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ABSTRACT

Body composition is an important health parameter during childhood and adolescence. In this study, we investigate the as-
sociations between body composition and age, physical activity, side jump, standing long jump, physical working capacity at 170
beats per minute pulse, screen time, and socioeconomic status in a nationwide German sample. A total of 2.869 children and
adolescents (1.456 girls) aged 6-17 years from the Motorik-Modul study (2014-2017) were stratified by sex and three age groups
(6-10, 11-13, 14-17 years). Physical activity was quantified by accelerometers, while physical fitness parameters were measured
as part of the Motorik-Modul field-based fitness test battery. Body composition analysis (BIA 2000-S; Data Input, Frankfurt,
Germany) included phase angle as well as height-adjusted indices for fat mass and fat-free mass. Potential correlates of body
composition were examined by testing 18 preregistered hypotheses via multiple regression analyses. We found a general in-
crease in fat mass index, fat-free mass index, and phase angle during childhood with sex-dependent changes in these trajectories
occurring between the ages of 10 and 14 and persisting up to age 17. Besides age, the most important correlates were standing
long jump and physical working capacity. Higher screen time and lower socioeconomic status accompany higher fat mass index
but do not predict a lower fat-free mass index. Physical activity correlates negatively with fat mass index only among 6 to 13-
year-olds. These findings emphasize the complex interplay between body composition, physical fitness parameters, lifestyle
factors, and socioeconomic background in childhood and adolescence.

long-term negative effects on health in adulthood (Simmonds
et al. 2016). Despite preventive action plans (World Health Or-

1 | Introduction

Body composition is an important health parameter in child-
hood and adolescence (Androutsos and Zampelas 2022), yet it is
infrequently assessed and, for example, not included in
mandatory medical check-ups in Germany (Federal Joint
Committee 2024). Unhealthy developments, such as excessive
gains in fat mass or reduction in fat-free mass, can reduce
quality of life (Meixner et al. 2020) and may increase the risk of
developing comorbidities (Lister et al. 2023), with potentially

ganization 2023), the number of children and adolescents with
unhealthy body composition remains high worldwide, with
significant increases during the COVID-19 pandemic in Ger-
many (Vogel et al. 2022), and potentially globally (Stavridou
et al. 2021).

Bioelectrical impedance analysis (BIA) is a non-invasive method
to depict the human body using up to a four-compartment
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Highlights

» Body composition indices (fat mass index, fat-free mass
index, phase angle) in German participants increase
during childhood. Boys show accelerated fat-free mass
index growth starting around 11 years and phase angle
growth starting around 14 years, while girls exhibit a
more linear increase across all indices.

e In addition to age, standing long jump and physical
working capacity are the strongest predictors of body
composition across all age groups.

Higher physical activity is associated with lower fat
mass index specifically in younger children (6-13 years).

Implementing bioelectrical impedance analysis-based
growth charts for body composition may enhance the
understanding of the relationships between growth,
health, aging, and disease, supporting both scientific
research and clinical practice.

model, instead of the one-compartment model the body mass
index offers. Here, the specific assessment of fat mass (Rou-
benoff et al. 1995), extracellular mass, and intracellular mass, as
well as an assessment of the quality of body cell mass (phase
angle (PhA) or ratio between extra- and intracellular mass) and
total body water allows a more detailed view of the condition of
the body (Schmidt et al. 2019). Differentiating between poten-
tially unhealthy fat mass and fitness-related fat-free mass is
fundamental to our study, as it enables a two-dimensional
investigation of the associations between body composition
and key health-related factors. In the following, we present data
using a BIA-derived two-compartment model. As advised by
other authors (Bosy-Westphal and Miiller 2015; Kyle et al. 2003)
we use fat and fat-free mass indices by dividing fat mass and fat-
free mass by the square of the body height, to eliminate corre-
lations with height and increase the accuracy of age group
dependent interpretations. We recently published reference data
for fat mass index (FMI) and fat-free mass index (FFMI) for
children and adolescents (Schmidt et al. 2019) and the longi-
tudinal Motorik-Modul (MoMo) study continues to produce
representative data for Germany. In addition to FMI and FFMI,
PhA is another meaningful health parameter in children and
adolescents (Langer et al. 2020). It provides insights into the
body's capacitive impedance, a metric that is fundamentally
associated with the mass and structural integrity of cells, thus
acting as a vital biomarker in clinical settings (Stobdus
et al. 2010).

Findings from previous studies using body mass index suggest
that several factors (e.g., physical activity (PA), physical fitness
(PF), screen time (ST), socioeconomic status (SES)) are directly
and indirectly linked to body composition during childhood and
adolescents and might play a role in developing or preventing an
unhealthy body composition (Elmesmari et al. 2018; Sares-Jéaske
et al. 2022; Tripathi and Mishra 2020).

These results are confirmed by several studies employing BIA to
assess body composition. In children and adolescents, higher
levels of PA (Dowda et al. 2024; Ito et al. 2021), PF (Gualdi-
Russo et al. 2020; Joensuu et al. 2020), and higher SES (Van den

Berg et al. 2013) are associated with lower levels of body fat and
higher levels of fat-free mass. Increased ST is linked to higher
levels of body fat (Chaput et al. 2014). Regarding PhA in chil-
dren and adolescents, studies showed that higher PhA values
are associated with higher levels of PF (Langer et al. 2020;
Martins et al. 2020). In addition, associations were also found
with age, sex, maturity, and height (Ballarin et al. 2022; De
Moraes et al. 2022). Research about PhA has been expanding as
well (De Moraes et al. 2022), but there remains insufficient
evidence regarding its true potential and relevance during
childhood and adolescence (Orsso et al. 2022). There is also a
lack of large, representative studies that assess and analyze a
multitude of different health parameters such as PF, PA, or ST
and their intercorrelation with body composition at the same
time and sample.

The comprehensive range of constructs captured in the MoMo
study, coupled with the substantial volume of data available
for analysis, provides a unique opportunity for scientific in-
quiry. To take this into account, we have opted to employ a
confirmatory approach to investigate the associations between
body composition and health-related correlates among chil-
dren and adolescents. The aim of the study was to provide
data on body composition derived from BIA of a nationwide
German sample and to analyze its associations with three
selected PF parameters, as well as other health-related con-
structs such as age, PA, ST, and SES using regression analyses.
We preregistered our study (Schilling et al. 2023) and formu-
lated 18 directed hypotheses derived from the current state of
research. We hypothesized that higher PA (Gualdi-Russo
et al. 2020; Mateo-Orcajada et al. 2022), higher performance in
the specific PF tests (Androutsos and Zampelas 2022; Ballarin
et al. 2022; Ortega et al. 2008), and higher SES (Lizana
et al. 2018), as well as lower ST (Stiglic and Viner 2019),
would be associated with more favorable body composition
outcomes (i.e., lower FMI, higher FFMI, and higher PhA).
These hypotheses cover the potential relationship between the
variables of interest and will be tested separately for boys and
girls among three age groups (6-10 years, 11-13 years, 14-
17 years). Notably, our hypotheses are tested within separate
models rather than a single comprehensive model incorpo-
rating all predictors. This approach aligns with prior research,
which predominantly examined bivariate relationships rather
than complex multivariate interactions.

2 | Materials and Methods

Our study followed the Declaration of Helsinki. Ethics approval
was obtained from the ethics committees. The Federal
Commissioner for Data Protection approved the study. This
paper was preregistered at the open science framework (Schil-
ling et al. 2023).

2.1 | Study Design
Data were collected within the MoMo study (Woll et al. 2021)

using a nationwide, stratified, multi-stage sample (Kamtsiuris
et al. 2007). A systematic sample of 167 primary units was
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drawn from German communities, stratified by urbanization
and geography using the BIK classification (Kurth et al. 2008).
Communities were selected proportional to their population of
residents under 18 years. An age-stratified sample was then
drawn from official registers, with the aim of achieving 100
participants per sex and per year of age in the final sample.
Parents and children attended examination rooms near their
homes, with parental consent required for minors. Participation
was voluntary, and participants received a 20 € gift. Data pro-
tection and study details were provided, with written consent
obtained.

2.2 | Sample Description

For the current analysis, data from participants aged 6-17 years
from MoMo Wave 2 (2014-2017) were used. To investigate as-
sociations with body composition, only participants with com-
plete and valid data on age, sex, FMI, FFMI, and PhA were
included in the analyses (n = 2.869). BIA data were considered
valid if PhA > 4 and PhA < 9.5, according to international
standards (Mattiello et al. 2020) and previous studies (Gitjens
et al. 2021). In total, 29 participants with implausible values
were excluded. The sample was divided into three age groups
(6-10 years: primary school/children; 11-13 years: lower sec-
ondary school/early adolescents; 14-17 years: upper secondary
school/adolescents) based on completed years of life and strat-
ified by sex (boys: 6-10 years [n = 416], 11-13 years [n = 432],
and 14-17 years [n = 565]; girls: 6-10 years [n = 403],
11-13 years [n = 458], and 14-17 years [n = 595]).

2.3 | Measures
2.3.1 | Physical Activity

PA was assessed using an accelerometer (Actigraph GT3Xp/
WGT3X-BT). Detailed information about the procedure can be
found elsewhere (Burchartz et al. 2020). Accelerometers were
worn above the hip on the right side of the body over 7
consecutive days. Data were recorded with a 30-Hz sampling
frequency and 1-s epoch length using the normal Acti-Graph
GT3X filter. Non-wear time was defined as consecutive zero/
nonzero counts over 90 min with an allowance of a 2-min period
of non-zero counts with an up/downstream 30-min period of
zero counts. Recording of at least 8 h per day was considered
valid, and a week had to consist of at least four valid days
including at least one valid weekend day to be considered valid
(Sherar et al. 2011). These inclusion criteria are consistent with
the requirements for inclusion in the International Children's
Accelerometry Database (ICAD) (Sherar et al. 2011). To define
moderate to vigorous PA (MVPA), specific cut-off points for the
1-s epochs of vertical-axis intensity were used (Burchartz
et al. 2023). For children from 6 to 9 years, the cut-offs from
Evenson et al. (2008) were used: Sedentary < 2; light PA > 2
to < 38; MVPA > 38. For children aged 10 and older, the cut-offs
from Romanzini et al. (2014) were used: Sedentary < 3; light
PA > 3 to < 40; MVPA > 40.

2.3.2 | Physical Fitness

The MoMo Motor Performance Test (Worth et al. 2015) was
designed to assess PF in children and adolescents under one-on-
one supervision. It demonstrated high reliability (r = 0.97,
p > 0.001) with no significant differences in mean values. Ob-
jectivity was also strong (r = 0.98-0.99), with less than a 1%
difference across test items (Oberger et al. 2006). To examine the
associations between parameters of PF and body composition,
three specific tasks from the MoMo Motor Performance Test
were used. The first task involved a submaximal exercise test on
a bicycle ergometer to assess cardiovascular endurance. This test
measured aerobic capacity using a sequential step test design,
starting at 25 W and a cadence of 70 revolutions per minute.
Each load level is maintained for 2 minutes, followed by an
increase of 25 W (Worth et al. 2015). The achieved power output
at a heart rate of 170 beats per minute (Physical Working Ca-
pacity (PWC170)) was recorded. The test is terminated under
three conditions: (1) Pulse exceeds 190 for participants aged
10 years or younger, or 180 for those aged 11 years or older; (2)
cadence drops below 50 revolutions per minute for more than
20 s; or (3) participants choose to stop due to subjective
exhaustion. The second task, a standing long jump, measured
explosive muscular strength of the lower extremities. Partici-
pants perform a countermovement jump, and the distance from
the starting line to the first ground contact is recorded. Perfor-
mance is based on the best of two jumps without falling back-
ward. The third task, a side jump, assesses whole-body
coordination under time pressure. Participants jump between
two adjacent 50 cm squares for 15 s, avoiding the boundaries.
After a 1-min pause, a second trial is conducted, with the best
score from the two trials recorded based on the number of
correct jumps.

