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Physical fitness in relation to later body composition in pre-school children 

 

Abstract 

Objectives: Although physical fitness is considered a marker of health in youth, little is known 

whether physical fitness in pre-school age is related to later body composition. Thus, this study 

investigated i) associations of physical fitness at 4.5 years of age with body composition 12 months 

later and ii) whether improvements in physical fitness during the 12-month follow-up were associated 

with changes in body composition. 

Design: This study included 142 children, measured at 4.5 and 5.5 years, from the control group of the 

MINISTOP trial.  

Method: Physical fitness (cardiorespiratory fitness, lower- and upper-body muscular strength and 

motor fitness) was measured using the PREFIT test battery. Body composition was assessed using air-

displacement plethysmography. 

Results: In adjusted regression analyses, greater cardiorespiratory fitness, lower-body muscular 

strength and motor fitness at 4.5 years were associated with a lower fat mass index at 5.5 years 

(standardized β= -0.182 to -0.229, p≤ 0.028). Conversely, greater cardiorespiratory fitness, lower- and 

upper-body muscular strength as well as motor fitness at 4.5 years of age were associated with a 

higher fat-free mass index (standardized β= 0.255 to 0.447, p≤ 0.001). Furthermore, improvements in 

cardiorespiratory fitness, lower-body muscular strength and motor fitness during the 12-month follow-

up period were associated with decreases in fat mass index and/or % fat mass. 

Conclusions: In conclusion, the results of this study provide evidence of the importance of physical 

fitness early in life. Nevertheless, further studies are needed in order to clarify the influence of 

physical fitness in the pre-school age with later health outcomes. 

 

Keywords: air-displacement plethysmography, fat-free mass, fat mass, cardiorespiratory fitness, 

muscular strength, motor fitness, pre-school. 
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Introduction 

The escalating prevalence of childhood obesity is a concern globally1. This is alarming, since 

childhood obesity generally tracks into adulthood2 and is also related to premature death, diabetes and 

cardiovascular disease later in life3. Physical fitness has been found to counteract some of the negative 

health consequences of obesity on health4 and is considered to be a powerful marker of health in 

youth5. For instance, greater cardiorespiratory fitness has been found to be associated with a lower risk 

of later premature death6, and cardiovascular diseases7 both in normal-weight and overweight/obese 

adolescents.  

 

Greater physical fitness has also been consistently associated with lower body fatness and body mass 

index (BMI) in school-aged children and adolescents5, 8-12. Interestingly, several cross-sectional studies 

have also reported that greater physical fitness already in the pre-school age is related to lower levels 

of adiposity or BMI13-17. For instance, in our previous study14, physical fitness in 4-year-olds was 

inversely associated with fat mass, but positively associated with fat-free mass. The knowledge based 

on these cross-sectional studies indicates that physical fitness and body composition is correlated 

already in early ages. However, whether physical fitness in preschool-aged children is associated with 

body composition later in life, and whether improvements in fitness are associated with improvements 

in body composition remains to be investigated. Such studies would be of great importance to further 

clarify the role of fitness in the preschool-age for later health.  

 

Therefore, the aim of this study was to examine the associations of physical fitness (cardiorespiratory 

fitness, muscular strength and motor fitness) in 4.5-year-olds with body composition 12 months later. 

Additionally, we also studied whether the improvements in physical fitness during the 12-month 

follow-up period were associated with improvements in body composition during the corresponding 

time period.  
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Methods 

This study utilized data from the MINISTOP trial (Mobile-based INtervention Intended to STop 

Obesity in Preschoolers) conducted between 2014 and 2015. This trial aimed to promote healthy diet, 

physical activity and body fatness in preschool-aged children through a mobile health (mHealth) 

application targeting their parents18. After a population-based recruitment18, a total of 315 children 

were included in the trial, and 156 children were randomized into the intervention group and 159 

children into the control group. The main results were that the MINISTOP app improved a composite 

score of dietary and physical activity habits and it appeared that the effect was strongest for the dietary 

components18. Thus, in order to avoid any interventional effects on the results in the present analysis 

(for instance, an effect on diet which in turn would influence body composition), the analyses were 

restricted to children in the control group only. Of the 159 children in the control group, a total of 145 

were measured at the 12-month follow-up. In this analysis, we included the 142 children with 

complete body composition data at 4.5 and 5.5 years of age that had any physical fitness component 

measured at 4.5 years of age. The MINISTOP trial received ethical approval by the Research Ethics 

Committee, Stockholm, Sweden (2013/1607–31/5; 2013/2250–32) and was prospectively registered as 

a clinical trial (https://clinicaltrials.gov/ct2/show/NCT02021786). The study was conducted according 

to the Declaration of Helsinki and informed consent, witnessed and formally recorded, was obtained 

from the parents. 

