The results of our study coincide with what several 
authors predicted following the global outbreak of the 
Coronavirus, that is, weight gain in children in response 
to exacerbated obesogenic circumstances during lock-
down-inflicted home confinement [20, 60–62]. During 
lockdowns of the COVID-19 pandemic, children were 
deprived of structured institutional educational environ-
ments, a setting which Brazendale et al. [16] describe to 
protect children against weight gain by regulating obeso-
genic behaviors (e.g., through compulsory and non-com-
pulsory physical activity opportunities, restricting caloric 
intake, reducing screen time occasions, and regulating 
sleep schedules). With this protective environment being 
less accessible or even inaccessible and age-adequate cog-
nitive and physical stimuli being deprived, Rundle et  al. 

Fig. 5 Interaction effect of Time × SEB on BMI SDS. a Post-hoc pairwise comparison of slopes (estimated marginal trends with standard errors) 
in  preCOVID,  postLDI and  postLDII. Benjamini–Hochberg adjusted p-values from estimated marginal trends analysis are given. b Effect of SEB on BMI 
SDS (slopes) in  preCOVID,  postLDI and  postLDII according to estimated marginal trends analysis. Beta values (estimated marginal trends) are given
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[20] proposed that obesogenic environments conducive 
to physical inactivity and poor diet are reinforced dur-
ing COVID-19 home confinement, exposing children to 
an increased risk for energy imbalance and accelerated 
weight gain. These assumptions are supported by more 
recent findings from the field, indicating that children 
indeed made persisting unhealthy dietary and lifestyle 
behavioral changes during COVID-19 lockdowns [21–
25]. The findings from our study, in turn, are among the 
first to point to the idea that this shift in dietary and life-
style behaviors caused by the COVID-19 pandemic and 
associated lockdowns plausibly translates to weight and 
BMI gain in children, constituting a threat to the com-
bat of childhood overweight and obesity. Recent studies 
comply with our findings and report increases in BMIs 
among children during the COVID-19 pandemic. For 
instance, Lange et  al.  [63] assessed BMI trends during 
the pandemic in a geographically diverse sample of over 
400,000 U.S. children and adolescents and found that the 
rate of BMI increase nearly doubled in pandemic peri-
ods. Importantly, the largest increase occurred in those 
with pre-pandemic overweight and obesity and in an age 
group that is comparable with our sample (6–11-year-
old). In another recent study of almost 200,000 racially 
and ethnically diverse U.S. children and adolescents, 
Woolford et al. [64] reported sizable BMI gain during the 
pandemic, which was highest among 5- to 11-year-olds. 
Comparable findings were made in Central Europe by 
Jarnig et al. [65] who observed BMI increases in a popu-
lation of 764 7–10-year-old Austrian children between 
September 2019 and September 2020. Thus, together 
with our study, accumulating evidence suggests that 
measures to mitigate the spread of the COVID-19 pan-
demic like lockdowns have led to exacerbated weight 
status and BMIs in primary school-aged children. Given 
that elevated BMI during childhood is not only predictive 
for worsened lifetime weight status and related condi-
tions [7–10], but also strongly negatively associated with 
childhood motor competence and physical activity [66, 
67], there is reason to worry that the observed changes 
in weight status could persist and affect children at dif-
ferent levels for years to come. Recently published data 
suggests that various domains of motor performance may 
have already been compromised as a consequence of the 
pandemic [68, 69].

As regards SEB disparities in BMIs, our findings are 
consistent with previous insights pointing to an inverse 
relation between childhood SEB and weight status [2, 26], 
in particular in high-income countries like Germany [27]. 
In their review, Vazquez and Cubbin [28] identified sev-
eral mechanisms that may explain SEB-related inequali-
ties in childhood weight status and obesity prevalence. 
According to the authors, various factors such as lack 

of access to grocery stores with healthy food, lower cost 
per calorie of more energy dense foods, lack of safe space 
to engage in physical activity, and low interest or aware-
ness of weight control are more prevalent in low socio-
economic environments, possibly accounting for higher 
BMIs and obesity prevalence in child populations with 
lower SEB. Thus, the socioeconomic gradient for child-
hood BMI that we observed in our data is in line with 
previous research.

