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Abstract

The COVID-19 pandemic and its related restrictions profoundly disrupted opportunities for physical activity among
children worldwide, raising concerns about potential impacts on their physical fitness. This study investigated sex
differences in changes of physical fitness among Slovenian schoolchildren before and during the pandemic (6%
and 8" grade). Using a retrospective observational design, we analyzed data from the national SLOfit surveillance
system, comparing two cohorts: a pre-pandemic group (tested in 2017 and 2019) and a pandemic group (tested in
2019 and 2021). Analyses of covariance were conducted to examine changes over time and differences between
sexes in 8™ grade, adjusting for 6% grade performance. A total of 1553 children (746 pre-pandemic, 807 pandemic)
were included. Boys consistently outperformed girls in tests of muscular strength, explosive power, coordination,
and endurance, while girls performed better in flexibility. In the pre-pandemic cohort, boys largely maintained or
improved their performance, whereas girls showed stagnation or decline, particularly in cardiorespiratory endur-
ance (600 m run test: 146.8 s for boys vs. 168.7 for girls; p<0.001). In the pandemic cohort, boys jumped on average
189.9 cm compared to 168.0 cm in girls, completed 47.7 vs. 42.3 sit-ups, and finished the 600 m run in 156.1 s vs.
174.1 s (all p<0.001), while girls reached 50.7 cm vs. 40.6 cm in the stand-and-reach test (p<0.001). These patterns
persisted even after adjustment for anthropometric variables, suggesting that the observed performance gaps are
not solely explained by morphological differences but may reflect unequal opportunities for skill development
during public health restrictions. The relative magnitude of between-sex differences became more pronounced for
tapping, standing long jump, polygon backwards, and stand-and-reach, while narrowing slightly for the 60- and
600-meter run. These findings emphasize the importance of equitable and sex-sensitive physical activity to main-
tain children’s motor competence and physical fitness during societal disruptions.
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Introduction

The COVID-19 pandemic resulted in unprecedented so-
cietal disruptions worldwide, significantly impacting various
aspects of public health (Jurak et al., 2021; Kovacs et al., 2021).
Several systematic and scoping reviews documented wide-
spread declines in children's physical activity—ranging from
approximately 11 to 91 minutes per day—during the pan-
demic, with sex, age, and socioeconomic status emerging as

key determinants (Ng et al., 2020). In a large sample across
17 European and Central Asian countries, the World Health
Organization reported increased screen time and decreased
physical activity among children aged 7-9, alongside a rise in
overweight prevalence (World Health Organization [WHO],
2024). School closures, remote education, and restrictions on
outdoor activities limited children's opportunities for regular
physical activity, potentially leading to substantial declines in
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physical fitness and motor development (Chambonniere et al.,
2021; Pietrobelli et al., 2020; Wunsch et al., 2022).

Recent studies have documented declines in physical fitness
among schoolchildren associated with pandemic-related mea-
sures. For instance, Chambonniere et al. (2021) observed a sig-
nificant deterioration in cardiorespiratory endurance, strength,
and coordination among French children following the first
wave of COVID-19. Similarly, Jarnig et al. (2022) reported de-
creased aerobic fitness and increased obesity prevalence among
Austrian schoolchildren due to pandemic restrictions. Pajek
(2022) conducted a retrospective observational study, showing
a pronounced decline in various physical fitness indicators, in-
cluding aerobic endurance, muscular endurance, and motor co-
ordination, between pre-pandemic and pandemic generations
of schoolchildren. Direct Slovenian data revealed alarmingly
reduced participation in organized and school-based physical
activity during lockdown. For example, during remote school-
ing only 4.3% of Slovenian children received at least 45 minutes
of physical education, while extracurricular sports participation
dropped sharply from over 70% to more than 80% non-partic-
ipation (Planingec et al., 2022). Beyond pandemic-related de-
clines, sex differences in fitness trajectories are well established
in pediatric populations. Boys typically demonstrate greater
muscle strength, speed, and cardiorespiratory fitness, whereas
girls tend to outperform in flexibility and certain coordination
tasks (Armstrong & Welsman, 2019; Barnett et al., 2016; Hardy
etal,, 2010). These disparities are influenced not only by biolog-
ical and hormonal factors but also by social and environmental
determinants such as organized sport participation, cultural
expectations, and levels of encouragement from parents and
teachers (Riddoch et al., 2004; Sallis et al., 2000).