 

Physical fitness was measured using the PREFIT battery (FITness testing in PREschool children)19, 20. 

This fitness battery includes tests covering cardiorespiratory fitness, muscular strength and motor 

fitness (speed-agility). Cardiorespiratory fitness was assessed by means of the 20 m shuttle run, which 

started at 8.5 km/h with the speed increasing by 0.5 km/h each minute during the test21. Briefly, 

children ran back and forth between two lines which were 20 m apart. Children ran the test 

individually together with one person from the trained research staff and they were paced by an audio 

signal. The test was completed when the child failed to reach the line concurrent with the audio signal 

or finished due to exhaustion. Given the maximal nature of this test, it was performed once and placed 
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last in the physical fitness measurement session. Upper-body muscular strength was measured using a 

handgrip strength test. Children squeezed an analog dynamometer (TKK 5001, Grip-A, Takei, Tokyo) 

gradually and continuously for at least 2 s. Grip span was set at 4.0 cm. The test was performed twice 

for each hand. The highest value for each hand was retained and then the average for these two results 

was used in the analyses as a measure of upper-body muscular strength. Lower-body muscular 

strength was assessed using the standing long jump test. Briefly, children jumped as far as possible 

with their feet together while remaining upright. The better of two attempts was used in the analyses. 

Motor fitness (speed-agility) was measured by means of the 4 x 10 m shuttle run test. In this test, the 

children ran as fast as possible between two lines that were 10 m apart covering a total of 40 m. In this 

test, lower scores indicate higher performance. This test was performed twice and the quickest time 

was used in the analyses. 

 

Anthropometry and body composition were measured before the physical fitness testing and all 

measurements were taken without shoes and in tight fitting underwear. Height of the children was 

measured using a wall stadiometer (Tillquist, Spånga, Sweden) to the nearest 0.1 cm. Weight and body 

composition were assessed using the pediatric option for BodPod (COSMED USA, Concord, CA, 

USA) as previously described22. This methodology has been found to provide accurate estimates of 

body fatness in 2-6-year-old children23. Overweight and obesity were classified according to the BMI 

cut-offs by Cole et al.24. Body composition was described using BMI, % fat mass (%FM), fat mass 

index (FMI) and fat-free mass index (FFMI). BMI was calculated as body weight (kg) divided by 

height squared (m2). FMI and FFMI were calculated as fat mass or fat-free mass (kg) divided by 

height squared (m2), respectively.  

 

Independent t-tests were used to examine the differences between boys and girls in regards to age, 

body composition and physical fitness. In the analyses, times for the 4 x 10 m shuttle run were 

inverted (i.e. multiplied by – 1) as a lower time in this test indicates a higher performance. To examine 

linear associations between physical fitness and body composition, we applied linear regression 
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analysis. Two regression models were created; one unadjusted and one adjusted for potential 

confounders, i.e. maternal BMI, maternal educational attainment (university degree vs. no university 

degree), age at the measurements, sex, and baseline values of exposures and outcomes (only in change 

vs. change analysis in Table 3). In the fully adjusted models, we examined interaction terms (physical 

fitness x sex) to examine whether the associations between physical fitness and body composition 

differed between boys and girls. Overall, there was very little evidence for any sex-interactions and 

thus, results are presented with boys and girls combined. The study size of the entire MINISTOP trial 

(n=315) was based on a previous power calculation for the primary intervention outcomes which were 

FMI and a composite score comprised of diet and physical activity variables18. Although this is a 

secondary analysis, it is noteworthy that a sample size of 133 participants provides 80 % power (α = 

0.05, two-tailed) to detect associations with a standardized regression coefficient of 0.24. Furthermore, 

we also applied analysis of covariance (ANCOVA) to investigate whether there were any differences 

in body composition at 5.5 years of age between the children that had physical fitness levels above and 

below the sex-specific median at 4.5 years of age. All hypothesis tests were two-sided and P < 0.05 

was considered statistically significant. The statistical analysis was conducted using SPSS Statistics 22 

