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ABSTRACT

ERLANDSON, M. C,, L. B. SHERAR, A. D. MOSEWICH, K. C. KOWALSKI, D. A. BAILEY, and A. D. G. BAXTER-JONES. Does
Controlling for Biological Maturity Improve Physical Activity Tracking? Med. Sci. Sports Exerc., Vol. 43, No. 5, pp. 800-807, 2011.
Tracking of physical activity through childhood and adolescence tends to be low. Variation in the timing of biological maturation within
youth of the same chronological age (CA) might affect participation in physical activity and may partially explain the low tracking.
Purpose: To examine the stability of physical activity over time from childhood to late adolescence when aligned on CA and biological
age (BA). Methods: A total of 91 males and 96 females aged 8-15 yr from the Saskatchewan Pediatric Bone Mineral Accrual Study
(PBMAS) were assessed annually for 8 yr. BA was calculated as years from age at peak height velocity. Physical activity was assessed
using the Physical Activity Questionnaire for Children/Adolescents. Tracking was analyzed using intraclass correlations for both CA and
BA (2-yr groupings). To be included in the analysis, an individual required a measure at both time points within an interval; however, not
all individuals were present at all tracking intervals. Results: Physical activity tracking by CA 2-yr intervals were, in general, moderate in
males (r = 0.42-0.59) and females (r = 0.43-0.44). However, the 9- to 11-yr CA interval was low and nonsignificant (» = 0.23-0.30).
Likewise, tracking of physical activity by BA 2-yr intervals was moderate to high in males (» = 0.44-0.60) and females (» = 0.39-0.62).
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Conclusions: Accounting for differences in the timing of biological maturity had little effect on tracking physical activity. However,
point estimates for tracking are higher in early adolescence in males and to a greater extent in females when aligned by BA versus CA. This
suggests that maturity may be more important in physical activity participation in females than males. Key Words: LONGITUDINAL,
CHILDHOOD, ADOLESCENT, PUBERTY

hysical activity levels have generally been reported to

decline from childhood through adolescence and into

adulthood (19,39,43). Physical activity is important
as it is a critical component of a healthy lifestyle, and in
adults, it has been found to be related to a lower risk of
developing serious illnesses such as cardiovascular disease
(4,44), type 2 diabetes (4), and some cancers (6,12,23).
Physical activity is thus promoted as a preventative measure
for illnesses in both adults and children. Children and ado-
lescents have been targeted based on the premise that in-
creased physical activity during childhood and adolescence
will not only bring about immediate health benefits but also
track into adulthood and thus be indirectly related to later
health (41). Tracking refers to the tendency of an individual
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variable to maintain its position or rank within a specific
group over time (24) and is generally expressed by calcu-
lating the correlation between repeated measurements of the
same attribute (e.g., physical activity) in the same individual.

Information on how physical activity tracks is important
for promotion and implementation of activity interventions.
If tracking of physical activity is high from childhood to
adulthood, then implementing early interventions is crucial
for population level change; however, if tracking is low,
suggesting that being an inactive child does not predi-
cate being an inactive adult, then intervention strategies later
in life may be more effective. Several studies have assessed
tracking of physical activity, and on average, results show low
to moderate stability through childhood and adolescence
(1,16,17,22,27,28,41,43) and into young adulthood (8,15,24,
26,36,40). This low level of tracking indicates that there is
considerable within-individual variability in physical activity
participation during adolescence. There is good reason to be-
lieve that pubertal development, otherwise termed biological
maturation, might affect adolescent participation in phys-
ical activity participation and may partially explain the low
tracking through adolescence (5).