Although general declines in children's physical fitness
during the pandemic are well documented, there is limited ev-
idence regarding potential sex differences in these outcomes.
Previous literature indicates significant sex-related differenc-
es in physical activity patterns and motor skill development
during childhood, suggesting that boys and girls may respond
differently to prolonged physical inactivity or limited access
to organized physical activities (Barnett et al., 2016; Hardy et

al., 2010). Some evidence from Austria and France suggests
that girls may have been disproportionately affected, partic-
ularly in endurance measures (Chambonniere et al.,, 2021;
Jarnig et al., 2022), while studies from Asia highlight reduced
motor competence and increased sedentary behavior among
both sexes (Dunton et al., 2020; Ng et al., 2020). Adolescent
research indicates that girls perceived more barriers to physi-
cal activity during the pandemic, with fewer meeting activity
guidelines compared to boys (Mata et al., 2022).

Understanding these differences is crucial for developing
targeted strategies aimed at mitigating the negative consequenc-
es of reduced physical activity during periods of societal disrup-
tion. Therefore, this study leverages the nationally representative
SLOft surveillance system to compare changes in physical fitness
(from 6" to 8" grade) between boys and girls in pre-pandemic
(2017-2019) versus pandemic-exposed (2019-2021) Slovenian
schoolchildren. In addition, to better understand whether ob-
served sex differences could be explained by anthropometric
characteristics, we performed regression analyses adjusting for
body height, body weight, and triceps skinfold thickness. By fo-
cusing on sex-disaggregated changes across key fitness domains,
the study aims to elucidate differential vulnerabilities and guide
interventions tailored to maintain equitable motor development
during societal disruptions.

Materials and methods
Study design and participants

A total of 1553 students (both boys and girls) participat-
ed in the study. Of these, 746 were part of the pre-pandemic
cohort, having attended the 6" grade during the 2016/2017 ac-
ademic year. The pandemic cohort consisted of 807 students
who began 6" grade in 2018/2019 and experienced COVID-19
containment measures during their 7th and 8" grade years.
Basic demographic and anthropometric characteristics collect-
ed in the 6™ and 8" grade are presented in Table 1.

This retrospective observational study analyzed physical
fitness data from Slovenian schoolchildren collected through
the national SLOfit surveillance system (Jurak et al., 2020;
SLOAit, n.d.). We compared the physical fitness of two cohorts

Table 1. Basic demographic and anthropometric characteristics of the included students

Grade Generation (N) Age (years) Malesex (%) Height(cm) Weight(kg) BMI (kg/m?)
6" grade Pre-pandemic (N=746) 11.3+0.5 525 154.5+7.5 48.6+12 20.2+3.9
Pandemic (N=807) 11.4+0.5 51 154.2+7.8 47.6£11.8 19.9+3.9
g grade Pre-pandemic (N=746) 13.3+0.5 52.5 166.4+7.8 59.8+13.1 21.6+4
Pandemic (N=807) 13.4+0.5 51 166.6+8.3 60.3+14.1 21.6+4.3

Data were collected from the same students in both 6th and 8th grade.

of primary school children. The pre-pandemic cohort was as-
sessed in the 6% grade in 2017 and again in the 8% grade in
2019. In contrast, the pandemic cohort underwent testing in
2019 (6" grade) and in 2021 (8" grade). Unlike the earlier co-
hort, the pandemic group experienced a significant risk fac-
tor during their motor development period—the COVID-19
pandemic, along with its associated public health measures
and societal disruptions. The pre-pandemic cohort followed
a regular physical education schedule, participating in three
hours per week in the 6" grade and two hours weekly in both
the 7th and 8" grades. During this time, extracurricular sports
and recreational activities took place without interruption. In
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contrast, the pandemic cohort experienced restrictions and
facility closures that significantly limited their participation in
sports and physical activity outside of school.