(IBM, Armonk, NY, USA). 
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Results 

Mothers of the participating children were on average 35 ± 4 years with an average BMI of 23.8 ± 4.1 

kg/m2 and 68 % (n = 97) of the mothers had a university degree. Descriptive data for the 142 

preschool-aged children in the study are provided in Table S1. At 4.5 years of age children were on 

average 107.6 ± 4.4 cm tall, and weighed on average 18.2 ± 2.4 kg. Corresponding figures at 5.5 years 

of age were: 115.3 ± 4.9 cm and 20.5 ± 3.0 kg. At 4.5 years and 5.5 years of age, 11 children (7 boys 

and 4 girls) and 9 children (5 boys and 4 girls) were overweight/obese, respectively.  

 

Associations of physical fitness at 4.5 years of age with body composition at 5.5 years of age are 

presented in Table 1. Greater cardiorespiratory fitness, lower-body muscular strength and motor 

fitness at 4.5 years were associated with lower FMI, %FM, but not with BMI, at 5.5 years of age. 

More specifically, in adjusted analyses, each standard deviation (SD) greater cardiorespiratory fitness, 

lower-body muscular strength and motor fitness were associated with 0.229, 0.182 and 0.184 SD (all p 

≤ 0.028) lower FMI, respectively. Conversely, greater cardiorespiratory fitness (adjusted standardized 

β = 0.265, p = 0.001), lower-body muscular strength (adjusted standardized β = 0.303, p < 0.001) and 

motor fitness (adjusted standardized β = 0.255, p = 0.001) were related to a higher FFMI. Upper-body 

muscular strength at 4.5 years of age was not related to FMI at the 12-month follow-up, but it was 

positively related to BMI (adjusted standardized β = 0.385, p < 0.001) and FFMI (adjusted 

standardized β = 0.447, p < 0.001).  

 

As shown in Figure 1, children whose physical fitness levels were above the sex-specific median at 

4.5 years of age generally had a more favorable body composition at the 12-month follow-up. For 

instance, children whose cardiorespiratory fitness and motor fitness were above the sex-specific 

median at 4.5 years of age had a lower FMI and %FM, but a higher FFMI at 5.5 years of age (all p < 

0.05). Furthermore, greater lower-body muscular strength was associated with a lower FMI and a 

higher FFMI at the 12-month follow-up (all p < 0.05). Finally, children who had upper-body muscular 



7 

 

strength above the sex-specific median at the age of 4.5 years also had a greater FFMI at 5.5 years of 

age (p < 0.001). 

 

Associations of changes in physical fitness between 4.5 and 5.5 years of age with changes in body 

composition during the corresponding time period are presented in Table 2. In these analyses, 

improvements in cardiorespiratory fitness, lower-body muscular strength and motor fitness were 

associated with decreases in FMI or %FM during the 12-month follow-up period. However, there were 

no statistically significant associations between the changes in any of the physical fitness components 

and the change in FFMI (Table 2).  

 

A supplementary analysis (Table S2) examining associations of body composition at 4.5 years with 

physical fitness at 5.5 years shows that these associations were generally weaker and less consistent 

than the ones between physical fitness at 4.5 years of age and body composition at the 12-month 

follow-up (i.e. Table 1). Thus, FMI was inversely associated with later lower-body muscular strength 

and motor fitness (p ≤ 0.022), but not with cardiorespiratory fitness or upper-body muscular strength 

(Table S2). Furthermore, a higher FFMI was positively associated with upper-body and lower-body 

muscular strength (p ≤ 0.014), but not with cardiorespiratory or motor fitness, respectively.  
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Discussion 

The main findings of this study were that better physical fitness at 4.5 years of age was associated with 

lower fat mass and higher fat-free mass at 5.5 years of age, and that improvements in physical fitness 

during the 12-month follow-up period was associated with decreases in fat mass. These results 

motivate efforts to promote physical fitness through increasing physical activity levels already early in 

life. Our findings are novel, since to the best of our knowledge, this is the first study investigating 

associations of physical fitness in preschool-aged children with later body composition.  