What our study contributes to established research 
in this field is evidence of socioeconomic inequalities in 
how children’s weight status is affected by the COVID-
19 pandemic. Our results suggest that already existing 
socioeconomic-related differences in children’s BMIs 
(i.e., higher BMIs in low SEB children and vice versa) 
were reinforced in response to lockdowns and that 
the preexisting socioeconomic gradient displayed an 
even stronger decline after government-imposed lock-
downs, in particular after the 2nd lockdown (Fig.  5). 
The observed increase in the SEB effect from  postLDI to 
 postLDII appears natural given the duration of both lock-
downs. With almost six months in duration, the 2nd 
lockdown endured substantially longer than the 1st lock-
down (less than 2 months; Fig. 3) [59] and exposed chil-
dren to the presumed obesogenic low SEB environments 
for a much longer period. However, it must be men-
tioned here that the 2nd lockdown, although longer, was 
less strict in terms of regulatory measures (for details on 
regulatory measures during the COVID-19 pandemic in 
Germany, see: German Federal Statistical Office [Statis-
tisches Bundesamt]) [59]. Yet, based on the presented 
data, we cautiously infer that the duration of home-con-
fining measures plays an eminent role with respect to 
their impact on the association between SEB and child-
hood BMI. Moreover, the data indicates that children 
with higher SEB were at least partially able to make up 
for the initial BMI gain from  postLDI to  postLDII, while 
in contradiction to this, BMIs of those with lower SEBs 
notably inclined in this period (Additional file 1: Fig. S1). 
Thus, our findings suggest that the detrimental effects of 
home-confinement on weight status manifest particularly 
in lower SEB children and may further increase evident 
socioeconomic weight status disparities in children along 
the SEB dimension. These results are in line with Jenssen 
et al. [70] who explored changes in childhood obesity dis-
parities in response to the COVID-19 pandemic based on 
age, race and ethnicity, insurance, and income in a large 
and diverse U.S. sample. The authors found that preex-
isting disparities in childhood obesity rates in terms of 
race and ethnicity, insurance, and neighborhood socio-
economic status expanded during the pandemic. Meas-
ures and efforts to mitigate the number of COVID-19 
infections like lockdowns, thus, have likely widened the 
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gap between children from low and high SEBs in terms of 
weight status disparities. We do not know the exact path-
ways through which the COVID-19-related lockdowns 
had an unequal impact on child weight status. However, 
some authors have suggested potential mechanisms that 
could be conducive to socially unequal BMI gain in chil-
dren during the pandemic. Abrams and Szefler [71] argue 
that school closures during the pandemic could increase 
malnutrition and food insecurity in low SEB children, 
both of which are closely linked to childhood SEB and 
weight status [28], as they can no longer profit from 
school lunch programs. Moreover, the financial losses 
expected as a consequence of the pandemic could con-
strain the budget of low-income household for unpro-
cessed whole foods [61], and missing out on (subsidized) 
food services provided by schools could impose addi-
tional food-related financial burdens [72]. Based on the 
lower cost per calorie of more energy dense foods (i.e., 
fast foods), the pandemic may therefore reinforce the 
preexisting propensity of low SEB families to purchase 
these foods [28, 62]. Furthermore, González-Rábago 
et al. [32] proposed that children from families with low 
educational and financial levels lived in poorer hous-
ing conditions during lockdowns with limited space for 
physical activity and sociability, possibly disproportion-
ately affecting weight status of children in these families. 
Finally, based on the assumption that low SEB environ-
ments and households are more conducive to obesogenic 
behaviors in children than high SEB environments and 
households [26, 28, 29], being exposed to these environ-
ments for extended periods likely exacerbates weight sta-
tus in children from lower SEBs, but less so in children 
from higher SEBs. Future studies should identify mecha-
nisms and factors that explain pandemic-related incre-
ments in social inequalities of weight status and BMI in 
children.

In summary, the overall results point to an alarm-
ing trend in the developments of primary school-aged 
children’s weight status. The weight status of children 
could be sustainably compromised as a result of pan-
demic lockdowns. Notably, children from lower SEBs 
seem to be at particular risk of exacerbated weight sta-
tus in response to lockdown periods, likely contributing 
to increasing social disparities in the prevalence of child-
hood overweight and obesity. Second, our findings raise 
concerns that the stabilization in BMI trends and child-
hood obesity prevalence, which was recently observed in 
Germany and other high-income countries [2, 27], could 
have been destabilized as a consequence of the COVID-
19 pandemic. This trend undermines public health efforts 
to combat childhood obesity. Importantly, these effects 
could be magnified in countries where lockdown regu-
lations and home confinement orders were even stricter 

than in Germany. Third, based on the long-term adverse 
health outcomes of elevated BMI levels in childhood, 
our findings imply the urgent necessity for policymak-
ers and various stakeholders (e.g., schools, communities, 
and families) to design and implement countermeasures 
to minimize the detrimental impact of the COVID-19 
pandemic on children’s weight status. Promoting physi-
cal activity and establishing post-pandemic offers such 
as tailored physical health and nutrition education or 
weight management care is warranted to counteract 
risks of increasing rates of childhood obesity and related 
conditions.

Our study is subject to some limitations. First, as we 
analyzed secondary data, the choice of covariates was 
restricted to the available measures. Several important 
covariates (e.g.,, sport club membership, physical activ-
ity, sedentary behavior, dietary behavior), which affect 
BMIs in children [7] and have shown to be influenced by 
the pandemic [21–25], were not examined but could pro-
vide additional insights into pandemic- and SEB-related 
effects on BMIs in children. This may also explain why 
overall explanatory power of our model is low (condi-
tional R, Additional file 1: Table S3) despite significance 
of effects. Second, though cohorts in this study included 
a socioeconomically diverse sample, data restricted to 
the county Berlin may not be nationally representative. 
Therefore, this study should be replicated with popula-
tion-based data. Third, BMI is criticized for being lim-
ited in differentiating body fat from lean (fat free) mass. 
However, it is the most widely applied criterion of weight 
status and an accurate anthropometric indicator of body 
fat in 7-to-10-year-olds [73], especially when adjusted to 
age and sex-specific standards. Moreover, BMI is easy 
and safe to obtain in large child populations and a well-
tolerated alternative to invasive measurement methods 
of weight status and body fat [74]. Fourth, we could not 
compare our cohorts against a control group of children 
unaffected by COVID-19 lockdowns. Therefore, causal 
inference with respect to observed effects cannot be 
made. Fifth, we cannot rule out the possibility of cohort 
effects, even though between-cohort variance in BMI 
SDS was negligible (ICC = 0.0001).