2.3.3 | Screen Time

ST was measured through self-reported ST behaviors, a method
comparable to direct measures of sedentary behavior in relation
to health outcomes (Schmidt et al. 2020a). Participants reported
the time spent watching television, gaming, and using the
internet recreationally on a seven-point scale, with responses
ranging from “almost never” (1), “15 min per day” (2), “30 min
per day” (3), “1 h per day” (4), “2 h per day” (5), “3 h per day”
(6), to “4 h per day” (7) for both weekdays and weekend days.
An index reflecting the 5:2 ratio of weekdays to weekend days
was then calculated for each activity. Total ST was calculated by
summing minutes across activities if data for all activities were
provided (Schmidt et al. 2020a).

2.3.4 | Socioeconomic Status

Individual-level SES was defined according to the educational
and professional status of the parents as well as the total
household income per household member (Winkler and Stol-
zenberg 2009). Education and professional status were asked
separately for both parents with the higher score being used
(Lampert et al. 2014). Adolescents with parents living in
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separate households were assigned the SES of the parent they
lived with. The three aspects: income, educational status, and
professional status were scored on a scale from 1 to 7 according
to national reference data, and a sum score was created (range:
3-21) (Lampert et al. 2014, 2018).

2.3.5 | Body Composition

BIA was conducted by trained investigators following ESPEN
guidelines (Kyle et al. 2004). Participants were nonpregnant,
healthy children and adolescents without any conditions
affecting fluid balance (e.g., renal, endocrine, or myocardial
diseases). Body weight was measured to the nearest 0.1 kg with
a calibrated scale (SECA, Birmingham, UK) and standing height
to the nearest 0.5 cm using a stadiometer (SECA) with the
subject wearing light clothes and no shoes. Body mass index was
calculated using the formula body mass index = weight [kg]/
(height [m])* and classified according to Kromeyer's percentile-
based classification for children and adolescents (Kromeyer-
Hauschild et al. 2001). Data collection occurred between 8 a.m.
and 6 p.m. prior to motor performance tests. Though some BIA
guidelines recommend fasting for 2-8 h (Kyle et al. 2004), recent
studies show fasting is unnecessary for valid results (Artero
et al. 2023; Korzilius et al. 2023). Therefore, fasting was not
required. Participants on medication were excluded. Tetrapolar
BIA measurements of resistance (R) and reactance (Xc) were
taken at 50 kHz between the right wrist and ankle using a BIA
2000-S analyzer (Data Input, Frankfurt, Germany). Measure-
ments were conducted with participants lying supine on a
nonconductive surface, ensuring no contact with metal objects.
After resting in a supine position for at least three minutes, R
and Xc were measured in 15-s intervals until stable readings
were achieved. The BIA device has a technical error of < 0.5%
(Dittmar 2003) and high retest reliability (r > 0.82, ICC > 0.96)
(Talma et al. 2013). With r = 0.96 the validity of estimating body
cell mass is high (reference: DXA; (Sergi et al. 2015)). The val-
idity of estimating fat mass lies between r = 0.88 (reference: air
displacement plethysmography (Von Hurst et al. 2016)); and
r=0.92 (reference: DXA; (Von Hurst et al. 2016)). Fat-free mass,
body cell mass, and fat mass were calculated using NutriPlus
software (Dérhofer and Pirlich 2007) and normalized by height?
(Heymsfield et al. 2007). In the following FFMI (fat-free mass/
height®), FMI (fat mass/height?), and PhA as of 57.297*arctan
(R/Xc) are reported.

2.4 | Statistical Analysis

The IBM SPSS Statistics package (Version 28.0) was used for the
analysis. Regression models were performed to examine the
cross-sectional associations of age, PA, PF parameters, ST, and
SES with FMI, FFMI, and PhA. We examined both linear and
quadratic effects of age. The inclusion of age® in the polynomial
regression models did not result in a significant increase in the
adjusted coefficient of determination (R*). The final models
consisted of age (Model 0), MVPA (Model 1), side jump,
standing long jump, PWC170 (Model 2), ST (Model 3), and SES
(Model 4) with FMI, FFMI, and PhA as the outcomes. Age was
also included as an additional predictor in Model 1 (Model 1.2),

Model 2 (Model 2.1), Model 3 (Model 3.1), and Model 4 (Model
4.1). Lastly, in Model 5, all predictors were considered in one
model. Each model was constructed independently, meaning
that the inclusion of predictors in one model did not imply that
they were carried forward to subsequent models. Rather, each
model represents a distinct analytical approach that in-
corporates specific sets of predictors. The analyses were carried
out separately for each sex and age group.

3 | Results
3.1 | Descriptive Statistics

A total of 2.869 children and adolescents (1.456 girls, 1.413 boys)
participated in our study. The main characteristics of the sample
are presented in Table 1.

3.2 | Associations With Age

Figures 1-3 illustrate the descriptive associations between age
and FMI, FFMI, and PhA for both sexes. The smoothing curve
represents the 50 data-points simple moving average (SMAs).
For FMI (Figure 1), the scatter plot shows higher values with
increasing age in both sexes. From 6 to 10 years, girls had a
higher FMI than boys of about 0.7 kg/m?. Between the ages of
11 and 13, the FMI of boys decreased and then stayed almost at
the same level until the age of 17. In contrast, there was a steady
increase in the FMI of girls across all age groups. FFMI
(Figure 2) showed almost no change for boys and girls between
the ages of 6 and 10 until an increase occurred between the ages
of 11 and 13 for both sexes. Between the ages of 14 and 17, we
found only a slight increase in FFMI in girls but a meaningful
increase among boys. For PhA (Figure 3), we found a slight
numerical increase for both sexes among the first two age
groups. A significant increase was then found among boys be-
tween the ages of 14 and 17.

3.3 | Health-Related Correlates of Body
Composition

Regression models for FMI, FFMI, and PhA are presented in
Tables 2 and 3. The models were calculated stratified by sex
(boys/girls) and age groups (6-10 years, 11-13 years, 14-17 years).

33.1 | 6-10 years

In both sexes, FMI was positively associated with age, PWC170,
and ST, but negatively with MVPA, standing long jump, and
SES. For FFMI, positive associations were found with age,
PWC170, and ST in both sexes, while boys showed a negative
association with standing long jump and girls with SES. PhA
showed positive associations with MVPA, standing long jump,
and, for boys only, age and PWC170. Considering all predictors
simultaneously in Model 5, associations with MVPA, SES, and
ST lost significance for both sexes.
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TABLE 1 | Descriptive characteristics of the participants divided by sex and age.

Boys Girls
N = 2.869 6-10 11-13 14-17 6-17 6-10 11-13 14-17 6-17
yIS. yIS. yIS. yIS. yIS. yIS. yIS. yIS.
Case (n) 416 432 565 1.413 403 458 595 1.456
Age (yrs.) 7.97 12.00 15.40 12.17 8.02 12.05 15.49 12.34
+1.41 +0.81 +1.10 +3.26 +1.43 +0.81 +1.07 +3.24
Height (cm) 133.72 157.66 176.63 158.20 133.50 157.22 165.60 154.08
+10.08 +9.80 +8.41 £20.00 +10.99 +8.48 +6.58 +15.76
Weight (kg) 30.33 48.66 68.27 51.11 30.86 49.11 59.75 48.41
+8.07 +12.15 +14.02 +19.74 +8.91 +12.17 +11.01 +16.00
BMI (n) 416 432 565 1.413 403 458 595 1.456
UW (s) (n) 10 (2.4%) 14 (3.2%) 11 (1.9%) 35 (2.5%) 9 (2.2%) 12 (2.6%) 17 (2.9%) 38 (2.6%)
Uw (n) 20 (4.8%) 18 (4.2%) 21 (3.7%) 59 (4.2%) 24 (6.0%) 33 (7.2%) 18 (3.0%) 75 (5.2%)
NW (n) 339 (81.5%) 333 (77.1%) 448 (79.3%) 1120 (79.2%) 309 (76.7%) 341 (74.5%) 468 (78.7%) 1118 (76.7%)
OW (n) 30 (7.2%) 46 (10.6%) 36 (6.4%) 112 (7.9%) 33 (8.2%) 43 (9.4%) 52 (8.7%) 128 (8.8%)
OB (n) 17 (4.1%) 21 (4.9%) 49 (8.7%) 87 (6.2%) 28 (6.9%) 29 (6.3%) 40 (6.7%) 97 (6.7%)
BIA (N) 416 432 565 1.413 403 458 595 1.456
FMI (kg/m?) 2.88 4.19 4.29 3.84 3.53 4.84 6.20 5.03
+1.62 +2.27 +2.41 +2.25 +1.86 +2.30 +2.26 +2.43
FFMI (kg/mz) 13.86 15.19 17.52 15.73 13.51 14.86 15.56 14.77
+1.38 +1.92 +2.10 +2.42 +1.44 +1.93 +1.76 +1.92
PhA (°) 5.79 5.98 6.68 6.21 5.79 5.97 6.27 6.04
+0.54 +0.57 +0.71 +0.74 +0.53 +0.63 +0.68 +0.66
PA (n) 313 300 354 967 316 344 409 1.069
MVPA (min/day) 74.15 52.91 45.79 57.18 58.07 43.20 37.50 45.41
+25.08 +22.24 +22.38 +26.19 +19.67 +18.50 +17.09 +20.21
PF (n) 414 429 561 1.404 399 457 586 1.442
SJ (counts) 24.63 35.05 39.41 33.73 25.70 34.28 37.02 33.02
+7.37 +6.47 +6.40 +9.11 +7.47 +6.94 +6.00 +8.19
SLJ (cm) 128.46 158.67 192.57 163.31 123.65 149.31 153.80 144.03
+21.71 +24.05 +27.66 +36.44 +23.29 +23.12 +24.64 +26.98
PWC170 (W) 71.03 106.27 150.23 116.76 60.86 89.74 105.91 90.10
+20.32 +28.02 +41.30 +46.32 +14.40 +23.10 +29.26 +29.99
ST (n) 376 407 545 1.328 361 436 576 1.373
ST [min/day] 104.04 233.15 324.22 233.97 85.35 211.72 289.69 211.20
+83.65 +166.47 +185.69 +180.89 +73.27 +159.11 +172.00 +169.08
SES (n) 415 430 560 1.405 400 454 589 1.443
SES (score) 14.42 13.97 13.72 14.00 14.51 14.04 13.38 13.90
+3.96 +3.93 +3.83 +3.90 +3.83 +3.69 +3.75 +3.78

Abbreviations: =+, standard deviation; °, degree; BIA, bioelectrical impedance analysis; BMI, body mass index; cm, centimeter; FFMI, fat-free mass index; FMI, fat mass
index; kg, kilogram; m, meter; min, minutes; MVPA, moderate to vigorous physical activity; n, sample size; NW, normal weight; OB, obesity; OW, overweight; PA,
physical activity; PF, physical fitness; PhA, phase angle; PWC170, physical working capacity 170; SES, socioeconomic status; SJ, side jump; SLJ, standing long jump; ST,
screen time; UW (s), severe underweight; UW, underweight; W, watt; yrs., years.

3.3.2 | 11-13 years associations with FMI in both sexes. A positive association was

found for PWC170 in both sexes, while for ST, a positive asso-
FMI was negatively associated with age in boys but positively in ciation was observed only in girls, with no association in boys.
girls. MVPA, standing long jump, and SES showed negative FFMI showed positive associations with age and PWC170, and
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FIGURE 1 | Aggregated fat mass index (FMI) data for both sexes during childhood and adolescence.
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FIGURE 2 | Aggregated fat-free mass index (FFMI) data for both sexes during childhood and adolescence.

negative associations with MVPA in both sexes. Additionally, in
girls, there were negative associations with standing long jump
and SES and a positive association with ST. PhA was positively
associated with age in girls, with MVPA and PWC170 in boys,
and with standing long jump in both sexes. In Model 5, MVPA
remained significantly associated with FMI, FFMI, and PhA in
boys, while in girls, only FFMI showed a significant negative
association. The effects for SES and body composition parame-
ters lost significance for both sexes.