 

Importantly, the associations of physical fitness with later BMI were not statistically significant. This 

is likely due to the fact that the direction of the associations of physical fitness with FMI and FFMI go 

in opposite directions questioning the applicability of BMI in this age group. Indeed, BMI cannot 

differentiate between fat mass and fat-free mass and we have previously demonstrated that BMI is as 

strongly related to FFMI as it is to FMI in 4.5 year-olds25. Using accurate body composition 

methodology enabled us to identify the associations between physical fitness and body composition 

that BMI could not detect. This motivates the measure of detailed body composition in pre-school 

aged children. Another novel aspect of this study is that physical fitness and body composition were 

measured at 4.5 and 5.5 years of age which made it possible to test bidirectional associations between 

fitness and body composition. Interestingly, the associations between physical fitness and later body 

composition were more pronounced, more consistent, and by extension likely to be more practically 

meaningful than corresponding associations of body composition and later physical fitness. Indeed, 

physical fitness is positively related to physical activity26 which may stimulate both increases in fat-

free mass as well as decreases in fat mass due to increased activity energy expenditure. Even though 

no previous study has examined the association of physical fitness in preschool-aged children with 

later body composition, our results may be compared with studies conducted in slightly older children. 

For instance, Rodrigues et al.27 reported that 6-year-olds with a greater performance in the 20 m 

shuttle run test, standing long jump test and 50 m dash test were all associated with decreased body fat 

growth over the 9-year follow-up. In a large study of 4878 Cypriot adolescents, the odds of becoming 
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overweight during a 4-year follow-up was 60% lower in the participants in the highest quartile of 

cardiorespiratory fitness as compared to the participants in the lowest quartile12. Also, several other 

studies have concluded that changes in cardiorespiratory fitness and/or motor competence in childhood 

are inversely associated with the risk of becoming overweight or obese9-11. Thus, the results from this 

study builds upon previous studies by demonstrating that the association of physical fitness with later 

adiposity is present already in preschool-aged children. 

 

The results of this study may have implications for public health. Firstly, it provides further evidence 

that physical fitness already in preschool-aged children may be a marker of current or future health, 

which already has been established in older children5. By examining both BMI and accurately 

measured FMI in this study, we could clearly point out the limitations of BMI in this age category, 

considering that the observed associations of physical fitness with later FMI would not have been 

identified if BMI was used as a proxy for adiposity. Thus, interventions that aim to reduce fat mass 

through physical activity and/or diet should consider accurate measurements of body composition. 

Generally, the strength of the identified associations of physical fitness with FMI and FFMI may be 

considered as weak-to-moderate28. For instance, the standardized regression coefficients show that 

each 1 SD greater cardiorespiratory fitness at 4.5 years of age was associated with approximately 0.23 

SD lower FMI and 0.27 SD higher FFMI at 5.5 years of age. However, considering that both low fat 

mass and adequate fat-free mass may be of importance for health29, we believe that the identified 

associations between physical fitness and body composition in this study are strong enough to be of 

some public health importance. However, it is possible that the strength of the associations between 

physical fitness in the pre-school age with later body composition weakens over time. Thus, the 

relatively short follow-up (12 months) in our study should be noted which also motivates further 

studies with longer follow-ups.  

 

This study has several important strengths such as accurately measured body composition and physical 

fitness19,20,23. Furthermore, as stated previously18, the population-based sampling resulted in a study 
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sample which was very comparable to the invited sample and/or Swedish children in general, although 

parents were slightly more well-educated than the Swedish adults on average.  

 

There are also limitations that need to the recognized. Firstly, this is an observational study which does 

not prove causality. Secondly, although consistent associations were observed between physical 

fitness at 4.5 years and body composition 12-months later, there is a need for studies with a longer 

follow-up. Such studies may also include additional health outcomes such as cardio-metabolic risk 

factors and bone health. Furthermore, our study included relatively few children with overweight and 

obesity which motives further studies in samples with greater prevalence of overweight/obesity. Other 

limitations of our study is that it lacked adjustments for dietary changes as well as a comprehensive 

measure of motor competence, both which should be considered in future studies. Finally, although 

the tests in the PREFIT battery are considered as reliable and feasible19, they are performance-based 

which comes with inherent limitations. For instance, previous studies have suggested caution and 

proper scaling when relating fitness to health outcomese.g. 30. Thus, although our results are the first to 

demonstrate the association of physical fitness with later body composition in preschool-aged 

children, further studies are needed to expand our knowledge regarding the influence of early fitness 

with later health. 