Conclusion
In this cohort study of German third grade primary 
school children, considerable increases in BMIs were 
observed in response to lockdowns and home confine-
ment during the COVID-19 pandemic. BMI increases 
following lockdowns were comparatively largest in chil-
dren with low SEB, raising concerns that social dispari-
ties with respect to weight status and obesity prevalence 
in children may be widening as a consequence of the pan-
demic. These observations complement recent results 
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on the development of BMI and weight status trends in 
times of the COVID-19 pandemic [63–65]. Our find-
ings underscore the urgent need of countermeasures 
and post-pandemic efforts to mitigate increasing risks of 
childhood obesity prevalence and oppose adverse long-
terms effects on child health. This is relevant not only in 
the context of the COVID-19 pandemic, but also with 
respect to future pandemics or crises that could promote 
changes in obesity-related lifestyles and behaviors (e.g., 
climate change-related altering of physical activity behav-
ior). Providing weight management care to children, for 
example, in form of tailored physical health and nutrition 
education programs, is a critical task for states, commu-
nities, and schools to alleviate collateral damage of the 
COVID-19 pandemic. Finally, our findings should help to 
inform future pandemic policies.

Abbreviations
BMI  Body mass index
COVID-19  Coronavirus disease 2019
NCDs  Noncommunicable diseases
SDS  BMI standard deviation scores
SEB  Socioeconomic background

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40798- 024- 00687-8.

Additional file 1. Supplementary tables and figures for the analysis and 
result tables of the data analysis across all available test months.

Acknowledgements
Not applicable.

Author contributions
LP: Conceptualization, Writing-Reviewing and Editing, Methodology, Analyses 
RS: Writing-Reviewing and Editing. JZ: Writing-Reviewing and Editing. DB: 
Data, Writing-Reviewing and Editing KG: Data, Writing-Reviewing and Editing 
TU: Conceptualization, Writing-Reviewing and Editing, Methodology, Analyses. 
All authors read and approved the final version.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research 
is part of the PESCov project (‘Physical Education, Sport, and Corona-Virus 
Pandemic: Understanding consequences of COVID-19 pandemic lockdowns 
on children’s and youth physical literacy’) that was funded by the German 
Research Foundation (DFG, Nr.: UT 158/1-1). Data were obtained from the 
Berlin hat Talent Study. The Berlin hat Talent Study is funded by the Senate of 
Berlin and is carried out by the DSHS Berlin. The funders had no role in study 
design, data collection, analysis, and interpretation. We acknowledge support 
from the Open Access Publication Fund of the University of Münster.

Availability of Data and Materials
The datasets analyzed in this study can be requested from Till Utesch. The R 
code  used to process and analyze the data is available in the Open Science 
Framework (OSF) Repository https:// osf. io/ bc4uj/.

Declarations

Ethics Approval and Consent to Participate
The study and the consent forms signed by the subjects were approved by 
the Senate of Berlin before the study started in 2012. The study was con-
ducted in accordance with the Declaration of Helsinki.

Consent for Publication
Not applicable.

Competing Interests
LP, RS, JZ, DB, KG, and TU declare that they have no conflict of interest.

Author details
1 Institute of Educational Sciences, University of Münster, Bispinghof 5/6, 
48143 Münster, Germany. 2 Deutsche Hochschule für Gesundheit und Sport, 
Berlin, Germany. 3 Universität Oldenburg, Oldenburg, Germany. 4 Institute 
of Psychology, University of Münster, Münster, Germany. 5 Institute of Human 
Movement Science, University of Hamburg, Hamburg, Germany. 

Received: 5 July 2023   Accepted: 19 February 2024

References
 1. World Health Organization. Obesity and overweight. 2021. http:// www. 

who. int/ en/ news- room/ fact- sheets/ detail/ obesi ty- and- overw eight. 
Accessed Jul 2022.

 2. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-
mass index, underweight, overweight, and obesity from 1975 to 2016: a 
pooled analysis of 2416 population-based measurement studies in 128·9 
million children, adolescents, and adults. Lancet. 2017;390(10113):2627–
42. https:// doi. org/ 10. 1016/ S0140- 6736(17) 32129-3.

 3. Friedemann C, Heneghan C, Mahtani K, Thompson M, Perera R, Ward AM. 
Cardiovascular disease risk in healthy children and its association with 
body mass index: systematic review and meta-analysis. BMJ. 2012;345: 
e4759. https:// doi. org/ 10. 1136/ bmj. e4759.