3.3.3 | 14-17 years

In both sexes, FMI was positively associated with age, PWC170,
and ST, but negatively with standing long jump and SES. FFMI
was positively associated with age and PWC170, but negatively
with standing long jump and SES in both sexes, while MVPA
showed a positive association with FFMI only in boys. PhA was
positively associated with age, MVPA, standing long jump, and
PWC170 in both sexes. In Model 5, all effects for MVPA, ST, and
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FIGURE 3 | Aggregated phase angle (PhA) data for both sexes during childhood and adolescence.

SES lost significance in boys, while in girls, only MVPA and SES
lost significance.

Table 4 provides a summary of the confirmed and rejected hy-
potheses based on the significance levels presented in Tables 2
and 3.

In total, 43 hypotheses were confirmed and 65 were rejected
based on the models 1-4. Contrary to expectations, we observed
positive associations between PWC170 and FMI in both sexes
across all age groups. Regarding the standing long jump, we
found either no association or negative associations with FFMI
in both sexes across all age groups. Additionally, the side jump
was not associated with FMI, FFMI, or PhA in our sample.
Lastly, the predicted negative association between ST and FFMI
and PhA could not be confirmed in our study, nor could the
positive association between SES and FFMI and PhA.

4 | Discussion

Our study's objective was to depict and analyze associations of
body composition during childhood and adolescence using a
cross-sectional nationwide sample from a German longitudinal
study. The data show, that both sexes increase their FMI, FFMI,
and PhA with age. Boys show an accelerated increase in FFMI
starting approximately at the age of 11 and an accelerated in-
crease in PhA starting around 14 years. FMI increases at a
similar rate in both sexes until approximately the age of 10.
Starting at the age of 11, girls show an increase in FMI
compared to boys, who exhibit a decline in FMI between the
ages of 11 and 13.

Alongside age, PWC170 and standing long jump were the
strongest predictors of FMI and FFMI in both sexes, as well as

PhA among boys. Regarding PA, associations remained signifi-
cant in the multivariate models only among the 11 to 13-year-
old boys for FMI, FFMI, and PhA. For girls, significant associ-
ations were observed only for FFMI. This timeframe may
represent a sensitive period for the effects of PA to manifest on
body composition, particularly among boys, during childhood.
For ST, girls showed significant positive associations with FMI
across all age groups and significant positive associations with
FFMI between the ages of 6 and 13 years. Among boys, we
found only three significant associations with FMI and FFMI
between the ages of 6 and 13, of which none remained signifi-
cant in the multivariate models. There were no significant as-
sociations for SES in the multivariate models. These findings
highlight the importance of considering multiple theory-based
predictors to limit the problem of overstated or confounded
results.

41 | FMI

Due to hormonal adaptations, childhood and adolescence
involve the most sensitive phases in development, characterized
by growth and maturation, leading to inevitable changes in body
composition (Marshal, 1978; Rogol 2003). We found positive
associations between age and FMI for all age groups except for
boys aged between 11 and 13 years where a negative relation-
ship between age and FMI was found. In a study of Siervogel
et al. (2000) with 297 children and adolescents between the ages
of 8 and 18, FMI increased between the ages of 9 and 11 for both
sexes, then only boys showed a decrease in FMI between the
ages of 12 and 17. In boys, the influence of sexual hormones
leads to a significant increase in bone and muscle mass, as well
as a redistribution (Rogol 2003) and reduction (Marshall 1978)
of fat mass. However, as height velocity declines, fat accumu-
lation resumes (Marshall 1978).

European Journal of Sport Science, 2025

7 of 16

95LB01 7 SUOLULLOD dAIIea.1D) 3[ced ! ddde Uy Aq peusenob ae S VO ‘85N JO 3N o} Akeuq1 18Ul IUO A8 ]I LD (SUONIPUOD-PUE-SWLBIALI0O A3 1M Afe.d jBu JUo//Scy) SUONIPUOD Pue S 18U 89S *[6202/0T/20] Uo Ariqiauliuo A8|im ‘B1Bojouyos L an4 Inisul Jeynssie Aq 9900L 95/200T 0T/I0p/woo" A 1M Are.q jpul|uoy/sdiy Wwoly pepeojumod ‘TT ‘520z ‘062.9€ST



TABLE 2 | Unstandardized regression coefficients () of age, PA, PF, ST, and SES in relation to FMI, FFMI, and PhA among boys.

6-10 yrs. 11-13 yrs. 14-17 yrs.

Boys FMI FFMI PhA FMI FFMI PhA FMI FFMI PhA
Model 0

Age 0.257% 0.127% 0.172% —-0.107% 0.302% 0.058 0.095% 0.303% 0.487%

R? 6.4% 1.4% 2.6% 0.9% 8.9% 0.1% 0.7% 9.0% 23.6%
Model 0.1

Age —0.438 0.122 2.226% —0.747 —2.272 —2.557 —-1.102 1.695 2.345%

Age2 0.697 0.005 —2.059% 0.639 2.575 2.616 1.198 —-1.393 —1.859

R? 6.4% 1.1% 4.8% 0.7% 9.3% 0.5% 0.7% 9.0% 23.8%
Model 1

MVPA -0.176* 0.003 0.129* —-0.152% —0.190% 0.211* 0.000 0.129% 0.144*

R? 2.8% 0.0% 1.3% 2.0% 3.3% 4.2% 0.0% 1.4% 1.8%
Model 1.1

Age 0.239% 0.111 0.186% -0.191% 0.256% 0.094 -0.074 0.268% 0.475%

MVPA -0.127% 0.026 0.168* —0.204% -0.121* 0.237% —0.008 0.100 0.093*

R? 8.0% 0.5% 4.4% 5.0% 9.1% 4.6% 0.0% 8.2% 24.0%
Model 2

SJ 0.108 —0.031 0.096 —0.027 -0.077 0.079 0.012 —0.043 0.096

SLJ -0.471* —-0.175% 0.199% —0.568% —-0.053 0.155% —-0.516% —-0.135% 0.249*

PWC 170 0.336" 0.454* 0.160* 0.153* 0.469% 0.167% 0.191* 0.456" 0.232°

R? 18.7% 17.1% 11.9% 28.6% 19.3% 8.5% 22.7% 17.6% 19.5%
Model 2.1

Age 0.357% -0.025 —0.144% 0.087 0.252% -0.070 0.232% 0.225% 0.345%

SJ —-0.047 —-0.020 0.159* —0.031 —0.091 0.083 —0.005 —0.060 0.071

SLJ -0.491* —-0.173% 0.207% —0.592% —-0.124% 0.175% —0.560% -0.178% 0.184°

PWC 170 0.218* 0.463* 0.208* 0.139% 0.428* 0.178* 0.129* 0.396" 0.140*

R? 25.8% 16.8% 12.8% 29.0% 24.5% 8.7% 27.1% 21.7% 29.3%
Model 3

ST 0.256* 0.147% 0.079 0.034 0.084 0.067 0.145% 0.082 0.009

R? 6.3% 1.9% 0.4% 0.0% 0.5% 0.2% 1.9% 0.5% 0.0%
Model 3.1

Age 0.182% 0.086 0.150* -0.117* 0.318* 0.059 0.079 0.301* 0.490*

ST 0.200% 0.121% 0.033 0.063 0.006 0.053 0.140% 0.063 —0.022

R? 9.1% 2.3% 2.1% 0.9% 9.8% 0.3% 2.4% 9.4% 23.6%
Model 4

SES -0.126 —-0.026 0.000 —0.190% —0.053 0.016 —0.149% —0.143% —-0.026

R? 1.3% 0.0% 0.0% 3.4% 0.0% 0.0% 2.0% 1.9% 0.0%
Model 4.1

Age 0.261% 0.129% 0.178* —0.092 0.308* 0.061 0.097% 0.306" 0.489*

SES —0.134* -0.030 —0.006 —0.182% -0.078 0.011 —0.146% —-0.133% -0.011

R? 8.0% 1.2% 2.7% 4.0% 9.3% 0.0% 2.8% 11.1% 23.7%
Model 5

Age 0.250* —-0.112 —-0.186% -0.019 0.141% —-0.122 0.273% 0.187% 0.349%

MVPA —0.088 —0.028 0.108 -0.171% -0.181% 0.147% —0.057 0.063 0.092
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TABLE 2 | (Continued)

6-10 yrs. 11-13 yrs. 14-17 yrs.

Boys FMI FFMI PhA FMI FFMI PhA FMI FFMI PhA
SJ 0.022 0.035 0.230% —0.066 —0.108 0.052 0.014 —0.089 0.067
SLI —-0.522% -0.159* 0.142 —-0.559* —0.041 0.201* —-0.587* —-0.184* 0.178*
PWC 170 0.298* 0.514* 0.213% 0.151% 0.480% 0.240% 0.128* 0.453% 0.136*
ST 0.058 0.059 0.097 0.038 —0.002 0.098 0.073 0.084 0.026
SES —0.090 —0.062 0.020 —0.046 -0.113 -0.021 —0.083 —-0.077 —0.022
R? 29.3% 18.8% 13.7% 32.4% 28.6% 14.9% 31.4% 26.5% 30.8%

Abbreviations: FFMI, fat-free mass index; FMI, fat mass index; MVPA, moderate to vigorous physical activity; PhA, phase angle; PWC170, physical working capacity 170;
R?, adjusted coefficient of determination; SES, socioeconomic status; SJ, side jump; SLJ, standing long jump; ST, screen time; yrs., years.

@ is significant at the 0.05 level.

Besides genetically triggered age effects, PA is known to be
crucial for maintaining a healthy body composition during all
stages of life (Gualdi-Russo et al. 2020; Westerterp 2018). The
results of our study confirm our hypotheses that higher MVPA
is associated with lower FMI at ages 6-13 in both sexes. How-
ever, this association becomes weaker at ages between 14 and
17 years for both sexes, where our hypotheses were not fulfilled.
A possible reason for this is the fact that PA generally decreases
at the end of puberty, not only in humans, but nearly all
mammals (A. E. Chung et al. 2012; Westerterp 2013). Another
explanation might be that other parameters of lifestyle, such as
individual diet and work-related activity take the determine role
in defining body composition after puberty and graduating from
school.

Concerning ST, except for boys aged 11-13 years, positive as-
sociations between ST and FMI were found for all age groups,
suggesting that our hypotheses were generally supported. A
recent meta-analysis among children also showed a positive
association between total ST and overweight/obesity, with an
increased risk in children who spent more than 2 h per day on
screen-based devices (Fang et al. 2019). Another recent review
also showed positive associations for body fat percentage with
ST in children and adolescents (Tripathi and Mishra 2020). This
may be triggered by unconscious eating behavior while watch-
ing television (Borgogna et al. 2015) or using a smartphone
(La Marra et al. 2020), and the consumption of high-calorie
snacks, sometimes triggered by commercials, during ST (Bor-
gogna et al. 2015; La Marra et al. 2020). However, studies also
show that there is no general negative effect of ST on FMI and
that it rather depends on the type of ST and the individual
(Christofaro et al. 2016; Falbe et al. 2013; Marker et al. 2019).

PF also benefits from an active lifestyle (Mateo-Orcajada
et al. 2022) and is associated with body composition in child-
hood and adolescence (Ortega et al. 2008; Smith et al. 2014). Our
study confirms this but also shows that the extent and direction
of the association depends on how PF is operationalized and
measured. For example, the standing long jump performance
shows negative associations with FMI for both sexes and all age
groups, thereby confirming our hypotheses comprehensively.
Standing long jump is a functional test to measure the explosive
power of the lower extremities (Mackala et al. 2013). Here, in-
dividual performance depends not only on raw strength, but
also on coordination (Ashby and Delp 2006), jumping technique

(Mackala et al. 2013), and body weight (Henriksson et al. 2022).
A longitudinal study of 240 adolescent girls showed that fat
mass was inversely associated with standing long jump (Kasovi¢
et al. 2022). Another study also showed negative associations for
FMI with standing long jump in 9-year-old children (Henriks-
son et al. 2022). A closer look at the study's findings reveals that
only lower extremity strength (standing long jump, weight-
bearing) is negatively associated with FMI, while a positive as-
sociation was measured for upper extremity strength (hand grip,
non-weight-bearing). Another cross-sectional study of 6 to 18-
year-olds showed that higher handgrip strength (non-weight-
bearing) is found in those who are generally taller and weigh
more (Dos Santos de Fontes et al. 2023). These findings may also
explain why positive associations between FMI and PWC170
measured by a non-weight-bearing ergometer test were found in
the present study, contrary to our initial hypotheses. Leg muscle
mass and its energy supply are key factors for the PWC170
cycling ergometer test, and both benefit from higher overall
body weight and the inevitable daily work capacity of the lower
extremities that comes along with it. For the present study, we
also calculated regression analyses using PWC170 standardized
for body weight, which then showed expected negative associ-
ations for both sexes and all age groups. [6-10 years boys:
B =—0.336, girls: B = —0.455; 11-13 years boys: § = —0.358, girls:
B = —0.401; 14-17 years boys: § = —0.320, girls: § = —0.280]. In
daily life, higher PF is often associated with lower fat mass and
higher muscle mass, but it is important to consider that non-
weight-bearing performance can be positively correlated with
fat mass. Regarding coordination under time pressure, our study
did not reveal significant relationships with FMI for either sex,
which contradicts our initial hypotheses.

