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Abstract

The decline in adolescents’ physical fitness (PF) in recent decades has raised concerns about 

current population’s possible future challenges with health and physical functional capacity. This 

study explored the associations between body composition, physical activity, maturation, and PF 

development in adolescents. Furthermore, PF development of adolescents with low initial PF was 

assessed. A 2-year observational study was conducted between spring 2013 and 2015. Nine 

comprehensive schools and their 10- to 13-year-old students were invited to participate in the 

study (1778), and a total of 971 students (54.6%) agreed. Cardiorespiratory fitness (20-metre 

shuttle run), muscular fitness (push-ups), fundamental movement skills (5-leaps test), body 

composition (bioelectrical impedance analysis), moderate-to-vigorous physical activity 

(accelerometer) and pubertal status (self-assessment questionnaire) were measured at 1-year 

intervals. Latent growth curve modeling (LGM) was used to study PF development over time. 

Change in fat mass had the strongest and most coherent associations with PF development during 

adolescence. Fat-free mass, moderate-to-vigorous physical activity and pubertal status were 

associated with PF development, although not systematically. Subgroup analyses showed that PF 

development in the low fitness group followed a similar pattern as the whole population. 

However, their PF remained significantly lower throughout the 2-year period. The findings 

suggest that fat accumulation is an essential detrimental factor for PF development during 

adolescence. Actions to prevent excessive fat accumulation might help to prevent future declines 

in functional capacity. Indications that low fitness levels sustain during adolescence highlight the 

relevance of detecting these individuals and providing interventions already before adolescence.

Keywords: Children, Cardiorespiratory fitness, Muscular fitness, Fundamental movement skills, 

Fat mass, Fat-free mass
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Introduction 

Physical fitness (PF) has been found to have well-established associations with health markers 

during adolescence and health outcomes later in life1. PF can be classified into cardiorespiratory, 

musculoskeletal and neuromotor fitness2. Observational data shows that especially 

cardiorespiratory fitness (CRF) is positively associated with a wide range of health indicators in 

adolescents, including cardiometabolic, bone, and mental health3. Similar findings have emerged 

for muscular fitness (MF)4. In the motor fitness domain, fundamental movement skills (FMS), that 

is, the “building blocks of movement,” are considered to be essential for children’s future, and 

previous studies have also shown associations between FMS and some health indicators5.

The level of PF tends to track low to moderately from adolescence into adulthood6. 

Furthermore, the epidemiological data show that PF tends to degenerate gradually after 

adolescence7. These findings emphasize the importance of detecting individuals with low PF and 

providing interventions already during adolescence. Major societal benefits, such as in health care 

costs8, might be obtained if a sufficient amount of people could be helped to reach a sustainable 

level of PF at the beginning of their course of life.

Field-based measures of fitness have been widely used to assess physical fitness in 

European adolescents9. The decline in adolescents’ PF performance in recent decades has raised 

concerns about possible challenges in future health and physical functional capacity10,11. Although 

reasons for this decline are not entirely clear, changes in physical activity and obesity levels have 

been proposed as explanations11. Increases in body mass index (BMI) have been observed 

simultaneously with population-level declines in PF10. 

The natural development of fitness has been previously studied in adolescents. In theory, 

cardiorespiratory fitness, muscular fitness, and motor skills develop with age12. Cardiorespiratory 

fitness and muscle strength typically increase alongside with growth and maturation ignited 

morphological and neuromuscular changes12(chaps7, 12). Children typically gain fundamental gross 

motor skills by the age of seven and further on hone these skills12(chap4). Development in strength 

and endurance domains also improve the performance in skill-related tasks which require maximal 

performance12(chap4). Additionally, previous findings show that exercise can significantly improve 

PF1.

However, in previous research, these associations have been assessed mainly separately, 

leaving a research gap for studies which analyse these associations collectively. It is notable, that 

the processes of biological growth and behavioural development are rather simultaneous than A
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separate in the adolescents’ lives13. Furthermore, the fitness development in adolescents with low 

fitness remains underexplored. Assessment of these factors is important while striving to 

understand the development of healthy and adequate fitness. 