Adolescence hosts momentous physiological, psycholog-
ical, social, and behavioral changes. It is likely that the
change in physiology (e.g., development of secondary sex
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characteristics, growth spurt in height, etc.) during adoles-
cence, and the social and psychological implications of these
changes, affects participation in physical activity. For ex-
ample, the appearance of secondary sex characteristics, in
particular breast development, may contribute to feelings of
self-consciousness and perceptions of discomfort associated
with participation in physical activity (34). If these changes
were to occur at the same time (i.e., age) in every individual,
biological maturity would likely not affect the tracking of
physical activity; however, this is not the case. The onset of
puberty can vary by as much as 4-5 yr among normal
healthy boys and girls (35). Thus, the different degrees of
biological maturity attained by children of the same chro-
nological age (CA) will likely present variable influences on
participation in physical activity. There is evidence to sug-
gest that sex differences in biological maturation contribute
to physical activity during late childhood and adolescence
(11,33,38). Furthermore, Riddoch et al. (29) showed that the
development of secondary sex characteristics was inversely
related to physical activity among 2933 11-yr-old girls,
suggesting that biological maturity also plays a role in
physical activity within a sex with late maturing girls par-
ticipating in more activity than early maturing girls.

With regard to the role of biological maturity in tracking
of physical activity, Baggett et al. (2) found low to moderate
tracking coefficients between 11 and 14 yr in girls. The
authors suggested that differences in the tempo and timing
of sexual maturation might have reduced the tracking during
this period. However, with no measure of biological matu-
rity, they were unable to support or refute this suggestion. In
fact, to our knowledge, the effect of variation in pubertal
development (or biological maturity) on the tracking of
physical activity has yet to be investigated.

In summary, individuals experience dramatic physiologi-
cal changes during adolescence, which likely influence
participation in physical activity. Because of the consider-
able variation in the timing of these changes, when physical
activity is aligned to CA, the relative order of individuals

TABLE 1. Subject characteristics by sex and CA tracking groups.

within a group will likely change. This change could lead to
low tracking. On the basis of this conjecture, when physical
activity is aligned to biological age (BA; such as years from
the adolescent growth spurt in height), tracking will im-
prove. Thus, the purpose of this study was to examine
tracking of physical activity over time from childhood to late
adolescence when aligned on CA and BA.

We hypothesized that tracking coefficients would be low
to moderate when aligned by a CA scale but would yield
higher point estimates for tracking when data were aligned
by a BA scale.

METHODS

Participants and procedure. Participants were part of
the University of Saskatchewan’s Pediatric Bone Mineral
Accrual Study (PBMAS; 1991-1998), which has been de-
scribed in detail elsewhere (38). In brief, the study used a
mixed longitudinal design incorporating eight age cohorts.
The cohorts were aged between 8 and 15 yr at study entry.
During 8 yr of serial data collection, the composition of
these clusters remained the same; however, the individuals
in each tracking group differed slightly (Table 1) because
of differing ages of entry into the study and missed
measurements. Between 1991 and 1993, written informed
consent was obtained from 251 parents and their children.
Of the 94% of participants whose race were known, 95%
were Caucasian. By 1998, 197 individuals had been assessed
on two or more occasions. To be included in the present
study, each participant required complete measurements
(CA, BA, and physical activity) on at least two measurement
occasions separated by 2 yr (e.g., 9 and 11 yr). Therefore,
187 individuals were included in the analysis, 91 males and
96 females;, however, it should be noted that not all
individuals had measures at all time points. Thirty females
and 35 males were present at every time point for both
chronological and biological 2-yr age groupings. Data from
an 8-yr period (9-17 yr) was used in the present analysis to