The SLOfit program annually monitors the physical and
motor development of Slovenian children aged 6 to 19 years,
with a participation rate exceeding 95% in primary schools
(Jurak et al., 2020). Inclusion criteria encompassed schoolchil-
dren in 6" and 8" grade with complete SLOfit data for 2017,
2019 and 2021 assessments. Participants were categorized by
sex to examine potential differences in physical fitness changes
over the two-year period. Parental consent was obtained for
all participants, and the study adhered to ethical standards set
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by the Slovenian National Medical Ethics Committee (study
approval document ID 102/03/15).

Physical fitness assessment

Physical fitness was evaluated using the standardized SLOfit
test battery, which includes three anthropometric measure-
ments and eight motor tests (Jurak et al., 2020; SLOfit, n.d.).
Anthropometry comprised body height (measured with a sta-
diometer to the nearest 0.1 cm), body weight (measured with a
calibrated digital scale to the nearest 0.1 kg), and triceps skinfold
thickness (assessed with skinfold caliper to the nearest 0.1 mm).

Motor performance was assessed with the following field-
based tests: neuromuscular coordination was measured using the
20-second arm-plate tapping test, where participants alternate-
ly tapped two discs as quickly as possible. Explosive leg power
was evaluated with the standing broad jump, recording the best
distance achieved in centimeters. Whole-body coordination was
assessed with the polygon course backwards, which required
participants to navigate a defined course in reverse as quickly
as possible, with time recorded to the nearest tenth of a second.
Muscular endurance was evaluated by counting the maximum
number of sit-ups performed in 60 seconds, while upper-body
muscular endurance was tested with the bent-arm hang, record-
ing how long participants could hold their chin above the bar.
Flexibility was assessed using the stand-and-reach test, mea-
suring the maximum reach distance in centimeters. Speed was
tested with a 60-meter sprint, timed to the nearest tenth of a
second, and cardiorespiratory endurance was measured with the
600-meter run, recording the completion time in seconds.

Data collection procedures
SLOfit assessments were conducted annually in April by
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trained physical education teachers following standardized
protocols to ensure consistency and reliability. Data were re-
corded and entered into the My SLOfit application, a secure
web-based platform designed for data management and feed-
back dissemination (SLOfit, n.d.). The application uses smart
algorithms for data verification and provides individualized
reports to students, parents, and educators. The use of these
data was approved by the Slovenian National Medical Ethics
Committee (document ID 102/03/15) and SLOfit steering
committee representative. Informed parental consent was ob-
tained for all participants prior to data collection.

Statistical analysis

Data analysis was performed using SPSS Statistics ver-
sion 27.0 (IBM Corp., Armonk, NY). Descriptive statistics
were calculated for all variables. To assess changes in physi-
cal fitness over time and examine sex differences in both co-
horts, Analysis of Covariance (ANCOVA) was conducted,
with baseline (6" grade) scores as covariates. Effect sizes were
calculated using partial eta squared (n*), with values of 0.01,
0.06, and 0.14 representing small, medium, and large effects,
respectively. In a secondary analysis, multiple linear regression
models were used to examine the independent effect of sex on
8" grade performance while adjusting for baseline (6™ grade)
performance and anthropometric variables (height, weight,
triceps skinfold). These models allowed us to evaluate whether
sex differences persisted after accounting for morphological
characteristics. Statistical significance was set at p<0.05.

Results
The results of the physical fitness testing at both time
points are presented in Table 2.