 4. Griffiths LJ, Wolke D, Page AS, Horwood JP, ALSPAC Study Team. 
Obesity and bullying: different effects for boys and girls. Arch Dis Child. 
2006;91(2):121–5. https:// doi. org/ 10. 1136/ adc. 2005. 072314.

 5. Griffiths LJ, Parsons TJ, Hill AJ. Self-esteem and quality of life in obese 
children and adolescents: a systematic review. Int J Pediatr Obes. 
2010;5(4):282–304. https:// doi. org/ 10. 3109/ 17477 16090 34736 97.

 6. Tsiros MD, Olds T, Buckley JD, Grimshaw P, Brennan L, Walkley J, et al. 
Health-related quality of life in obese children and adolescents. Int J Obes 
(Lond). 2009;33(4):387–400. https:// doi. org/ 10. 1038/ ijo. 2009. 42.

 7. Blüher M. Obesity: global epidemiology and pathogenesis. Nat Rev Endo-
crinol. 2019;15(5):288–98. https:// doi. org/ 10. 1038/ s41574- 019- 0176-8.

 8. Llewellyn A, Simmonds M, Owen CG, Woolacott N. Childhood obesity 
as a predictor of morbidity in adulthood: a systematic review and meta-
analysis. Obes Rev. 2016;17(1):56–67. https:// doi. org/ 10. 1111/ obr. 12316.

 9. Simmonds M, Burch J, Llewellyn A, Griffiths C, Yang H, Owen C, et al. 
The use of measures of obesity in childhood for predicting obesity and 
the development of obesity-related diseases in adulthood: a systematic 
review and meta-analysis. Health Technol Assess. 2015;19(43):1–336. 
https:// doi. org/ 10. 3310/ hta19 430.

 10. Singh AS, Mulder C, Twisk JW, van Mechelen W, Chinapaw MJ. Tracking 
of childhood overweight into adulthood: a systematic review of the lit-
erature. Obes Rev. 2008;9(5):474–88. https:// doi. org/ 10. 1111/j. 1467- 789X. 
2008. 00475.x.

 11. Weihrauch-Blüher S, Wiegand S. Risk factors and implications of child-
hood obesity. Curr Obes Rep. 2018;7(4):254–9. https:// doi. org/ 10. 1007/ 
s13679- 018- 0320-0.

 12. European Centre for Disease Prevention and Control. Data on country 
response measures to COVID-19. 2022. https:// www. ecdc. europa. eu/ 
en/ publi catio ns- data/ downl oad- data- respo nse- measu res- covid- 19. 
Accessed Jul 2022.

https://doi.org/10.1186/s40798-024-00687-8
https://doi.org/10.1186/s40798-024-00687-8
https://osf.io/bc4uj/
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1136/bmj.e4759
https://doi.org/10.1136/adc.2005.072314
https://doi.org/10.3109/17477160903473697
https://doi.org/10.1038/ijo.2009.42
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1111/obr.12316
https://doi.org/10.3310/hta19430
https://doi.org/10.1111/j.1467-789X.2008.00475.x
https://doi.org/10.1111/j.1467-789X.2008.00475.x
https://doi.org/10.1007/s13679-018-0320-0
https://doi.org/10.1007/s13679-018-0320-0
https://www.ecdc.europa.eu/en/publications-data/download-data-response-measures-covid-19
https://www.ecdc.europa.eu/en/publications-data/download-data-response-measures-covid-19


Page 12 of 13Piesch et al. Sports Medicine - Open           (2024) 10:20 

 13. Hale T, Angrist N, Goldszmidt R, Kira B, Petherick A, Phillips T, et al. A global 
panel database of pandemic policies (Oxford COVID-19 Government 
Response Tracker). Nat Hum Behav. 2021;5(4):529–38. https:// doi. org/ 10. 
1038/ s41562- 021- 01079-8.

 14. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, 
et al. The psychological impact of quarantine and how to reduce it: rapid 
review of the evidence. Lancet. 2020;395(10227):912–20. https:// doi. org/ 
10. 1016/ S0140- 6736(20) 30460-8.

 15. Chulvi-Medrano I, Villa-González E, Rebullido TR, Faigenbaum AD. The 
impact of COVID-19 quarantine on youth: from physical inactivity to 
pediatric depreobesity. J Mov Heal. 2021. https:// doi. org/ 10. 5027/ jmh- 
Vol18- Issue 1(2021) art100.

 16. Brazendale K, Beets MW, Weaver RG, Pate RR, Turner-McGrievy GM, 
Kaczynski AT, et al. Understanding differences between summer vs. 
school obesogenic behaviors of children: the structured days hypoth-
esis. Int J Behav Nutr Phys Act. 2017;14(1):100. https:// doi. org/ 10. 1186/ 
s12966- 017- 0555-2.

 17. von Hippel PT, Powell B, Downey DB, Rowland NJ. The effect of school on 
overweight in childhood: gain in body mass index during the school year 
and during summer vacation. Am J Public Health. 2007;97(4):696–702. 
https:// doi. org/ 10. 2105/ AJPH. 2005. 080754.