This study aimed to recognize the essential factors of natural fitness development by 

exploring the associations of body composition, physical activity, maturational status, and 

physical fitness development in adolescents based on observational data. Furthermore, the aim 

was to explore PF development during adolescence with a special reference to adolescents with 

low PF. Special interest was focused on those with low level of initial fitness due to potentially 

higher health risks and functional capacity deficiencies in the future. This is the first study to 

explore these associations in both sexes utilizing objectively measured PA and BC separated into 

fat and fat-free mass content. 

Materials and Methods

Study design and participants 

Students from nine Finnish comprehensive schools were invited to a 2-year longitudinal 

prospective study (1778 10- to 13-year old students). Of those invited, 971 students (54.6%; 462 

boys, 507 girls, 2 with no reported gender) delivered a signed written consent form and 

participated in the study. This study was part of a larger research entity related to the Finnish 

Schools on the Move programme14. Baseline measurements were performed in 2013, and follow-

up measurements with 1-year intervals in 2014 and 2015 (between January 14, 2013 and May 20, 

2015, where measurements were conducted within the same calendar week in each school 

throughout the study). PF, BC, and pubertal status were measured during school-day in school’s 

gym hall. PA measurements were informed during school-day and measured in student’s habitual 

environments. All measurements were conducted by trained research personnel. The study setting 

for the measurements was approved by the Ethics Committee of the University of Jyväskylä. All 

measurements were carried out in accordance with the Declaration of Helsinki. The detailed 

procedures of the measurements (excluding assessment of maturational status) are reported by 

Joensuu et al.15
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Assessments

Physical fitness 

PF development was measured with a 20-metre shuttle run (measurement of CRF), push-ups, 

(MF), and the 5-leaps test (FMS)15. The 20-metre shuttle run is an incremental test that involves 

running until maximal voluntary exhaustion. For the push-ups, participants complete as many 

repetitions as possible according to selected criteria within one minute. In the 5-leaps test, 

participants attempt to jump as far as they can in 5 leaps. 

Anthropometric and body composition measurements 

Body height was measured with an accuracy of 0.1 cm (Charder HM 200P scale, Issaquah, 

Washington, USA). BC and weight were measured in light clothing by a bioelectrical impedance 

analysis device (InBody 720, Biospace Co., Ltd, Seoul, Korea). Body mass index (BMI, kg·m-2) 

was calculated and the prevalence of normal weight, overweight, and obesity estimated using 

Cole’s criteria16. Fat mass index (FMI, kg·m-2) and fat-free mass index (FFMI, kg·m-2) were used 

to indicate height-adjusted BC.

Physical activity

Moderate-to-vigorous PA (MVPA) was measured objectively using a hip-worn accelerometer 

(ActiGraph GT3X+, wGT3X+, Pensacola, Florida, USA) during waking hours for 7 consecutive 

days with Evenson criteria (≥ 2296 cpm)17. Data were collected in raw 30 Hz acceleration using 

normal filter and converted into 15 s epoch counts18. The valid amount of data was set at ≥ 500 

min/day (between 7 am and 11 pm)19, including at least 2 weekdays and 1 weekend day.

Pubertal status

Students self-assessed their biological maturation status with a questionnaire utilizing line 

drawings of external primary and secondary sex characteristics categorized by the Tanner 

scale20,21. Pubertal status was defined as the mean of the two questions: (1) the developmental 

stage of testicles/breasts and (2) pubertal hair on a scale of 1–5.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Statistical analysis

The descriptive statistics were calculated using SPSS 20.0 for Windows (IBM Corp., Armonk, 

New York, USA), and all the further analyses were conducted using the Mplus statistical package 

(7th ed., Los Angeles, California, USA)22. 