Tracking Groups (yr) CA Group n Age (yr) Height (cm) Weight (kg) BMI (kg:m~?) PA Years from APHV
Boys
9-11 9 15 9.2 (0.3) 137.9 (4.8) 32.6 (4.9) 17.2 (2.6) 2.95 (0.83) —4.03 (0.93)*
1 15 11.2 (0.4) 148.0 (6.4) 40.2 (6.6) 18.4 (3.2) 3.44 (0.59) -2.18 (1.01)*
11-13 1 47 11.1 (0.4) 148.2 (6.7) 40.1 (7.5) 18.2 (2.9) 3.30 (0.59)* —2.34 (1.10)*
13 47 13.1 (0.3) 161.1 (8.3) 51.3 (9.8) 19.7 (3.4) 3.07 (0.60)* —0.34 (0.15)*
13-15 13 54 13.0 (0.3) 161.5 (8.1) 51.4 (9.5) 19.6 (3.0) 3.20 (0.60) —-0.33 (0.13)*
15 54 15.0 (0.3) 174.5 (7.4) 64.4 (10.6) 21.1 (3.1) 2.86 (0.59) 1.70 (1.03)
15-17 15 50 15.0 (0.3) 174.4 (7.6)* 64.2 (10.3) 21.1 (3.0) 2.99 (0.59) 1.63 (0.98)
17 50 17.0 (0.3) 178.5 (7.2)* 72.9 (11.4)* 22.9 (3.5) 2.45 (0.68) 3.62 (0.99)
Girls
9-11 9 25 9.1 (0.2) 137.8 (9.1) 33.4 (9.1) 17.3 (2.9) 3.11 (0.65) —2.32 (1.04)
1 25 11.1 (0.3) 150.6 (9.9) 43.5 (11.6) 18.9 (3.8) 3.09 (0.57) —0.33 (1.01)
11-13 11 55 11.1 (0.3) 148.6 (8.8) 39.5 (9.9) 17.7 (3.1) 2.96 (0.57) —0.62 (0.14)
13 55 13.0 (0.3) 160.9 (7.8) 51.3 (11.5) 19.6 (3.3) 2.74 (0.63) 1.35 (0.14)
13-15 13 68 13.0 (0.3) 159.8 (6.8) 50.8 (10.6) 19.8 (3.3) 2.87 (0.63) 1.24 (0.09)
15 68 15.0 (0.2) 164.4 (5.9) 57.8 (10.6) 21.3 (3.6) 2.54 (0.57) 3.22 (0.79)
15-17 15 48 15.0 (0.4) 164.5 (5.8) 59.4 (11.4) 21.9 (3.9) 2.70 (0.57) 2.96 (0.79)
17 48 17.0 (0.3) 165.6 (5.9) 63.4 (12.7) 23.1 (4.4) 2.24 (0.68) 4.88 (0.68)

* Significant difference between sexes, P < 0.05.

PA, physical activity; APHV, age at peak height velocity; BMI, body mass index; CA, chronological age.
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assess the effect of tracking during the circum-pubertal years.
The study received approval from the University and Hos-
pital Advisory Committee on Ethics in Human Experimen-
tation. Informed consent was provided in writing by all
guardians, and assent was provided by all participants.

CA. CA (yr) was calculated by subtracting the decimal
year of an individual’s date of birth from the decimal year of
the measurement occasion. One-year intervals were used to
construct CA groups. Age groups were set up such that
the 9-yr age group included observations between 8.50 and
9.49 yr.

Anthropometry. Anthropometric measurements, in-
cluding height, sitting height, and body mass, were taken
at 6-month intervals by International Society for the
Advancement of Kinanthropometry—certified personnel,
according to the International Society for the Advancement of
Kinanthropometry standards for anthropometric measurement
(37). During measurements, participants wore T-shirts and
loose-fitting shorts, with shoes and jewelry removed. Height
was measured as stretch stature to the nearest 0.1 cm using a
wall stadiometer. Body mass was measured on a calibrated
electronic scale and recorded to the nearest 0.1 kg. Body mass
index (BMI) was calculated as weight (kg) per squared height
(m?). After measurements were obtained, each participant’s
results were compared with previously recorded results to
verify an increase or plateau in values as evidence of confi-
dence in the measurements.

BA. Age at peak height velocity (APHV) reflects the
maximum growth in stature during a 1-yr time interval in
adolescence and also acts as an indicator of biological mat-
uration (38). Using a cubic spline procedure, a growth curve
was fitted to each individual’s annual height velocity data
(GraphPad Prism version 3.00 for Windows; GraphPad
Software, San Diego, CA) and APHV was established. A
cubic spline interpolates polynomials from information of
neighboring points with the goal of obtaining global
smoothness. The cubic spline directs the curve through each
data point. This approach has the advantage of enhanced

TABLE 2. Subject characteristics by sex and BA tracking groups.

flexibility and the ability to preserve the accuracy of the data
because averaging group data does not modify each parti-
cipant’s APHV.