In addition to the aforementioned factors associated with body
composition, our study showed negative associations between
FMI and SES for all age groups and both sexes, aligning with
our hypothesized relationships. This is consistent with the
findings of a recent review showing negative associations be-
tween fat mass and SES in children living in high-income
countries (Bridger Staatz et al. 2021; Vazquez and Cub-
bin 2020). In this context, PA and eating patterns were discussed
as key predictors of the results. This is supported by another
review's findings revealing that children and adolescents from
higher SES backgrounds are more active and consume healthier
food than children and adolescents from lower SES back-
grounds (Gautam et al. 2023).
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TABLE 3 | Unstandardized regression coefficients (8) of age, PA, PF, ST, and SES in relation to FMI, FFMI, and PhA among girls.
6-10 yrs. 11-13 yrs. 14-17 yrs.

Girls FMI FFMI PhA FMI FFMI PhA FMI FFMI PhA
Model 0

Age 0.264% 0.151% 0.040 0.237% 0.222% 0.149% 0.152% 0.149% 0.126%

R? 6.7% 2.0% 0.0% 5.4% 4.7% 2.0% 2.2% 2.1% 1.4%
Model 0.1

Age 0.580 0.576 1.811% 0.542 1.550 —2.806 1.196 —1.078 0.022

Age® —0.317 —0.426 -1.776* —0.306 -1.329 2.956 —1.045 1.227 0.104

R? 6.5% 1.9% 1.4% 5.2% 4.7% 2.6% 2.1% 2.1% 1.3%
Model 1

MVPA —-0.188* —0.054 0.131* —-0.241* —-0.195% —0.016 —0.079 0.095 0.107%

R? 3.2% 0.0% 1.4% 5.5% 3.5% 0.0% 0.4% 0.7% 0.9%
Model 1.1

Age 0.199% 0.095 0.050 0.194% 0.173* 0.123% 0.165% 0.172% 0.113*

MVPA —0.144* —0.033 0.143% —-0.200* -0.158* 0.010 —0.059 0.117% 0.121%

R? 6.7% 0.5% 1.3% 8.9% 6.1% 0.9% 2.8% 3.3% 1.9%
Model 2

SJ 0.071 —0.096 0.042 —0.020 —0.020 —0.068 0.056 —0.038 —0.031

SLJ —0.454% —0.116 0.220% —-0.451% —-0.168* 0.163% —-0.472% -0.119% 0.185%

PWC 170 0.356% 0.279* 0.003 0.273% 0.343% 0.004 0.186% 0.324% 0.096*

R? 18.9% 5.8% 2.9% 24.2% 12.3% 1.2% 21.2% 11.0% 3.6%
Model 2.1

Age 0.328* —0.068 -0.227% 0.217% 0.160* 0.154* 0.106% 0.112% 0.141*

SJ —0.043 —0.072 0.037 —0.045 —0.039 —0.086 0.035 —0.060 —0.058

SLJ -0.521% —0.102 0.266% —0.445% -0.163% 0.167% —-0.457% -0.102% 0.206%

PWC 170 0.270* 0.297% 0.063 0.225% 0.308* —0.029 0.171* 0.308* 0.077

R? 24.9% 5.7% 5.5% 28.5% 14.6% 3.2% 22.1% 12.0% 5.3%
Model 3

ST 0.250* 0.135% —0.062 0.274* 0.172% 0.077 0.144% 0.081 —0.020

R? 6.0% 1.6% 0.1% 7.3% 2.7% 0.4% 1.9% 0.5% 0.0%
Model 3.1

Age 0.242° 0.151* 0.076 0.186" 0.211* 0.144* 0.154* 0.159* 0.132°

ST 0.203* 0.106% —0.077 0.228% 0.120% 0.042 0.135% 0.072 —0.027

R? 11.4% 3.5% 0.4% 10.4% 6.7% 2.1% 4.1% 2.8% 1.4%
Model 4

SES -0.197% -0.165% 0.023 -0.216* —-0.183% —0.031 -0.163% -0.111% —0.028

R? 3.6% 2.5% 0.0% 4.5% 3.1% 0.0% 2.5% 1.1% 0.0%
Model 4.1

Age 0.261% 0.145% 0.038 0.224% 0.211% 0.149% 0.149% 0.150% 0.128%

SES -0.198* -0.165% 0.023 —-0.204% -0.172% —0.023 -0.157% —-0.104* —0.022

R? 10.2% 4.3% 0.0% 9.3% 7.4% 1.9% 4.6% 3.2% 1.4%
Model 5

Age 0.311% —0.089 —0.198 0.164% 0.123% 0.131% 0.114% 0.141% 0.145%

MVPA —0.097 —0.049 0.066 —0.095 -0.135% —0.032 —0.050 0.101 0.103
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TABLE 3 | (Continued)

6-10 yrs. 11-13 yrs. 14-17 yrs.

Girls FMI FFMI PhA FMI FFMI PhA FMI FFMI PhA
SJ —-0.039 -0.120 -0.037 —0.035 0.025 —0.090 0.006 —0.058 —0.044
SLI —0.487% —-0.025 0.282% —-0.360% —0.080 0.131 —0.446% —0.062 0.188*
PWC 170 0.202% 0.284% 0.075 0.183* 0.251% —-0.044 0.190% 0.258* 0.062
ST 0.059 0.036 —0.026 0.205% 0.091 —0.003 0.183% 0.127% 0.042
SES —-0.118 —0.138 —0.034 —0.069 —-0.071 —-0.018 —0.030 —0.097 —0.083
R? 25.5% 5.6% 4.2% 29.1% 12.5% 0.8% 29.2% 14.2% 5.0%

Abbreviations: FFMI, fat-free mass index; FMI, fat mass index; MVPA, moderate to vigorous physical activity; PhA, phase angle; PWC170, physical working capacity 170;
R?, adjusted coefficient of determination; SES, socioeconomic status; SJ, side jump; SLJ, standing long jump; ST, screen time; yrs., years.

@ is significant at the 0.05 level.

TABLE 4 | Confirmation or rejection of the hypotheses.

6-10 yrs.

Hypotheses Boys Girls

H1 (MVPA, FMI, r-?%)
H2 (MVPA, FFMIL, r+9)
H3 (MVPA, PhA, r+)
H4 (PWC170, FMI, r-)
H5 (PWC170, FFMI, r+)
H6 (PWC170, PhA, r+)
H7 (SLJ, FMI, r—)

HS8 (SLJ, FFMI, r+)

HO9 (SLJ, PhA, r+)

H10 (SJ, FMI, r-)

H11 (SJ, FFML, r+)
H12 (SJ, PhA, r+)

H13 (ST, FMI, r+)

H14 (ST, FFMI, r-)
H15 (ST, PhA, r-)

H16 (SES, FMI, r-)
H17 (SES, FFMI, r+)
H18 (SES, PhA, r+)

xx«xx«xxx«x«&«x«xg
XX CXXIOXXX XXX X<

11-13 yrs. 14-17 yrs.
Boys Girls Boys Girls
v v X ¢ X
X X v X
v X v v
X X X X
v v v v
v X v v
v v v v
X X X X
v v v v
X X X X
X X X X
X X X X
X v v v
X X X X
X X X X
v v v v
X X X X
X X X X

Abbreviations: FFMI, fat-free mass index; FMI, fat mass index; H1-H18, hypotheses formulated prior to the study; MVPA, moderate to vigorous physical activity; PhA,
phase angle; PWC170, physical working capacity 170; r, measure of association; SES, socioeconomic status; SJ, side jump; SLJ, standing long jump; ST, screen time.

*Negative directed hypothesis.

*Hypothesis confirmed in isolated approach.
“Hypothesis rejected in isolated approach.
dpositive directed hypothesis.

Considering the results from the multivariate models, it becomes
evident that the effects of age, PWC170, and standing long jump
consistently remained significant, while the effects of MVPA,
SES, and ST mostly lost significance. The R* of the respective
models underline this finding, as they clearly show that the fitness
variables and age explain the largest part of the variance.

4.2 | FFMI and PhA

BIA derived FFMI is used as a predictor for the quantity of
active cell mass and when compared to individuals with similar

age, sex, and ethnicity, a predictor of the quantity of muscle
mass (Kawakami et al. 2022). PhA is directly derived from
impedance and resistance and is associated with cellularity, cell
hydration, and integrity of the cell membrane (Bosy-Westphal
et al. 2006). Therefore, it can be used as a predictor of both,
quality (e.g., membrane permeability and nutritional status) and
quantity of muscle mass (Martins et al. 2023).

In children and adolescents, sex, age, and body mass index are
considered the main determinants of FFMI and PhA (Bosy-
Westphal et al. 2006; Gualdi-Russo et al. 2020; Kasovi¢ et al. 2021).
According to a review carried out by Gualdi-Russo et al. (2020), in
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addition to being male and increasing age, less ST was also posi-
tively associated with FFMI. MVPA showed no association with
FFMI in their analysis (Gualdi-Russo et al. 2020). We also found
no clear association between FFMI and MVPA in our study,
which did not support our hypothesized relationship. In an
intervention study carried out among Estonian children aged 6 to
8, the authors found that substituting 5 minutes per day of
sedentary behavior at 6.6 years with 5 minutes of vigorous PA was
related to higher FFMI at the age of 7.6 (Reisberg et al. 2020). In
general, the literature suggests that the relationship between
parameters of body composition and PA is inconclusive between
PA intensity levels with the strongest relationships found for
vigorous PA (Gralla et al. 2019). In a review by Mundstock
et al. (2019), the authors found that in cross-sectional studies, the
PhA was on average 0.70° higher among active individuals (95%
CI: 0.48-0.92), compared to less active or inactive individuals. The
authors also considered the baseline PhA of selected longitudinal
studies and found a mean difference of 0.30° between the active
groups and the control groups (95% CI: 0.11-0.49) (Mundstock
et al. 2019). We also found a significant positive association be-
tween PhA and MVPA among boys of all age groups and girls aged
6-10 and 14-17, aligning with our hypotheses for these groups.
Whereas FMI and FFMI are simple parameters of quantity, PhA
also depends on cellular integrity (Langer et al. 2020; Stob&us
et al. 2010), which can be positively influenced by MVPA. This
confirms the PhA as an important biomarker besides FMI and
FFMI (Stobius et al. 2010).

In a recent study carried out among 12.678 adolescents aged 11
to 18 in Croatia, the authors found that FFMI generally in-
creases with age in boys while girls show more stable FFMI
across adolescents (Kasovi¢ et al. 2021). Besides the fact that
boys are more physically active during adolescence, for example
in sports clubs and regarding playing outside (Schmidt
et al. 2020b), these differences are for the most part due to
hormonal changes during puberty (Loomba-Albrecht and
Styne 2009; Siervogel et al. 2003).