Latent growth curve modeling (LGM) was used to study PF development over time 

(Spring 2013, 2014 and 2015; M1, M2, and M3, respectively) among boys and girls (please see 

Supporting Information 1-3 for details on the modeling procedure). In the fully adjusted model, 

the variation in level (initial level) and slope (rate of change over time) of PF was explained by 

several factors, including age, pubertal status, fat and fat-free mass, and MVPA. Both the baseline 

measurement M1 and the absolute change between M1 and follow-up M3 (∆) were used. Age, 

pubertal status, fat mass index, fat-free mass index and MVPA explained the baseline status of PF 

(level) and PF development (slope). Additionally, changes in fat mass index, fat-free mass index 

and MVPA were used to explain PF development (slope) (Figure 1). As sensitivity analyses, fully 

adjusted models were rerun by replacing ∆ with absolute change between M1 and follow-up M2.   

Finally, the students were divided into tertiles according to their result in each of the PF 

measurement at baseline. The lowest tertile group was named the low fit group and their PF 

development pattern were compared against the whole population. 

Data were clustered within classes, and therefore standard errors were calculated using the 

sandwich estimator to take into account nonindependence of the observations. Missing data were 

assumed to be missing at random (MAR). Maximum likelihood with robust standard errors was 

used to estimate the sample correlations and the parameters of the models. The method produces 

unbiased parameter estimates under MAR. The level of significance was set at P=.05 and all the 

tests were two-sided.

Results

Descriptive statistics

At baseline participants were 12.6 (± 1.3) and 12.5 (± 1.3) years old (boys and girls, respectively). 

The prevalence of overweight or obesity was 15% and 14% at baseline in boys and girls, 

respectively. The prevalence of participants accomplishing the physical activity guidelines for 

children and youth (at least 60 min of MVPA per day)23 at baseline were 34% and 20% in boys A
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and girls, respectively. Further descriptives are presented in Table 1.

PF development during the 2-year observational period

The mean values for PF during the observational period with 95% Confidence Intervals (95% CI) 

are presented in Figure 2. Performance in the fitness measures (CRF, MF and FMS) increased 

during the 2-year observational period in boys and girls. The trend was linear in the whole 

population in FMS among boys, and in CRF and MF among girls. The trend was quadratic, that is, 

an increment following a plateau, in CRF and MF among boys, and in FMS among girls (For 

model fit parameters, please see Supporting Information 1 and 2). The fitness development 

followed similar patterns in the low fit group (those who were in the lowest PF tertile at baseline). 

Furthermore, the PF of the low fit group remained significantly lower throughout the observation 

period. Boys and girls with low initial fitness had statistically lower PF also after 1 and 2 years 

compared with the whole population (in M2 and M3, respectively, and no observed overlaps in the 

95% CI, Figure 2). 

Factors explaining PF development

The observed associations related to PF development are presented in Table 2. For more detailed 

results, please see Tables in Supporting Information 4 and 5.

Cardiorespiratory fitness

Of the baseline measures (FMI, FFMI, MVPA and pubertal status) only FMI showed a statistically 

significant association with the CRF development in boys (standardized regression coefficient -

0.17, P=0.007), indicating that a high initial amount of adiposity predicted a negative development 

in CRF in boys (Table 2). No association between baseline measures and CRF development were 

observed in girls. 

The change in FMI had an inverse association with CRF development in both boys and 

girls (-0.35, P<0.001 and -0.34, P<0.001, respectively). This association was the strongest in the 

model, indicating that an increase in adiposity during adolescence was considerably associated 

with a detrimental development in CRF (Table 2). The change in FFMI was associated with CRF 

development only in girls (0.15, P=0.028), and the change in MVPA only in boys (0.25, P=0.015).A
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Muscular fitness

Baseline pubertal status and FFMI had positive associations with MF development in boys (0.23, 

P=0.025 and 0.28, P=0.010, Table 2), indicating that advanced pubertal status and higher amounts 

of fat-free mass predicted a positive development in MF. No significant associations between 

baseline measures and MF development were observed in girls.