 18. Wang YC, Vine S, Hsiao A, Rundle A, Goldsmith J. Weight-related behav-
iors when children are in school versus on summer breaks: does income 
matter? J Sch Health. 2015;85(7):458–66. https:// doi. org/ 10. 1111/ josh. 
12274.

 19. Weaver RG, Armstrong B, Hunt E, Beets MW, Brazendale K, Dugger R, 
et al. The impact of summer vacation on children’s obesogenic behaviors 
and body mass index: a natural experiment. Int J Behav Nutr Phys Act. 
2020;17(1):153. https:// doi. org/ 10. 1186/ s12966- 020- 01052-0.

 20. Rundle AG, Park Y, Herbstman JB, Kinsey EW, Wang YC. COVID-19-related 
school closings and risk of weight gain among children. Obesity (Silver 
Spring). 2020;28(6):1008–9. https:// doi. org/ 10. 1002/ oby. 22813.

 21. Censi L, Ruggeri S, Galfo M, Buonocore P, Roccaldo R. Eating behaviour, 
physical activity and lifestyle of Italian children during lockdown for 
COVID-19. Int J Food Sci Nutr. 2022;73(1):93–105. https:// doi. org/ 10. 1080/ 
09637 486. 2021. 19211 27.

 22. López-Bueno R, López-Sánchez GF, Casajús JA, Calatayud J, Tully MA, 
Smith L. Potential health-related behaviors for pre-school and school-
aged children during COVID-19 lockdown: a narrative review. Prev Med. 
2021;143: 106349. https:// doi. org/ 10. 1016/j. ypmed. 2020. 106349.

 23. Pietrobelli A, Fearnbach N, Ferruzzi A, Vrech M, Heo M, Faith M, et al. 
Effects of COVID-19 lockdown on lifestyle behaviors in children with obe-
sity: longitudinal study update. Obes Sci Pract. 2021;8(4):525–8. https:// 
doi. org/ 10. 1002/ osp4. 581.

 24. Pietrobelli A, Pecoraro L, Ferruzzi A, Heo M, Faith M, Zoller T, et al. Effects 
of COVID-19 lockdown on lifestyle behaviors in children with obesity 
living in Verona, Italy: a longitudinal study. Obesity (Silver Spring). 
2020;28(8):1382–5. https:// doi. org/ 10. 1002/ oby. 22861.

 25. Ten Velde G, Lubrecht J, Arayess L, van Loo C, Hesselink M, Reijnders D, 
et al. Physical activity behaviour and screen time in Dutch children during 
the COVID-19 pandemic: pre-, during- and post-school closures. Pediatr 
Obes. 2021;16(9): e12779. https:// doi. org/ 10. 1111/ ijpo. 12779.

 26. Lieb DC, Snow RE, DeBoer MD. Socioeconomic factors in the 
development of childhood obesity and diabetes. Clin Sports Med. 
2009;28(3):349–78. https:// doi. org/ 10. 1016/j. csm. 2009. 02. 004.

 27. Schienkiewitz A, Brettschneider AK, Damerow S, Rosario AS. Übergewicht 
und Adipositas im Kindes-und Jugendalter in Deutschland–Querschnit-
tergebnisse aus KiGGS Welle 2 und Trends. 2018.

 28. Vazquez CE, Cubbin C. Socioeconomic status and childhood obesity: 
a review of literature from the past decade to inform intervention 
research. Curr Obes Rep. 2020;9(4):562–70. https:// doi. org/ 10. 1007/ 
s13679- 020- 00400-2.

 29. Wang Y, Lim H. The global childhood obesity epidemic and the associa-
tion between socio-economic status and childhood obesity. Int Rev 
Psychiatry. 2012;24(3):176–88. https:// doi. org/ 10. 3109/ 09540 261. 2012. 
688195.

 30. Gebremariam MK, Lien N, Nianogo RA, Arah OA. Mediators of socioeco-
nomic differences in adiposity among youth: a systematic review. Obes 
Rev. 2017;18(8):880–98. https:// doi. org/ 10. 1111/ obr. 12547.

 31. Bambra C, Riordan R, Ford J, Matthews F. The COVID-19 pandemic and 
health inequalities. J Epidemiol Commun Health. 2020;74(11):964–8. 
https:// doi. org/ 10. 1136/ jech- 2020- 214401.

 32. González-Rábago Y, Cabezas-Rodríguez A, Martín U. Social inequalities in 
health determinants in Spanish children during the COVID-19 lockdown. 
Int J Environ Res Public Health. 2021;18(8):4087. https:// doi. org/ 10. 3390/ 
ijerp h1808 4087.

 33. Gilic B, Ostojic L, Corluka M, Volaric T, Sekulic D. Contextualizing paren-
tal/familial influence on physical activity in adolescents before and 
during COVID-19 pandemic: a prospective analysis. Children (Basel). 
2020;7(9):125. https:// doi. org/ 10. 3390/ child ren70 90125.

