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Abstract 

Background: Evidence has shown that higher levels of physical fitness (PF) in youth have beneficial effects on 
adult health-related outcomes. However, the tracking of separate PF components during adolescence has been less 
studied. Since PF often starts to rapidly decline during adolescence, it is necessary to provide information regarding 
critical time-point for interventions. This study aimed to analyze the extent of tracking the components of PF through 
PF tests.

Methods: In this longitudinal study, we recruited 240 adolescent girls with recoded data at 2 time-points (15 y and 
17 y). PF included body composition (fat mass), explosive power of lower extremities (standing broad jump), muscle 
endurance of the trunk (sit-ups in 60 s), flexibility (sit-and-reach test), muscle endurance of lower extremities (squats 
in 60 s), aerobic endurance (the 800 m run test) and speed endurance (the 400 m run test). Tracking coefficients were 
calculated using generalized estimating equations. Tertiles (high, moderate and low) were calculated for each fitness 
component.

Results: The highest tracking coefficients between the two time-points were found for explosive power of lower 
extremities (β = 0.98), followed by flexibility (β = 0.89), body composition (β = 0.88), speed endurance (β = 0.86), 
aerobic endurance (β = 0.75), muscle endurance of lower extremities (β = 0.65), and muscle endurance of the trunk 
(β = 0.51). Tertile ratings remained stable across the two time-points.

Conclusions: Moderate to high tracking of PF in adolescent girls suggests that interventions aiming to increase the 
level of PF should probably begin in early adolescence.
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Background
Physical fitness (PF) is a multi-dimensional, well-docu-
mented marker of health [1]. It is often described as ‘the 
capacity to perform physical activity and refers to a full 
range of physiological and psychological qualities’ [2]. 
Main components of PF include: (i) cardiorespiratory fit-
ness, (ii) muscular fitness, (iii) speed and (iv) body com-
position [1]. In youth, maintenance of lower levels of PF 
may have both short- and long-term consequences on 

health, including higher incidence of cardiorespiratory 
and metabolic risk factors during young age and in adult-
hood, which leads to premature all-cause mortality [1, 3, 
4].

Evidence suggests that children and adolescents 
between ages 6 and 17 should participate in muscle-
strengthening activities at least 2 or more days per week 
at moderate or greater intensity and in at least 60 min of 
mostly aerobic moderate-to-vigorous intensity activities 
on a daily basis [5]. Despite health-related benefits and 
efforts to promote PF [1], studies have shown that the 
level of PF in youth has consistently declined over the 
past three decades in the United States [6–8] and Europe 
[9, 10]. Thus, by screening and monitoring PF across the 
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lifespan, professionals would be able to implement spe-
cial interventions and policies in everyday settings.

Given the importance of lifelong PF for health, it is 
assumed that such construct tracks well from point-to-
point. Tracking can be defined in two ways: (i) ‘a ten-
dency of individuals to maintain their rank within a 
certain group over a period of time’ [11] and (ii) ’the abil-
ity to predict future observations based on earlier values’ 
[12].

Although collecting longitudinal data has some limita-
tions in terms of high costs, time and drop-out rates [13], 
several longitudinal PF analyses of different components 
are available in the literature [13–25]. In general, mod-
erate to high tracking of PF has been observed, with the 
results being strongly dependent on sex [14–16], the fol-
low-up period [17, 18], the number of time-points being 
measured [19–23] and the selection of different fitness 
tests [18, 19, 24].

In Croatia, the most recent study has shown negative 
secular trends of health-related PF; from 1999 to 2014 
body mass index increased, while cardiorespiratory and 
muscular fitness decreased in both sexes [26]. A com-
mon perception has been embraced that more time spent 
in sedentary behavior, lack of physical activity and con-
suming fat-rich food are the most prevalent factors for 
lower PF levels [27]. Since the level of PF starts to rapidly 
decline during adolescence, it is valuable to examine how 
different fitness components track during this critical 
period.

Therefore, the main purpose of the study was to ana-
lyze the extent of tracking of several PF tests. We hypoth-
esized that the performance on PF measures would track 
moderate to high across age comparisons and the main-
tenance of fitness tertile ratings would remain stable over 
time.