The changes in BC showed significant associations with MF development. Change in 

FFMI showed positive associations in boys and girls (0.25, P=0.004 and 0.16, P=0.037, 

respectively, Table 2), indicating that increases in fat-free mass were associated with positive MF 

development. The change in FMI was significantly and inversely associated only in boys (-0.36, 

P=0.001). No significant associations were observed with change in MVPA (P=0.80 in boys and 

P=0.061 in girls).

Fundamental movement skills

Of the baseline measures, BC had significant associations with FMS development in boys (FMI -

0.24, P=0.001 and FFMI 0.20, P=0.022, Table 2), indicating that high levels of initial adiposity 

predicted negative FMS development and high levels of initial fat-free mass the contrary. No 

significant associations between baseline measures and FMS development were observed in girls.

Changes in FMI had strong and negative associations with FMS development in both boys 

(-0.63, P<0.001) and girls (-0.37, P<0.001, Table 2). Change in FFMI showed positive 

associations in boys (0.28, P<0.001), but not in girls. No associations were observed with change 

in MVPA.

Sensitivity analyses

The results of the sensitivity analyses are presented in Supporting Information 6 and 7. The 

interpretation of the results was mainly similar to the main analyses. As an exception, change in 

MVPA between M1 and M2 was positively associated with CRF development (0.22, P=0.043) 

and FMS development (0.25, P=0.034) in girls.

Discussion

The aim of this study was to evaluate the associations between body composition, physical 

activity, maturation, and PF development in adolescents. The main finding was that changes in fat 

mass were inversely and coherently associated with PF development. This inverse association was A
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observed in both sexes and in all explored PF characteristics, except for MF development in girls, 

and the association was independent of age, pubertal status, fat-free mass and MVPA. 

Furthermore, the aim was to evaluate the PF development of low fit adolescents. This study 

showed that PF in the low fitness group remained significantly lower throughout the 2-year 

observational period compared to the whole population. These findings emphasize that PF, 

measured with weight-bearing field-tests, is strongly associated with adiposity, highlighting the 

importance to prevent excessive fat accumulation during adolescence. These actions have 

potential to support normal development of PF in adolescents and decrease the incidence of 

potential health risks and functional capacity deficits in later life.

The detrimental associations of excessive fat accumulation with development in PF 

performance during adolescence are important to recognize. These findings suggest that, from a 

broader perspective, increments in obesity24 might account for observed population-level declines 

in functional capacity10. Weight-bearing field-based fitness measurements are strongly associated 

with adiposity15. Adiposity is at least partially modifiable by diet and PA. Previous studies have 

shown an inverse dose-response association between PA and BMI in children25. However, 

indications of a bidirectional association (i.e. increased adiposity lowering PA levels) have also 

been shown with indications of inherent predisposition for this association25. These findings 

highlight the biological portion of these traits, and the importance of providing interventions for 

people with challenges in either or both these characteristics, preferably at an early age. 

Additionally, tackling obesity at the population level are stated to require large, societal-scale 

actions26. 

There were additional but not systematic associations with PF development. Baseline 

pubertal status and BC predicted PF development in boys but not in girls, although not 

systematically. Increases in fat-free mass were positively associated with development in most PF 

characteristics, but not all. No associations were observed between baseline MVPA and PF 

development. Changes in MVPA were associated with PF development only with CRF in boys.

Although the findings of our study did not indicate systematic associations between 

changes in MVPA and PF development, previous data from randomized controlled trials have 

consistently shown that different types of exercise programs, especially at a high-intensity level, 

improve PF1. It is notable that our study used data from a longitudinal observational study. A 

broad interpretation of these findings might indicate that during adolescence the natural changes in 

PA are not significant enough to produce development in PF, at least in both genders and among a A
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variety of PF characteristics. Therefore, exercise interventions are warranted to achieve desirable 

changes in PF. Additionally, PA and PF are representatives of different dimensions; they describe 

behavior and a status of a physical characteristic. This is reasonable to consider when performing 

direct comparisons, especially when PA is characterized based on one-week measurement and 

may not exactly describe the whole year PA behavior.