Contrary to our hypotheses, we found no significant relation-
ships between FFMI or PhA and side jump among both sexes.
During the side jump, the body's center of gravity changes only
slightly in vertical position, theoretically placing it between a
weight-bearing and a non-weight-bearing motor performance
task. Future research is needed to further investigate the
interplay between body composition and coordination tasks.
Nevertheless, we observed positive associations between both,
FFMI and PhA, with PWC170 among boys, confirming the
related hypotheses. These findings are consistent with a study
by Langer et al. (2020), where significant correlations between
PhA, fat-free mass, and submaximal oxygen uptake are re-
ported. Among girls, only FFMI exhibited a significant positive
association with PWC170 across all age groups, thereby con-
firming our hypotheses. In contrast, PhA showed a significant
association with PWC170 solely in the 14-17 age group, thereby
partially supporting our related hypotheses.

Standing long jump showed a significant positive association with
PhA among boys and girls of all age groups, whereas FFMI was
negatively associated with it. Other studies also found similar
significant relationships between FFMI and PF for children and
adolescents (Avcin et al. 2023; Henriksson et al. 2016). In contrast

to the PWC170, the standing long jump is a weight-bearing task.
FFMI includes muscle mass across the entire body, including the
upper extremities, which contribute less to performance in a
weight-bearing activity like the standing long jump. Additionally,
higher fat mass may accompany greater muscle mass, but this
does not necessarily translate to better performance in weight-
bearing activities such as the standing long jump. These factors
may explain why FFMI was not positively associated with
standing long jump performance in our study.

Considering the results from the multivariate models, similar to
FMI, the effects of age, PWC170, and standing long jump
remained significant while the effects of MVPA, SES, and ST
largely diminished or varied. This is further supported by the
amount of explained variance in the models, especially for
FFMI.

Our study's strengths include the use of a nationwide sample.
Additionally, we employed high-standardized methods, such as
BIA and accelerometry to measure body composition and PA. A
comprehensive motor performance test profile was utilized to
assess specific PF parameters. Our study also has limitations.
Despite the comprehensive inclusion of multiple variables, the
consideration of nutrition was notably absent. This omission
holds significance as nutrition plays a pivotal role in the growth
and development of children and adolescents (Corkins
et al. 2016), thereby potentially exerting an influence on our
study findings. We also did not include maturation status to
stratify our sample. Standard indicators of maturation include
hormonal changes, breast tissue development, and testicular
enlargement (Cheuiche et al. 2021), none of which were
measured in the MoMo study. Causal relationships cannot be
inferred from the results and the found associations should be
interpreted with caution due to the cross-sectional design. We
used a broad time span throughout the day to test our subjects.
There is evidence that motor performance varies slightly
throughout the day and correlates with circadian rhythm
(Atkinson and Reilly 1996; Edwards et al. 2007). However, these
variations are small, more pronounced in trained persons and
athletes and literature suggests that they should be recognized
especially when focusing on repeated-measurement designs.
Therefore, we did not make any adjustments for circadian
rhythm in our study. The MoMo study does not collect data on
race or ethnicity. This clearly limits the comparability of our
findings with international studies and affects the generaliz-
ability to children and adolescents outside of Germany. Our
study is designed to be representative of children and adoles-
cents living in Germany, which defines and delimits the scope of
our results. This should be considered when interpreting the
findings. Finally, it's crucial to acknowledge that how fitness
variables are expressed, whether in absolute or relative terms,
dictates the direction of their association with parameters of
body composition. This aspect complicates the comparison with
findings from other studies.

5 | Conclusion
Our results highlight the complex interplay between body

composition, PF parameters, and lifestyle factors in childhood
and adolescence. Variations in findings across studies may be
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due to differences in how PF and other parameters are defined,
for example, whether PF is assessed using non-weight-bearing
or weight-bearing tasks. Furthermore, we demonstrate that
data from BIA can be used to describe developmental changes in
body composition during childhood and provide an overview of
its associations with other health-relevant parameters in a
nationwide German sample. During childhood, both sexes in-
crease their FMI, FFMI, and PhA. At the age of approximately
11, boys show an accelerated increase in FFMI and a slightly
time-shifted accelerated increase in PhA. This is paralleled by a
decline in FMI among boys whereas girls increase their FMI,
FFMI, and PhA more or less linear.

Concerning body composition correlates, the conducted
regression analyses showed that primarily PWC170 and stand-
ing long jump performance are related to FMI and FFMI in both
sexes, as well as PhA in boys.

Body composition growth charts carried out by BIA could be a
solution to the need for a non-invasive and economical assess-
ment and monitoring of body composition. Monitoring body
composition through the entire life course with a feasible
method such as BIA could ultimately help scientists to better
understand the association between growth, aging, health, and
disease (S. Chung 2019). It could also help physicians, for
example during preventive check-ups or for assessing biological
age, and ultimately individuals to track and maintain a healthy
body composition against the multitude of external and internal
influencing factors throughout the lifespan.

Acknowledgments

We acknowledge support by Open Access Publishing Fund of Karlsruhe
Institute of Technology. Open Access funding enabled and organized by
Projekt DEAL.

Ethics Statement

On September 23, 2014, the ethics committee of the Karlsruhe Institute
of Technology approved the study.

Consent

Written informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data cannot be shared publicly because of strict ethical conditions with
which study investigators are obliged to comply: The Charite/Uni-
versitidtsmedizin Berlin ethics committee and the Federal Office for the
Protection of Data explicitly forbid making the data publicly available
because informed consent from study participants did not cover public
deposition of data. However, the minimal data set underlying the
findings is archived at the Institute of Sports and Sports Science of the
Karlsruhe Institute of Technology (KIT) and can be accessed by inter-
ested researchers on-site. Access requests should be submitted to the
Institute of Sports and Sports Science, Karlsruhe Institute of Technol-
ogy, Engler-Bunte-Ring 15, 76131 Karlsruhe, Germany.

References

Androutsos, O., and A. Zampelas. 2022. “Body Composition in Children:
What Does It Tell Us So Far?” Children 9, no. 8: 1199. https://doi.org/10.
3390/children9081199.

Artero, A., T. Sdez Ramirez, B. T. Muresan, Y. Ruiz-Berjaga, A. Jiménez-
Portilla, and C. J. Sdnchez-Juan. 2023. “The Effect of Fasting on Body
Composition Assessment in Hospitalized Cancer Patients.” Nutrition
and Cancer 75, no. 8: 1610-1618. https://doi.org/10.1080/01635581.2023.
2218039.

Ashby, B. M., and S. L. Delp. 2006. “Optimal Control Simulations Reveal
Mechanisms by Which Arm Movement Improves Standing Long Jump
Performance.” Journal of Biomechanics 39, no. 9: 1726-1734. https://doi.
0rg/10.1016/j.jbiomech.2005.04.017.

Atkinson, G., and T. Reilly. 1996. “Circadian Variation in Sports Per-
formance.” Sports Medicine 21, no. 4: 292-312. https://doi.org/10.2165/
00007256-199621040-00005.

Avcin, P. P. F., M. Cossio-Bolafios, C. Urra-Albornoz, et al. 2023. “Fat-
Free Mass and Maturity Status Are Determinants of Physical Fitness
Performance in School Children and Adolescents.” Jornal de Pediatria
99, no. 1: 38-44. https://doi.org/10.1016/j.jped.2022.03.007.

Ballarin, G., G. Valerio, P. Alicante, O. Di Vincenzo, and L. Scalfi. 2022.
“Bioelectrical Impedance Analysis (BIA)-Derived Phase Angle in Chil-
dren and Adolescents: A Systematic Review.” Journal of Pediatric
Gastroenterology and Nutrition 75, no. 2: 120-130. https://doi.org/10.
1097/mpg.0000000000003488.

Borgogna, N., G. Lockhart, J. L. Grenard, T. Barrett, S. Shiffman, and
K. D. Reynolds. 2015. “Ecological Momentary Assessment of Urban
Adolescents’ Technology Use and Cravings for Unhealthy Snacks and
Drinks: Differences by Ethnicity and Sex.” Journal of the Academy of
Nutrition and Dietetics 115, no. 5: 759-766. https://doi.org/10.1016/j.
jand.2014.10.015.

Bosy-Westphal, A., S. Danielzik, R. P. Dorhofer, W. Later, S. Wiese, and
M. J. Miiller. 2006. “Phase Angle From Bioelectrical Impedance Anal-
ysis: Population Reference Values by Age, Sex, and Body Mass Index.”
Journal of Parenteral and Enteral Nutrition 30, no. 4: 309-316. https://
doi.org/10.1177/0148607106030004309.

Bosy-Westphal, A., and M. J. Miiller. 2015. “Identification of Skeletal
Muscle Mass Depletion Across Age and BMI Groups in Health and
Disease—There Is Need for a Unified Definition.” International Journal
of Obesity 39, no. 3: 379-386. https://doi.org/10.1038/ij0.2014.161.

Bridger Staatz, C., Y. Kelly, R. E. Lacey, et al. 2021. “Socioeconomic
Position and Body Composition in Childhood in High-and Middle-In-
come Countries: A Systematic Review and Narrative Synthesis.” Inter-
national Journal of Obesity 45, no. 11: 2316-2334. https://doi.org/10.
1038/s41366-021-00899-y.

Burchartz, A., S. Kolb, L. Klos, et al. 2023. “How Specific Combinations
of Epoch Length, Non-Wear Time and Cut-Points Influence Physical
Activity: Processing Accelerometer Data From Children and Adoles-
cents in the Nationwide MoMo Study.” German Journal of Exercise and
Sport Research 54, no. 2: 1-10. https://doi.org/10.1007/s12662-023-
00892-9.

Burchartz, A., K. Manz, B. Anedda, et al. 2020. “Measurement of
Physical Activity and Sedentary Behavior by Accelerometry Among a
Nationwide Sample From the KiGGS and MoMo Study: Study Protocol.”
JMIR Research Protocols 9, no. 7: €14370. https://doi.org/10.2196/14370.

Chaput, J. P., G. Leduc, C. Boyer, et al. 2014. “Electronic Screens in
Children’s Bedrooms and Adiposity, Physical Activity and Sleep: Do the
Number and Type of Electronic Devices Matter?” Canadian Journal of
Public Health 105, no. 4: e273-e279. https://doi.org/10.17269/cjph.105.
4511.

Cheuiche, A. V., L. G. da Silveira, L. C. P. de Paula, I. R. S. Lucena, and
S. P. Silveiro. 2021. “Diagnosis and Management of Precocious Sexual

European Journal of Sport Science, 2025

13 of 16

95LB01 7 SUOLULLOD dAIIea.1D) 3[ced ! ddde Uy Aq peusenob ae S VO ‘85N JO 3N o} Akeuq1 18Ul IUO A8 ]I LD (SUONIPUOD-PUE-SWLBIALI0O A3 1M Afe.d jBu JUo//Scy) SUONIPUOD Pue S 18U 89S *[6202/0T/20] Uo Ariqiauliuo A8|im ‘B1Bojouyos L an4 Inisul Jeynssie Aq 9900L 95/200T 0T/I0p/woo" A 1M Are.q jpul|uoy/sdiy Wwoly pepeojumod ‘TT ‘520z ‘062.9€ST


https://doi.org/10.3390/children9081199
https://doi.org/10.3390/children9081199
https://doi.org/10.1080/01635581.2023.2218039
https://doi.org/10.1080/01635581.2023.2218039
https://doi.org/10.1016/j.jbiomech.2005.04.017
https://doi.org/10.1016/j.jbiomech.2005.04.017
https://doi.org/10.2165/00007256-199621040-00005
https://doi.org/10.2165/00007256-199621040-00005
https://doi.org/10.1016/j.jped.2022.03.007
https://doi.org/10.1097/mpg.0000000000003488
https://doi.org/10.1097/mpg.0000000000003488
https://doi.org/10.1016/j.jand.2014.10.015
https://doi.org/10.1016/j.jand.2014.10.015
https://doi.org/10.1177/0148607106030004309
https://doi.org/10.1177/0148607106030004309
https://doi.org/10.1038/ijo.2014.161
https://doi.org/10.1038/s41366-021-00899-y
https://doi.org/10.1038/s41366-021-00899-y
https://doi.org/10.1007/s12662-023-00892-9
https://doi.org/10.1007/s12662-023-00892-9
https://doi.org/10.2196/14370
https://doi.org/10.17269/cjph.105.4511
https://doi.org/10.17269/cjph.105.4511

Maturation: An Updated Review.” European Journal of Pediatrics 180,
no. 10: 3073-3087. https://doi.org/10.1007/s00431-021-04022-1.