Table 2. Average values for measured variables in 6th and 8th grade for the whole sample

Test Geneartion 6" grade 8 grade
) pre-pandemic 37.8+4.5 42.3+4.8
Tapping (n)
pandemic 37.4+4.2 41.7+4.8
) ) pre-pandemic 160.3+24.2 179.9+28.3
Standing long jump (cm)
pandemic 162.3+23.7 179.4+29.9
Polygon backwards pre-pandemic 139.8+42.5 122.8+36.2
(0.1 9)* pandemic 134.3+40.0 126.4+46.1
. pre-pandemic 42.9+9.4 46.9+9.9
Sit-ups (n)
pandemic 42.5+9.9 45.1+£10.5
pre-pandemic 443+8.4 47.2+29.1
Stand and reach (cm)
pandemic 43.8+8.4 44.1+30.1
pre-pandemic 46.8+29.6 47.6+29.7
Bent arm hang (s)
pandemic 49.1+£29.8 46.9+30.7
) pre-pandemic 106.6+11.5 99.3+11.3
60m sprint (0.1 s)*
pandemic 106.6+£11.2 100.9£12.6
pre-pandemic 163.1+28.6 157.1+£30.7
600m run (s) .
pandemic 162.7+27.6 164.5+34.8

*Performance in the polygon backwards and the 60-meter sprint was recorded to the nearest tenth of a second.

Differences in changes between boys and girls

The results for pre-pandemic generation are presented in
Table 3. They consisted of 391 boys and 355 girls.

Among schoolchildren assessed before the pandemic,
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boys showed significantly greater improvements than girls in
several fitness components between 6™ and 8" grade, includ-
ing standing long jump, polygon backwards, sit-ups, bent-arm
hang, and 60- and 600-meter run. Girls, however, outper-
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Table 3. Absolute values of tests for each sex and grade for pre-pandemic generation, analysis of covariance

Difference in 8" grade

th th H 2
Test Sex 6" grade 8" grade between sexesa (95% Cl) P Effect size (n?)
Boys 37.6+4.6 42.3+5.0 0.35+0.27
Tapping (n) o 0.202 0.002
Pping Girls 38.0+4.4 422445 (-0.19t0 0.88)
i i Boys 164.2+24.0 188.2+28.4
Standing long jump Yy 11.12+1.23 <0.001 0.103
(cm) Girls 156.1+24.6 170.4+24.9 (8.71t0 13.54)
Polygon backwards Boys 137.1+43.8 119.9439.0 -3.78+1.63 0.021 0,008
(0.15)° Girls 141.9+39.8 126.2+33.3 (-6.98 t0 -0.57) ' ’
Boys 43.6+9.3 48.9+9.8 3.13+0.56
Sit-ups (n) o <0.001 0.042
P Girls 422495 447495 (2.02t0 4.24)
Boys 40.9+7.0 41.8+7.9 B}
Stand and reach Yy 3.46+0.42 <0.00] 0.089
(cm) Girls 48.0+8.1 51.0+7.7 (-4.28t0-2.65)
Boys 34.6+28.2 42.8+28.6 6.67+1.33
Bent arm hang (s) o <0.001 0.035
9 Girls 2944235 32,1235 (4.06 t0 9.28)
Boys 105.8£11.7 96.2+11.3 -5.06+0.58
60m sprint (0.1 s)° POTRE <0.001 0.106
P Girls 107.9£11.2 102.7£10.3 (-6.19t0-3.93)
Boys 158.6+26.8 146.8+27.3 -15.71+1.86
600m run (s) o <0.001 0.100
Girls 170.4+29.9 168.7+30.5 (-19.36 to-12.07)

2 Difference between sexes in the 8" grade is adjusted for 6" grade performance; ® Performance in the polygon backwards and the 60-meter
sprint was recorded to the nearest tenth of a second; Abbreviations: Cl = confidence interval, n? = partial eta squared.

formed boys in stand-and-reach test, with a medium effect
size (n°=0.089; p<0.001). No significant sex differences were
observed in tapping test.