 

Conclusion 

Physical fitness at 4.5 years of age was associated with less fat mass and more fat-free mass 12-

months later. Furthermore, improvements in physical fitness during this time period were associated 

with decreases in fat mass. Thus, this study provides evidence for the relevance of physical fitness 

early in life. Nevertheless, further studies are needed in order to clarify the influence of physical 

fitness in the pre-school age with health outcomes later in life. 
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Practical implications 

- Greater physical fitness 4.5 years of age was related to a healthier body composition (i.e. less 

fat mass and/or more fat-free mass) at the 12 months follow-up 

- Improvements in physical fitness was related to decreases in fat mass during the follow-up 

period 

- These results highlight the relevance of physical fitness already in pre-school age and 

motivates efforts to improve physical fitness in this age-group 



12 

 

References 

1. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C et al. Global, regional, and 

national prevalence of overweight and obesity in children and adults during 1980-2013: a systematic 

analysis for the Global Burden of Disease Study 2013. Lancet. 2014;384:766-81. 

2. Simmonds M, Burch J, Llewellyn A, Griffiths C, Yang H, Owen C et al. The use of measures of 

obesity in childhood for predicting obesity and the development of obesity-related diseases in 

adulthood: a systematic review and meta-analysis. Health Technol Assess. 2015;19:1-336. 

3. Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation. 2012;126:1770-9. 

4. Ortega FB, Lavie CJ, Blair SN. Obesity and Cardiovascular Disease. Circ Res. 2016;118:1752-70. 

5. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in childhood and adolescence: a 

powerful marker of health. Int J Obes (Lond). 2008;32:1-11. 

6. Hogstrom G, Nordstrom A, Nordstrom P. Aerobic fitness in late adolescence and the risk of early 

death: a prospective cohort study of 1.3 million Swedish men. Int J Epidemiol. 2016;45:1159-68. 

7. Hogstrom G, Nordstrom A, Nordstrom P. High aerobic fitness in late adolescence is associated with 

a reduced risk of myocardial infarction later in life: a nationwide cohort study in men. Eur Heart J. 

2014;35:3133-40. 

8. Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD, Lubans DR. The health benefits of 

muscular fitness for children and adolescents: a systematic review and meta-analysis. Sports Med. 

2014;44:1209-23.  

9. McGavock JM, Torrance BD, McGuire KA, Wozny PD, Lewanczuk RZ. Cardiorespiratory fitness 

and the risk of overweight in youth: the Healthy Hearts Longitudinal Study of Cardiometabolic 

Health. Obesity (Silver Spring). 2009;17:1802-7. 

10. Ortega FB, Labayen I, Ruiz JR, Kurvinen E, Loit HM, Harro J et al. Improvements in fitness 

reduce the risk of becoming overweight across puberty. Med Sci Sports Exerc. 2011;43:1891-7. 

11. Rodrigues LP, Stodden DF, Lopes VP. Developmental pathways of change in fitness and motor 

competence are related to overweight and obesity status at the end of primary school. J Sci Med Sport. 

2016;19:87-92. 



13 

 

12. Savva SC, Tornaritis MJ, Kolokotroni O, Chadjigeorgiou C, Kourides Y, Karpathios T et al. High 

cardiorespiratory fitness is inversely associated with incidence of overweight in adolescence: a 

longitudinal study. Scand J Med Sci Sports. 2014;24:982-9. 

13. Galvan M, Uauy R, Lopez-Rodriguez G, Kain J. Association between childhood obesity, cognitive 

development, physical fitness and social-emotional wellbeing in a transitional economy. Ann Hum 

Biol. 2014;41:99-104. 

14. Henriksson P, Cadenas-Sanchez C, Leppanen MH, Delisle Nystrom C, Ortega FB, Pomeroy J et 

al. Associations of Fat Mass and Fat-Free Mass with Physical Fitness in 4-Year-Old Children: Results 

from the MINISTOP Trial. Nutrients. 2016;8:473. 

15. Martinez-Tellez B, Sanchez-Delgado G, Cadenas-Sanchez C, Mora-Gonzalez J, Martin-Matillas 

M, Lof M et al. Health-related physical fitness is associated with total and central body fat in 

preschool children aged 3 to 5 years. Pediatr Obes. 2016;11:468-74. 