 34. Medrano M, Cadenas-Sanchez C, Oses M, Arenaza L, Amasene M, 
Labayen I. Changes in lifestyle behaviours during the COVID-19 confine-
ment in Spanish children: a longitudinal analysis from the MUGI project. 
Pediatr Obes. 2021;16(4): e12731. https:// doi. org/ 10. 1111/ ijpo. 12731.

 35. Mitra R, Moore SA, Gillespie M, Faulkner G, Vanderloo LM, Chulak-Bozzer 
T, et al. Healthy movement behaviours in children and youth during the 
COVID-19 pandemic: exploring the role of the neighbourhood environ-
ment. Health Place. 2020;65: 102418. https:// doi. org/ 10. 1016/j. healt 
hplace. 2020. 102418.

 36. Lee EY, Yoon KH. Epidemic obesity in children and adolescents: risk fac-
tors and prevention. Front Med. 2018;12(6):658–66. https:// doi. org/ 10. 
1007/ s11684- 018- 0640-1.

 37. Berline Senate. Gesundheits- und Sozialstrukturatlas Berlin - Senatsver-
waltung für Wissenschaft, Gesundheit, Pflege und Gleichstellung. 2022. 
https:// www. berlin. de/ sen/ gesun dheit/ servi ce/ gesun dheit sberi chter statt 
ung/ gesun dheit- und- sozia lstru ktur/. Accessed May 2022.

 38. Zinner J, Becker M, Heinicke W, Strunz J. Berlin hat talent. Ergebnisse der 
Untersuchungen in Berlin im Schuljahr. 2015;2016:16.

 39. Zinner J, Büsch D. BERLIN HAT TALENT: Ausgewählte Ergebnisse der 
Untersuchungen 2014/15. In: Zinner J, Poller T, editors. BERLIN HAT 
TALENT: Neue Ansätze der Talent- und Bewegungsförderung. Berlin: 
Hochschule für Gesundheit & Sport, Technik & Kunst; 2016. p. 109–24.

 40. Zinner J, Niessner C, Bortel C, Utesch T, Bös K, Krug J, et al. 10 Jahre BERLIN 
HAT TALENT: Eine methodologische Übersicht mit anwendungsorienti-
erter Ausrichtung. Leistungssport. 2022;52(3):5–12.

 41. Zinner J, Büsch D, Utesch T, Krug J, Ester JC, Bortel C, et al. BERLIN HAT 
TALENT seit 2012 – Jeder hat die Chance, seine motorische Begabung zu 
zeigen und Defizite zu erkennen - IST-Stand nach Abschluss des Schul-
jahres 2022. 2022.

 42. Baranowski T, O’Connor T, Johnston C, Hughes S, Moreno J, Chen TA, et al. 
School year versus summer differences in child weight gain: a narrative 
review. Child Obes. 2014;10(1):18–24. https:// doi. org/ 10. 1089/ chi. 2013. 
0116.

 43. Bhutani S, Hanrahan LP, Vanwormer J, Schoeller DA. Circannual varia-
tion in relative weight of children 5 to 16 years of age. Pediatr Obes. 
2018;13(7):399–405. https:// doi. org/ 10. 1111/ ijpo. 12270.

 44. Franckle R, Adler R, Davison K. Accelerated weight gain among children 
during summer versus school year and related racial/ethnic disparities: 
a systematic review. Prev Chronic Dis. 2014;11:E101. https:// doi. org/ 10. 
5888/ pcd11. 130355.

 45. Centers for Disease Control and Prevention. A SAS program for the 2000 
CDC growth charts (ages 0 to <20 years). 2022. https:// www. cdc. gov/ 
nccdp hp/ dnpao/ growt hchar ts/ resou rces/ sas. htm# refer ence. Accessed 
Jul 2022.

 46. World Health Organization. Physical status: The use of and interpretation 
of anthropometry. Report of a WHO Expert Committee: World Health 
Organization; 1995.

 47. Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geiß HC, Hesse V, 
et al. Perzentile für den Body-mass-Index für das Kindes-und Jugendalter 
unter Heranziehung verschiedener deutscher Stichproben. Monatsschrift 
Kinderheilkd. 2001;149:807–18.

 48. Berlin Senate Department for Education, Youth and Family Affairs. Berliner 
Schultypisierung. 2023. https:// www. bildu ngsst atist ik- berlin. de/ p1/ dac/r/ 
Schul typis ierung. html. Accessed Aug 2023.

 49. R Core Team. R: The R project for statistical computing; 2023; https:// 
www.r- proje ct. org/

 50. Wickham H, Averick M, Bryan J, Chang W, McGowan LD, François R, et al. 
Welcome to the Tidyverse. J Open Source Softw. 2019;4:1686.

