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PHYSICAL ACTIVITY, HEALTH AND EXERCISE

Secular change in selected motor performance parameters and BMI in Swiss primary 
school children from 2014-2021: The Sportcheck+ study
Lukas Nebiker, Eric Lichtenstein, Christoph Hauser, Giulia Lona, Ralf Roth, Martin Keller, Henner Hanssen 
and Oliver Faude

Department of Sport, Exercise and Health, University of Basel, Basel, Switzerland

ABSTRACT
It is important to monitor secular trends in children’s motor performance, as healthy and physically active 
children are more likely to become healthy and physically active adults. However, studies with regular 
and standardized monitoring of motor performance in childhood are scarce. Additionally, the impact of 
COVID-19 mitigation measures on secular trends is unknown. This study describes secular changes in 
balancing backwards, jumping sidewards, 20-m sprint, 20-m Shuttle Run Test (SRT) and anthropometric 
data in 10’953 Swiss first graders from 2014 to 2021. Multilevel mixed-effects models were used to 
estimate secular trends for boys vs. girls, lean vs. overweight and fit vs. unfit children. The potential 
influence of COVID-19 was also analysed. Balance performance decreased (2.8% per year), whereas we 
found improvements for jumping (1.3% per year) and BMI (−0.7% per year). 20-m SRT performance 
increased by 0.6% per year in unfit children. Children affected by COVID-19 measures had an increased 
BMI and were more overweight and obese, but motor performance was mostly higher. In our sample, 
secular changes in motor performance show promising tendencies from 2014 to 2021. The effects of 
COVID-19 mitigation measures on BMI, overweight and obesity should be monitored in additional birth 
cohorts and follow-up studies.
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Introduction

Physical fitness – including cardiovascular endurance, muscular 
strength, and body composition – has direct health implica
tions for child and youth development (Ortega et al., 2008). For 
example, skill-related fitness and motor performance increase 
the engagement in physical activity of children (Jaakkola et al.,  
2016; Larsen et al., 2015). Children with low physical fitness and 
motor performance are less likely to participate in sport activ
ities, as they lack the physical abilities needed to perform more 
complex movements (Hardy et al., 2012). The development of 
appropriate motor skills early in life also enhances the like
lihood of lifelong physical activity (Hulteen et al., 2018). There 
is evidence from a systematic review showing moderate to 
strong associations between participation in sport activities in 
childhood, adolescence and early adulthood (Batista et al.,  
2019). A very similar effect has been reported for components 
of physical fitness, which appear to remain relatively stable 
from childhood to early adulthood (Utesch et al., 2018). 
Sufficient fitness levels positively affect public health issues 
already in young age. For instance, beneficial effects of physical 
fitness were found for obesity and diabetes (Dwyer et al., 2009; 
Lopes et al., 2012), cardiovascular health (Hamer et al., 2020; 
Ruiz et al., 2009) and mental health (Ruiz et al., 2009). Further, 
better motor fitness, e.g., muscular strength or endurance, is 
related to enhanced bone as well as mental health and lower 
risk of adiposity (Lopes et al., 2012; Smith et al., 2014).

Based on the above-mentioned associations, it has recently 
been suggested to apply regular and standardized monitoring 
of physical fitness in childhood to identify individuals with 
diminished motor fitness (Utesch et al., 2018). Eberhardt et al. 
(2020) recently noted that only few studies evaluated physical 
fitness in children with a sufficiently large and population- 
based sample. An even smaller number of studies have tracked 
secular trends in physical fitness surveys – especially studies 
including regular measuring points over several years and 
a uniform methodology to examine secular trends in children. 
G. R. Tomkinson and Olds (2007) reported an annual global 
decline of 0.46% in aerobic performance (assessed by the 20-m 
Shuttle Run Test) between 1970 and 2003 and mean declines 
ranging from 0.74% for North America to 0.31% per annum in 
Europe. Regarding anaerobic performance, G. R. Tomkinson 
et al. (2006) showed no consistent trend for strength and 
speed over the same time period. A recent review noticed 
that the downward tendency in cardiorespiratory endurance 
reached a nadir in 2010 and remained low until 2015, whereas 
linear sprint ability improved (Fühner et al., 2021). Thus, the 
secular trends in aerobic and anaerobic performances some
times differ within the same study or review, highlighting the 
importance of applying a test battery that allows to assess 
different parameters of physical functioning.