16. Niederer I, Kriemler S, Zahner L, Burgi F, Ebenegger V, Marques P et al. BMI group-related 

differences in physical fitness and physical activity in preschool-age children: a cross-sectional 

analysis. Res Q Exerc Sport. 2012;83:12-9. 

17. Silva-Santos S, Santos A, Vale S, Mota J. Motor fitness and preschooler children obesity status. J 

Sports Sci. 2016:1-5. 

18. Nyström CD, Sandin S, Henriksson P, Henriksson H, Trolle-Lagerros Y, Larsson C et al. Mobile-

based intervention intended to stop obesity in preschool-aged children: the MINISTOP randomized 

controlled trial. Am J Clin Nutr. 2017;105:1327-1335.  

19. Cadenas-Sanchez C, Martinez-Tellez B, Sanchez-Delgado G, Mora-Gonzalez J, Castro-Pinero J, 

Lof M et al. Assessing physical fitness in preschool children: Feasibility, reliability and practical 

recommendations for the PREFIT battery. J Sci Med Sport. 2016. 

20. Ortega FB, Cadenas-Sanchez C, Sanchez-Delgado G, Mora-Gonzalez J, Martinez-Tellez B, Artero 

EG et al. Systematic review and proposal of a field-based physical fitness-test battery in preschool 

children: the PREFIT battery. Sports Med. 2015;45:533-55. 



14 

 

21. Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test for aerobic 

fitness. J Sports Sci. 1988;6:93-101. 

22. Leppanen MH, Henriksson P, Delisle Nystrom C, Henriksson H, Ortega FB, Pomeroy J et al. 

Longitudinal Physical Activity, Body Composition, and Physical Fitness in Preschoolers. Med Sci 

Sports Exerc. 2017. 

23. Fields DA, Allison DB. Air-displacement plethysmography pediatric option in 2–6 Years old using 

the four-compartment model as a criterion method. Obesity. 2012;20. 

24. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, 

overweight and obesity. Pediatr Obes. 2012;7:284-94. 

25. Delisle Nyström C, Henriksson P, Ek A, Henriksson H, Ortega FB, Ruiz JR et al. Is BMI a 

relevant marker of fat mass in 4 year old children? Results from the MINISTOP trial. Eur J Clin Nutr. 

2018 Mar 20. doi: 10.1038/s41430-018-0133-y. [Epub ahead of print] 

26. Bürgi F, Meyer U, Granacher U, Schindler C, Marques-Vidal P, Kriemler S et al. Relationship of 

physical activity with motor skills, aerobic fitness and body fat in preschool children: a cross-sectional 

and longitudinal study (Ballabeina). Int J Obes (Lond). 2011;35:937-44.  

27. Rodrigues LP, Leitao R, Lopes VP. Physical fitness predicts adiposity longitudinal changes over 

childhood and adolescence. J Sci Med Sport. 2013;16:118-23. 

28. Ferguson CJ. An effect size primer: A guide for clinicians and researchers. Prof Psychol Res Pr. 

2009;40:532. 

29. Bigaard J, Frederiksen K, Tjønneland A, Thomsen BL, Overvad K, Heitmann BL et al. Body fat 

and fat-free mass and all-cause mortality. Obes Res. 2004;12:1042-9. 

30. Ahn B, McMurray R, Harrell J. Scaling of VO2max and its relationship with insulin resistance in 

children. Pediatr Exerc Sci. 2013;25:43-51.



15 

 

Legend for Figure 1. 
 
Figure 1. Association of physical fitness below or above the sex-specific median at 4.5 years with 
body composition at 5.5 years. Analyses were conducted using analysis of covariance (ANCOVA) 
adjusting for sex and age at the measurements. Data are presented as estimated marginal means with 
their 95 % confidence intervals. FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index. 
Differences between the two groups: * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Table S1. Descriptive characteristics of the children at 4.5 and 5.5 years of age. 
 