 51. Bates D, Kliegl R, Vasishth S, Baayen H. Parsimonious mixed models. 
arXiv:150604967. 2018; http:// arxiv. org/ abs/ 1506. 04967

https://doi.org/10.1038/s41562-021-01079-8
https://doi.org/10.1038/s41562-021-01079-8
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.5027/jmh-Vol18-Issue1(2021)art100
https://doi.org/10.5027/jmh-Vol18-Issue1(2021)art100
https://doi.org/10.1186/s12966-017-0555-2
https://doi.org/10.1186/s12966-017-0555-2
https://doi.org/10.2105/AJPH.2005.080754
https://doi.org/10.1111/josh.12274
https://doi.org/10.1111/josh.12274
https://doi.org/10.1186/s12966-020-01052-0
https://doi.org/10.1002/oby.22813
https://doi.org/10.1080/09637486.2021.1921127
https://doi.org/10.1080/09637486.2021.1921127
https://doi.org/10.1016/j.ypmed.2020.106349
https://doi.org/10.1002/osp4.581
https://doi.org/10.1002/osp4.581
https://doi.org/10.1002/oby.22861
https://doi.org/10.1111/ijpo.12779
https://doi.org/10.1016/j.csm.2009.02.004
https://doi.org/10.1007/s13679-020-00400-2
https://doi.org/10.1007/s13679-020-00400-2
https://doi.org/10.3109/09540261.2012.688195
https://doi.org/10.3109/09540261.2012.688195
https://doi.org/10.1111/obr.12547
https://doi.org/10.1136/jech-2020-214401
https://doi.org/10.3390/ijerph18084087
https://doi.org/10.3390/ijerph18084087
https://doi.org/10.3390/children7090125
https://doi.org/10.1111/ijpo.12731
https://doi.org/10.1016/j.healthplace.2020.102418
https://doi.org/10.1016/j.healthplace.2020.102418
https://doi.org/10.1007/s11684-018-0640-1
https://doi.org/10.1007/s11684-018-0640-1
https://www.berlin.de/sen/gesundheit/service/gesundheitsberichterstattung/gesundheit-und-sozialstruktur/
https://www.berlin.de/sen/gesundheit/service/gesundheitsberichterstattung/gesundheit-und-sozialstruktur/
https://doi.org/10.1089/chi.2013.0116
https://doi.org/10.1089/chi.2013.0116
https://doi.org/10.1111/ijpo.12270
https://doi.org/10.5888/pcd11.130355
https://doi.org/10.5888/pcd11.130355
https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm#reference
https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm#reference
https://www.bildungsstatistik-berlin.de/p1/dac/r/Schultypisierung.html
https://www.bildungsstatistik-berlin.de/p1/dac/r/Schultypisierung.html
https://www.r-project.org/
https://www.r-project.org/
http://arxiv.org/abs/1506.04967


Page 13 of 13Piesch et al. Sports Medicine - Open           (2024) 10:20  

 52. Kuznetsova A, Brockhoff PB, Christensen RH. lmerTest package: tests in 
linear mixed effects models. J Stat Softw. 2017;82:1–26.

 53. Vogel, M. childsds: Data and Methods Around Reference Values in Pediat-
rics. 2022; https:// CRAN.R- proje ct. org/ packa ge= child sds

 54. Must A, Anderson SE. Body mass index in children and adolescents: 
considerations for population-based applications. Int J Obes (Lond). 
2006;30(4):590–4. https:// doi. org/ 10. 1038/ sj. ijo. 08033 00.

 55. Raudenbush SW, Bryk AS. Hierarchical linear models: applications and 
data analysis methods, vol. 1. Sage; 2002.

 56. Snijders TA, Bosker RJ. Multilevel analysis: An introduction to basic and 
advanced multilevel modeling. Multilevel Anal. 2011;1–368.

 57. Lenth RV, Buerkner P, Herve M, Love J, Miguez F, Riebl H, et al. Emmeans: 
Estimated marginal means, aka least-squares means. 2022; https:// cran.r- 
proje ct. org/ web/ packa ges/ emmea ns/ index. html

 58. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practi-
cal and powerful approach to multiple testing. J R Stat Soc Ser B. 
1995;57(1):289–300.

 59. German Federal Statistical Office. Corona Daten Deutschland. 2022. 
https:// www. corona- daten- deuts chland. de/. Accessed May 2022.

 60. An R. Projecting the impact of the coronavirus disease-2019 pandemic 
on childhood obesity in the United States: a microsimulation model. J 
Sport Health Sci. 2020;9(4):302–12. https:// doi. org/ 10. 1016/j. jshs. 2020. 05. 
006.

 61. Storz MA. The COVID-19 pandemic: an unprecedented tragedy in the 
battle against childhood obesity. Clin Exp Pediatr. 2020;63(12):477–82. 
https:// doi. org/ 10. 3345/ cep. 2020. 01081.

 62. Wang G, Zhang Y, Zhao J, Zhang J, Jiang F. Mitigate the effects of home 
confinement on children during the COVID-19 outbreak. Lancet. 
2020;395(10228):945–7. https:// doi. org/ 10. 1016/ S0140- 6736(20) 30547-X.

 63. Lange SJ, Kompaniyets L, Freedman DS, Kraus EM, Porter R, DNP3, et al. 
Longitudinal trends in body mass index before and during the COVID-19 
pandemic among persons aged 2–19 years: United States, 2018–2020. 
MMWR Morb Mortal Wkly Rep. 2021;70(37):1278–83. https:// doi. org/ 10. 
15585/ mmwr. mm703 7a3.