Next, we investigated the impact of sex on 8" grade per-
formance with additionally adjusting the model for weight,
height and triceps skinfold thickness combined with baseline
(6™ grade) test result (Table 4).

The model for the tapping test explained 42.5% of the
variance (R?=0.425, F(5, 711)=105.5, p<0.001). After ad-
justment, girls scored on average 0.14 repetitions fewer than
boys; however, this difference was not statistically signif-
icant (95% CI: -0.71 to 0.43, p=0.637). Among the covari-
ates, performance in the 6™ grade was a significant predic-
tor (p<0.001), while body height, body weight, and triceps
skinfold thickness were not (p=0.110, p=0.893, and p=0.262,
respectively).

The model for the standing long jump test explained 73.4%
of the variance (R’=0.734, F(5, 688)=379.9, p<0.001). After
adjustment, boys jumped on average 7.75 cm farther than girls
(95% CI: -10.12 to -5.38, p<0.001). Among the covariates, 6"
grade performance, body height, and triceps skinfold thick-
ness were significant predictors (all p<0.001, respectively),
while body weight was not (p=0.555).

The model for the polygon backwards test explained 68.2%
of the variance (R’=0.682, F(5, 674)=288.5, p<0.001). After
adjustment, girls performed on average 1.08 seconds slower
than boys; however, this difference was not statistically signif-
icant (95% CI: -2.25 to 4.40, p=0.525). Among the covariates,
performance in the 6™ grade and triceps skinfold thickness
were significant predictors (p<0.001 for both), while body
height and body weight were not (p=0.051 and p=0.269, re-
spectively).

The model for the sit-up test explained 47.4% of the
variance (R?=0.474, F(5, 683)=123.3, p<0.001). After ad-
justment, boys performed on average 2.33 more repetitions
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than girls (95% CI: -3.49 to -1.16, p<0.001). Among the co-
variates, performance in the 6" grade and triceps skinfold
thickness were significant predictors (p<0.001 for both),
while body height and body weight were not (p=0.607 and
p=0.845, respectively).

The model for the stand and reach test explained 70.4%
of the variance (R>=0.704, F(5, 691)=328.7, p<0.001). After
adjustment, girls reached on average 3.92 cm farther than
boys (95% CI: 3.05 to 4.80, p<0.001). Among the covari-
ates, performance in the 6" grade, body weight, and triceps
skinfold thickness were significant predictors (p<0.001,
p=0.011, and p=0.029, respectively), while body height was
not (p=0.930).

The model for the bent arm hang test explained 63.5%
of the variance (R*=0.635, F(5, 686)=238.2, p<0.001). After
adjustment, boys held the position on average 3.77 seconds
longer than girls (95% CI: —6.40 to -1.15, p=0.005). Among
the covariates, performance in the 6™ grade, body height,
body weight, and triceps skinfold thickness were all signif-
icant predictors (p<0.001, p<0.001, p=0.012, and p<0.001,
respectively).

The model for the 60-meter sprint explained 63.8% of the
variance (R?=0.638, F(5, 633)=222.9, p<0.001). After adjust-
ment, girls were on average 3.23 seconds slower than boys
(95% CI: 2.09 to 4.38, p<0.001). Among the covariates, per-
formance in the 6" grade, body height, and triceps skinfold
thickness were significant predictors (p<0.001 for all), while
body weight was not (p=0.657).