BA was calculated by subtracting APHV from CA at the
time of measurement. BA groups (categories) were then
constructed in the same manner as the CA groups, such that
measurements between —2.49 and —1.50 yr from APHV
were included in the —2 yr from APHV group. Physical
activity measurements were considered in terms of years
before and after APHV.

Physical activity. The Physical Activity Questionnaire
for Children (PAQ-C) (10,20) and Physical Activity Ques-
tionnaire for Adolescents (PAQ-A) (21) were developed for
the PBMAS to assess general levels of physical activity
during the school year for students beyond grade 3. The
PAQ-C was administered to children in elementary school
(grades 3-8) and PAQ-A was administered once they
reached high school (grades 9-12). The two question-
naires are identical with the exception of one question in the
PAQ-C, which enquires about activity during recess, which
is not present in the PAQ-A (as high school students do not
have recess). They are self-administered 7-d recall ques-
tionnaires, which ask students to recall their physical activity
for the last 7 d. The PAQ-C and PAQ-A were completed in a
classroom setting in approximately 10—15 min. There is re-
liability and validity evidence supporting use of the PAQ-C
and PAQ-A with children and adolescents (10,20,21).

The PAQ-C and PAQ-A measures were administered a
minimum of three times per year for the first 3 yr of the
study and two times per each subsequent year during
childhood and adolescence. Scores were averaged during
each year period to create a single score for CA and BA. The
PAQ-C is a reliable measure to assess physical activity in
both younger (9-12 yr) and older (13—15 yr) children. The
test—retest reliability was » = 0.75 for males and » = 0.82 for
females (10). The generalizability coefficients exceeded
0.80 for either the average of two or three measurement
occasions within the same year (10). The PAQ-A has also

Tracking Groups BA Group n Age (yr) Height (cm) Weight (kg) BMI (kg-m2) PA Years from APHV

Boys

—4to -2 -4 25 9 (0.9) 140.4 (5.6) 33.8 (6.2) 17.1 (2.9) 3.21 (0.79) —3.92 (0.20)

-2 25 12 0 (1.0) 150.8 (5.4) 426 (3.4) 18.4 (3.4) 3.27 (0.53) —1.86 (0.37)

—-2t00 -2 46 11.7 (1.0) 150.6 (5.4) 415 (7.0) 18.3 (2.9) 3.32 (0.53) —1.96 (0.21)

0 46 13.6 (1.1) 164.1 (6.1) 52.9 (8.3) 19.6 (2.9) 2.94 (0.66) 0.02 (0.23)

Oto2 0 56 13.5 (1.0) 165.4 (7.5) 53.7 (9.1) 19.6 (2.6) 3.08 (0.66) 0.03 (0.22)

2 56 15.5 (1.0) 177.5 (7.0) 67.6 (9.9) 21.4 (2.7) 2.77 (0.57) 2.03 (0.23)

2t04 2 45 15.2 (1.1) 176.6 (7.1) 65.8 (10.1) 21.0 (2.6) 2.91 (0.57) 2.07 (0.45)

4 45 17.1 (0.9) 179.3 (6.9) 73.8 (11.2) 23.0 (3.3) 2.46 (0.68) 4.00 (0.26)
Girls

-31t0 —1 -3 22 9.6 (0.6) 137.2 (7.1) 31.9 (7.1) 16.8 (2.4) 2.97 (0.60) —2.92 (0.23)

-1 22 11.6 (0.6) 147.9 (7.9) 413 (9.2) 18.7 (3.0) 2.97 (0.60) —0.97 (0.24)

—1to1 —1 45 10.9 (0.8) 146.0 (7.3) 38.3 (9.0 17.8 (3.0) 3.05 (0.60) —0.99 (0.24)

1 45 12.9 (0.8) 160.5 (7.1) 50.6 (10.7) 19.5 (3.2) 2.91 (0.63) 0.99 (0.25)

1t03 1 69 12.7 (1.0) 160.0 (6.6) 50.7 (11.1) 19.8 (3.7) 2.83 (0.63) 0.96 (0.27)