 All Boys Girls p for sex-differencea 
4.5 years of age n Mean ± SD n Mean ± SD n Mean ± SD 

 

   Age (y) 142 4.5± 0.2 75 4.5 ± 0.2 67 4.5 ± 0.2 0.47         
   Weight (kg) 142 18.2 ± 2.4 75 18.7 ± 2.5 67 17.6 ± 2.1 0.004         
   Height (cm) 142 107.6 ± 4.4 75 108.4 ± 4.5 67 106.7 ± 4.2 0.025         
   BMI (kg/m2) 142 15.66 ± 1.23 75 15.88 ± 1.26 67 15.41 ± 1.15 0.021         
   FMI (kg/m2)  142 4.04 ± 0.84 75 3.97 ± 0.75 67 4.14 ± 0.93 0.22         
   FFMI (kg/m2) 142 11.61 ± 0.95 75 11.92 ± 0.96 67 11.27 ± 0.81 < 0.001         
   FM (%) 142 25.7 ± 4.4 75 24.9 ± 3.8 67 26.7 ± 4.8 0.013         
   20 m shuttle run (laps) 138 6.0 ± 2.6 72 6.0 ± 2.4 66 6.1 ± 2.9 0.74         
   Handgrip strength (kg) 141 6.5 ± 1.6 75 6.9 ± 1.8 66 6.1 ± 1.3 0.003         
   Standing long jump (cm) 142 72.0 ± 15.0 75 73.1 ± 14.7 67 70.9 ± 15.3 0.38         
   4x10 m shuttle run (sec)b 142 18.4 ± 2.0 75 18.4 ± 2.1 67 18.4 ± 1.8 0.90         
5.5 years of age                
   Age (y) 142 5.56 ± 0.18 75 5.57 ± 0.18 67 5.55 ± 0.17 0.60         
   Weight (kg) 142 20.5 ± 3.0 75 21.1 ± 3.1 67 19.9 ± 2.8 0.018         
   Height (cm) 142 115.3 ± 4.9 75 116.2 ± 4.8 67 114.2 ± 4.2 0.018         
   BMI (kg/m2) 142 15.40 ± 1.34 75 15.57 ± 1.41 67  15.21 ± 1.24 0.11         
   FMI (kg/m2)  142 3.21 ± 0.92 75 3.05 ± 0.90 67 3.40 ± 0.91 0.025         
   FFMI (kg/m2) 142 12.19 ± 1.03 75 12.52 ± 1.08 67 11.81 ± 0.81 < 0.001         
   FM (%) 142 20.7 ± 4.8 75 19.4 ± 4.5 67 22.1 ± 4.7 0.001         
   20 m shuttle run (laps) 137 10.1 ± 4.1 73 9.7 ± 3.8 64 10.4 ± 4.3 0.32         
   Handgrip strength (kg) 141 9.0 ± 2.0 74 9.6 ± 2.0 67 8.2 ± 1.8 < 0.001         
   Standing long jump (cm) 140 95.1 ± 17.1 74 96.5 ± 18.3 66 93.5 ± 15.7 0.31         
   4x10 m shuttle run (sec)b 140 16.1 ± 1.4 74 16.2 ± 1.4 66 16.1 ± 1.5 0.89         

BMI, body mass index; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index.; SD, standard deviation. 
a Refers to the P value of an independent t-test. 
b In this test the lower the score (in seconds), represents a better performance. 
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Table S2. Associations of body composition at 4.5 years of age with physical fitness at 5.5 years of age (n = 137-141). 
 
 Body composition at 4.5 years (x) 
 BMI (kg/m2)  FMI (kg/m2)  FFMI (kg/m2)  FM (%) 
Physical fitnessa at 5.5 years (y) β P  β P  β P  β P 
Cardiorespiratory fitness            
   Unadjusted -0.118 0.17  -0.149 0.082  -0.022 0.80  -0.110 0.20 
   Adjustedb -0.115 0.18  -0.167 0.050  -0.002 0.98  -0.139 0.11 
Upper-body muscular strength             
   Unadjusted 0.438 < 0.001  0.060 0.48  0.514 < 0.001  -0.115 0.17 
   Adjustedb 0.357 < 0.001  0.082 0.30  0.428 < 0.001  -0.053 0.51 
Lower-body muscular strength             
   Unadjusted -0.010 0.91  -0.276 0.001  0.232 0.006  -0.328 < 0.001 
   Adjustedb  -0.048 0.57  -0.284 0.001  0.216 0.014  -0.338 < 0.001 
Motor fitness            
   Unadjusted -0.023 0.79  -0.194 0.022  0.142 0.095  -0.227 0.007 
   Adjustedb -0.034 0.69  -0.211 0.013  0.162 0.075  -0.255 0.003 

BMI, body mass index; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index; β, standardized regression coefficient. 
a Physical fitness was measured using the PREFIT battery, i.e. 20 m shuttle run (cardiorespiratory fitness), hand grip strength (upper-body muscular strength), 
long jump (lower-body muscular strength) and 4 x 10 m shuttle run test (motor fitness). 
b All models were adjusted for maternal BMI, maternal educational attainment, child´s sex and the age at the measurements. 
 