Secular trends may depend on the initial fitness level as well 
as anthropometric characteristics of the children. Albon et al. 
(2010) observed substantially worse results in 2003 compared 
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to 1991 in those children with the worst fitness and the highest 
body mass indices, whereas the children with the best physical 
fitness and the lowest body mass indexes showed only mar
ginal declines. Similarly, Wedderkopp et al. (2004) reported 
a greater decline in unfit and obese Danish 9-year-old boys 
and girls. The authors showed that in 1997–98 children with 
low fitness were even less fit and more overweight than their 
peers twelve years before. Thus, these data show an emerging 
polarization, with a widening gap between the fit and the unfit 
and a widening gap between the lean and the overweight. This 
effect has also been reported in a population-based study of 
twenty-five birth cohorts of Slovenian children. This study 
revealed that the share of children with poor physical fitness 
(defined as performance values found for children below the 
5th percentile) and children with high physical fitness (defined 
as performance values above the 95th percentile) is 70% higher 
in 2007 birth cohorts compared to birth cohort in the year 1983 
(Potočnik et al., 2020).

Since population-based studies are scarce, the aim of this 
study was to elucidate secular trends and the factors that may 
be influencing these trends. In the Sportcheck+ study, we 
assessed physical fitness and motor performance by a set of 
selected standardized tests in all first graders in the city of Basel 
annually from 2014 to 2021, i.e., in eight waves. Here, we 
describe the secular trends from 2014 to 2021 in cardiorespira
tory fitness, sprint ability, a power-coordination test and bal
ance performance as well as in body mass index. We examine 
further whether potential trends differ between boys and girls, 
between fit and unfit or between lean and overweight children. 
As the last two years of data acquisition were affected by the 
COVID-19 pandemic and corresponding non-pharmaceutical 
measures affected the life of children, particularly physical 
activity levels (Dunton et al., 2020), we also performed an 
exploratory analysis with regard to the potential impact of the 
pandemic on physical performance and body composition.

Materials and methods

Design and sample

The Sportcheck+ project is a large scale, cross-sectional, obser
vational investigation examining physical fitness and motor 
performance in all first graders in the city of Basel and, thus, 
in an urban setting (Imhof et al., 2016). Sportcheck+ monitoring 
includes regular assessment of physical fitness in each 
school year between January and May, i.e., starting about six 
months after children entered school. Tests are performed 
during physical education lessons. Teachers and parents are 
informed at the beginning of the data collection and receive 
detailed information on the specific study objectives with the 
option to decline participation. In cases of absence or illness, an 
alternative measurement date was offered to the children. The 
study protocol and procedures are in compliance with the 
declaration of Helsinki and the study was approved by the 
regional ethics committee (Ethikkommission Nordwest- und 
Zentralschweiz, EKNZ, approval number 258/12).

In total, 10,953 children (girls n = 5370, boys n = 5583) were 
tested from eight school entry cohorts (2014 to 2021) which 
might be representative for similar cities regarding age, sex, 

anthropometrics, physical fitness and socioeconomic status. 
Due to the COVID-19 pandemic and school closings, the mea
surements had to be stopped after about half of the schools in 
2020. Therefore, the sample is smaller, but still representative in 
terms of social status, migration background, motor perfor
mance and body composition. The measures affected the chil
dren’s lives as schools were closed for 34 days (March 17th 2020 
to April 4th 2020), and participation and competition in orga
nized sport were restricted or banned.

Sports facilities and recreational activities (indoor and out
door) were closed from March 17th to May 11th and from 
November 23rd 2020 to March 1st 2021. Amateur sports for 
children were possible from May 11th to June 6th with restric
tions (group size limited to a maximum of 5 children). From 
June 6th to November 23rd, children had no sports and recrea
tional activities restrictions. However, children were not 
required to wear face masks during this time, and parks and 
playgrounds remained open at all times. The cohort in 2021 
could be tested with the standard procedure, as the tests 
started in April 2021. Sample size of the exploratory analysis 
with regard to the potential impact of the pandemic comprised 
n = 5099 children including only schools that were also mea
sured in the 2020 sample.

Methods and procedure

Data collection was conducted as part of a regular physical 
education classes and took place during the spring semesters. 
The tests were organized and carried out by trained instructors 
of our department. Data assessment consisted of anthropo
metric and motor performance measurements. 
Anthropometric data consisted of height determined without 
shoes using a wall-mounted stadiometer as well as body 
weight, measured in light clothing without shoes on 
a calibrated weight scale. BMI was calculated by dividing 
body weight in kg by height in metres squared. BMI percentile 
curves by age and gender were calculated according to the 
WHO reference tables (de Onis, 2007). Children were classified 
according to the CDC defining a risk for overweight as BMI 
above the 85th percentile and obesity as a BMI above the 95th 

percentile for age (2000 CDC Growth Charts for the United 
States, 2002). Motor performance was assessed by means of 
a balancing backwards test, by a sidewards jump test, a 20-m 
sprint and by a 20-m Shuttle Run Test. The following test 
descriptions refer to Imhof et al. (2016).