3 69 14.7 (0.9) 166.1 (6.2) 59.0 (11.3) 21.3 (3.7) 2.56 (0.65) 2.98 (0.27)

3to5 3 55 14.7 (0.8) 165.0 (6.2) 59.1 (11.5) 21.6 (3.7) 2.74 (0.65) 2.91 (0.28)

5 55 16.7 (0.8) 165.5 (5.5) 62.2 (12.0) 22.7 (4.1) 2.22 (0.65) 4.95 (0.29)

Observations that fell outside —4 to +4 for boys and —3 to +5 for girls were excluded because of small number.
PA, physical activity; APHV, age at peak height velocity; BMI, body mass index; BA, biological age.
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3.54 Chicago, IL) was used to analyze the data. The « level of
? significance was set at P < 0.05.
S —=— Males
O
9 304 --#---Females
% RESULTS
E Participants’ physical characteristics and physical activity,
T 2.59 by CA and BA category, are shown in Tables 1 and 2, re-
@ y spectively. As expected when aligned by either CA or BA,
o oth males and females gained height and weight with in-
T I both mal d females gained height and weight with i
2.0< creasing age. BMI also increased with increasing CA and
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FIGURE 1—Physical activity scores by CA and BA scales.

found to be a reliable assessment physical activity with
generalizability coefficients of 0.85 for the average of two
scores and 0.90 for the average of three scores administered
during a 1-yr period (21).

Statistical analysis. Sex differences in age, height,
weight, BMI, physical activity, and year from APHV were
assessed using independent-sample #-tests at each age.
Intraclass correlation coefficients were used to assess the
stability of physical activity over time. Participants were
divided into 2-yr groups based on CA or BA. For inclusion
in the analysis, an individual required a measure of physical
activity at both time points (e.g., for inclusion in the 2-yr
interval from 9 to 11 yr, a measure of physical activity was
required at both 9 and 11 yr). The correlation assessed the
stability of an individual’s mean physical activity score be-
tween the two time points. A correlation of <0.30 was
interpreted as a low correlation; 0.30 to 0.60 as a moderate
correlation; and >0.60 as a moderately high correlation (24).
BA and CA correlations were compared by examining if one
point estimate was greater than the other. The Statistical
Package for the Social Sciences (version 18.0; SPSS, Inc.,

TABLE 3. Intraclass correlation coefficients for 2-yr intervals by CA and BA.

BA. On the basis of Cole’s International cutoff points for
overweight and obesity, on average, boys and girls had a
normal BMI at all CA (9). Physical activity decreased with
increasing CA and BA. As expected, boys were significantly
less mature than girls at each CA group (Table 1). Further-
more, boys were significantly more active than girls at each
CA group (with the exception of 9 and 11 yr), but these
differences disappeared when data were aligned on BA (38).

The longitudinal developmental pattern of physical ac-
tivity according to both CA and BA is presented in Figure 1.
Physical activity reached its peak in late childhood around
10 yr (Fig. 1A) after which physical activity levels decreased
with increasing CA for both sexes until approximately 15—
17 yr. When data were aligned to a BA scale (i.e., years from
APHYV) physical activity reached its peak approximately
1 yr before APHV (Fig. 1B) with a subsequent decrease
until 3—4 yr after APHV in both sexes.

Tracking coefficients of physical activity for 2-yr inter-
vals by CA and BA are presented in Table 3. All tracking
coefficients were significant, with the exception of 9—11 yr.
Moderate to high tracking of physical activity (0.39-0.62)
was observed when participants were aligned by CA and
BA. Aligning participants by biological maturation did not
improve the point estimate of the tracking coefficient con-
sistently over adolescence. However, the point estimates did
improve in early adolescence when aligned by BA in males
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CA intervals for males

9-11 15 2.94 (0.83) 3.33 (0.59) 0.30 —0.22 to 0.69 >0.05

11-13 47 3.33 (0.59) 3.20 (0.60) 0.59 0.37 t0 0.75 <0.05*

13-15 54 3.20 (0.60) 2.91 (0.59) 0.57 0.36 t0 0.72 <0.05*

15-17 50 2.91 (0.59) 2.47 (0.63) 0.42 0.16 to 0.62 <0.05*
CA intervals for females