The model for the 600-meter run explained 51.4% of the
variance (R’=0.514, F(5, 621)=131.6, p<0.001). After adjust-
ment, girls were on average 11.19 seconds slower than boys
(95% CI: 7.50 to 14.89, p<0.001). Among the covariates, per-
formance in the 6™ grade, body height, and triceps skinfold
thickness were significant predictors (p<0.001 for all), while
body weight was not (p=0.570).
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Test R? Adjusted sex difference (95% Cl)  p-value Significant covariates
Tapping (n) 0.425 -0.14 (-0.71 to 0.43) 0.637 6" grade performance
Standing long jump (cm) 0.734 7.75(-10.12 to -5.38) <0.001 6'" grade, height, skinfold
Polygon backwards (0.1 s)° 0.682 1.08 (-2.25 to 4.40) 0.525 6" grade, skinfold
Sit-ups (n) 0474 2.33(-3.49t0-1.16) <0.001 6" grade, skinfold
Stand and reach (cm) 0.704 3.92 (3.05 to 4.80) <0.001 6" grade, weight, skinfold
Bent arm hang (s) 0.635 3.77 (-6.40 to -1.15) 0.005 6'" grade, height, weight, skinfold
60m sprint (0.1 s)° 0.638 3.23 (2.09 to 4.38) <0.001 6'" grade, height, skinfold
600m run (s) 0.514 11.19 (7.50 to 14.89) <0.001 6" grade, height, skinfold

b Performance in the polygon backwards and the 60-meter sprint was recorded to the nearest tenth of a second.

The results for pandemic generation are presented in Table
5. This group of students consisted of 415 boys and 392 girls.

In the generation affected by COVID-19 restrictions,
boys again demonstrated significantly greater improvements
across most physical fitness measures compared to girls, with

especially large effect sizes in standing long jump (n°=0.174;
p<0.001), while girls outperformed boys in stand and reach
test (n°=0.125; p<0.001). Furthermore, girls showed a deterio-
ration in 600-meter run performance, while boys maintained
or improved theirs.

Table 5. Absolute values of tests for each sex and grade for pandemic generation, analysis of covariance

Difference in 8" grade Effect size
th th
Test Sex 6% grade 8% grade between sexesa (95% Cl) (n?)

Boys 44.05£10.55 47.68+10.92 0.92+0.25

Tapping (n) e <0.001 0.016

PpIng Girls 40.75+8.90 42.29+9.15 (0.43 to 1.42)

(cm) Girls 158.72+22.88 168.00+25.47 (13.04t0 17.74) ' ’

(0.15) Girls 133.57+35.14 129.12+38.06 (-11.59t0-0.73) ' '
Boys 44.05£10.55 47.68+10.92 3.18+0.56

Sit-ups (n) C o <0.001 0.040

P Girls 40.75+8.90 42.29+9.15 (2.09to0 4.28)

Boys 40.32+7.31 40.59+8.12 -4.28+0.40

Stand and reach (cm) o <0.001 0.125
Girls 47.51+7.73 50.72+7.80 (-5.07 to -3.50)
Boys 35.86+28.40 41.91+30.76 6.97+1.28

Bent arm hang (s) o <0.001 0.037

d Girls 32.93+25.61 32.64+23.67 (4.46 to 9.49)

Boys 105.76+12.06 98.31+13.15 -4,09+0.67

60m sprint (0.1 s)° T <0.001 0.049

P Girls 107.60+10.15 103.79+11.36 (-5.40t0-2.77)

Boys 160.25+29.62 156.07+35.05 213.77+1.89

600m run (s) oo <0.001 0.069
Girls 165.48+24.92 174.09+31.98 (-17.47 t0 -10.06)

2 Difference between sexes in the 8" grade is adjusted for 6™ grade performance; ® Performance in the polygon backwards and the 60-meter sprint

was recorded to the nearest tenth of a second; Abbreviations: Cl = confidence interval, n? = partial eta squared.

Next, we investigated the impact of sex with additional-
ly adjusting the model for weight, height and triceps skin-
fold thickness combined with baseline (6 grade) test result
(Table 6).

The model for tapping test explained 46.5% of the variance
(R*=0.465, F(5, 792)=137.6, p<0.001). After adjustment, girls
scored on average 0.58 repetitions fewer than boys on the 8"
grade tapping test (95% CI: -1.12 to -0.04, p=0.035). Among
the covariates, performance in the 6" grade and triceps skin-
fold thickness were significant predictors (p<0.001), while
body height and body weight were not (p=0.584 and p=0.104,
respectively).