 64. Woolford SJ, Sidell M, Li X, Else V, Young DR, Resnicow K, et al. Changes in 
body mass index among children and adolescents during the COVID-19 
pandemic. JAMA. 2021;326(14):1434–6. https:// doi. org/ 10. 1001/ jama. 
2021. 15036.

 65. Jarnig G, Jaunig J, van Poppel MNM. Association of COVID-19 mitiga-
tion measures with changes in cardiorespiratory fitness and body mass 
index among children aged 7 to 10 years in Austria. JAMA Netw Open. 
2021;4(8): e2121675. https:// doi. org/ 10. 1001/ jaman etwor kopen. 2021. 
21675.

 66. Barnett LM, Webster EK, Hulteen RM, De Meester A, Valentini NC, 
Lenoir M, et al. Through the looking glass: a systematic review of 
longitudinal evidence, providing new insight for motor competence 
and health. Sports Med. 2022;52(4):875–920. https:// doi. org/ 10. 1007/ 
s40279- 021- 01516-8.

 67. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, 
Garcia C, et al. A developmental perspective on the role of motor skill 
competence in physical activity: an emergent relationship. Quest. 
2008;60(2):290–306.

 68. Stojan R, Geukes K, Piesch L, Jetzke M, Zinner J, Büsch D, et al. Motor per-
formance in children before, during and after COVID-19 pandemic and 
the role of socioeconomic background: A 10-year cohort study of 68,996 
third grade children. 2023.

 69. Teich P, Fühner T, Bähr F, Puta C, Granacher U, Kliegl R. Covid Pandemic 
effects on the physical fitness of primary school children: results of the 
German EMOTIKON project. Sports Med Open. 2023;9(1):77. https:// doi. 
org/ 10. 1186/ s40798- 023- 00624-1.

 70. Jenssen BP, Kelly MK, Powell M, Bouchelle Z, Mayne SL, Fiks AG. COVID-19 
and changes in child obesity. Pediatrics. 2021;147(5): e2021050123. 
https:// doi. org/ 10. 1542/ peds. 2021- 050123.

 71. Abrams EM, Szefler SJ. COVID-19 and the impact of social determinants 
of health. Lancet Respir Med. 2020;8(7):659–61. https:// doi. org/ 10. 1016/ 
S2213- 2600(20) 30234-4.

 72. Dunn CG, Kenney E, Fleischhacker SE, Bleich SN. Feeding low-income 
children during the covid-19 pandemic. N Engl J Med. 2020;382(18): e40. 
https:// doi. org/ 10. 1056/ NEJMp 20056 38.

 73. Jensen NS, Camargo TF, Bergamaschi DP. Comparison of methods to 
measure body fat in 7-to-10-year-old children: a systematic review. Public 
Health. 2016;133:3–13. https:// doi. org/ 10. 1016/j. puhe. 2015. 11. 025.

 74. Freedman DS, Sherry B. The validity of BMI as an indicator of body fatness 
and risk among children. Pediatrics. 2009;124(Suppl 1):S23-34. https:// doi. 
org/ 10. 1542/ peds. 2008- 3586E.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://CRAN.R-project.org/package=childsds
https://doi.org/10.1038/sj.ijo.0803300
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
https://www.corona-daten-deutschland.de/
https://doi.org/10.1016/j.jshs.2020.05.006
https://doi.org/10.1016/j.jshs.2020.05.006
https://doi.org/10.3345/cep.2020.01081
https://doi.org/10.1016/S0140-6736(20)30547-X
https://doi.org/10.15585/mmwr.mm7037a3
https://doi.org/10.15585/mmwr.mm7037a3
https://doi.org/10.1001/jama.2021.15036
https://doi.org/10.1001/jama.2021.15036
https://doi.org/10.1001/jamanetworkopen.2021.21675
https://doi.org/10.1001/jamanetworkopen.2021.21675
https://doi.org/10.1007/s40279-021-01516-8
https://doi.org/10.1007/s40279-021-01516-8
https://doi.org/10.1186/s40798-023-00624-1
https://doi.org/10.1186/s40798-023-00624-1
https://doi.org/10.1542/peds.2021-050123
https://doi.org/10.1016/S2213-2600(20)30234-4
https://doi.org/10.1016/S2213-2600(20)30234-4
https://doi.org/10.1056/NEJMp2005638
https://doi.org/10.1016/j.puhe.2015.11.025
https://doi.org/10.1542/peds.2008-3586E
https://doi.org/10.1542/peds.2008-3586E

	Effect of COVID-19 Pandemic Lockdowns on Body Mass Index of Primary School Children from Different Socioeconomic Backgrounds
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key Points 
	Background
	Socioeconomic Background, COVID-19, and Childhood Weight Status

	Methods
	Sample and Study Design
	Procedure: Data Collection
	Variables
	Data Analysis and Statistics

	Results
	Lockdown-Related Effects
	SEB-Related Effects
	Time × SEB Interaction Effects

	Discussion
	Conclusion
	Acknowledgements
	References