9-11 25 3.05 (0.65) 2.98 (0.57) 0.23 —0.17 t0 0.56 >0.05

11-13 55 2.98 (0.57) 2.80 (0.63) 0.44 0.20 to 0.63 <0.05*

13-15 68 2.80 (0.63) 2.59 (0.57) 0.43 0.21 to 0.60 <0.05*

15-17 48 2.59 (0.57) 2.24 (0.68) 0.44 0.18 to 0.64 <0.05*
BA intervals for males

—41t0 -2 25 3.19 (0.79) 3.31 (0.53) 0.46 0.09 to 0.72 <0.05*

—-2t00 46 3.30 (0.56) 3.09 (0.66) 0.48 0.23 to 0.67 <0.05*

0to2 56 3.09 (0.66) 2.86 (0.62) 0.60 0.41 10 0.75 <0.05*

2t0 4 45 2.86 (0.62) 2.45 (0.62) 0.44 0.17 to 0.65 <0.05*
BA intervals for females

-31t0 -1 22 2.97 (0.60) 3.05 (0.60) 0.62 0.28 to 0.82 <0.05*

—1to1 45 3.05 (0.60) 2.81 (0.63) 0.48 0.22 to 0.68 <0.05*

1t03 69 2.80 (0.63) 2.62 (0.65) 0.48 0.27 to 0.64 <0.05*

3to5 55 2.62 (0.65) 2.24 (0.65) 0.39 0.14 to 0.59 <0.05*

2 First mean physical activity level in the interval (the smaller of the two numbers).
® Second mean physical activity level in the interval (the larger of the two numbers).
* The correlation is significant.
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(0.30 (P> 0.05) vs 0.46 (P < 0.05)) and, to a greater extent,
in females (0.23 (P > 0.05) vs 0.62 (P < 0.05)).

DISCUSSION

The purpose of this study was to examine the stability of
physical activity over time from childhood to late adoles-
cence in boys and girls when aligned on CA and BA to see if
controlling for differences in biological maturity improves
the tracking of physical activity. As previously shown in this
sample (38), physical activity decreased with increasing CA
from late childhood into adolescence, with girls being less
active than boys when aligned by CA. Physical activity was
found to peak in late childhood generally around 10 yr for
both males and females followed by a decline during ado-
lescence. This decrease in physical activity was also evident
when analyzed by BA, with physical activity peaking before
APHV and then steadily declining into late adolescence.
However, the decrease in physical activity reached a sub-
sequent plateau at approximately 15-17 yr or 3—4 yr after
APHYV. Furthermore, the sex difference in PA disappeared
when aligned by BA. Within this group of individuals, an
average decline in PA by CA and BA has been observed
(38); however, this gives no information as to individuals’
PA levels in relation to their peers (i.c., are the most active in
early adolescence still the most active in late adolescence,
regardless of the decline in PA over this period?). Thus, we
used intraclass correlations to examine the ranking of par-
ticipants in terms of PA levels when aligned by CA and BA.

Previous research has demonstrated low to moderate
tracking of physical activity from childhood to adolescence
into young adulthood (7,8,16,17,24,26,27,36,40,43), indi-
cating considerable within-individual variability and that
BA may be more closely related to physical activity than CA
(13,38). Thus, based on these findings, we hypothesized that
physical activity would track better when aligned by BA
than CA. Contrary to our hypothesis, when data were
aligned to BA, it did not yield tighter, less variable point
estimates for tracking than data aligned to CA. In fact, there
was no consistent difference in the 2-yr tracking estimates
when aligned on BA and CA scales. With the exception of
two tracking groups (—3 to —1 yr and 15-17 yr), boys
showed slightly higher point estimates than girls when
aligned on both CA and BA. In boys, the tracking of phys-
ical activity seemed to improve slightly with increasing age
and maturity, with the highest coefficients occurring be-
tween 13 and 15 yr and between 0 and 2 yr after APHV.