The model for the standing long jump test explained 74.1%
of the variance (R’=0.741, F(5, 777)=444.5, p<0.001). After
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adjustment, boys jumped on average 11.51 cm longer than
girls (95% CI: 9.14 to 13.87, p<0.001). Among the covariates,
6™ grade result, body height, and triceps skinfold were statis-
tically significant predictors (all p<0.001), while body weight
was not (p=0.535).

The model for the polygon backwards test explained 53.2%
of the variance (R*=0.532, F(5, 768)=174.47, p<0.001). After
adjustment, boys performed on average 3.4 seconds faster
than girls; however, this difference was not statistically signif-
icant (95% CI: -7.30 to 0.51, p=0.088). Among the covariates,
performance in the 6" grade and triceps skinfold thickness
were significant predictors (p<0.001), while body height and
body weight were not (p=0.137 and p=0.501, respectively).

The model for the sit-up test explained 48.4% of the vari-
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ance (R?=0.484, F(5, 772)=145.03, p<0.001). After adjustment,
boys performed on average 2.5 repetitions more than girls
(95% CI: 1.34 to 3.69, p<0.001). Among the covariates, per-
formance in the 6" grade and triceps skinfold thickness were
significant predictors (p<0.001), while body height and body
weight were not (p=0.942 and p=0.263, respectively).

The model for stand and reach test explained 71.4% of the
variance (R*=0.714, F(5, 786)=391.9, p<0.001). After adjust-
ment, boys reached on average 4.86 cm less than girls (95% CI:
-5.70 to -4.01, p<0.001). Among the covariates, performance
in the 6™ grade, triceps skinfold thickness, and body weight
were significant predictors (p<0.001, p=0.04, and p=0.001),
while body height was not (p=0.790).

The model for the bent arm hang explained 67.0% of the
variance (R*=0.670, F(5, 757)=308.1, p<0.001). After adjust-
ment, girls held the position on average 5.18 seconds less than
boys (95% CI: -7.70 to -2.66, p<0.001). Among the covariates,

Table 6. Multiple regression results for pandemic generation

6™ grade performance (p<0.001), body weight (p=0.026), and
triceps skinfold thickness (p<0.001) were significant predic-
tors. Body height was not significant (p=0.057).

The model for 60m sprint test explained 56.7% of the
variance (R?=0.567, F(5, 706)=184.6, p<0.001). After adjust-
ment, boys were 1.6 seconds faster than girls (95% CI: -2.98 to
-0.28, p=0.018). Among the covariates, performance in the 6™
grade, triceps skinfold thickness, and body height were signif-
icant predictors (p<0.001, p<0.001, and p=0.003), while body
weight was not (p=0.058).

The model for 600m run test explained 54.3% of the vari-
ance (R*=0.543, F(5, 699)=165.8, p<0.001). After adjustment,
boys were 9.2 seconds faster than girls (95% CI: -13.11 to
-5.39, p<0.001). Among the covariates, performance in the 6
grade, triceps skinfold thickness, and body height were signif-
icant predictors (p<0.001, p<0.001, and p=0.009), while body
weight was not (p=0.474).

Test R? Adjusted sex difference (95% Cl)  p-value Significant covariates
Tapping (n) 0.465 -0.58 (-1.12 to -0.04) 0.035 6" grade, skinfold
Standing long jump (cm) 0.741 11.51(9.14 to 13.87) <0.001 6'" grade, height, skinfold
Polygon backwards (0.1 s)° 0.532 3.40 (-7.30t0 0.51) 0.088 6" grade, skinfold
Sit-ups (n) 0.484 2.50(1.34 t0 3.69) <0.001 6" grade, skinfold
Stand and reach (cm) 0.714 -4.86 (-5.70 to -4.01) <0.001 6" grade, weight, skinfold
Bent arm hang (s) 0.670 -5.18 (-7.70 to -2.66) <0.001 6'" grade, weight, skinfold
60m sprint (0.1 s)® 0.567 1.60 (-2.98 to —-0.28) 0.018 6" grade, skinfold, height
600m run (s) 0.543 9.20 (-13.11 to -5.39) <0.001 6" grade, skinfold, height

b Performance in the polygon backwards and the 60-meter sprint was recorded to the nearest tenth of a second.

Finally, we inspected the relative magnitude of be-
tween-sex differences in physical performance between
generations. These are shown in the Figure 1. We can see
that the between sex difference got larger in pandemic

generational results for tapping, long jump, polygon, and
stand-and-reach performance. Between-sex differences got
slightly lower in 60 and 600-m performance in pandemic
generation.

Relative magnitude of between-sex differences (male - female)
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FIGURE 1. Relative magnitude of between-sex differences (in % values)

Discussion

This study investigated sex differences in physical fitness
development among Slovenian schoolchildren across two co-
horts: one assessed before the COVID-19 pandemic and the
other during it. While numerous studies have reported gen-
eral declines in child physical fitness during the pandemic
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(Chambonniere et al., 2021; Jarnig et al., 2022), our aim was to
determine whether these effects varied by sex. Importantly, we
also assessed the relative magnitude of between-sex differenc-
es in the pandemic generation compared to the pre-pandemic
generation.

Consistent with previous literature, boys outperformed
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girls in most physical tests requiring muscular strength, pow-
er, and cardiorespiratory endurance, including the standing
long jump, bent-arm hang, polygon backwards, sit-ups, and
the 60- and 600-meter run, in both the pre-pandemic and
pandemic cohorts (Jarnig et al., 2022). These sex-based dif-
ferences are well documented and have been linked to phys-
iological differences in muscle mass, hormonal profiles, and
activity preferences (Handelsman et al., 2018). Girls, on the
other hand, consistently performed better than boys in the
stand-and-reach test, reflecting greater flexibility (Barnett et
al,, 2016).

Our regression analyses provide important new insight by
showing that these sex differences persisted even after adjust-
ing for anthropometric variables and baseline performance.
For example, in both generations, boys maintained signifi-
cant advantages in explosive power, endurance, and muscular
strength, whereas girls retained their advantage in flexibility.
These findings suggest that sex gaps cannot be fully explained
by body size or composition and instead may reflect behavior-
al and environmental influences.

Interestingly, the relative magnitude of sex differences be-
came more pronounced in the pandemic generation for sev-
eral tests (tapping, long jump, polygon backwards, stand-and-
reach). This pattern is consistent with studies from Austria
and France, which also reported that girls experienced dis-
proportionate declines in endurance and coordination during
COVID-19 restrictions (Chambonniere et al., 2021; Jarnig et
al., 2022). A possible explanation is that boys may have had
greater opportunities or motivation for unstructured physical
activity during lockdowns, such as outdoor play or informal
sports, while girls were more affected by reduced access to
organized and school-based activities. A similar sex disparity
was reported in the U.S., where girls perceived more barriers
to being active during the pandemic compared to boys (Mata
etal., 2022).

The multiple regression results highlight specific mecha-
nisms behind these patterns. In both cohorts, baseline perfor-
mance strongly predicted 8" grade outcomes, underscoring
the importance of early motor competence for later physical
fitness (Barnett et al., 2016). Triceps skinfold thickness was a
consistent negative predictor across several tests, aligning with
evidence that higher adiposity impairs motor performance
and endurance (Kwon et al., 2011).

Another novel finding is that sex differences in the 60 m
sprint and 600 m run narrowed slightly during the pandemic,
although absolute performance declined—especially among
girls in the 600 m run, whose mean results worsened from 6™
to 8" grade. This pattern may reflect that both sexes were sim-
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