Christofaro, D. G. D., S. M. De Andrade, A. E. Mesas, R. A. Fernandes,
and J. C. Farias Junior. 2016. “Higher Screen Time Is Associated With
Overweight, Poor Dietary Habits and Physical Inactivity in Brazilian
Adolescents, Mainly Among Girls.” European Journal of Sport Science
16, no. 4: 498-506. https://doi.org/10.1080/17461391.2015.1068868.

Chung, A. E., A. C. Skinner, M. J. Steiner, and E. M. Perrin. 2012.
“Physical Activity and BMI in a Nationally Representative Sample of
Children and Adolescents.” Clinical Pediatrics 51, no. 2: 122-129.
https://doi.org/10.1177/0009922811417291.

Chung, S. 2019. “Body Composition Analysis and References in Chil-
dren: Clinical Usefulness and Limitations.” European Journal of Clinical
Nutrition 73, no. 2: 236-242. https://doi.org/10.1038/s41430-018-0322-8.

Corkins, M. R,, S. R. Daniels, S. D. de Ferranti, et al. 2016. “Nutrition in
Children and Adolescents.” Medical Clinics 100, no. 6: 1217-1235.
https://doi.org/10.1016/j.mcna.2016.06.005.

De Moraes, A. M., R. T. Quinaud, G. O. Ferreira, A. B. Lima, H. M.
Carvalho, and G. Guerra-Janior. 2022. “Age-Sex-And Maturity-
Associated Variation in the Phase Angle After Adjusting for Size in
Adolescents.” Frontiers in Nutrition 9: 939714. https://doi.org/10.3389/
fnut.2022.939714.

Dittmar, M. 2003. “Reliability and Variability of Bioimpedance Mea-
sures in Normal Adults: Effects of Age, Gender, and Body Mass.”
American Journal of Physical Anthropology, The Official Publication of
the American Association of Physical Anthropologists 122, no. 4: 361-
370. https://doi.org/10.1002/ajpa.10301.

Doérhofer, R. P., and M. Pirlich. 2007. Das BIA-Kompendium [BIA
Compendium]. Data Input GmbH.

Dos Santos de Fontes, P. A., D. Zaniqueli, J. H. Siqueira, et al. 2023.
“Role of Muscle Mass in the Association Between Handgrip Strength
and Blood Pressure in Children and Adolescents.” Journal of Human
Hypertension 38, no. 2: 128-133. https://doi.org/10.1038/s41371-023-
00863-5.

Dowda, M., R. P. Saunders, R. K. Dishman, and R. R. Pate. 2024. “As-
sociation of Physical Activity, Sedentary Behavior, Diet Quality With
Adiposity: A Longitudinal Analysis in Children Categorized by Baseline
Weight Status.” International Journal of Obesity 48, no. 2: 240-246.
https://doi.org/10.1038/s41366-023-01405-2.

Edwards, B., J. Waterhouse, and T. Reilly. 2007. “The Effects of Circa-
dian Rhythmicity and Time-Awake on a Simple Motor Task.” Chrono-
biology International 24, no. 6: 1109-1124. https://doi.org/10.1080/
07420520701795316.

Elmesmari, R., A. Martin, J. J. Reilly, and J. Y. Paton. 2018. “Compar-
ison of Accelerometer Measured Levels of Physical Activity and
Sedentary Time Between Obese and Non-Obese Children and Adoles-
cents: A Systematic Review.” BMC Pediatrics 18: 1-22. https://doi.org/
10.1186/512887-018-1031-0.

Evenson, K. R., D. J. Catellier, K. Gill, K. S. Ondrak, and R. G.
McMurray. 2008. “Calibration of Two Objective Measures of Physical
Activity for Children.” Journal of Sports Sciences 26, no. 14: 1557-1565.
https://doi.org/10.1080/02640410802334196.

Falbe, J., B. Rosner, W. C. Willett, K. R. Sonneville, F. B. Hu, and A. E.
Field. 2013. “Adiposity and Different Types of Screen Time.” Pediatrics
132, no. 6: €1497-e1505. https://doi.org/10.1542/peds.2013-0887.

Fang, K., M. Mu, K. Liu, and Y. He. 2019. “Screen Time and Childhood
Overweight/Obesity: A Systematic Review and Meta-Analysis.” Child:
Care, Health and Development 45, no. 5: 744-753. https://doi.org/10.
1111/cch.12701.

Federal Joint Committee. 2024. “Directive of the Federal Joint Com-
mittee on the Early Detection of Diseases in Children (Children's
Directive) [Richtlinie des Gemeinsamen Bundesausschusses iiber die

Fritherkennung von Krankheiten bei Kindern (Kinder-Richtlinie)].”
Bundesan-zeiger. https://www.g-ba.de/richtlinien/15/.

Gitjens, L., S. C. E. Schmidt, S. Plachta-Danielzik, A. Bosy-Westphal,
and M. J. Miiller. 2021. “Body Composition Characteristics of a Load-
Capacity Model: Age-Dependent and Sex-Specific Percentiles in 5-to
17-Year-Old Children.” Obesity Facts 14, no. 6: 593-603. https://doi.
0rg/10.1159/000518638.

Gautam, N., G. Dessie, M. M. Rahman, and R. Khanam. 2023. “Socio-
economic Status and Health Behavior in Children and Adolescents: A
Systematic Literature Review.” Frontiers in Public Health 11: 1228632.
https://doi.org/10.3389/fpubh.2023.1228632.

Gralla, M. H., S. M. McDonald, C. Breneman, M. W. Beets, and J. B.
Moore. 2019. “Associations of Objectively Measured Vigorous Physical
Activity With Body Composition, Cardiorespiratory Fitness, and Car-
diometabolic Health in Youth: A Review.” American Journal of Lifestyle
Medicine 13, no. 1: 61-97. https://doi.org/10.1177/1559827615624417.

Gualdi-Russo, E., N. Rinaldo, S. Toselli, and L. Zaccagni. 2020. “Asso-
ciations of Physical Activity and Sedentary Behaviour Assessed by
Accelerometer With Body Composition Among Children and Adoles-
cents: A Scoping Review.” Sustainability 13, no. 1: 335. https://doi.org/
10.3390/su13010335.

Henriksson, P., C. Cadenas-Sanchez, M. H. Leppénen, et al. 2016.
“Associations of Fat Mass and Fat-Free Mass With Physical Fitness in 4-
Year-Old Children: Results From the MINISTOP Trial.” Nutrients 8, no.
8: 473. https://doi.org/10.3390/nu8080473.

Henriksson, P., J. Sandborg, M. Henstrom, et al. 2022. “Body Compo-
sition, Physical Fitness and Cardiovascular Risk Factors in 9-Year-Old
Children.” Scientific Reports 12, no. 1: 2665. https://doi.org/10.1038/
$41598-022-06578-w.

Heymsfield, S. B., D. Gallagher, L. Mayer, J. Beetsch, and A. Pietrobelli.
2007. “Scaling of Human Body Composition to Stature: New Insights
Into Body Mass Index.” American Journal of Clinical Nutrition 86, no. 1:
82-91. https://doi.org/10.1093/ajcn/86.1.82.

Ito, T., H. Sugiura, Y. Ito, K. Noritake, and N. Ochi. 2021. “Relationship
Between the Skeletal Muscle Mass Index and Physical Activity of Jap-
anese Children: A Cross-Sectional, Observational Study.” PLoS One 16,
no. 5: €0251025. https://doi.org/10.1371/journal.pone.0251025.

Joensuu, L., U. M. Kujala, A. Kankaanpii, et al. 2020. “Physical Fitness
Development in Relation to Changes in Body Composition and Physical
Activity in Adolescence.” Scandinavian Journal of Medicine & Science in
Sports 31, no. 2: 456-464. https://doi.org/10.1111/sms.13847.

Kamtsiuris, P., M. Lange, and A. Schaffrath Rosario. 2007. “The German
Health Interview and Examination Survey for Children and Adolescents
(KiGGS): Sample Design, Response and Nonresponse Analysis.” Bun-
desgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz 50, no. 5-
6: 547-556. https://doi.org/10.1007/s00103-007-0215-9.

Kasovié, M., A. Oreski, T. Vespalec, M. Gimunov4, and L. Stefan. 2022.
“Associations Between Fat Mass and Fat Free Mass With Physical
Fitness in Adolescent Girls: A 3-Year Longitudinal Study.” Biology 11,
no. 5: 783. https://doi.org/10.3390/biology11050783.

Kasovi¢, M., L. Stefan, B. Neljak, V. Petri¢, and D. Knjaz. 2021.
“Reference Data for Fat Mass and Fat-Free Mass Measured by
Bioelectrical Impedance in Croatian Youth.” International Journal of
Environmental Research and Public Health 18, no. 16: 8501. https://doi.
0rg/10.3390/ijerph18168501.

Kawakami, R., K. Tanisawa, T. Ito, et al. 2022. “Fat-Free Mass Index as a
Surrogate Marker of Appendicular Skeletal Muscle Mass Index for Low
Muscle Mass Screening in Sarcopenia.” Journal of the American Medical
Directors Association 23, no. 12: 1955-1961. https://doi.org/10.1016/j.
jamda.2022.08.016.

Korzilius, J. W., S. E. Oppenheimer, N. M. De Roos, G. J. Wanten, and
H. Zweers-van Essen. 2023. “Having Breakfast Has No Clinically Rele-
vant Effect on Bioelectrical Impedance Measurements in Healthy

14 of 16

European Journal of Sport Science, 2025

95LB01 7 SUOLULLOD dAIIea.1D) 3[ced ! ddde Uy Aq peusenob ae S VO ‘85N JO 3N o} Akeuq1 18Ul IUO A8 ]I LD (SUONIPUOD-PUE-SWLBIALI0O A3 1M Afe.d jBu JUo//Scy) SUONIPUOD Pue S 18U 89S *[6202/0T/20] Uo Ariqiauliuo A8|im ‘B1Bojouyos L an4 Inisul Jeynssie Aq 9900L 95/200T 0T/I0p/woo" A 1M Are.q jpul|uoy/sdiy Wwoly pepeojumod ‘TT ‘520z ‘062.9€ST


https://doi.org/10.1007/s00431-021-04022-1
https://doi.org/10.1080/17461391.2015.1068868
https://doi.org/10.1177/0009922811417291
https://doi.org/10.1038/s41430-018-0322-8
https://doi.org/10.1016/j.mcna.2016.06.005
https://doi.org/10.3389/fnut.2022.939714
https://doi.org/10.3389/fnut.2022.939714
https://doi.org/10.1002/ajpa.10301
https://doi.org/10.1038/s41371-023-00863-5
https://doi.org/10.1038/s41371-023-00863-5
https://doi.org/10.1038/s41366-023-01405-2
https://doi.org/10.1080/07420520701795316
https://doi.org/10.1080/07420520701795316
https://doi.org/10.1186/s12887-018-1031-0
https://doi.org/10.1186/s12887-018-1031-0
https://doi.org/10.1080/02640410802334196
https://doi.org/10.1542/peds.2013-0887
https://doi.org/10.1111/cch.12701
https://doi.org/10.1111/cch.12701
https://www.g-ba.de/richtlinien/15/
https://doi.org/10.1159/000518638
https://doi.org/10.1159/000518638
https://doi.org/10.3389/fpubh.2023.1228632
https://doi.org/10.1177/1559827615624417
https://doi.org/10.3390/su13010335
https://doi.org/10.3390/su13010335
https://doi.org/10.3390/nu8080473
https://doi.org/10.1038/s41598-022-06578-w
https://doi.org/10.1038/s41598-022-06578-w
https://doi.org/10.1093/ajcn/86.1.82
https://doi.org/10.1371/journal.pone.0251025
https://doi.org/10.1111/sms.13847
https://doi.org/10.1007/s00103-007-0215-9
https://doi.org/10.3390/biology11050783
https://doi.org/10.3390/ijerph18168501
https://doi.org/10.3390/ijerph18168501
https://doi.org/10.1016/j.jamda.2022.08.016
https://doi.org/10.1016/j.jamda.2022.08.016

Adults.” Nutrition Journal 22, no. 1: 55. https://doi.org/10.1016/j.clnesp.
2023.09.696.