Table 1. Associations of physical fitness at 4.5 years with body composition at 5.5 years (n = 138-142). 
 
 Physical fitnessa at 4.5 years (x) 
 Cardiorespiratory 

fitness 
 Upper-body muscular 

strength 
 Lower-body muscular 

strength 
 Motor 

fitness 
Body composition at 5.5 years (y) β p  β p  β p  β p 
   BMI (kg/m2)            
      Unadjusted 0.055 0.52  0.389 < 0.001  0.105 0.21  0.058 0.49 
      Adjustedb 0.064 0.48  0.385 < 0.001  0.112 0.20  0.074 0.40 
   FMI (kg/m2)            
      Unadjusted -0.306 < 0.001  -0.025 0.77  -0.265 0.001  -0.242 0.004 
      Adjustedb -0.229 0.007  0.061 0.47  -0.182 0.028  -0.184 0.026 
  FFMI (kg/m2)            
      Unadjusted 0.318 < 0.001  0.531 < 0.001  0.370 < 0.001  0.288 0.001 
      Adjustedb  0.265 0.001  0.447 < 0.001  0.303 < 0.001  0.255 0.001 
   FM (%)            
      Unadjusted -0.362 < 0.001  -0.170 0.043  -0.346 < 0.001  -0.311 < 0.001 
      Adjustedb -0.272 0.001  -0.066 0.41  -0.245 0.001  -0.245 0.001 

BMI, body mass index; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index; β, standardized regression coefficient. 
a Physical fitness was measured using the PREFIT battery, i.e. 20 m shuttle run test (cardiorespiratory fitness), handgrip strength test (upper-body muscular 
strength), standing long jump test (lower-body muscular strength) and 4 x 10 m shuttle run test (motor fitness).  
b Adjusted for maternal BMI, maternal educational attainment, child´s sex and age, at the measurements.  



Table 2. Associations of change in physical fitness with change in body composition between the ages of 4.5 and 5.5 years (n = 133-140). 
 
 Changea in physical fitness b (x) 
 Cardiorespiratory 

fitness 
 Upper-body muscular 

strength 
 Lower-body muscular 

strength 
 Motor 

fitness 
Changea in body composition (y) β p  β p  β p  β p 
   BMI (kg/m2)            
      Unadjusted -0.054 0.54  0.127 0.13  -0.035 0.68  -0.089 0.30 
      Adjustedc -0.046 0.63  0.208 0.032  -0.001 0.99  0.047 0.70 
   FMI (kg/m2)            
      Unadjusted -0.160 0.066  0.021 0.81  -0.157 0.064  -0.058 0.49 
      Adjustedc -0.200 0.015  0.130 0.13  -0.211 0.014  0.188 0.089 
   FFMI (kg/m2)            
      Unadjusted 0.100 0.25  0.088 0.30  0.127 0.13  -0.011 0.90 
      Adjustedc  0.082 0.33  0.137 0.098  0.137 0.091  -0.098 0.36 
   FM (%)            
      Unadjusted -0.174 0.045  -0.018 0.84  -0.181 0.033  -0.051 0.55 
      Adjustedc -0.198 0.011  0.064 0.43  -0.263 0.001  0.222 0.032 

BMI, body mass index; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index; β, standardized regression coefficient. 
a Refers to the change in physical fitness and body composition between the measurements at 4.5 and 5.5 years of age. 
b Physical fitness was measured using the PREFIT battery, i.e. 20 m shuttle run test (cardiorespiratory fitness), handgrip strength test (upper-body muscular 
strength), standing long jump test (lower-body muscular strength) and 4 x 10 m shuttle run test (motor fitness)  
c Adjusted for maternal BMI, maternal educational attainment, child´s sex, age at the measurements and baseline values of exposures and outcomes. 
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