Special interest was directed at those with an initially low fitness level, due to the potential 

for higher health and functional capacity risks in the future. PF development followed a pattern in 

the low fit group similar to that in the whole population. Although PF also increased in the low fit 

group over the 2 years of the study, it remained significantly lower throughout the observation 

period compared with the whole population. This phenomenon was detectable in all PF 

characteristics, and in both sexes. These findings imply that low PF sustain during adolescence 

and indicates the importance of detecting low fit individuals already prior to adolescence. 

Interventions during childhood might prevent possible future health and functional capacity risks 

in this group.

Previous longitudinal studies on examining associations between PA, BC and PF 

development in children or adolescents are rare27,28. Augste et al., utilizing LGM, had findings 

similar to those in our study: self-reported baseline PA affected the level but not the slope of PF in 

8-year-old children28. In contrast to our study, Aires et al., utilizing linear regression models, 

found that changes in self-reported PA index were positively associated with PF development in 

adolescents independent of age, gender, baseline fitness level, BMI and sedentary time27. Our 

study’s findings showed that changes in accelerometer-measured MVPA were associated with PF 

development only in CRF in boys. Further research is needed to elucidate these associations.  

Augste et al. reported no association between baseline BMI and PF development, and 

Aires et al. found an inverse association between change in BMI and PF development. Our study 

supported both of these findings: more systematic associations were observed with PF 

development and changes in BC than with baseline BC, especially in girls. Our study adds to 

current knowledge by demonstrating the separate associations of fat and fat-free mass and 

indicating associations independent of pubertal status.

The strengths of our study include accelerometer-based assessments of PA, BC analytics 

which separate fat and fat-free mass and a large subject sample. Furthermore, the observational 

longitudinal study design and selected data analytics provide additional insights into the studied 

associations.A
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Our study did have a number of limitations worth noting. Of the 1710 students invited to 

the study, only 970 students (54.6%) participated. Participants were more often girls (52% vs 

40%) and had higher CRF (47 vs 42 laps) compared with their non-participating peers. 

Accelerometer measurements suffered from drop-out: 46.5% of the participants had information 

from M1 and M2 measurement points, and 29.3% from M1 and M3 (see Supporting Information 

1). Furthermore, more accurate data would have been obtained with 24-h registration.  Although 

the reliability of the PF measures is reasonable15 and measurements were performed under the 

supervision of educated personnel, more accurate assessments of the characteristics might have 

been obtained in a laboratory setting. The authors recognize that fitness measures used in this 

study, e.g. the 20-m shuttle run, give an estimation of the fitness and are not direct measures of 

fitness29. Accelerometers do not record all PA (e.g., bike riding) or the quality of the PA (is it 

CRF, MF or FMS enhancing). Although the pubertal status assessment has been shown to be 

valid21, some variation might occur between self-assessment and a clinical evaluation. 

One of the methodological findings of this study was that development in PF was more 

difficult to explain than the status of PF. The explanatory rates of the analyses were higher for the 

PF level than they were for slope. The final model could explain 40-48%, 40-46% and 58-71% of 

the variance in the level of CRF, MF and FMS (see Tables in Supporting Information 8 and 9). 

Similar explanation rates were 20-24%, 13-28% and 36-46% for the change in CRF, MF and 

FMS, respectively. Similar findings have been reported previously28. A few explanations for this 

phenomenon were considered: 1) The phenotype is reasonably stable already during adolescence 

and changes are more difficult to detect than status. 2) The development of PF is confounded by 

the initial level of PF. The model cannot be adjusted with initial PF in the LGM. However, 

additional sensitivity analyses showed no robust or systematic differences in the associations with 

fitness level (results not shown). 3) The development of PF could be confounded by the regression 

to the mean phenomena. 4) The development in PF during adolescence is associated with 

other/additional factors not covered in this study. PF development could be influenced by, for 

example, societal, social, psychological and other physical factors such as heritage, which were 

not investigated in this study. Further research is needed to identify the most relevant factors 

associated with adolescent PF development.
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Perspective

PF is associated with several favourable outcomes in adolescents. However, current adolescents’ 

PF performance is notably lower than their parents’10,11. In the future, actions are recommended to 

prevent potential adverse outcomes related with declined population levels of field-based 

measured PF.

This study adds to previous knowledge by showing that the PF development in the low fit 

subgroup of adolescents followed a similar pattern to what was observed in the whole population. 

However, the low fit group remained to have a significantly lower PF in all characteristics 

throughout the observation period. Furthermore, this study demonstrated that especially fat mass 

accrual was considerably associated with detrimental development in PF performance. Other 

explored variables also had associations with PF development, but these were not systematic.

These findings emphasize the importance for actions to prevent excessive fat accumulation 

during adolescence. These actions might support optimal development of PF performance and 

decrease the incidence of potential health risks and functional capacity deficits in later life. 

Findings that low fitness levels sustain during adolescence indicate the importance of detecting 

these individuals and providing interventions already prior to adolescence. 
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Figure legends

Figure 1. The basic structure of the latent growth curve analysis with the final multivariable 

model.

Footnotes: PF, physical fitness; Pube, Pubertal status at baseline, FMI, fat mass index at baseline; 

FFMI, fat-free mass index at baseline; MVPA, Moderate-to-vigorous physical activity at 

baseline; ∆, difference score between measurements in Spring 2013 and Spring 2015; M1 

measurements in Spring 2013; M2, measurements in Spring 2014; M3, measurements in 

Spring 2015; 1 and 2, The fixed values of the factor loadings; LEVEL, latent variable of the 

initial level of PF; SLOPE, latent variable of the rate of change over time.

Figure 2. The 2-year physical fitness development patterns for boys and girls with 95% 

Confidence Intervals

Footnotes: Solid line, the average physical fitness (PF) development in the whole population; 

Dashed line, the average PF development in the low fit group; Dotted lines, 95% Confidence 

intervals; CRF, Cardiorespiratory fitness (20-m shuttle run, laps); MF, Muscular fitness 

(Push-up, repetitions, measurement technique differed between boys and girls); FMS, 

Fundamental movement skills (5-leaps test, meters). M1, measurements in Spring 2013; M2, 

measurements in Spring 2014; M3, measurements in Spring 2015;

Supporting Information 1. Text. Latent growth curve modeling (LGM)

Supporting Information 2. Table. Model-fit indices of the unconditional models for physical 

fitness. 

Supporting Information 3. Table. The estimation results of unconditional latent growth models for 

physical fitness among boys and girls: the means and the variances of growth factors.

Supporting Information 4. Table. The results of latent growth curve modeling among boys: the 

associations related to physical fitness development (slope).

Supporting Information 5. Table. The results of latent growth curve modeling among girls: 

associations related to physical fitness development (slope).A
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Supporting Information 6. Table. The results of the sensitivity analyses among boys: associations 

related to physical fitness development (slope).

Supporting Information 7. Table. The results of the sensitivity analyses among girls: associations 

related to physical fitness development (slope).

Supporting Information 8. Table. The results of latent growth curve modeling among boys: 

associations related to physical fitness level.

Supporting Information 9. Table. The results of latent growth curve modeling among girls: 

associations related to physical fitness level.
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Table 1. Descriptive statistics of the study sample at baseline 

 Boys (n=462)  Girls (n=508)  

Age (years) 12.6 ± 1.3 12.5 ± 1.3 

Physical fitness   

CRF (20-m shuttle run, laps) 47.5 ± 20.3 37.0 ± 15.9 

MF (Push-up, repetitions)
a
 16.7 ± 11.7 23.9 ± 13.2 

FMS (5-leaps test, m) 8.5 ± 1.2 8.0 ± 1.0 

Physical activity   

MVPA (min·day-1) 59.2 ± 23.7 47.5 ± 18.4 

Prevalence of MVPA ≥ 

60min·day
-1

 (No., %) 

159 (34.4%) 101 (19.9%) 

Accelerometer wear time 765.3 ± 56.1 773.6 ± 53.9 

Anthropometrics, body 

composition and 

maturation 

  