Kromeyer-Hauschild, K., M. Wabitsch, D. Kunze, et al. 2001. “Percen-
tiles for Body Mass Index in Childhood and Adolescence Based on
Various German Samples [Perzentile fiir den Body-mass-Index fiir das
Kindes-und Jugendalter unter Heranziehung verschiedener deutscher
Stichproben].” Monatsschrift Kinderheilkunde 149, no. 8: 807-818.
https://doi.org/10.1007/s001120170107.

Kurth, B. M., P. Kamtsiuris, H. Holling, et al. 2008. “The Challenge of
Comprehensively Mapping Children's Health in a Nation-Wide Health
Survey: Design of the German KiGGS-Study.” BMC Public Health 8: 1-8.
https://doi.org/10.1186/1471-2458-8-196.

Kyle, U. G., I. Bosaeus, A. D. De Lorenzo, et al. 2004. “Bioelectrical
Impedance Analysis—Part II: Utilization in Clinical Practice.” Clinical
Nutrition 23, no. 6: 1430-1453. https://doi.org/10.1016/j.clnu.2004.
09.012.

Kyle, U. G., Y. Schutz, Y. M. Dupertuis, and C. Pichard. 2003. “Body
Composition Interpretation: Contributions of the Fat-free Mass Index
and the Body Fat Mass Index.” Nutrition 19, no. 7-8: 597-604. https://
doi.org/10.1016/S0899-9007(03)00061-3.

La Marra, M., G. Caviglia, and R. Perrella. 2020. “Using Smartphones
When Eating Increases Caloric Intake in Young People: An Overview of
the Literature.” Frontiers in Psychology 11: 587886. https://doi.org/10.
3389/fpsyg.2020.587886.

Lampert, T., J. Hoebel, B. Kuntz, S. Miiters, and L. E. Kroll. 2018.
“Messung Des Soziobkonomischen Status Und Des Subjektiven Sozialen
Status in Kiggs Welle 2 [Measurement of the Socioeconomic Status and
Subjective Social Status in Kiggs Wave 2].” Journal of Health Monitoring
3, no. 1: 114-133. https://doi.org/10.17886/RKI-GBE-2018-016.

Lampert, T., S. Miiters, H. Stolzenberg, and L. E. Kroll, and KiGGS
Study Group. 2014. “Measurement of Socioeconomic Status in the
KiGGS Study: First follow-up (KiGGS Wave 1).” Bundesgesundheitsblatt
- Gesundheitsforschung - Gesundheitsschutz 57, no. 7: 762-770. https://
doi.org/10.1007/s00103-014-1974-8.

Langer, R. D., K. G. da Costa, H. Bortolotti, G. A. Fernandes, R. S. de
Jesus, and E. M. Gongcalves. 2020. “Phase Angle Is Associated With
Cardiorespiratory Fitness and Body Composition in Children Aged Be-
tween 9 and 11 Years.” Physiology and Behavior 215: 112772. https://doi.
0rg/10.1016/j.physbeh.2019.112772.

Lister, N. B., L. A. Baur, J. F. Felix, et al. 2023. “Child and Adolescent
Obesity.” Nature Reviews Disease Primers 9, no. 1: 24. https://doi.org/10.
1038/541572-023-00435-4.

Lizana, P. A., S. Gonzdlez, L. Lera, and B. Leyton. 2018. “Association
Between Body Composition, Somatotype and Socioeconomic Status in
Chilean Children and Adolescents at Different School Levels.” Journal
of Biosocial Science 50, no. 1: 53-69. https://doi.org/10.1017/S002193201
7000025.

Loomba-Albrecht, L. A., and D. M. Styne. 2009. “Effect of Puberty on
Body Composition.” Current Opinion in Endocrinology Diabetes and
Obesity 16, no. 1: 10-15. https://doi.org/10.1097/med.0b013e328320d54c.

Mackala, K., J. Stodélka, A. Siemienski, and M. Coh. 2013. “Biome-
chanical Analysis of Standing Long Jump From Varying Starting Posi-
tions.” Journal of Strength & Conditioning Research 27, no. 10: 2674—
2684. https://doi.org/10.1519/jsc.0b013e31825fce65.

Marker, C., T. Gnambs, and M. Appel. 2019. “Exploring the Myth of the
Chubby Gamer: A Meta-Analysis on Sedentary Video Gaming and Body
Mass.” Social Science & Medicine 301: 112325. https://doi.org/10.1016/j.
socscimed.2019.05.030.

Marshall, W. A. 1978. “The Relationship of Puberty to Other Maturity
Indicators and Body Composition in Man.” Reproduction 52, no. 2: 437-
443. https://doi.org/10.1530/jrf.0.0520437.

Martins, P. C., L. R. A. de Lima, J. Berria, E. L. Petroski, A. M. da Silva, and
D. A. S. Silva. 2020. “Association Between Phase Angle and Isolated and
Grouped Physical Fitness Indicators in Adolescents.” Physiology and
Behavior 217: 112825. https://doi.org/10.1016/j.physbeh.2020.112825.

Martins, P. C., C. A. S. A. Junior, A. M. Silva, and D. A. S. Silva. 2023.
“Phase Angle and Body Composition: A Scoping Review.” Clinical
Nutrition ESPEN 56: 237-250. https://doi.org/10.1016/j.clnesp.2023.
05.015.

Mateo-Orcajada, A., N. Gonzalez-Galvez, L. Abenza-Cano, and R.
Vaquero-Cristébal. 2022. “Differences in Physical Fitness and Body
Composition Between Active and Sedentary Adolescents: A Systematic
Review and Meta-Analysis.” Journal of Youth and Adolescence 51, no. 2:
177-192. https://doi.org/10.1007/s10964-021-01552-7.

Mattiello, R., M. A. Amaral, E. Mundstock, and P. K. Ziegelmann. 2020.
“Reference Values for the Phase Angle of the Electrical Bioimpedance:
Systematic Review and Meta-Analysis Involving More Than 250,000
Subjects.” Clinical Nutrition 39, no. 5: 1411-1417. https://doi.org/10.
1016/j.clnu.2019.07.004.

Meixner, L., C. Cohrdes, A. Schienkiewitz, and G. B. Mensink. 2020.
“Health-Related Quality of Life in Children and Adolescents With
Overweight and Obesity: Results From the German KIGGS Survey.”
BMC Public Health 20, no. 1722: 1-11. https://doi.org/10.1186/s12889-
020-09834-8.

Mundstock, E., M. A. Amaral, R. R. Baptista, et al. 2019. “Association
Between Phase Angle From Bioelectrical Impedance Analysis and Level
of Physical Activity: Systematic Review and Meta-Analysis.” Clinical
Nutrition 38, no. 4: 1504-1510. https://doi.org/10.1016/j.clnu.2018.
08.031.

Oberger, J., N. Romahn, E. Opper, et al. 2006. Untersuchungen zur
motorischen Leistungsfahigkeit und korperlich-sportlichen Aktivitit im
Rahmen des Kinder- und Jugendgesundheitssurveys des Robert Koch-
Institutes Berlin, 44-55: [Examination of Motor Performance and
Physical Activity in the KiGGS-Study].

Orsso, C. E., M. C. Gonzalez, M. J. Maisch, A. M. Haqq, and C. M. Prado.
2022. “Using Bioelectrical Impedance Analysis in Children and Ado-
lescents: Pressing Issues.” European Journal of Clinical Nutrition 76, no.
5: 659-665. https://doi.org/10.1038/s41430-021-01018-w.

Ortega, F. B., J. R. Ruiz, M. J. Castillo, and M. Sjostrom. 2008. “Physical
Fitness in Childhood and Adolescence: A Powerful Marker of Health.”
International Journal of Obesity 32, no. 1: 1-11. https://doi.org/10.1038/
5j.1j0.0803774.

Reisberg, K., E. M. Riso, and J. Jiirim#e. 2020. “Associations Between
Physical Activity, Body Composition, and Physical Fitness in the
Transition From Preschool to School.” Scandinavian Journal of Medi-
cine & Science in Sports 30, no. 11: 2251-2263. https://doi.org/10.1111/
sms.13784.

Rogol, A. D. 2003. “Growth, Body Composition and Hormonal Axes in
Children and Adolescents.” Journal of Endocrinological Investigation 26,
no. 9: 855-860. https://doi.org/10.1007/BF03345236.

Romanzini, M., E. L. Petroski, D. Ohara, A. C. Dourado, and F. F.
Reichert. 2014. “Calibration of Actigraph GT3X, Actical and RT3 Ac-
celerometers in Adolescents.” European Journal of Sport Science 14, no.
1: 91-99. https://doi.org/10.1080/17461391.2012.732614.

Roubenoff, R., G. E. Dallal, and P. W. Wilson. 1995. “Predicting Body
Fatness: The Body Mass Index Vs Estimation by Bioelectrical Imped-
ance.” American Journal of Public Health 85, no. 5: 726-728. https://doi.
org/10.2105/AJPH.85.5.726.

Sares-Jaske, L., A. Grongvist, P. Mdki, H. Tolonen, and T. Laatikainen.
2022. “Family Socioeconomic Status and Childhood Adiposity in
Europe-A Scoping Review.” Preventive Medicine 160: 107095. https://doi.
org/10.1016/j.ypmed.2022.107095.

Schilling, R., S. C. Schmidt, E. Schlag, C. Niessner, A. Woll, and J.
Fiedler. 2023. “Body Composition and Its Associations in Children and

European Journal of Sport Science, 2025

15 of 16

95LB01 7 SUOLULLOD dAIIea.1D) 3[ced ! ddde Uy Aq peusenob ae S VO ‘85N JO 3N o} Akeuq1 18Ul IUO A8 ]I LD (SUONIPUOD-PUE-SWLBIALI0O A3 1M Afe.d jBu JUo//Scy) SUONIPUOD Pue S 18U 89S *[6202/0T/20] Uo Ariqiauliuo A8|im ‘B1Bojouyos L an4 Inisul Jeynssie Aq 9900L 95/200T 0T/I0p/woo" A 1M Are.q jpul|uoy/sdiy Wwoly pepeojumod ‘TT ‘520z ‘062.9€ST


https://doi.org/10.1016/j.clnesp.2023.09.696
https://doi.org/10.1016/j.clnesp.2023.09.696
https://doi.org/10.1007/s001120170107
https://doi.org/10.1186/1471-2458-8-196
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1016/S0899-9007(03)00061-3
https://doi.org/10.1016/S0899-9007(03)00061-3
https://doi.org/10.3389/fpsyg.2020.587886
https://doi.org/10.3389/fpsyg.2020.587886
https://doi.org/10.17886/RKI-GBE-2018-016
https://doi.org/10.1007/s00103-014-1974-8
https://doi.org/10.1007/s00103-014-1974-8
https://doi.org/10.1016/j.physbeh.2019.112772
https://doi.org/10.1016/j.physbeh.2019.112772
https://doi.org/10.1038/s41572-023-00435-4
https://doi.org/10.1038/s41572-023-00435-4
https://doi.org/10.1017/S0021932017000025
https://doi.org/10.1017/S0021932017000025
https://doi.org/10.1097/med.0b013e328320d54c
https://doi.org/10.1519/jsc.0b013e31825fce65
https://doi.org/10.1016/j.socscimed.2019.05.030
https://doi.org/10.1016/j.socscimed.2019.05.030
https://doi.org/10.1530/jrf.0.0520437
https://doi.org/10.1016/j.physbeh.2020.112825
https://doi.org/10.1016/j.clnesp.2023.05.015
https://doi.org/10.1016/j.clnesp.2023.05.015
https://doi.org/10.1007/s10964-021-01552-7
https://doi.org/10.1016/j.clnu.2019.07.004
https://doi.org/10.1016/j.clnu.2019.07.004
https://doi.org/10.1186/s12889-020-09834-8
https://doi.org/10.1186/s12889-020-09834-8
https://doi.org/10.1016/j.clnu.2018.08.031
https://doi.org/10.1016/j.clnu.2018.08.031
https://doi.org/10.1038/s41430-021-01018-w
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1111/sms.13784
https://doi.org/10.1111/sms.13784
https://doi.org/10.1007/BF03345236
https://doi.org/10.1080/17461391.2012.732614
https://doi.org/10.2105/AJPH.85.5.726
https://doi.org/10.2105/AJPH.85.5.726
https://doi.org/10.1016/j.ypmed.2022.107095
https://doi.org/10.1016/j.ypmed.2022.107095

Adolescents: A Cross-Sectional Study.” Open Science Framework.
October. https://osf.io/pngbh/.