Partial support for the hypotheses was found during early
adolescence. Point estimates for tracking were very similar
when aligned by CA and BA with the exception of early
adolescence when girls’ point estimates improved consid-
erably when aligned by BA (» = 0.62) than CA (r = 0.23)
and boys’ tracking estimates improved, albeit more moder-
ately (r = 0.46 vs r = 0.30). So, although aligning physical
activity data by BA did not consistently improve the track-

ing point estimates as hypothesized, it does seem to improve
tracking of physical activity during early adolescence, es-
pecially in females. However, it should be noted that the
tracking coefficients between 9 and 11 yr were not signifi-
cant, and thus, our confidence in these two coefficients is
reduced.

The greater point estimates for tracking of physical activity
during early adolescence in females could be a reflection of
the early maturing girls dropping out of physical activity
when they experience dramatic physical changes, such as an
increase in fat deposition, breast development, and widening
ofthe hips (35). These physical changes can influence a girl’s
performance and also willingness to be physically active (32).
A reason why we do not observe the same magnitude of
improvement in males’ point estimates could be because
the physical changes occurring during adolescence in males
are less detrimental to physical performance and, therefore,
physical activity participation. The physical changes that
males experience such as gains in height, weight, weight for
height, and lean mass, result in a physique better suited for
success in many forms of physical activity, particularly
those that emphasize speed, power, and strength (14,30).
Although, as shown in this study and in numerous others
(18,39,42), males display a decrease in physical activity
during adolescence, it may be that biological maturity plays
less of a role in the adolescent decline in physical activity
in males.

In the present study, the 2-yr PA tracking coefficients
were, in general, moderate to high when aligned on either
BA or CA. This is in contrast to the majority of previous
literature, which has found low to moderate tracking of PA
during adolescence (1,16,17,22,25,27,28,43). Malina (24),
in a comprehensive review of tracking literature, found that
the majority (81%) of interage correlations fell between 0.10
and 0.49. However, caution must be taken when comparing
results. In the present study, intraclass correlations were
considered if they had P < 0.05, which indicates that we can
be confident in the » value (tracking coefficient), but this
was not the case in all studies reviewed by Malina (24). In
fact, the two nonsignificant tracking coefficients observed
between 9 and 11 yr were low to moderate (» = 0.23 for
females and 0.30 for males). The inclusion of nonsignificant
interage correlations in past work could explain some of the
discrepancies between the current findings and previous
research.

Another possible explanation for the higher tracking coef-
ficients may be related to the manner in which the physical
activity data were collected. The PAQ-C and PAQ-A mea-
sures were administered a minimum of three times per year
for the first 3 yr of the study and two times per each subse-
quent year during adolescence. The physical activity score
may be stronger because scores were averaged during each
year period to create a single score for each CA and BA. The
use of multiple sampling may have created a more accu-
rate picture of physical activity participation. The PAQ-C and
PAQ-A are self-report questionnaires; therefore, the data may
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be influenced by the ability of a child, especially at younger
ages, to accurately recall activity levels. However, both
questionnaires were structured by segmenting the day (before
school, at lunch, etc.) and separating weekday and weekend
activities, which has been found to enhance memory recall in
children (3). In addition, research has found little difference in
reliability between younger (aged 9-12 yr) and older (aged
13—15 yr) children (10).

Anderssen et al. (1) proposed explanations as to why
tracking of physical activity during adolescence may be
stronger in some samples than others. They suggested that
the tracking of physical activity may be related to stable
psychological characteristics of the individual (e.g., a psy-
chological readiness for physical activity and a propensity
for sports involvement). The current study did not assess
psychological characteristics; however, it may be that the
individuals in the current study had increased stability in
psychological factors that affect physical activity and inac-
tivity. They also proposed that tracking during adolescence
improves with stability of living arrangements: living
within the same family and neighborhood and relating to
the same friends over the years (1). Saskatoon has a rela-
tively stable population; furthermore, the participants in the
current cohort were from middle- to high-socioeconomic
status families, which may result in more stable social char-
acteristics. Individuals from the same elementary school also
generally attend the same high school, keeping friend groups
intact during the transition from childhood to adolescence.
The psychological and social profile of the present cohort may
help to explain the higher than expected tracking of physical
activity.

The physiological (e.g., fat mass, BMI, aerobic capacity)
changes that occur with the transition from childhood
through adolescence have been well established (35), and
the effect of these changes on the tracking of physical
activity has been investigated (15,27). Other biological factors
(e.g., ethnicity, body fatness, physical fitness), psychological
parameters (e.g., type A behavior, other personality charac-
teristics), adverse lifestyle behaviors (e.g., alcohol consump-
tion, smoking), and motor performance/ability may also
influence tracking of physical activity during adolescence and
requires investigation (25). There is a need to conduct studies
examining the tracking of physical activity in relation to
psychological and social changes that occur during the tran-
sition from childhood to late adolescence.

This research suggests that, in females in early adoles-
cence, controlling for differences in the timing of biological
maturity may improve tracking of PA. This piece contributes
to a body of research that supports the importance of bio-
logical maturity in adolescent PA (11,33,38). It may be that
future interventions, especially in girls, are implemented
based on BA groupings rather than CA. However, the via-
bility of such programs would need to be investigated. The
moderate-to-high tracking observed in the present study also
supports the assertion that future adult physical activity
might be improved through promoting physical activity in

childhood and adolescence. This health promotion strategy
would have long-term implications because physical activity
in adulthood has been found to be related to a lower risk of
developing serious illnesses such as cardiovascular disease,
type 2 diabetes, and some cancers (4,6,12,23,44). A strength
of this study is the length of follow-up and the number of
repeated measures on each participant. Furthermore, because
of the timing of the serial measures of height, we were able
to measure the timing of APHV in the majority of the indi-
viduals enrolled in the study and thus had an accurate mea-
sure of biological maturity.

The present study has some limitations. Physical activity
was assessed via a self-report survey (PAQ-A and PAQ-C).
Although the questionnaires demonstrate good internal con-
sistency and validity with several other evaluations of activity
level (10), it is a self-report assessment and therefore has
associated limitations (e.g., inaccurate recalling/reporting
of PA). However, the use of the Physical Activity Ques-
tionnaire for Children/Adolescents allowed for multiple
sampling within a period, which may not be possible with
direct measures of physical activity such as accelerometers
or direct observation. APHV was estimated from serial
measures and used as our measure of biological maturation.
Other measures of maturation such as development of
secondary sex characteristics, especially in girls, may be
important in predicting participation in physical activity.
However, APHV and skeletal age are the only two meas-
ures of biological maturation, which are appropriate when
comparing males and females biological maturity (31).
Skeletal age involves subjecting participants to radiation,
and this was not available in this cohort; therefore, APHV
was the most appropriate method to assess the effect of
biological maturation on the tracking of physical activity in
both males and females. Because of the mixed longitudi-
nal nature of the PBMAS study, the individuals in each
tracking group differed slightly (because of differing ages
of entry into the study and missed measurements). This
resulted in an inability to statistically compare the CA and
BA tracking coefficients for each 2-yr tracking group.
A pure longitudinal study that followed the same indi-
viduals from late childhood to early adulthood would
enable direct comparisons between the different tracking
groups. Finally, data were collected approximately 10 yr
ago. Although it is unlikely that the relationship between
biological maturity and tracking of physical activity has
changed in the preceding 10 yr, we do not have evidence
to support or refute this.

In summary, variation in the timing of biological matu-
ration within youth of the same CA might affect participa-
tion in PA and may partially explain the low tracking
through adolescence. We examined the stability of PA over
time from childhood to late adolescence when aligned on
CA and BA scales and found moderate to high tracking of
physical activity in both males and females aligned by either
CA or BA. Accounting for differences in timing of bio-
logical maturity had little effect on tracking of PA in
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males; however, there seems to be higher point estimates for
tracking in early adolescence in females when aligned by
biological versus chronological age. This suggests that ma-
turity may play a more prominent role in early adolescent
PA participation in females.
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