Methods
Study participants
In this longitudinal study, participants were adolescent 
girls measured at two time-points (15 y and 17 y). Spe-
cifically, out of ten secondary schools in the ’Varaždin’ 
county (≈45.000 inhabitants), 3 schools were randomly 
selected. Randomization of schools was done with 
replacement by drawing school codes on slips of paper 
from a box, with each school having equal probability of 
selection. At the second stage, four classes within each 
school were selected, which gave a total of twelve classes 
and 286 girls. Of them, nineteen did not attend physical 
education classes when the measurements were con-
ducted and thirty-seven had a measurement at only one 
time-point. Our final sample was consisted of 240 ado-
lescent girls who were measured in all PF components at 
two time-points. To confirm the representativeness of the 

sample, using a statistical power of 85%, margin of error 
of 5%, and the population of secondary school students 
in the ‘Varaždin’ county of ≈7.000, the required sample 
size was estimated at 202 adolescent girls. Parent of each 
participant and all participants gave informed written 
consent before enrollment into the study for participa-
tion. Analyses and procedures performed in the study 
were conducted in accordance with the Declaration of 
Helsinki [28] and approved by the Ethics Committee of 
the Faculty of Kinesiology, University of Zagreb, Croatia.

Health ‑related physical fitness
To assess the level of health-related PF, the following tests 
were applied: (i) fat mass (body composition), (ii) stand-
ing broad jump (explosive power of lower extremities), 
(iii) sit-ups in 60 s (muscle endurance of the trunk), (iv) 
sit-and-reach test (flexibility), (v) squats in 60  s (muscle 
endurance of lower extremities), (vi) the 800 m run test 
(aerobic endurance), and (vii) the 400 m run test (speed 
endurance). The methodology of data collection of each 
test has been described previously [29–31]. Prior the 
study, physical education teachers from each school 
were instructed, how to conduct the tests. All tests were 
assessed between September and October at both time-
points and were performed during physical education 
classes. To avoid fatigue, the protocol was split into two 
non-consecutive days during the morning hours between 
8:00 am and 11:00 am. On the first day of measurement, 
the tests were performed in following order: 1) fat mass, 
2) standing broad jump, 3) sit-ups in 60  s, 4) sit-and-
reach test and 5) squats in 60  s. Before every test, each 
participant had ≈15 min of resting period. On the second 
day, the 800 m run, and the 400 m run tests were applied. 
Fat mass was measured using bioelectrical impedance 
analysis for three consecutive times (Omron BF500Body 
Composition Monitor, Omron Medizintechnik, Vernon 
Hills, IL, USA). The reliability for three measurements 
was excellent (Cronbach’s alpha > 0.90). Standing broad 
jump tests jumping distance from a standing start (‘frog 
leap’), where each participant bends knees parallel to the 
ground and swings both arms, jumping vigorously as far 
as possible, trying to land with their feet together and 
stay upright [29]. Sit-up test evaluates muscle endurance 
of the trunk as number of sit-ups completed from lying 
position (knees bent at a 90°) in 60 s [29]. Sit-and reach 
test assesses the level of flexibility, by sitting on the floor 
or a mat, legs straight under the angle of 90°, the person 
being tested reached forward with the arms (hands over-
lapping). The distance of reach was measured in centim-
eters using a measuring non-elastic tape attached on the 
floor [30]. Squats in 60 s measures muscle endurance of 
lower extremities. The subject stood in a position where 
legs were spread in shoulder – width, hills were put at the 
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edge of the mat and hands were relaxed in their natural 
position. During the performance, the subject went down 
till the position where the tips of both hands touched the 
ground and went up with both legs in full extension. The 
total amount of correctly performed squats in one min-
ute was the score (reps) [31]. The 800 m run test assesses 
aerobic capacity. Participants were asked to complete 
the 800-m course in the quickest possible time around 
the standardized track and field running track 400 m in 
length. On the command ‘1,2,3 and go’, all participants 
began to run at their own pace. If a child had any kind 
of problem during the test, they were told to slow down 
or stop the test. Each trial was done with small groups 
of five to perform the test, to prevent from competition 
[32]. The final time in minutes was the score. Finally, 
the 400 m run test was used to assess the level of speed 
endurance. The same protocol as for the 800 m run test 
was used and the final score was recorded in minutes.

Data analysis
Basic descriptive statistics are presented as mean and 
standard deviation (SD). The Kolmogorov–Smirnov tests 
showed that data were normally distributed. Baseline and 
follow-up differences were calculated using paired sam-
ple t-test. Cohen d effect sizes (ES) were also calculated 
to determine the magnitude of the group differences in 
health-related PF. ES was classified as follows: < 0.2 was 
defined as trivial; 0.2–0.5 was defined as moderate; 0.5–
0.8 was defined as large; and > 0.8 was defined as very 
large [33]. Tracking of PF was assessed using generalized 
estimating equations. To describe the extent of tracking, 
we calculated a stability coefficient, the value of the out-
come was regressed on the predictor [34]. The coefficient 
ranges from 0 to 1, with 1 indicating perfect tracking and 
0 indicating no tracking. Participants’ scores in PF test 
at both time-points were classified into tertiles (high, 

moderate and low). Cross-tabulation matrices, percent 
agreements and kappa statistics were used to assess the 
ranking stability over time. Kappa tracking coefficients 
were classified as low (r < 0.3), moderate (r = 0.3–0.6), or 
moderately high (r > 0.6) [11]. Two-sided p-values were 
used, and significance was set at α < 0.05. All the analyses 
were calculated in Statistical Packages for Social Sciences 
v.23 (SPSS, Chicago, IL, United States).

Results
Basic descriptive statistics are presented in Table  1. 
Although significant, small effect sizes were observed 
for height and weight. Over a 3-year period, fat mass sig-
nificantly increased, while the level of explosive power 
of lower extremities (standing broad jump), muscle 
endurance of the trunk (sit-ups in 60  s), flexibility (sit-
and-reach test), muscle endurance of lower extremities 
(squats in 60  s), aerobic capacity (the 800  m run test) 
and speed endurance (the 400  m test) decreased. Mod-
erate-to-large effect sizes were presented for PF; the larg-
est changes for aerobic capacity, speed endurance and 
flexibility were observed, followed by flexibility, muscle 
endurance of lower extremities and muscle endurance 
of the trunk. Body composition and explosive power of 
lower extremities exhibited the lowest effect sizes during 
the follow-up period of three years.

Beta coefficients for the seven fitness tests appeared in 
Table 2. Tracking coefficients for the whole sample were 
significant at p < 0.001. All fitness components exhib-
ited moderate-to- high tracking. The strongest tracking 
coefficients were obtained for explosive power of lower 
extremities, flexibility, body composition and speed 
endurance, while aerobic capacity and muscle endurance 
of lower extremities exhibited somewhat lower values. 
Finally, muscle endurance of the trunk showed moderate 
tracking characteristics over time.

Table 1 Descriptive statistics of the study participants at baseline and follow-up (N = 240)

* Higher score denotes poorer performance, that is, more time is needed to complete the task in min

p < 0.05

Study variables Baseline Follow‑up ∆ (%) ES p‑value

Mean (SD) Mean (SD)

Stature (cm) 165.8 (7.3) 167.6 (7.5) 1.1 0.24  < 0.001

Weight (kg) 60.2 (14.0) 62.3 (14.8) 3.5 0.15  < 0.001

Fat mass (%) 27.0 (10.5) 29.8 (10.1) 10.4 0.27  < 0.001

Standing broad jump (cm) 178.5 (28.3) 170.9 (28.1) -4.3 -0.27  < 0.001

Sit‑ups (reps in 60 s) 55.4 (11.0) 51.2 (10.1) -7.6 -0.40  < 0.001

Sit‑and‑reach test (cm) 69.4 (8.9) 64.5 (9.6) -7.1 -0.53  < 0.001

Squats (reps in 60 s) 48.7 (8.0) 44.9 (7.9) -7.8 -0.48  < 0.001

The 800 m run test (min)* 4.49 (0.78) 4.99 (0.78) 11.1 0.64  < 0.001

The 400 m run test (min)* 1.47 (0.31) 1.64 (0.38) 11.6 0.49  < 0.001
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The maintenance in a specific group (high, medium 
and low) is presented in Table 3. For body composition, 
88.5% of 15-year-old girls with high fat mass remained 
in the same category at follow-up. Most notably, 23.8% 
of girls with low fat mass at baseline moved to ‘medium’ 
category. For explosive power of lower extremities, most 
of the participants categorized in ‘high’ and ‘medium’ cat-
egories remained in the same rank, while 22.2% of them 
being categorized in ‘low’ tertile increased their values 
to ‘medium’ category. The poorest persistence in muscle 
endurance of the trunk was observed; i.e. 28.6% of girls 
in ‘high’ tertile decreased their performance and move 
down to ‘medium’ rank. For the sit-and-reach test, 10.3% 
of girls in the ‘medium’ tertile at baseline decreased their 
flexibility performance and moved down to the low-
est tertile. The largest changes between the tertiles were 
observed for muscle endurance of lower extremities, 
that is, 38.5% of girls moved from ‘high’ to ‘medium’ ter-
tile rank. For aerobic capacity, 36.8% of girls in the high-
est tertile moved down to ‘medium’ tertile and 20.0% 
of those being categorized in ‘low’ tertile moved up in 
‘medium’ tertile. Finally, 22.2% of girls in ‘high’ tertile 
and 18.2% of girls in ‘low’ tertile at baseline moved in 
‘medium’ tertile. The strongest average agreement was 
indicated for explosive power of lower extremities, with 
slightly lower values being observed for flexibility, body 
composition and speed endurance. Similar percentage 
of agreement was shown for muscle endurance of lower 
extremities, aerobic endurance and muscle endurance of 
the trunk (< 70.0%). Kappa statistics showed moderate-
to-high stability of tertile ratings (kappa = 0.43 to 0.86, 
p < 0.001).

Discussion
The main purpose of the study was to analyze the extent 
of tracking and the maintenance of tertile classification of 
several PF tests in adolescent girls measured at two time-
points (15 y and 17 y). The main findings of the study are: 

1) the largest declines during the follow-up are observed 
for aerobic capacity, flexibility and speed endurance; 
2) the strongest tracking coefficients are obtained for 
explosive power of lower extremities, flexibility, body 

Table 2 Tracking coefficients for each physical fitness 
component between the 2 time-points (N = 240)

p < 0.05

Study variables Tracking 
coefficient

95% CI p‑value

Fat mass (%) 0.88 0.84 to 0.92  < 0.001

Standing broad jump (cm) 0.98 0.97 to 0.99  < 0.001

Sit-ups (reps in 60 s) 0.51 0.41 to 0.61  < 0.001

Sit-and-reach test (cm) 0.89 0.86 to 0.92  < 0.001

Squats (reps in 60 s) 0.65 0.55 to 0.74  < 0.001

The 800 m run test (min) 0.75 0.67 to 0.84  < 0.001

The 400 m run test (min) 0.86 0.80 to 0.90  < 0.001

Table 3 Girls’ maintenance of physical fitness tertile classification 
from baseline to follow-up (N = 240)

p < 0.05

Baseline Follow‑up

Fat mass (%) High Medium Low

 High 88.5% 11.5% 0.0%

 Medium 5.2% 87.1% 7.8%

 Low 0.0% 23.8% 76.2%

 Kappa statistics (p-value) 0.75 (< 0.001)

 Agreement 83.9%

Standing broad jump (cm)
 High 100.0% 0.0% 0.0%

 Medium 0.0% 92.9% 7.1%

 Low 0.0% 22.2% 77.8%

 Kappa statistics (p-value) 0.86 (< 0.001)

 Agreement 90.2%

Sit‑ups (reps in 60 s)
 High 61.9% 28.6% 9.5%

 Medium 19.0% 64.3% 16.7%

 Low 17.6% 17.6% 64.7%

 Kappa statistics (p-value) 0.43 (< 0.001)

 Agreement 63.6%

Sit‑and‑reach test (cm)
 High 90.5% 9.5% 0.0%

 Medium 2.6% 87.2% 10.3%

 Low 0.0% 20.0% 80.0%

 Kappa statistics (p-value) 0.78 (< 0.001)

 Agreement 85.9%

Squats (reps in 60 s)
 High 61.5% 38.5% 0.0%

 Medium 10.8% 70.3% 18.9%

 Low 11.8% 11.8% 76.5%

 Kappa statistics (p-value) 0.51 (< 0.001)

 Agreement 69.4%

The 800 m run test (min)
 High 57.9% 36.8% 5.3%

 Medium 19.5% 63.4% 17.1%

 Low 0.0% 20.0% 80.0%

 Kappa statistics (p-value) 0.47 (< 0.001)

 Agreement 67.1%

The 400 m run test (min)
 High 77.8% 22.2% 0.0%

 Medium 12.5% 80.0% 7.5%

 Low 0.0% 18.2% 81.8%

 Kappa statistics (p-value) 0.68 (< 0.001)

 Agreement 79.9%
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composition and speed endurance, and 3) the highest 
percentage agreements are shown for explosive power of 
lower extremities, flexibility, speed endurance and body 
composition.

The tracking coefficients derived from our data our 
similar, compared to previous studies conducted in youth 
[13, 18, 22, 23]. A recent longitudinal study showed that 
the tracking coefficients for similar fitness test assess-
ments ranged between 0.59 and 0.83 between ages 15 
y and 18 y [13]. Pate et  al. [18] tracked cardiorespira-
tory and muscular fitness assessed by the Physical Work 
Capacity 170 test and handgrip strength and found mod-
erate tracking coefficients (r = 0.53) in girls. In a study 
by Matton et al. [23], interagecorrelations between ado-
lescence and adulthood were moderate for body com-
position (r = 0.53), muscular endurance of the trunk 
(r = 0.34), explosive power of lower extremities (r = 0.59) 
and speed (r = 0.56), while flexibility exhibited moder-
ately high tracking (r = 0.76). Additionally, in a group of 
girls tracked between 6 and 11 y, tracking coefficients 
were moderate for the standing broad jump (r = 0.40), 
the endurance shuttle run (r = 0.42) and sprint (r = 0.50) 
[22]. The averaged tracking coefficient of all seven fitness 
tests in our study was 0.79, which is similar, compared 
to one previous study with the same age range (15 y to 
18 y; r = 0.71) [13]. The adolescent period in our study 
has been confirmed as a critical time for girls to main-
tain their PF levels, since they have a longer time span to 
achieve fitness, compared to boys [13].

As confirmed by previous literature, it is difficult to 
compare tracking coefficients across studies, due to dif-
ferent methodology, which included tests used to assess 
the level of PF, sample size, age at first observation, and 
time points between repeated measures [23, 35]. Never-
theless, previous longitudinal studies have documented 
that PF components track moderately to moderately high 
during childhood and adolescence [13, 18, 22, 23]. The 
nature of higher tracking of PF may be explained by a 
few mechanisms. First, PF has often been associated with 
more stable factors that do not change rapidly over time 
(genotype, morphology) [36]. Second, PF is less sensitive 
to age-as do opportunities- especially with children in 
the household [11]. Third, PF is often assessed by objec-
tive methods in the literature, reducing the level of meas-
urement error [37].

The second purpose of the study was to analyze the 
maintenance in a certain tertile (high, medium and low). 
We found a general trend, indicating that individuals cat-
egorized in the lowest tertile at the age of 15 y remained 
in the lowest tertile at the age of 17 y. The similar stabi-
lization was confirmed for individuals who started in 
the highest and middle tertile. Previous evidence sup-
ports our findings, pointing out that PF track well from 

childhood to adolescence [13, 16]. However, the per-
centage agreement in each fitness test in our study is 
somewhat higher, compared to previous results [13]. 
Specifically, a study by True et  al. [13] showed moder-
ate agreement between the time points, which may be 
explained by different methodology and the number of 
time point measurements. Previous studies have high-
lighted the importance of achieving even a ‘medium’ fit-
ness level, which gives an individual the opportunity to 
maintain the level of PF in the same category or to move 
up in a ‘highly fit’ category during pubertal stage [13]. On 
the other hand, it is relatively unlikely that an individual 
in the ‘low’ tertile improves to the ‘high’ tertile. There-
fore, special interventions and policies aiming to improve 
the level of PF in the ‘low’ group and at least maintain or 
enhance the level of PF in the ‘medium’ group should be 
implemented within the school settings [38].

Adolescence is often highlighted as a period for 
health-related interventions targeting PF levels. Previ-
ous evidence suggests that aerobic- and strength-related 
activities for improving motor-skill performance and 
enhance overall PF levels need to be incorporated within 
an active play, exercise and training [39, 40]. Also, PF 
should be monitored annually during physical education 
classes for two purposes: 1) in order to detect a ‘risky’ 
group of adolescent girls with ‘low’ performance, and 2) 
to prevent those categorized in the ‘medium’ tertile to 
drop into the lower tertile. Despite the effort to track PF 
over time, future research needs to focus on other genetic 
and environmental factors, which may influence the level 
and persistence of being in a certain PF category.

This study is not without limitations. Compared to 
some previous studies, the follow-up period of three 
years was relatively short and undertaking measures at 
only two time-points and conclusions should be inter-
preted with caution. Also, we conducted the study among 
adolescent girls, and by including the boys, the findings 
would have been comparable between sexes. Moreover, 
we did not acknowledge daily or weekly attendance in the 
movement program. It is possible that an individual was 
under moderate- or vigorous- intensity physical activ-
ity, when the study had been conducted, so this variable 
could not be accounted for. Lastly, we did not assess mat-
urational level, which might have affected on the devel-
opment of fitness over time.

Conclusions
In conclusion, our findings show that PF tracks moder-
ately- to highly-well over a follow-up period of 3  year. 
The highest tracking coefficients are observed for explo-
sive power of lower extremities, flexibility, body com-
position and speed endurance. Similarly, the largest 
percentage agreements are shown for explosive power of 



Page 6 of 7Kasović et al. BMC Pediatrics          (2022) 22:236 

lower extremities, flexibility, speed endurance and body 
composition. Girls maintain their tertile classification of 
high, moderate and low for each PF test. Thus, the period 
of adolescence should be a time-point for intervention 
aiming to enhance or even maintain the level of physi-
cal fitness for future acute and long-term health-related 
benefits.

Acknowledgements
The authors would like to thank all the physical education teachers, children 
and their parents or guardians for enthusiastic participation in the study.

Authors’ contributions
AO and LŠ conducted the study. LŠ analyzed the data. MK, AO, TV, KJ and LŠ 
wrote and drafted the manuscript. The author(s) read and approved the final 
version of the manuscript.

Funding
The paper was self-funded.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to the reason that they belong to the Secondary school 
‘Gospodarska škola Varaždin’ but are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of the Faculty of 
Kinesiology, University of Zagreb, Croatia. We confirm that the Faculty of Kine-
siology served as an institution, under which the study had been conducted. 
The informed consent voluntarily was signed by the participants, participants’ 
parents or their guardians. Analyses and procedures performed in the study 
were conducted in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of General and Applied Kinesiology, Faculty of Kinesiology, 
University of Zagreb, 10 000 Zagreb, Croatia. 2 Department of Sport Motorics 
and Methodology in Kinanthropology, Faculty of Sports Studies, Masaryk 
University, 62 500 Brno, Czech Republic. 3 Secondary School ‘Gospodarska 
škola Varaždin’, 42 000 Varaždin, Croatia. 4 Department of Research and Exami-
nation (RECETOX), Faculty of Science, Masaryk University, 62 500 Brno, Czech 
Republic. 

Received: 31 January 2022   Accepted: 25 April 2022

References
 1. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in child-

hood and adolescence: a powerful marker of health. Int J Obes (Lond). 
2008;32:1–11.

 2. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. 
Public Health Rep. 1985;100:126–31.

 3. Janssen I, Leblanc AG. Systematic review of the health benefits of physi-
cal activity and fitness in school-aged children and youth. Int J Behav 
Nutr Phys Act. 2010;7:40.

 4. 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.

 5. USDHHS. physical activity guidelines for Americans. Washington, DC: US 
Department of Health & Human Services; 2008. p. 2008.

 6. Bai Y, Saint-Maurice PF, Welk GJ, Allums-Featherston K, Candelaria N, 
Anderson K. Prevalence of youth fitness in the United States: baseline 
results from the NFL PLAY 60 FITNESSGRAM partnership project. J Pediatr. 
2015;167:662–8.

 7. Katzmarzyk PT, Denstel KD, Beals K, et al. Results from the United States of 
America’s 2016 report card on physical activity for children and youth. J 
Phys Act Health. 2016;13:307–13.

 8. Malina RM. Physical fitness of children and adolescents in the United 
States: status and secular change. Med Sport Sci. 2007;50:67-90. https:// 
doi. org/ 10. 1159/ 00010 1076.

 9. Telama R, Yang X. Decline of physical activity from youth to young adult-
hood in Finland. Med Sci Sports Exerc. 2000;32:1617–22.

 10. Tomkinson GR, Carver KD, Atkinson F, et al. European normative values for 
physical fitness in children and adolescents aged 9–17 years: results from 
2 779 165 Eurofit performances representing 30 countries. Br J Sports 
Med. 2018;52:1445–56.

 11. Malina RM. Tracking of physical activity and physical fitness across the 
lifespan. Res Q Exerc Sport. 1996;67:48–57.

 12. Foulkes MA, Davis CE. An index of tracking for longitudinal data. Biomet-
rics. 1981;37:439–46.

 13. True L, Martin EM, Pfeiffer KA, et al. Tracking of physical fitness compo-
nents from childhood to adolescence: a longitudinal study. Meas Phys 
Educ Exerc Sci. 2021;25:22–34.

 14. Beunen G, Ostyn M, Simons J, et al. Development and tracking in fitness 
components: Leuven longitudinal study on lifestyle, fitness and health. 
Int J Sports Med. 1997;18:171–8.

 15. Lefevre J, Philippaerts RM, Delvaux K, et al. Daily physical activity and 
physical fitness from adolescence to adulthood: A longitudinal study. Am 
J Hum Biol. 2000;12:487–97.

 16. Maia JA, Lefevre J, Claessens A, Renson R, Vanreusel B, Beunen G. Tracking 
of physical fitness during adolescence: a panel study in boys. Med Sci 
Sports Exerc. 2001;33:765–71.

 17. Marshall SJ, Sarkin JA, Sallis JF, McKenzie TL. Tracking of health-related 
fitness components in youth ages 9 to 12. Med Sci Sports Exerc. 
1998;30:910–6.

 18. Pate RR, Trost SG, Dowda M, et al. Tracking of physical activity, physical 
inactivity, and health-related physical fitness in rural youth. Pediatr Exerc 
Sci. 1999;11:364–76.

 19. Andersen LB, Hasselstrøm H, Grønfeldt V, Hansen SE, Karsten F. The rela-
tionship between physical fitness and clustered risk and tracking of clus-
tered risk from adolescence to young adulthood: eight years follow-up in 
the Danish Youth and Sport Study. Int J Behav Nutr Phys Act. 2004;1:6.

 20. Boreham C, Robson PJ, Gallagher AM, Cran GW, Savage JM, Murray LJ. 
Tracking of physical activity, fitness, body composition and diet from 
adolescence to young adulthood: The Young Hearts Project, Northern 
Ireland. Int J Behav Nutr Phys Act. 2004;1:14.

 21. de Souza MC, de Chaves RN, Lopes VP, et al. Motor coordination, activity, 
and fitness at 6 years of age relative to activity and fitness at 10 years of 
age. J Phys Act Health. 2014;11:1239–47.