We assessed dynamic balance by requesting children to 
balance backwards over 3 m long bars of three different widths. 
We started with a width of 6 cm, followed by 4.5 cm and finally 
3 cm. The children were familiarized by balancing once forward 
and once backwards over the widest bar. We counted the 
number of steps until the child’s foot touched the floor. The 
maximum score per trial is fixed at 8. Three trials were per
formed for each bar width starting always from the wall. The 
sum of steps of these nine trials was used for analyses. The 
maximal possible number of steps is 72 (8×9). The intra-class 
correlation coefficient of this test is ICC = 0.8 in children (Cools 
et al., 2009).

We further assessed speed and coordination under time 
constraint by a jumping sidewards test (Cools et al., 2009). 
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The children repeatedly and simultaneously jumped on alter
nating sides of a 2 cm wide wooden strip as many times as 
possible for 15 seconds. Five single test jumps for familiariza
tion had to be performed per child prior to testing. This task 
was performed twice and the sum of valid jumps was taken for 
the analysis. The intra-class correlation coefficient of this test is 
ICC = 0.95 in children (Cools et al., 2009).

We assessed 20-m sprint times by means of electronic tim
ing gates with a precision of 0.01 s (HL2–31, Tag Heuer, La 
Chaux-de-Fonds, Switzerland from 2015 to 2017 and WITTY, 
Microgate Srl, Bolzano, Italy, from 2018 to 2021; there were no 
systematic differences between the two devices regarding the 
measured sprint times; own unpublished data). The start fol
lowed an acoustic signal. Children conducted two runs and the 
faster of the two trials was analysed. The test has been shown 
to be reliable (r = 0.9) in children (Boes et al., 2001).

The 20-m shuttle run test is a widely used field-based mea
surement of cardiorespiratory fitness. The children ran back and 
forth a 20-m line. The initial running speed was 8.0 km/h with 
an increase of 0.5 km/h every minute, paced by beeps from an 
audio system. The maximal performance was achieved when 
the child did not cross a supporting line three metres in front of 
the 20 m line at the moment of the beep for two consecutive 
distances. The collected data during this test were the number 
of crossed 20 m lines at the moment of the beep. The test is 
reliable (r = 0.89) in children (Léger et al., 1988) and recom
mended for reasons of practicability in physical education set
tings as a validated test measuring aerobic fitness (van 
Mechelen et al., 1986).

Statistical analysis

Descriptive characteristics are analysed using means and stan
dard deviations for the whole sample as well as every school 
entry cohort. The physical fitness tests were checked for normal 
distribution using histograms, skewness and kurtosis.

We compared the physical fitness scores over the years by 
multilevel modelling. The hierarchical structure of the data 
must be accounted for when estimating parameters. 
Therefore, multilevel modelling was the most accurate way of 
analysing clustered data with several levels (Twisk, 2006). The 

observation units in our analysis had two levels of hierarchy: 
the level-1 units were years and the level-2 units were schools. 
Unexplained variation between schools are expressed as “ran
dom effects”. Year, sex and BMI-percentile2 were added to the 
mixed effects model as “fixed effects” to explain variability at 
the individual and group level and to improve goodness of fit. 
BMI-percentile squared was used to account for the larger 
influence of extreme BMI-values in children as mentioned in 
previous studies (Kwieciński et al., 2018) that examined 
a quadratic relationship between physical fitness and BMI.

The lmer function in the lme4 package (Bates et al., 2015) for 
R was used for calculations. The model used Satterthwaite’s 
method for T-tests and was fitted by maximum likelihood. 
Estimates (absolute (“raw”) and baseline (2014) standardized 
(“relative”) beta coefficients) and 95% confidence interval were 
calculated and R2 is reported as a measure of explained var
iance with cut-off scores 0.01, 0.09 and 0.25 for small, medium 
and large model fit accuracy, respectively (Cohen, 1988).

We conducted three sub-analyses in order to test potential 
differences between (i) girls and boys, (ii) lean and overweight 
children, with children having a BMI above the 85th percentile 
being classified as overweight, and (iii) fit and unfit children, i.e., 
children with test scores in the upper (fit) or lower quartile 
(unfit) in each physical fitness test. To identify a possible influ
ence of COVID-19 mitigation measures, population mean and 
confidence intervals of physical fitness and body composition 
of 2021 were predicted from the observed trends from 2014 to 
2020. The difference between predicted and observed 2021 
was calculated with 95% confidence intervals.

Results

Descriptive and summary data

The whole sample over the eight years period comprised n =  
10’953 children (boys n = 5583; girls n = 5370).

The mean age of the children was 7.2 (±0.4) years and 
mean BMI was 16.0 (±2.4) kg/m2. Anthropometric data, 
percentage of overweight and obese children and detailed 
descriptive data for motor performance test scores are listed 
in Table 1 for each year. Due to the measurements in 20-m 
sprint being rounded to only one decimal place compared 

Table 1. Descriptive characteristics. Mean ± standard deviation in anthropometric data and motor performance of participants overall and per year.

All 2014 2015 2016 2017 2018 2019 2020 2021

Children n = 10953 n = 1301 n = 1302 n = 1541 n = 1543 n = 1643 n = 1421 n = 653 n = 1549
Boys n = 5583 

(51.0%)
n = 673 
(51.7%)

n = 674 
(51.8%)

n = 779 
(50.6%)

n = 753 
(48.8%)

n = 826 
(50.3%)

n = 716 
(50.4%)

n = 338 
(51.8%)

n = 824 
(53.2%)

Girls n = 5370 
(49.0%)

n = 628 
(48.3%)

n = 628 
(48.2%)

n = 762 
(49.4%)

n = 790 
(51.2%)

n = 817 
(49.7%)

n = 705 
(49.6%)

n = 315 
(48.2%)

n = 725 
(46.8%)

Age, years 7.2 (±0.4) 7.5 (±0.34) 7.3 (±0.4) 7.3 (±0.4) 7.2 (±0.4) 7.2 (±0.4) 7.1 (±0.4) 7.1 (±0.4) 7.2 (±0.34)
Heigth, cm 124.6 (±5.7) 126.4 (±5.7) 125.3 (±5.6) 124.7 (±5.7) 124.5 (±5.5) 123.7 (±5.7) 124 

(±5.7)
123.7 (±5.6) 124.6 (±5.7)

Weight, kg 25 
(±5.1)

26.6 
(±5.4)

25.8 
(±5.2)

25.3 
(±5.2)

24.8 
(±4.9)

24.8 
(±4.8)

24.0 
(±4.9)

23.6 
(±4.6)

24.7 
(±5.3)

BMI, kg/m2 16.0 
(±2.4)

16.5 
(±2.5)

16.3 
(±2.4)

16.1 
(±2.4)

15.9 
(±2.3)

16.1 
(±2.2)

15.5 
(±2.3)

15.3 
(±2.1)

15.8 
(±2.5)

Overweight, % 11.4 11.0 11.7 9.6 8.2 9.9 6.8 5.5 8.5
Obese, % 11.4 13.5 13.6 13.1 10.5 12.2 9.5 8.4 11.5
Balance Score, steps 33.8 (±13.8) 37.3 (±12.7) 37.3 (±13.6) 34.6 (±14.3) 33.2 (±14.2) 32.7 (±13.9) 32.4 (±13.5) 31.6 (±13.4) 31.1 (±13.4)
Jump Score, n 45.7 (±12.6) 45.7 (±11.5) 43.4 (±12.0) 45.9 (±12.6) 43.3 (±12.4) 44.3 (±11.9) 46.7 (±11.5) 47.7 (±13.2) 49.8 (±12.1)
Sprint time, s 5.04 (±0.43) 5.03 (±0.38) 5.01 (±0.42) 5.14 (±0.41) 5.13 (±0.47) 5.03 (±0.45) 4.92 (±0.42) 5.02 (±0.42)
Shuttle Run, laps 30.3 (±12.56) 33.4 (±13.5) 27.2 (±12.2) 29.3 (±11.8) 28.8 (±12.1) 30.2 (±12.1) 31.6 (±13.1) 29.7 (±12.4) 31.5 (±12.6)
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to two in all the other years, the year 2014 was excluded 
from analysis for sprint performance.

Balancing backwards

In the balancing backwards test, we identified a decline of 2.8% 
per year in the overall sample (Table 2, Figure 1). The decline 
was similar for boys (2.8% per year, Table 2, Figure 2) and girls 
(2.9%, Table 2, Figure 2). Unfit (3.3%) and overweight (3.6%) 
children showed a larger decline compared to fit (1.9%) and 
lean (2.6%) children (Table 2, Figure 3). In 2021, the average 

balancing backwards performance was 4.0% (95% CI: −0.5; 8.4) 
higher than what was predicted (Table 3). Especially boys “over
performed” in 2021 compared to their prediction (+7.8% (3.4; 
12.5), Table 3).

Jumping sidewards

Performance in the jumping sidewards task increased by 1.3% 
per year in the overall sample (Table 2, Figure 1). We identified 
a larger increase for boys (1.6% per year) compared to girls 
(1.0%; Table 2, Figure 2). Secular changes of the overweight 

Table 2. Secular trends in various motor performance tests over years. Raw test score estimates [95% CI], R2 and p-value are presented for the overall sample (2014– 
2021) and various subsamples (boys and girls, fit and unfit children, lean and overweight children).

Balance (steps) R2 P Jump (n) R2 P 20-m sprint (s) R2 P 20-m SRT (laps) R2 P

Overall −1.0 -[1.16, −0.93] 0.14 <.001 0.6 [0.47,0.68] 0.05 <.001 −0.01 [−0.01, −0.00] 0.12 0.014 0.0 [−0.09,0.11] 0.17 0.879
Boys −1.0 [−1.10, −0.79] 0.09 <.001 0.7 [0.58,0.87] 0.05 <.001 −0.01 [−0.01, 0.00] 0.06 0.003 −0.0 [−0.15,0.17] 0.13 0.918
Girls −1.2 [−1.32, −1.00] 0.11 <.001 0.4 [0.28,0.57] 0.04 <.001 −0.01 [−0.01, 0.01] 0.08 0.639 0.0 [−0.11,0.14] 0.15 0.851
Fit −0.9 [−1.01, −0.80] 0.11 <.001 0.6 [0.53,0.75] 0.07 <.001 −0.01 [−0.01,-0.01] 0.03 <.001 0.1 [−0.07,0.22] 0.06 0.324
Unfit −0.9 [−1.00, −0.81] 0.14 <.001 0.6 [0.45,0.64] 0.07 <.001 0.01 [−0.00,0.01] 0.03 0.232 0.1 [0.07,0.20] 0.04 <.001
Lean −1.0 -[1.14, −0.89] 0.10 <.001 0.6 [0.47,0.70] 0.03 <.001 −0.01 [−0.01, −0.00] 0.07 0.001 −0.0 [−0.13,0.11] 0.10 0.875
Overweight −1.2 [−1.41, −0.94] 0.14 <.001 0.6 [0.35,0.79] 0.06 <.001 0.00 [−0.01, 0.01] 0.12 0.514 0.1 [−0.06,0.27] 0.17 0.216

Due to methodological limitation, 20-m sprint overall sample is presented for the years 2015–2021.

Figure 1. Secular trend in (a) balancing backwards, (b) 20-m sprint time, (c) jumping sidewards and (d) 20-m Shuttle Run Test for the lower quartile, the upper quartile 
and middle quartile from 2014 to 2021.
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(1.3%) and lean (1.3%) children were similar (Table 2, Figure 3) 
and we observed only a negligible difference between fit (1.2%) 
and unfit (1.5%) children. In 2021, the cohort achieved 6.4% 
(3.7, 9.2) higher jumping scores as compared to predicted 
values (Table 3).

20-m sprint

For 20-m sprint time, we found a negligible change of −0.2% 
per year during the study period (Table 2, Figure 1). Similarly, 

we observed no relevant changes for boys and girls, lean 
(−0.2%), fit (−0.2%), overweight (0.1%) and unfit children 
(0.2%) (Table 2, Figures 2 and 3). We observed no deviation of 
the predicted data compared to the observed data when look
ing at the cohort affected by COVID-19 measures.

20-m shuttle run

For the 20-m Shuttle Run Test, we observed a negligible change 
of <0.1% per year for the overall sample (Table 2, Figure 1). 

a) b)

c)d)

Figure 2. Secular trend in (a) balancing backwards, (b) 20-m sprint time, (c) jumping sidewards and (d) 20-m Shuttle Run Test for boys (dots, light grey) and girls 
(triangles, dark grey) from 2014 to 2021.

Table 3. Exploratory analysis with regard to the potential impact of the pandemic situation. Predicted and observed data [95% CI] are presented for motor performance 
tests and body composition in a sub-sample (n = 5099) and separately for boys and girls including only schools measured over the whole period 2014–2021.

Balance (steps) Jump (n) Sprint (s) 20-m SRT (laps) Overweight (%) Obese (%)

Overall
Predicted mean 2021 30.2 [29.3, 31.1] 46.8 [46.0, 47.6] 5.03 [5.00, 5.06] 30.3 [29.4, 31.1] 11.1 [9.4, 13.2] 6.5 [5.4, 7.8]
Observed mean 2021 31.4 [30.4, 32.4] 49.8 [48.8, 50.7] 5.02 [4.99, 5.05] 32.1 [31.1, 33.2] 16.4 [13.5, 19.2] 10.1 [7.7, 12.5]
Raw difference 1.2 [−0.2, 2.6] 3 [1.7, 4.3] −0.01 [−0.05, 0.03] 1.85 [0.5, 3.2] 5.3 [3.5, 7.0] 3.6 [2.2, 5.1]
Percentage difference 4.0 [−0.5, 8.4] 6.4 [3.7, 9.2] −0.2 [−1.0, 0.7] 6.1 [1.8, 10.4] 47.4 [31.4, 63.3] 55.9 [33.9, 77.9]
Boys
Predicted mean 2021 27.1 [25.9, 28.3] 48.3 [47.2, 49.4] 4.94 [4.91, 4.98] 32.3 [31.0, 33.6] 12.1 [8.5, 15.7] 7.5 [4.6, 10.4]
Observed mean 2021 29.2 [27.9, 30.5] 50.9 [49.6, 52.3] 4.95 [4.91, 4.99] 34.2 [32.6, 35.9] 19.0 [14.7, 23.3] 12.8 [9.1, 16.5]
Raw difference 2.1 [0.9, 3.4] 2.6 [1.5, 3.8] 0.01 [−0.05, 0.05] 1.9 [0.7, 3.2] 6.9 [4.0, 9.7] 5.3 [2.9, 7.7]
Percentage difference 7.8 [3.4, 12.5] 5.4 [3.1, 7.8] 0.1 [−0.97, 0.96] 5.9 [2.0, 9.8] 56.6 [32.9, 80.3] 70.4 [38.5, 102.3]
Girls
Predicted mean 2021 33.6 [32.3, 34.9] 45.2 [44.0, 46.3] 5.12 [5.09, 5.16] 28.0 [27.0, 29.0] 10.1 [6.7, 13.4] 5.4 [2.9, 7.9]
Observed mean 2021 33.6 [32.1, 35.1] 48.6 [47.3, 49.9] 5.09 [5.04, 5.14] 30.0 [28.8, 31.3] 13.7 [9.9, 17.4] 7.3 [4.4, 10.2]
Raw difference −0.0 [−1.3, 1.3] 3.4 [2.3, 4.5] −0.03 [−0.07, 0.02] 2 [0.9, 3.0] 3.6 [1.0, 6.2] 1.9 [−0.1, 3.8]
Percentage difference −0.0 [−3.9, 3.9] 7.6 [5.0, 10.0] −0.6 [−1.35, 0.5] 7.1 [3.4, 10.6] 35.5 [10.0, 61.0] 34.8 [−1.0, 70.6]
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Secular changes were similar for boys and girls (<0.1%, 
Figure 2). Overweight children slightly improved over time 
(0.4% per year) and a negligible decline of <0.1% per year was 
identified for lean children (Table 2, Figure 3). Fit children 
showed a negligible increase per year (0.2%) while unfit chil
dren improved by 0.6% per year (Table 2, Figure 1). The fittest 
girls decreased in the number of completed laps per year com
pared to the fittest boys (−0.3 [−0.6;0.0]). Children affected by 
COVID-19 measures showed a 6.1% (1.8, 10.4) higher 20-m SRT 
performance compared to the prediction (Table 3).

BMI

BMI in the overall sample declined by 0.7% per year (Table 4, 
Figure 4). Secular changes were similar for boys (−0.7%) and 
girls (−0.9%) (Table 4, Figure 4). The year 2021 slowed down the 
trend of decreasing BMI (Figure 4).

Overweight children

BMI shows a decline of −0.2% per year in overweight children. 
Secular changes were similar for boys and girls (Table 4, 
Figure 4). The observed increase in the percentage of over
weight children in the cohort affected by COVID-19 measures 
is staggering. In 2021, 16.4% of the children were classified as 

overweight which is 47.4% (31.4, 63.3) more than was pre
dicted (Table 3, Figure 4). We identified a larger increase for 
boys (56.6% (32.9, 80.3), Table 3) compared to girls (35.5% 
(10.0, 61.0), Table 3).

Obese children

In obese children, a small decline in BMI (−0.2%, Table 4, 
Figure 4) was identified for the time period 2014 to 2021. 
Secular changes in BMI were similar for boys and girls in overall 
sample (Table 3, Figure 4).

6.5% of children were predicted to be overweight in 2021. 
The observed data in 2021 also show an increase in the percen
tage of obese children in the cohort affected by COVID-19 
measures as 10.1% of children were classified as obese 
(+55.9% (33.9, 77.9), Table 3, Figure 4). Boys (+70.4% (38.5, 
102.3)) seem to be clearly more affected by COVID-19 measures 
than girls (+34.8% (−1.0, 70.6), Table 3).

Discussion

The aim of this study was to analyse secular changes in motor 
performance and BMI in a representative sample of urban Swiss 
school children aged 6 to 8 years over the last eight years. The 
main findings of this study were a) a general downward trend in 

a) b)

c)d)

Figure 3. Secular trend in (a) balancing backwards, (b) 20-m sprint time, (c) jumping sidewards and (d) 20-m Shuttle Run Test for lean (light grey) and overweight (dark 
grey) children.
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balancing backwards b) general improvements in BMI and jump
ing sidewards over the years, c) sex differences showing a steeper 
increase for boys in jumping sidewards and a steeper decrease for 
fit girls in 20-m SRT, d) increased performance in fit children in 
jumping sidewards task and unfit children in the 20-m SRT, e) the 
cohort affected by COVID-19 measures was associated with 
increased percentage of overweight and obese children and an 
increase in BMI but motor fitness test scores were mostly 
improved.

Motor coordination tasks including stability activities like 
balancing belong to the fundamental movement skills that 
provide the foundation for an active lifestyle (Hulteen et al.,  
2018). Our study results show a downward trend in balancing 
backwards which is in line with earlier secular declines in 

German preschool children from 1985 to 2007 (Roth et al.,  
2010). There might be several reasons for that decline like an 
increase of daily screen time (Saunders et al., 2014) leading 
to less time spent outside and thus fewer movement 
experiences.

Power under coordinative constraints was measured with 
the jumping sidewards task and showed improvements over 
the 8-years period for both sexes. 20-m sprint time, in contrast, 
showed negligible changes during the study period. These 
results are in line with recent studies (Fühner et al., 2021; 
Spengler et al., 2017) showing small increases in speed and 

strength for boys and girls. Boys showed in both tasks a slightly 
larger improvement over years compared to girls. Generally, it 
might be assumed that boys prefer to participate in strength- 
related activites whereas girls prefer sports activities that 
require more motor coordination abilities like balance or flex
ibility (Haywood & Getchell, 2009). As jumping sidewards also 
demands particular coordinative skills, it seems plausible that 
an increase in the relevance in motor coordination leads to 
a lower influence of sex as a performance limiting factor 
(Overman, 2004).

Cardiorespiratory endurance shows negligible changes in 
6 to 8 years old children in Switzerland providing evidence 
that cardiorespiratory fitness remained constant in the past 
eight years. This finding is consistent with recent reviews 

a) b)

c)d)

Figure 4. Secular changes in BMI for a) the lower quartile, middle quartiles and the upper quartile as well as b) for boys (triangles, dark grey) and girls (dots, light grey) 
from 2014 to 2021. Exploratory analysis with regard to the potential impact of the pandemic situation on the proportion of overweight (c) and obese (d) children in 
a sub-sample (n = 5099) including only schools measured over the whole period 2014–2021.

Table 4. Secular trends in BMI over years. BMI estimates [95% CI], R2 and p-value 
are presented for boys and girls in overall sample and for overweight and obese 
children (based on the CDC Growth Charts for the United States, 2002).

BMI R2 P

Overall sample −0.1[−0.14,-0.10] 0.05 <.001
Boys −0.1[−0.13,-0.08] 0.05 <.001
Girls −0.1[−0.17,-0.12] 0.05 <.001
Overweight children −0.0[−0.05, −0.02] 0.17 <.001
Boys 0.0[−0.00, 0.00] 0.01 0.43
Girls −0.0[−0.00, 0.00] 0.01 0.243
Obese children −0.1[−0.10, −0.00] 0.01 0.04
Boys −0.1[−0.13, 0.01] 0.01 0.096
Girls −0.0[−0.11, 0.03] 0.01 0.231
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(Fühner et al., 2021; L. Tomkinson et al., 2019), particularly, 
compared to high-income and upper-middle income coun
tries. Furthermore, sex differences were found for the fit 
children with regard to a decline in girls compared to boys 
but the reason for the differences remains unclear. Different 
levels of motivation and differences in maintaining incen
tives for physical activity participation at school, through 
parent’s support and through lower participation in orga
nized sport could be reasons to explain the sex differences 
in fit children (Telford et al., 2016). These potential factors 
should be considered in future intervention strategies to 
promote physical activity to increase physical fitness levels, 
especially in girls.

In our analysis, we particularly evaluated the upper and 
lower quartiles in all physical fitness tests because especially 
unfit children demand specific attention when promoting 
health behaviours to enhance physical fitness. We identified 
an increased performance in jumping sidewards over years in 
unfit children and increased performance in 20-m SRT over 
years in unfit and in overweight children. This tendency is 
encouraging as children with low levels of physical fitness are 
less likely to participate in sport activities due to less devel
oped physical abilities (Hardy et al., 2012) and poor physical 
fitness levels during childhood are associated with negative 
health trajectories (Dwyer et al., 2009; Wedderkopp et al.,  
2004). Furthermore, overweight children have lower actual 
and perceived motor performance levels (Morano et al.,  
2011). Lower motivation for physical activity leads to fewer 
participation opportunities for exercise and, thus, fewer 
opportunities to improve their actual motor skills and per
ceptions of motor skills (Stodden et al., 2008). In particular, 
the perception of motor skills is an essential factor in the 
complex challenge of improving physical fitness in over
weight children (Barnett et al., 2011). Therefore, enhancing 
the perception of motor skills should be included as a part of 
multicomponent approaches in the future.

The results are not in line with similar secular trend stu
dies in other countries showing worsening results in low 
performing children (Albon et al., 2010; Wedderkopp et al.,  
2004). These studies, however, were conducted 10 to 20 years 
earlier and recent awareness of responsible political stake
holders might have led to the implementation of counter
measures. It remains unclear whether the improvements in 
20-m SRT are already relevant from a public health perspec
tive as the evidence supporting health-based, criterion- 
referenced thresholds for cardiorespiratory endurance in chil
dren is weak (Rollo et al., 2022).

Another promising observation was the continually decreasing 
proportion of obese or overweight children as well as BMI over 
years until 2020 with small fluctuations from year to year. A similar 
trend was observed in the national comparison of physical fitness 
tests and BMI for first graders in Winterthur, Switzerland 
(Gränicher, 2021). An international Non-Communicable-Disease 
Risk Factor Collaboration study showed that the rise in overweight 
children in high-income countries is levelling off and mean BMI in 
children is stabilizing (Abarca-Gómez et al., 2017), which is in line 
with our finding.

When comparing the cohorts before COVID-19 pandemic 
and the cohort in 2021, we observed an increase of children 

with overweight (16.4% overweight children in 2021 to 11.1% 
predicted) and an increase of obese children (10.1% in 2021 
and 6.5% predicted). Boys were more affected in terms of 
percentage of overweight and obesity compared to girls. 
However, the reason for that remains unclear. The changing 
progression in the proportion of obese and overweight chil
dren since 2020 and the onset of the COVID-19 pandemic was 
also reported in the city of Winterthur in Switzerland 
(Gränicher, 2021).

Except for sprint times, improvements were found for all 
other parameters during COVID-19 pandemic. Thus, although 
more children were classified as overweight or obese, the 
children performed better. These findings are in contrast to 
studies in other countries showing a decrease in motor perfor
mance together with an increase in BMI and percentage of 
overweight and obesity in children (Basterfield et al., 2022; 
Jarnig et al., 2022).

Rossi et al. (2021) state in a scoping review that generally 
children’s physical activity levels decreased during the pan
demic. This effect was less pronounced or even not present 
when COVID-19 restrictions were less severe or when an 
increase in unstructured activities and outdoor play was possi
ble (Rossi et al., 2021). COVID-19 mitigation measures were less 
rigorous in Switzerland compared to other countries with only 
a short time of school and sports club closure and open parks 
and playgrounds all the time. This could be an explanation for 
the improvements in motor performance. However, physical 
activity levels in children, mental health and eating behaviour 
were not assessed in our study.

Methodological considerations

The main strength of the study is the large population-based 
sample of children of the same age and an investigation period 
with several measuring points using a uniform methodology 
over years. Whereas not all previous secular trend studies in 
children accounted the clustered data with several levels to 
control for potentially varying social culture between schools, 
we did so. Further on, the analysis of quartiles, sex differences 
and the possible influence of COVID-19 mitigation measure 
allows a differentiated view of children’s physical fitness and 
anthropometric data over the past years for one of the biggest 
cities in Switzerland.

However, there are some limitations to be mentioned. 
Variables of social context for stratification and adjustments 
are missing. It remains speculative whether these issues rele
vantly affected our findings. The role of motivational aspects 
that affect the achieved scores in each physical fitness test is 
missing too. Furthermore, alternative tests for each physical 
fitness component exist. This leads to problems with regard 
to the comparability with secular trend studies from other 
countries since no uniform test batteries have been used in 
the different countries.

Conclusion

In summary, we observed a small decline of balance perfor
mance and an increase in the jumping sidewards task, whereas 
performance plateaus were detected in cardiorespiratory 
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endurance and speed. Further, we found a continuous decrease 
in BMI and the proportion of obese and overweight children 
until the COVID-19 pandemic began. These recent deteriora
tions need to be observed and it remains unclear whether the 
reported changes in the cohort affected by COVID-19 mitiga
tion measures can be reserved in the next years or if the effects 
are transitory. Further research regarding the continuation 
should also include longitudinal investigations to detect not 
only physical fitness levels and anthropometric data in cohorts 
at a certain time but also the developmental trajectories of the 
children. However, our study results provide important infor
mation about the fitness and health status of primary school 
children in Switzerland as well as about the cohort affected by 
COVID-19 mitigation measures.
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