Schmidt, S. C., B. Anedda, A. Burchartz, et al. 2020a. “Physical Activity
and Screen Time of Children and Adolescents Before and During the
COVID-19 Lockdown in Germany: A Natural Experiment.” Scientific
Reports 10, no. 1: 21780. https://doi.org/10.1038/s41598-020-78438-4.

Schmidt, S. C., B. Anedda, A. Burchartz, et al. 2020b. “The Physical
Activity of Children and Adolescents in Germany 2003-2017: The
MoMo-Study.” PLoS One 15, no. 7: €0236117. https://doi.org/10.1371/
journal.pone.0236117.

Schmidt, S. C., A. Bosy-Westphal, C. Niessner, and A. Woll. 2019.
“Representative  Body Composition Percentiles From Bioelectrical
Impedance Analyses Among Children and Adolescents. The Momo
Study.” Clinical Nutrition 38, no. 6: 2712-2720. https://doi.org/10.1016/j.
clnu.2018.11.026.

Sergi, G., M. De Rui, N. Veronese, et al. 2015. “Assessing Appendicular
Skeletal Muscle Mass With Bioelectrical Impedance Analysis in Free-
Living Caucasian Older Adults.” Clinical Nutrition 34, no. 4: 667-673.
https://doi.org/10.1016/j.clnu.2014.07.010.

Sherar, L. B., P. Griew, D. W. Esliger, et al. 2011. “International Chil-
dren's Accelerometry Database (ICAD): Design and Methods.” BMC
Public Health 11: 1-13. https://doi.org/10.1186/1471-2458-11-485.

Siervogel, R. M., E. W. Demerath, C. Schubert, et al. 2003. “Puberty and
Body Composition.” Supplement, Hormone Research 60, no. S1: 36-45.
https://doi.org/10.1159/000071224.

Siervogel, R. M., L. M. Maynard, W. A. Wisemandle, et al. 2000. “Annual
Changes in Total Body Fat and Fat-Free Mass in Children From 8 to 18
Years in Relation to Changes in Body Mass Index: The Fels Longitudinal
Study.” Annals of the New York Academy of Sciences 904, no. 1: 420-423.
https://doi.org/10.1111/j.1749-6632.2000.tb06494.x.

Simmonds, M., A. Llewellyn, C. G. Owen, and N. Woolacott. 2016.
“Predicting Adult Obesity From Childhood Obesity: A Systematic Re-
view and Meta-Analysis.” Obesity Reviews 17, no. 2: 95-107. https://doi.
org/10.1111/0br.12334.

Smith, J. J., N. Eather, P. J. Morgan, R. C. Plotnikoff, A. D. Faigenbaum,
and D. R. Lubans. 2014. “The Health Benefits of Muscular Fitness for
Children and Adolescents: A Systematic Review and Meta-Analysis.”
Sports Medicine 44, no. 9: 1209-1223. https://doi.org/10.1007/s40279-
014-0196-4.

Stavridou, A., E. Kapsali, E. Panagouli, et al. 2021. “Obesity in Children
and Adolescents During COVID-19 Pandemic.” Children 8, no. 2: 135.
https://doi.org/10.3390/children8020135.

Stiglic, N., and R. M. Viner. 2019. “Effects of Screentime on the Health
and Well-Being of Children and Adolescents: A Systematic Review of
Reviews.” BMJ Open 9, no. 1: €023191. https://doi.org/10.1136/bmjopen-
2018-023191.

Stobdus, N., K. Norman, and M. Pirlich. 2010. “Phasenwinkel und
Bioelektrische Impedanzvektoranalyse-Klinische Anwendbarkeit der
Impedanzparameter [Phase Angle and Bioelectrical Impedance Vector
Analysis - Clinical Applicability of Impedance Parameters].” Aktuelle
Erndhrungsmedizin 35, no. 3: 124-130. https://doi.org/10.1055/s-0030-
1248434.

Talma, H., M. J. M. Chinapaw, B. Bakker, R. A. HiraSing, C. B. Terwee,
and T. M. Altenburg. 2013. “Bioelectrical Impedance Analysis to Esti-
mate Body Composition in Children and Adolescents: A Systematic
Review and Evidence Appraisal of Validity, Responsiveness, Reliability
and Measurement Error.” Obesity Reviews 14, no. 11: 895-905. https://
doi.org/10.1111/0br.12061.

Tripathi, M., and S. K. Mishra. 2020. “Screen Time and Adiposity
Among Children and Adolescents: A Systematic Review.” Journal of
Public Health 28, no. 3: 227-244. https://doi.org/10.1007/s10389-019-
01043-x.

Van den Berg, G., M. van Eijsden, T. G. Vrijkotte, and R. J. Gemke. 2013.
“BMI May Underestimate the Socioeconomic Gradient in True Obesity.”
Pediatric obesity 8, no. 3: e37-e40. https://doi.org/10.1111/j.2047-6310.
2012.00133.x.

Vazquez, C. E., and C. Cubbin. 2020. “Socioeconomic Status and
Childhood Obesity: A Review of Literature From the Past Decade to
Inform Intervention Research.” Current obesity reports 9, no. 4: 562-570.
https://doi.org/10.1007/s13679-020-00400-2.

Vogel, M., M. Geserick, R. Gausche, et al. 2022. “Age-And Weight
Group-Specific Weight Gain Patterns in Children and Adolescents
During the 15 Years Before and During the COVID-19 Pandemic.” In-
ternational Journal of Obesity 46, no. 1: 144-152. https://doi.org/10.1038/
$41366-021-00968-2.

Von Hurst, P. R., D. C. Walsh, C. A. Conlon, M. Ingram, R. Kruger, and
W. Stonehouse. 2016. “Validity and Reliability of Bioelectrical Imped-
ance Analysis to Estimate Body Fat Percentage Against Air Displace-
ment Plethysmography and Dual-Energy X-Ray Absorptiometry.”
Nutrition and Dietetics 73, no. 2: 197-204. https://doi.org/10.1111/1747-
0080.12172.

Westerterp, K. R. 2013. “Physical Activity and Physical Activity Induced
Energy Expenditure in Humans: Measurement, Determinants, and Ef-
fects.” Frontiers in Physiology 4: 90. https://doi.org/10.3389/fphys.2013.
00090.

Westerterp, K. R. 2018. “Changes in Physical Activity Over the Lifespan:
Impact on Body Composition and Sarcopenic Obesity.” Supplement,
Obesity Reviews 19, no. S1: 8-13. https://doi.org/10.1111/0br.12781.

Winkler, J., and H. Stolzenberg. 2009. “Adjustment of the Social Class
Index for Application in the German Health Interview and Examination
Survey for Children and Adolescents (KiGGS).” Wismar: HWS-
Hochschule Wismar.

Woll, A,, L. Klos, A. Burchartz, et al. 2021. “Cohort Profile Update: The
Motorik-Modul (Momo) Longitudinal Study—Physical Fitness and
Physical Activity as Determinants of Health Development in German
Children and Adolescents.” International Journal of Epidemiology 50,
no. 2: 393-394. https://doi.org/10.1093/ije/dyaa281.

World Health Organization. 2023. A Primary Health Care Approach to
Obesity Prevention and Management in Children and Adolescents:
Policy Brief (Report). https://iris.who.int/bitstream/handle/10665/3678
77/9789240072671-eng.pdf?sequence=1.

Worth, A., A. Woll, C. Albrecht, et al, eds. 2015. MoMo-Ldngsschnitt-
studie “Physical Fitness and Physical Activity as Determinants of Health
Development in Children and Adolescents”: Test-manual zu den motor-
ischen Tests und den anthropometrischen Messungen. KIT Scientific
Reports; 7700, Vol. 7700. KIT Scientific Publishing. https://doi.org/10.
5445/KSP/1000047434.

16 of 16

European Journal of Sport Science, 2025

95LB01 7 SUOLULLOD dAIIea.1D) 3[ced ! ddde Uy Aq peusenob ae S VO ‘85N JO 3N o} Akeuq1 18Ul IUO A8 ]I LD (SUONIPUOD-PUE-SWLBIALI0O A3 1M Afe.d jBu JUo//Scy) SUONIPUOD Pue S 18U 89S *[6202/0T/20] Uo Ariqiauliuo A8|im ‘B1Bojouyos L an4 Inisul Jeynssie Aq 9900L 95/200T 0T/I0p/woo" A 1M Are.q jpul|uoy/sdiy Wwoly pepeojumod ‘TT ‘520z ‘062.9€ST


https://osf.io/pngbh/
https://doi.org/10.1038/s41598-020-78438-4
https://doi.org/10.1371/journal.pone.0236117
https://doi.org/10.1371/journal.pone.0236117
https://doi.org/10.1016/j.clnu.2018.11.026
https://doi.org/10.1016/j.clnu.2018.11.026
https://doi.org/10.1016/j.clnu.2014.07.010
https://doi.org/10.1186/1471-2458-11-485
https://doi.org/10.1159/000071224
https://doi.org/10.1111/j.1749-6632.2000.tb06494.x
https://doi.org/10.1111/obr.12334
https://doi.org/10.1111/obr.12334
https://doi.org/10.1007/s40279-014-0196-4
https://doi.org/10.1007/s40279-014-0196-4
https://doi.org/10.3390/children8020135
https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.1055/s-0030-1248434
https://doi.org/10.1055/s-0030-1248434
https://doi.org/10.1111/obr.12061
https://doi.org/10.1111/obr.12061
https://doi.org/10.1007/s10389-019-01043-x
https://doi.org/10.1007/s10389-019-01043-x
https://doi.org/10.1111/j.2047-6310.2012.00133.x
https://doi.org/10.1111/j.2047-6310.2012.00133.x
https://doi.org/10.1007/s13679-020-00400-2
https://doi.org/10.1038/s41366-021-00968-2
https://doi.org/10.1038/s41366-021-00968-2
https://doi.org/10.1111/1747-0080.12172
https://doi.org/10.1111/1747-0080.12172
https://doi.org/10.3389/fphys.2013.00090
https://doi.org/10.3389/fphys.2013.00090
https://doi.org/10.1111/obr.12781
https://doi.org/10.1093/ije/dyaa281
https://iris.who.int/bitstream/handle/10665/367877/9789240072671-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/367877/9789240072671-eng.pdf?sequence=1
https://doi.org/10.5445/KSP/1000047434
https://doi.org/10.5445/KSP/1000047434

	Body Composition and Its Correlates in Children and Adolescents Living in Germany: A Cross‐Sectional Study
	1 | Introduction
	2 | Materials and Methods
	2.1 | Study Design
	2.2 | Sample Description
	2.3 | Measures
	2.3.1 | Physical Activity
	2.3.2 | Physical Fitness
	2.3.3 | Screen Time
	2.3.4 | Socioeconomic Status
	2.3.5 | Body Composition

	2.4 | Statistical Analysis

	3 | Results
	3.1 | Descriptive Statistics
	3.2 | Associations With Age
	3.3 | Health‐Related Correlates of Body Composition
	3.3.1 | 6–10 years
	3.3.2 | 11–13 years
	3.3.3 | 14–17 years


	4 | Discussion
	4.1 | FMI
	4.2 | FFMI and PhA

	5 | Conclusion
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement


