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ABSTRACT
In this paper, three different statistical approaches were used to investigate short-term tracking of
cardiorespiratory and performance-related physical fitness among adolescents. Data were obtained
from the Oporto Growth, Health and Performance Study and comprised 1203 adolescents (549 girls)
divided into two age cohorts (10–12 and 12–14 years) followed for three consecutive years, with annual
assessment. Cardiorespiratory fitness was assessed with 1-mile run/walk test; 50-yard dash, standing
long jump, handgrip, and shuttle run test were used to rate performance-related physical fitness.
Tracking was expressed in three different ways: auto-correlations, multilevel modelling with crude
and adjusted model (for biological maturation, body mass index, and physical activity), and Cohen’s
Kappa (κ) computed in IBM SPSS 20.0, HLM 7.01 and Longitudinal Data Analysis software, respectively.
Tracking of physical fitness components was (1) moderate-to-high when described by auto-correlations;
(2) low-to-moderate when crude and adjusted models were used; and (3) low according to Cohen’s
Kappa (κ). These results demonstrate that when describing tracking, different methods should be
considered since they provide distinct and more comprehensive views about physical fitness stability
patterns.
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Introduction

Physical fitness (PF) is a complex and multi-faceted construct
integrating a wide set of bodily functions – morphological,
muscular, motor, cardiorespiratory, and metabolic (Bouchard &
Shepard, 1994; Malina, 2001; Ortega, Ruiz, Castillo, & Sjostrom,
2008). Although there is no universal definition, PF is generally
regarded as the capacity to perform daily physical activities
without undue fatigue (Bouchard & Shepard, 1994; Ortega,
Ruiz, & Castillo, 2013; Ortega et al., 2008; Safrit, 1990; Smith
et al., 2014). Further, most of the available test batteries
include components that are interchangeably applied to
assess both performance and health-related PF (Safrit, 1990).

There is a consistent body of evidence relating the favour-
able effects of moderate-to-high levels of PF to health-related
outcomes, namely, adiposity, cardio-metabolic risk factors,
bone, and psychological traits in childhood and adolescence
(Malina, 2001; Moliner-Urdiales et al., 2010; Ortega et al., 2008,
2011, 2013; Smith et al., 2014). The benefits of PF have also
been reported among overweight children and adolescents
giving rise to the “fat but fit” paradigm (Brouwer, Stolk, Liem,
Lemmink, & Corpeleijn, 2013; Ortega et al., 2008, 2013).
Besides health benefits, one of the major reasons to target
PF in children and adolescents relates to their developmental
periods in terms of acquisition of health behaviours, which are
believed to persist later in life (Ortega et al., 2008, 2013; Pate,

Oria, & Pillsbury, 2012), i.e., they track over time. From a health
promotion perspective, information about the dynamics of
short- and long-term changes in PF during childhood and
adolescence provides reliable knowledge about the stability
in PF allowing the early identification of participants with an
unfit profile, that may be useful in the implementation of
preventive measures (Da Silva, Beunen, Prista, & Maia, 2013;
Janz, Dawson, & Mahoney, 2000; Malina, 2001; Ortega et al.,
2013).

Tracking studies are most often conducted to describe
patterns of growth or change (Kowalski & Schneiderman,
1992). In epidemiology, tracking is mainly used to estimate
the relative stability of factors related to chronic diseases
(Kowalski & Schneiderman, 1992, Twisk, 2003b) and to predict,
to some extent, later values (Kowalski & Schneiderman, 1992;
Malina, 2001, Twisk, 2003b). As such, tracking broadly
describes a regular behaviour among a collection of growth
patterns, or the tendency of individuals, or collection of indi-
viduals, to stay on a particular course of changes in growth,
and in our case would be changes in PF (Kowalski &
Schneiderman, 1992). Tracking studies on PF generally suggest
moderate-to-moderately high coefficients from childhood to
adolescence (Da Silva et al., 2013; Malina, 2001; Pahkala et al.,
2013) but inter-age auto-correlations can range from low-to-
moderately high (e.g., 0.24–0.71 for muscular strength and
0.30–0.61 for cardiorespiratory fitness) (Malina, 2001).
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Methodologically, there are wealth of statistical techniques to
address tracking (Kowalski & Schneiderman, 1992; Twisk, 2003b),
but most PF studies are based on auto-correlations (Da Silva
et al., 2013; Malina, 2001). Tracking is an important facet when
describing longitudinal changes occurring in a certain variable,
and in order to take full advantage of the available information,
it is of great interest to jointly consider the influence of time-
varying and/or time-invariant covariates (Da Silva et al., 2013;
Maia et al., 2010; Rodrigues, Leitao, & Lopes, 2013; Twisk, 2003b).
The combined use of more adequate statistical techniques
makes it possible to examine more challenging issues arising
from the notion of (in)stability of longitudinal data that goes
beyond the information provided by auto-correlations. For
instance, it is possible to explore individual characteristics,
dynamics of change of each subject in relation to his/her
group over time, as well as inter-individual differences in intra-
individual changes. Therefore, the aim of this study is to inves-
tigate short-term tracking of cardiorespiratory and performance-
related PF among adolescents using three distinct approaches:
(1) auto-correlations; (2) multilevel modelling based on a statis-
tical approach suggested by Twisk (2003b) correcting tracking
values for time-varying covariates; and (3) Cohen’s Kappa (κ) in
order to identify group and individual tracking as well as indivi-
duals whose trajectories are instable across time. As such, dis-
cussing the interpretation of different ways to describe tracking
of PF components will enhance our understanding about their
(in)stability patterns or changes during the transition from child-
hood to adolescence. Further, this will provide more reliable
information in targeting children at risk when developing
more efficient interventions programmes.

Material and methods

Sample

Data are from the Oporto Growth, Health and Performance
Study (OGHPS) whose main aim is to investigate, longitudin-
ally, the interaction among individual characteristics, environ-
mental factors and lifestyle predictors that affect growth,
development and health aspects of Portuguese adolescents.
The OGHPS has a mixed-longitudinal design involving ran-
domly selected adolescents from 10 to 18 years old divided
into four cohorts (n ≈ 250–300 per cohort). The first cohort
was followed annually from 10 to 12 years; the second from 12
to 14 years; the third from 14 to 16 years, and the fourth from
16 to 18 years.

For the present study, we will only consider adolescents
from the first and second cohorts (10–14 years) given they
represent the pubertal period (i.e., mean age at peak height
velocity 12 in girls and 14 in boys). To make maximum use
of the data, all valid data on each PF test was included.
Consequently, sample sizes vary in each PF test (see
Table 2). All measurements were conducted annually during
the same months. Legal authorisation was obtained from
school directors, and parents gave their informed consent;
the Ethics Committee of the University of Porto approved
the project.

Anthropometry

Anthropometric measurements were made by trained staff
following the International Society for the Advancement of
Kinanthropometry (Ross & Ward, 1986) standardised protocols.
Height was measured to the nearest 0.1 cm with a portable
stadiometer (Holtain, UK). Body mass (kg) was measured with
a portable bioelectrical impedance scale using the TANITA BC-
418 MA Segmental Body Composition Analyser (Tanita,
Corporation, Tokyo, Japan) with a 0.1 kg precision. Body
mass index (BMI) was computed using the standard formula
BMI = [body mass (kg) · (height (m)2)−1].

Biological maturation

Biological maturation was indirectly assessed by the maturity
offset regression procedure proposed by Mirwald, Baxter-
Jones, Bailey, and Beunen (2002) which estimates how many
years a subject is from peak height velocity (PHV). A positive
(+) maturity offset represents the number of years the partici-
pant is beyond PHV, whereas a negative (–) maturity offset
represents the number of years the subject is before from PHV.
Estimated age at peak height velocity is determined by chron-
ological age minus maturity offset.

Physical fitness

Aerobic capacity was assessed via 1-mile run/walk test as
described in the Fitnessgram battery (Fitnessgram, 1994). In
brief, all participants ran/walked a distance of 1609 m in the
shortest time possible. Performance-related fitness was
assessed with several items from the AAHPERD youth fit-
ness test (AAHPER, 1976) and included: (a) running speed –
50-yard dash test: all participants ran this distance in the
shortest time possible; (b) explosive leg power – standing
long jump test: all participants jumped as far as possible
from a standing position; (c) static strength – grip strength
test: all participants gripped the dynamometer (Takei
Physical Fitness Test GRIP-D, Japan) with maximum force
during 5–10 s; and (d) agility – shuttle-run test: all partici-
pants ran as fast as possible from the starting line to a line
9 m away where two small wooden blocks were placed,
picked-up one of the blocks, returned to the starting line,
placed the block on the line, and then repeated route.

Physical activity

Total physical activity (TPA) was estimated with the Baecke
questionnaire (Baecke, Burema, & Frijters, 1982), a reliable and
valid instrument (Miller, Freedson, & Kline, 1994; Philippaerts,
Westerterp, & Lefevre, 1999) that describes three basic
domains of PA, namely, school PA, leisure time PA, and sport
participation PA. It comprises a total of 16 questions divided
into these domains and each is scored from 1 (minimal PA) to
5 (maximal PA). TPA score is obtained from the unweighted
sum of the three domains, and scores ranged from 3 (lowest)
to 15 (highest). All adolescents answered the questionnaires
during their physical education classes under the supervision
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of the physical education teachers who were trained by the
research team.

Data quality control

Data quality control was assessed in three different steps: (1)
training of all team members by experienced researchers of the
Kinanthropometry Laboratory of the Sports Faculty, University of
Porto, Portugal; (2) conducting random retests (intra-rater relia-
bility) on each assessment day; (3) reliability calculations using
the ANOVA-based intra-class correlation coefficient (R), as well as
the technical error of the measurement (TEM): TEM = 0.1 cm for
height and 0.1 kg for body mass; for PF tests, R values ranged
from 0.88 (shuttle run) to 0.95 (handgrip); for PA, R = 0.75.

Statistical analysis

All analyses were stratified by gender. Exploratory and descrip-
tive data analyses were conducted in IBM SPSS 20.0 software
to check for the presence of outliers.

Tracking was expressed in three different ways. First, auto-
correlations (r) were computed in IBM SPSS 20.0 software.
Since we have three data points in each cohort, three auto-
correlations are available within each cohort. In order to have
a single auto-correlation within cohort to express tracking,
each value was transformed to a Fisher’s z-value; then, the
three Fisher’s z-values were added and the mean calculated;
finally, the mean Fisher’s z-value was transformed back into an
auto-correlation value, labelled as mean r as previously advo-
cated (Beunen et al., 1999; Da Silva et al., 2013).

Second, crude and adjusted tracking coefficients were calcu-
lated in HLM7.01 software, usingmaximum likelihood parameter
estimation techniques, following a statistical model suggested
by Twisk (2003b) and expressed by the following formula:

Yit ¼ β0 þ β1Yit1 þ β2t þ
XJ

j¼1

β3jXijt þ εit:

For the sake of clarity, we will define its components by use of an
example with the handgrip test. Yit is the observed handgrip level
for subject i (i = 1, . . ., n) at time t (t = 1, . . ., k), Yit1 is the observed
handgrip level at baseline for subject i, β1 is the regression coeffi-
cient used as a tracking coefficient, β2 is the regression coefficient

for time (in our case a 3-year period), Xijt is the time-varying
covariate j of individual i (our time-varying variables are BMI,
maturity offset, and PA), β3j is the regression coefficient for each
time-varying covariate j, J is the number of time-varying covari-
ates, and εit is the error for subject i at time-point t. The relation-
ships between the initial value at t1 and the values from t2 to t3
were simultaneously estimated, resulting in one single regression
coefficient (β1). Based on this model, crude tracking coefficients
were first calculated and the value of the initial measurement at t1
(Yit1) was regressed on the entire longitudinal data available from
t2 to t3 (no time-varying predictors were included at this crude
model). Then, we calculated adjusted tracking coefficients where
Yit1 value was also used as in crude model, and additionally the
model was corrected for time-varying (Xijt) covariates (BMI, matur-
ity offset and TPA). In order to account for scale differences, all
predictor variables were transformed into subgroup specific
z-scores before entering the model, i.e., subgroup mean centring.
The use of standardised variables in the longitudinal analyses
makes the coefficients vary between −1 and +1, but since we
assume that correlations among the repeated observations are
positive, these tracking coefficients have values between 0 and 1,
making the tracking coefficients interpretable as a longitudinal
correlation coefficient (Twisk, 2003b).

Third, PF tracking was also described following Cohen’s
Kappa (κ) implemented in Longitudinal Data Analysis (LDA)
software (Schneiderman & Kowalski, 1993). This approach is
based on the notion that tracking exists if an individual’s
successive measurements remain in the same quantile of the
distribution over time (Kowalski & Schneiderman, 1992). This is
a descriptive and nonparametric statistic and following Landis
and Koch (1977) values of κ > 0.75 represent excellent track-
ing, 0.40 ≤ κ < 0.75 moderate stability, and κ < 0.40 poor
tracking. Tracking expresses the number of times each subject
is within his/her canal, i.e., the greater the number of times,
the higher the κ. In this study, we will consider that three
distinct longitudinal canals (tertile division of the distribution
at each time point) are possible trajectories for all participants
given the short duration of the repeated observations. Given
that there are three time points and three canals, 33 = 27
individual possible trajectory combinations are possible. From
the canals, we identified the percentage of participants whose
trajectories were highly instable in the extremes (see Figure 1).
Positive instability means participants that at the first

Figure 1. Examples of all possible trajectories of positive and negative instability as previously defined [dotted lines represent percentiles (P1, P33, P66, P100)].
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measurement year were in the first canal and then improved
their fitness levels reaching the third canal; these are identified
as 123, 113, and 133. Negative instability refers to participants
that at the first measurement were in the third canal and with
time decreased their fitness levels, cross canals and came
down to the first canal and are identified as 311, 321, and 331.

Results

Descriptive statistics are shown in Table 1. In general, girls and
boys show mean improvements in their PF tests over time.
The mean BMI is similar in both sexes. Girls’ maturity offset in
cohort 1 was closer to PHV and in cohort 2 values were more
similar, except at age 12. Girls’ and boys’ mean TPA values
increased over time, but in cohort 2 mean values were more
stable.

Table 2 shows the results for tracking. Following cut-points
from Malina (2001), auto-correlations show moderate-to-high
tracking across cohorts (0.39 < rm < 0.79). Static strength had
the highest stability in both cohorts and sexes (rm = 0.70–0.79).
On the other hand, cardiorespiratory fitness had the lowest
stability in girls from cohort 2 (rm = 0.39).

In the second approach multilevel modelling was used to
calculate crude and adjusted stability coefficients, which are, in
fact, longitudinal correlations. Using Malina’s cut-points, crude
coefficients show moderate-to-high tracking and static
strength showed more stability over time in boys and girls
from both cohorts (β = 0.61–0.72). However, when tracking
was adjusted for dynamic changes in BMI, maturity offset and
TPA, β values were lower. In cohort 1, low tracking is evident for
cardiorespiratory fitness in both sexes (β = 0.33 and 0.36 for girls
and boys, respectively), and also in boys’ agility (β = 0.30).
Speed, explosive leg power and static strength show slightly
higher β values. In cohort 2, cardiorespiratory fitness was less
stable in girls (β = 0.31), and speed in boys (β = 0.34). Both sexes
showed “moderate” tracking in the other components.

Cohen’s Kappa showed the lowest PF tracking estimates.
Following Landis and Koch (Landis & Koch, 1977), κ was poor
for all PF components across the cohorts, except for static
strength in both cohorts (0.41 < κ < 0.51). Further, the

percentage of positive instability, as previously defined, ran-
ged from 1.4% (girls’ velocity in cohort 2) to 7.2% (girls’
cardiorespiratory fitness in cohort 1); negative instability ran-
ged from 0.9% (boys’ static strength in cohort 2) to 6.0% (girls’
cardiorespiratory fitness and boys’ agility both from cohort 1).

Discussion

This study used three different approaches to examine the
short-term tracking in adolescents’ cardiorespiratory and per-
formance-related PF. If a regular pattern is kept over time,
then prediction is possible (Kowalski & Schneiderman, 1992;
Malina, 2001, Twisk, 2003b). As such, tracking encapsulates
two main ideas: stability and predictability (Kowalski &
Schneiderman, 1992). Stability is a somewhat elusive concept,
such that available statistical techniques to quantify tracking
vary and depend on the assumptions linked to the stability-
instability concept which may lead to different conclusions
(Kowalski & Schneiderman, 1992). For example, in boys’ cardi-
orespiratory fitness of cohort 1 a moderate auto-correlation
(rm = 0.62) was found. However, when using the multilevel
approach adjusted for time-varying covariates the stability
dramatically decreased (β = 0.36) and remained poor when
determined by Cohen’s Kappa (κ = 0.37).

Most of the available results concerning tracking of PA and PF
are based on auto-correlations (Malina, 2001). This is a quite simple
statistic to calculate and relatively easy to interpret but has known
limitations (Malina, 2001, Twisk, 2003b; Twisk, Kemper, &
Mellenbergh, 1994). Our results revealed a moderate-to-high PF
tracking in the two cohorts. Previous studies reported autocorrela-
tion values ranging from low tomoderately high for health-related
and performance-related PF. For example, the Muscatine Study
(Janz et al., 2000) followed children and adolescents from 10 to
15 years and results were very similar to our findings with stability
ranging from 0.39 to 0.44 in cardiorespiratory fitness and from 0.62
to 0.75 in static strength. On the contrary, the Ellisras Longitudinal
Study (Monyeki, Koppes, Monyeki, Kemper, & Twisk, 2007) inves-
tigated 1-year tracking in 228 boys and 189 girls aged from 11 to
15 years and reported poor stability for agility (r < 0.07), low
stability for cardiorespiratory fitness (0.29 < r < 0.36), and

Table 1. Descriptive statistics for boys and girls of each age cohort.

Cohort 1 Cohort 2

10 years 11 years 12 years 12 years 13 years 14 years

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

1-mile run/walk (min) ♀ 10.98 (1.86) 10.41 (1.78) 10.57 (1.82) 10.75 (1.69) 10.10 (1.58) 10.29 (1.76)
♂ 9.57 (1.94) 8.91 (1.88) 9.04 (1.86) 8.99 (1.76) 8.36 (1.75) 7.95 (1.53)

50-yard dash (s) ♀ 9.26 (0.84) 8.85 (1.0) 8.51 (0.85) 8.76 (0.97) 8.59 (0.87) 8.33 (0.80)
♂ 8.82 (0.90) 8.52 (1.12) 8.01 (0.99) 8.19 (0.82) 7.97 (0.91) 7.30 (0.75)

Standing long jump (cm) ♀ 126.37 (22.12) 134.67 (22.36) 139.12 (21.71) 135.21 (21.79) 144.54 (23.42) 143.41 (23.67)
♂ 137.01 (22.19) 148.57 (22.36) 158.26 (24.61) 153.93 (23.37) 167.67 (27.80) 182.18 (28.60)

Handgrip strength (kg) ♀ 17.57 (3.87) 21.20 (4.38) 23.31 (4.14) 22.36 (4.57) 25.15 (4.53) 26.73 (4.49)
♂ 18.29 (4.04) 20.95 (4.60) 25.13 (6.08) 23.34 (5.52) 27.99 (6.68) 32.74 (7.01)

Agility shuttle run (s) ♀ 12.63 (1.34) 11.87 (1.27) 11.72 (1.22) 12.04 (1.20) 11.61 (1.21) 11.68 (1.24)
♂ 12.04 (1.43) 11.23 (1.21) 11.02 (1.24) 11.29 (1.12) 10.70 (1.24) 10.35 (1.01)

BMI (kg m−2) ♀ 20.08 (3.76) 20.37 (3.90) 20.29 (3.73) 20.56 (3.75) 21.33 (3.71) 21.93 (3.62)
♂ 20.09 (3.73) 20.14 (3.71) 20.15 (3.92) 20.23 (3.65) 20.68 (3.53) 21.29 (3.42)

Maturity offset (years) ♀ −1.54 (0.57) −0.72 (0.57) 0.05 (0.51) −0.26 (0.59) 0.53 (0.54) 1.17 (0.49)
♂ −2.24 (0.58) −1.40 (0.66) −0.52 (0.77) −0.92 (0.74) 0.11 (0.82) 1.07 (0.85)

Total physical activity ♀ 7.05 (1.09) 7.56 (1.11) 8.33 (1.18) 7.45 (1.33) 7.63 (1.20) 7.60 (1.21)
♂ 7.75 (1.22) 8.31 (1.19) 9.00 (1.21) 8.56 (1.38) 8.55 (1.32) 8.54 (1.22)

SD = standard deviation; min = minutes; s = seconds; cm = centimetres; kg = kilograms; m = meters.
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moderate for explosive leg power (0.53 < r < 0.57). More recently,
294 Brazilian girls from four age cohorts (8, 10, 12, and 14 years)
were followed for three consecutive years (Da Silva et al., 2013),
and compared to our tracking coefficients were similar in cardior-
espiratory fitness (0.39 < r < 0.50) and agility (0.46 < r < 0.59), but
slightly higher for static strength (r = 0.87), and explosive leg
power (0.70 < r < 0.73). Methodological and biological factors
may account for some discrepancy in PF tracking (Malina, 2001).
Methodologically, the auto-correlational approach does not pro-
vide a single tracking value if more than two time points are
available [the number of possible auto-correlations is given by k
(k − 1)/2] such as the case in this study and other truly longitudinal
investigations. To resolve this problem, we calculated a mean r,
but previous studies only reported correlations between the fol-
low-up and preceding years (Janz et al., 2000; Monyeki et al., 2007)
or a weighted mean r (Da Silva et al., 2013). This, of course, may
partly explain the disparity in auto-correlations. In addition, the
likelihood of obtaining higher stability values is very high with
shorter follow-up periods (Malina, 2001). Moreover, tracking is
likely to be low with younger participants at baseline (Malina,
2001). However, our results did not provide this evidence. The
lower stability in cohort 2, mainly in girls’ cardiorespiratory fitness,
can be partially explained by the fact that, on average, they have
already started the adolescent spurt and are closer to their PHV as
compared to those from cohort 1. During this period, variability in
timing and tempo of the growth spurt associated to maturation-
related changes in body mass are likely to affect performance by
increasing inter-individual variation in PF development which
potentially influence tracking (Malina, 2001). In summary, the
tracking statistic mostly used in sport sciences/physical activity
epidemiology research is auto-correlation, despite that it may
present several shortcomings. Further, there are viable alterna-
tives, more informative and richer in substantive terms.

The multilevel modelling tracking approach as suggested
by Twisk (Twisk, Kemper, & van Mechelen, 2000, Twisk, 2003b)
is far more informative than auto-correlations given that (1) all

available longitudinal data is used to estimate stability coeffi-
cients; (2) it is suitable for designs with unequally spaced time
intervals; (3) it enables the study of inter-individual differences
in intra-individual changes; and (4) relevant time-varying and/
or invariant covariates are incorporated as confounder vari-
ables into the tracking analysis. As such, the resulting stability
coefficient can be interpreted as a longitudinal (partial) corre-
lation coefficient (Kristensen et al., 2008, Twisk et al., 2000,
Twisk, 2003b). Crude coefficients were moderate-to-high; how-
ever, when tracking was adjusted for dynamic covariates sys-
tematic decreases in all fitness components stabilities were
found. It is somewhat difficult to compare our results with
previous publications because they are mostly analysed with
auto-correlations and never include the effects of dynamic
covariates in their reports. As reported, the calculation of a
tracking index based only on the longitudinal development of
a PF component, without considering confounding variables,
can highly influence tracking estimates (Twisk et al., 2000), and
may affect predictability of future values. PF is part genetically
determined (Bouchard, Malina, & Pérusse, 1997), however it
has been shown that several other factors can also influence
performance during childhood and adolescence, namely bio-
logical maturation (generally, positive association) (Da Silva
et al., 2013; Freitas et al., 2002; Malina, 2001; Malina,
Bouchard, & Bar-Or, 2004), BMI (negative association in
motor tasks linked to jumping, running and lifting, but posi-
tive association with strength tasks) (Malina et al., 2004), and
PA (positive association, although in lower magnitude and
varying from study to study) (Da Silva et al., 2013; Malina,
2001; Malina et al., 2004; Parikh & Stratton, 2011). After con-
trolling for time-varying covariates, boys’ cardiorespiratory fit-
ness and static strength had a greater reduction in their
stability. This may be due to the fact that variation in perfor-
mance associated to maturation is more noticeable in boys
than girls (Malina et al., 2004). Early maturing boys tend to
perform systematically better, especially in motor tasks

Table 2. Mean auto-correlations, estimated population tracking coefficients (β), and Cohen’s Kappa for each PF test in each cohort separately for boys and girls.

Autocorrelation Multilevel modelling Cohen’s Kappa (κ)

n Mean r (rm) Crude β§ 95% CI Adjusted β 95% CI κ 95% CI Instability + (%) Instability − (%)

Cohort 1
1-mile run/walk (min) ♀ 252 0.53 0.46 0.37; 0.55 0.33 0.24; 0.42 0.29 0.24; 0.34 7.2 6.0

♂ 257 0.62 0.54 0.45; 0.63 0.36 0.27; 0.45 0.37 0.32; 0.42 2.4 2.0
50-yard dash ♀ 240 0.64 0.60 0.52; 0.68 0.49 0.40; 0.58 0.40 0.35; 0.46 2.9 2.5

♂ 255 0.57 0.61 0.53; 0.69 0.46 0.38; 0.54 0.41 0.35; 0.46 3.2 2.0
Standing long jump ♀ 253 0.66 0.58 0.50; 0.66 0.49 0.41; 0.57 0.35 0.30; 0.40 3.2 2.8

♂ 270 0.68 0.63 0.55; 0.71 0.48 0.40; 0.56 0.37 0.32; 0.42 2.5 3.4
Handgrip strength ♀ 291 0.73 0.61 0.55; 0.67 0.48 0.42; 0.54 0.42 0.37; 0.47 1.6 2.0

♂ 295 0.74 0.71 0.64; 0.78 0.48 0.40; 0.56 0.42 0.37; 0.47 5.4 3.0
Agility shuttle run ♀ 258 0.53 0.51 0.42; 0.60 0.44 0.35; 0.53 0.33 0.28; 0.38 5.4 5.8

♂ 266 0.48 0.37 0.28; 0.46 0.30 0.21; 0.39 0.30 0.25; 0.35 5.7 6.0
Cohort 2
1-mile run/walk (min) ♀ 258 0.39 0.39 0.30; 0.48 0.31 0.22; 0.40 0.22 0.17; 0.27 4.3 5.0

♂ 359 0.53 0.54 0.47; 0.61 0.43 0.36; 0.50 0.32 0.27; 0.36 2.5 3.6
50-yard dash ♀ 216 0.63 0.61 0.51; 0.71 0.49 0.40; 0.58 0.36 0.31; 0.42 1.4 3.2

♂ 321 0.53 0.46 0.39; 0.53 0.34 0.26; 0.42 0.31 0.27; 0.36 3.8 3.8
Standing long jump ♀ 249 0.61 0.60 0.52; 0.68 0.54 0.46; 0.62 0.31 0.25; 0.36 2.0 3.6

♂ 348 0.63 0.60 0.53; 0.67 0.51 0.44; 0.58 0.44 0.39; 0.48 2.6 2.5
Handgrip strength ♀ 246 0.70 0.69 0.62; 0.76 0.57 0.48; 0.66 0.41 0.36; 0.46 2.4 1.6

♂ 344 0.79 0.72 0.67; 0.78 0.48 0.42; 0.54 0.51 0.46; 0.55 1.5 0.9
Agility shuttle run ♀ 228 0.44 0.48 0.39; 0.57 0.43 0.34; 0.52 0.27 0.21; 0.32 3.1 3.9

♂ 327 0.54 0.49 0.41; 0.57 0.43 0.35; 0.51 0.31 0.34; 0.45 3.0 3.9
§β represents longitudinal correlations as described previously in the statistical analysis.
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emphasising strength, power, velocity, and aerobic capacity as
they are usually taller, heavier, stronger, and consequently
they have higher absolute heart and muscle volumes (Malina
et al., 2004). Additionally, they are more motivated to excel in
physical exercises/sports as compared to less maturing boys
(Malina et al., 2004). Low-to-moderate tracking in the others
fitness components suggests that, even during this short-term
follow-up period, PF is not as stable as reported by auto-
correlations (see Figure 2).

Compared to the other statistical methods to determine
tracking, Cohen’s Kappa provides a distinct view. More spe-
cifically, Cohen’s Kappa allows to examine the notion of
growth canals (or channels), widely used in auxology to
better describe and monitor children and adolescents’
growth and development processes (Kuczmarski et al.,
2000). The results showed the lowest stability estimates of
the three tracking methodologies used in this study. Static
strength was the only component with moderate tracking in
both cohorts. These results indicate that changes in almost
all PF components does not occur in specific canals over time
which reflects a strong instability of individual trajectories in
these cohorts, and affects the accuracy of the predictability
for future values.

In this sense, it is possible to suggest that adolescents with
a fit profile can remain with these high performance levels or
decrease their fitness over a short-term time period. From a
health perspective, it is very important to follow those chil-
dren/adolescents who have highly unstable PF across time
(Twisk, 2003a). Our approach to extreme PF pattern changes
indicated that the percentage of positive instability was higher
in girls’ cardiorespiratory fitness in cohort 1 (7.2%); and

negative instability was higher for girls’ cardiorespiratory fit-
ness, as well as boys’ agility (6.0%), both from cohort 1.
Overall, these result from Cohen’s Kappa suggest that: (1)
girls from cohort 1 (10–12 years) were more susceptible to
positive and negative short-term changes in cardiorespiratory
fitness, and this extreme instability could be related to timing
and tempo in their maturation process (Malina et al., 2004);
and (2) some boys tended to decrease their performance more
in agility compared to other fitness components over time,
maybe because agility is a complex fitness task that combines
speed, balance, power and coordination (Ortega et al., 2008).

Regardless of the statistical approach used to describe track-
ing, static strength was themost stable PF component across the
cohorts for both sexes. This may be due to the linear increase in
strength that occurs during adolescent growth and mainly
because handgrip is a quite simple test that does not require
some level of motor skills like the other fitness components
(Malina et al., 2004), namely, agility. On the other hand, aerobic
capacity was the fitness component with lower tracking coeffi-
cients, mostly in girls. This instability indicates that aerobic com-
ponent is not firmly rooted yet, which can be related to several
factors, such as, age, body size, and maturity status (Malina et al.,
2004). Due to its greater instability, aerobic capacity could be
more frequently measured than static strength to better under-
stand its intra-individual changes, inter-individual differences
and putative dynamic correlates during the adolescent years.

There are potential limitations in the present study. First,
it would be appropriate to use direct laboratory measures to
assess cardiorespiratory fitness. However, this would be very
difficult to implement in large field studies not only for
financial and technical reasons, but also for practicality.

Figure 2. Example of trajectories of 30 random girls (left) and boys (right) from cohort 2 in the 1-mile run/walk and handgrip strength (the other tests follow the
same trend of instability).
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Second, PA estimates were based on a questionnaire which
is prone to errors. However, all children and adolescents
completed all questions in highly standardised conditions;
further, high reliability estimates have been reported with
this questionnaire in Portuguese children and adolescents
from different geographical regions (Ferreira, Marques, &
Maia, 2002; Vasconcelos & Maia, 2001). Third, there was
some difficulty of comparisons of present data with other
studies due to the distinct approach to quantify tracking, as
well as the shortage of available longitudinal data about
adolescents’ physical fitness. Despite these limitations, the
study has several strengths. First, short-term PF tracking was
described in differential terms using distinct statistical
approaches. Second, the use of a novel approach allowed
for the effects of time-varying covariates. Third, the identifi-
cation of individual tracking and unstable trajectories was
also presented. Fourth, the PF reliability estimates of this
study demonstrate the quality control of data collection.
Fifth, the size of the sample and its representativeness in
age and sex is warranted. Sixth, the age cohorts represent
important transition periods from childhood to adolescence.

This paper provides a unique perspective on the use of
tracking. Main results show that PF has a moderate-to-high
tracking when using auto-correlations. However, when tracking
was described by multilevel modelling and Cohen’s Kappa,
tracking coefficients were low-to-moderate (see Figure 2).
These relatively conflicting results reveal that (1) PF tracking
was influenced by a set of correlates, namely biological matura-
tion, BMI, and PA; (2) there was instability of individual trajec-
tories and also inter-individual differences in PF intra-individual
changes; (3) when tracking research is conducted it is necessary
to first define, as clear as possible, what is meant by stability and
relative position, keeping in mind that depending on the sta-
tistical approach results may be different because the idea of
relative position is distinct. It is thus imperative to first begin
with a precise research question, namely, what does the
researcher wants to answer? The sequential steps suggested
by Collins (2006) are still valid and very important: (a) the use of
a well-articulated theoretical model of change using (b) a tem-
poral design that affords a clear and detailed view of the
process, with the resulting data analysed by (c) a statistical
model that mirrors the theoretical model of change. By inte-
grating these three elements, tracking studies are more con-
ducive to success and richer in their meaning.

In conclusion, this paper reflects some concerns regarding the
widespread use of auto-correlations as a tracking statistical sum-
mary, which has never been the subject of careful consideration
in statistical terms. Further, most tracking papers do not consider
the dynamics of other co-variables that affect the behaviour of
the dependent variable of interest. In sum, it was shown that if
the researcher is interested in obtaining simple descriptive sta-
tistics, the simplest option is to use auto-correlations. Conversely,
if she/he aims to investigate inter-individual differences in intra-
individual changes together with the possible effects of relevant
time-varying and/or fixed covariates (considered as confoun-
ders), then multilevel modelling is probably one of the best
approaches. If the interest centres around stability based on
the idea of growth canals in order to identify group and indivi-
dual tracking, the best option may be Cohen’s Kappa.
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