 22. Falk B, Cohen Y, Lustig G, Lander Y, Yaaron M, Ayalon J. Tracking of physical 
fitness components in boys and girls from the second to sixth grades. 
Am J Hum Biol. 2001;13:65–70.

 23. Matton L, Thomis M, Wijndaele K, et al. Tracking of physical fitness and 
physical activity from youth to adulthood in females. Med Sci Sports 
Exerc. 2006;38:1114–20.

 24. Janz KF, Dawson JD, Mahoney LT. Tracking physical fitness and physical 
activity from childhood to adolescence: the Muscatine study. Med Sci 
Sports Exerc. 2000;32:1250–7.

 25. Roth A, Schmidt SCE, Seidel I, Woll A, Bös K. Tracking of physical fitness of 
primary school children in trier: a 4-year longitudinal study. Biomed Res 
Int. 2018;2018:7231818.

 26. Kasović M, Štefan L, Petrić V. Secular trends in health-related physical fit-
ness among 11–14-year-old Croatian children and adolescents from 1999 
to 2014. Sci Rep. 2021;11:11039.

https://doi.org/10.1159/000101076
https://doi.org/10.1159/000101076


Page 7 of 7Kasović et al. BMC Pediatrics          (2022) 22:236  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 27. Potočnik ŽL, Jurak G, Starc G. Secular trends of physical fitness in twenty-
five birth cohorts of Slovenian children: a population-based study. Front 
Public Health. 2020;8: 561273.

 28. World Medical Association. World Medical Association Declaration of 
Helsinki: ethical principles for medical research involving human subjects. 
JAMA. 2013;310:2191–4.

 29. Štefan L, Paradžik P, Sporiš G. Sex and age correlations of reported and 
estimated physical fitness in adolescents. PLoS ONE. 2019;14:0219217.

 30. PCPFS (President’s Council on Physical Fitness and Sports). The president’s 
challenge physical fitness test: V-sit reach. United States: U.S. Department 
of Health and Human Services; 2012.

 31. Štefan L, Neljak B, Petrić V, Kasović M, Vespalec T. Normative data for 
musculoskeletal fitness in 13,217 children and adolescents: the Croatian 
Fitness (CROFIT) study. Res Q Exerc Sport. 2021;2021:1–9.

 32. Lammers AE, Hislop AA, Flynn Y, Haworth SG. The 6-minute walk 
test: normal values for children of 4–11 years of age. Arch Dis Child. 
2008;93:464–8.

 33. Cohen J. A power primer. Psychol Bull. 1992;112:155–9.
 34. Twisk, JWR. Applied longitudinal data analysis for epidemiology. A practi-

cal guide, 2nd edition. Cambridge: Cambridge University Press; 2013. 
https:// doi. org/ 10. 1017/ CBO97 81139 342834.

 35. Telama R. Tracking of physical activity from childhood to adulthood: a 
review. Obes Facts. 2009;2:187–95.

 36. Bouchard C, Malina RM, Pérusse L. Genetics of fitness and physical perfor-
mance, 1st edition. United States: Human Kinetics; 1997.

 37. Vanhees L, Lefevre J, Philippaerts R, et al. How to assess physical 
activity? How to assess physical fitness? Eur J Cardiovasc Prev Rehabil. 
2005;12:102–14.

 38. Kriemler S, Meyer U, Martin E, van Sluijs EM, Andersen LB, Martin BW. 
Effect of school-based interventions on physical activity and fitness in 
children and adolescents: a review of reviews and systematic update. Br J 
Sports Med. 2011;45:923–30.

 39. Faigenbaum AD, Geisler S. The promise of youth resistance training. B&Q. 
2021;37:47–51.

 40. Faigenbaum AD, MacDonald JP, Carvalho C, Rebullido TR. The pediatric 
inactivity triad: a triple jeopardy for modern day youth. ACSMs Health Fit 
J. 2020;24:10–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1017/CBO9781139342834

	Tracking of health-related physical fitness in adolescent girls: a 3-year follow-up study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study participants
	Health -related physical fitness
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