Height (cm) 156.7 ± 11.3 155.5 ± 9.5 

Weight (kg) 46.5 ± 12.7 46.5 ± 10.6 

BMI (kg·m
-2

) 18.6 ± 3.3 19.1 ± 3.2 

Prevalence of overweight 

and obesity
b
 (No., %) 

62 (15%) 69 (14%) 

FMI (kg·m
-2

) 3.1 ± 2.3 4.2 ± 2.3 

FFMI (kg·m
-2

) 15.6 ± 1.8 14.8 ± 1.4 

Fat% (%) 15.3 ± 8.2 21.2 ± 7.5 A
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Pubertal status
c
 2.7 ± 1.0 2.6 ± 0.9 

Footnotes: Units are means and standard deviations unless other 

mentioned; CRF, Cardiorespiratory fitness; MF, Muscular 

fitness; FMS, Fundamental movement skills; MVPA, 

Moderate-to-vigorous physical activity; BMI, Body mass 

index; FMI, Fat mass index; FFMI, Fat-free mass index; a, The 

measurement technique differed between boys and girls; b, 

Classification is based on Cole’s thresholds; c, Classification is 

based on self-assessment questionnaire and Tanner’s scale. 
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Table 2. The associations of explored variables with physical fitness development (slope) in 

boys and girls. 

 Boys  Girls  

CRF slope B (SE) P value B (SE) P value 

Pube 0.12 (0.09) 0.19  -0.04 (0.10) 0.72 

FMI -0.17 (0.06) 0.007 -0.07 (0.08) 0.39 

ΔFMI -0.35 (0.07) <0.001  -0.34 (0.10) <0.001 

FFMI 0.08 (0.10) 0.42 0.08 (0.08) 0.30 

ΔFFMI 0.11 (0.07) 0.12 0.15 (0.07) 0.028 

MVPA 0.09 (0.09) 0.28 0.14 (0.11) 0.18 

ΔMVPA 0.25 (0.10) 0.015 0.17 (0.12) 0.18 

     

R
2
 0.20  0.24  

     

MF slope B (SE) P value B (SE) P value 

Pube 0.23 (0.10) 0.025 0.09 (0.11) 0.40 

FMI -0.17 (0.09) 0.074 0.06 (0.07) 0.38 

ΔFMI -0.36 (0.11) 0.001 -0.12 (0.08) 0.13 

FFMI 0.28 (0.11) 0.010  -0.10 (0.09) 0.26 

ΔFFMI 0.25 (0.09) 0.004 0.16 (0.07) 0.037 

MVPA 0.07 (0.15) 0.63 0.11 (0.09) 0.20 

ΔMVPA 0.05 (0.20) 0.80 0.24 (0.13) 0.061 

     

R
2
 0.28  0.13  A
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FMS slope B (SE) P value B (SE) P value 

Pube 0.12 (0.11) 0.25  -0.18 (0.10) 0.057 

FMI -0.24 (0.07) 0.001  -0.10 (0.08) 0.19 

ΔFMI -0.63 (0.11) <0.001  -0.37 (0.10) <0.001 

FFMI 0.20 (0.09) 0.022 0.12 (0.10) 0.20 

ΔFFMI 0.28 (0.07) <0.001 0.16 (0.10) 0.096 

MVPA -0.05 (0.12) 0.68 0.04 (0.11) 0.70 

ΔMVPA -0.13 (0.19) 0.49 0.00 (0.13) 0.99 

     

R
2
 0.46  0.36  

Footnotes: All models were adjusted for age; CRF, Cardiorespiratory fitness; MF, 

Muscular fitness; FMS, Fundamental movement skills; Slope, Latent variable of the rate of 

change over time; Pube, Pubertal status; FMI, Fat mass index; FFMI, Fat-free mass index; 

MVPA, Moderate-to-vigorous physical activity; ∆, difference score between measurements 

in Spring 2013 and Spring 2015; B, Standardized regression coefficient; SE, Standard 

error; R
2
, Coefficient of determination 
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