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Abstract
Purpose—To examine tracking of physical activity (PA) over a ten-year period and investigate
whether sex differences in PA trajectories are altered after aligning by maturity instead of age.

Methods—The Iowa Bone Development Study collected accelerometer data on a cohort of 140
girls and 128 boys at ages 5, 9, 11, 13, and 15 yr. Logistic regression determined the odds ratio of
being in lowest PA tertile at 15 yr if in lowest tertile at age 5. Spearman correlation coefficients
examined PA tracking from age 5 to 15. Using additional Iowa Bone Development participants at
ages 9, 11, 13, and 15 (N=482, 457, 416, and 316, respectively), we examined the stability of PA
for chronological and biological age in two-year intervals surrounding peak height velocity (PHV)
age. Year from PHV was estimated using Mirwald prediction equation.

Results—Girls had significant ten-year correlations (r=0.27); boys did not. Girls, not boys, were
more likely to be in the lowest tertile for PA at age 15 if in the lowest tertile at age 5 (OR=3.1
MVPA; 95% CI=1.4, 6.9; OR=2.8 Vigorous PA; 95% CI=1.2, 6.1). Girls’ two-year intervals for
PA showed moderate associations (r=0.31–0.56) when aligned chronologically, but were moderate
to high (r=0.41–0.63) when aligned biologically. Boys’ associations were low to moderate
(r=0.26–0.56) chronologically. When aligned biologically, the associations were low for the −1 to
1 yr interval (1 yr prior to 1 yr post-PHV), but moderate to high for the −2 to 0 yr and 0 to 2 yr
intervals (r=0.50–0.61).

Conclusion—Physical activity tracking from childhood to adolescence is stronger in girls than
boys. Intervention programs targeting boys should focus on time surrounding puberty in boys
where activity patterns change.
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INTRODUCTION
In response to growing evidence of the health benefits of physical activity (PA) and the
health risks posed by inactivity, experts recommend that adolescents accumulate at least 60
minutes of moderate to vigorous physical activity (MVPA) each day (3). However, recent
CDC reports indicate that only 35.8% of adolescents meet the recommended PA guideline
(3). The low compliance with this federal PA guideline calls for a better understanding of
the factors determining PA participation in youth (30).

Examining the tracking of PA behaviors is important for understanding potential
determinants and the continuance of physical inactivity risk, which in turn can inform
interventions for ‘at-risk’ youth (11). Tracking studies rely on longitudinal data to examine
the maintenance of a phenomenon over time within a group (18). Tracking PA behaviors
contributes to our understanding of how regular, cumulative PA and/or inactivity contribute
to health outcomes through the lifespan. Malina (18) suggests that tracking correlations of
<0.30 are low, while moderate correlations range from 0.30 to 0.60, and correlations >0.60
are moderately high. In a comprehensive review of the existing tracking literature, Malina
(18) found that the majority of correlation coefficients ranged from 0.10 to 0.49, suggesting
low to moderate levels of tracking. Furthermore, higher correlations are observed when the
time span between measurements is shorter; thus, tracking correlations tend to decline as the
interval increases (18).

Adolescence is a time of substantive physiological and social change and great inter-
individual variability in maturity. For example, the onset of puberty can differ as much as
four to five years in normal, healthy males and females (25); therefore, adolescents of the
same chronological age would be expected to experience different physiological,
psychosocial, and environmental determinants of PA due to differences in their maturity.
Most research supports the notion that adolescent PA levels may be more closely associated
with biological maturity than chronological age (24, 26); however, recently, Erlandson and
colleagues (6) reported similar 2-year tracking estimates for PA aligned by chronological
age and PA aligned by biological age.

Unlike cross-sectional designs, which offer a snapshot of a single moment in time,
longitudinal designs document intra-individual biological and behavioral change, because
these designs obtain within-individual variance which can be used to calculate the timing
and tempo of an individual’s pattern of change (2). Numerous studies of PA in youth report
that males are more active than females and that PA levels decline with age in both sexes,
with the most notable decline occurring during the adolescent years (15, 22, 27, 29). While
longitudinal research has established sex-specific differences and the age-related decline in
PA, the reasons for these are not well understood (24).

In a sample of 951 middle school girls, Baggett and colleagues (1) report that tracking of PA
and inactivity in middle school girls was very low to moderate (0.06 to 0.33), depending on
the assessment method and the days measured. More specifically, three-day tracking
assessments were similar whether measured by self-report or accelerometry, while six days
of accelerometry tended to provide higher tracking measures than self-report or
accelerometry three-day options, suggesting greater stability of PA when more days were
included (1). The Iowa Bone Development Study used accelerometers to assess tracking of
activity and sedentary behaviors over a three-year period in five to eight-year-old boys and
girls (11). Spearman rank-order correlation coefficients between baseline and follow-up
MVPA and Vigorous PA were modest (r = 0.32–0.40). The low to moderate tracking
correlation coefficients found in previous studies is likely due to the complexity of PA
behavior, which is difficult to accurately measure. Low to moderate tracking might also be
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due to real change in PA influenced by a variety of physiological, psychosocial, and
environmental factors (1, 4, 9, 23).

Using an objective measure of PA, this study compared the tracking of childhood and
adolescent PA aligned by chronological age and biological age. The purpose of this study
was to examine tracking of PA over a ten-year period (age 5 to 15 years) from childhood to
adolescence. In addition, we sought to investigate whether known sex differences in PA
trajectories are altered after aligning by biological maturity instead of the traditional
chronological age approach. To better understand when adolescent PA is least stable, we
examined differences in the PA data organized in 2-year tracking intervals prior, during, and
after puberty. When aligned by biological maturity, we hypothesized that PA trajectories
would be more similar in boys and girls and that higher tracking coefficients would be seen
than when aligned by chronological age.

METHODS
Participants

The Iowa Bone Development Study is an ongoing, longitudinal study of bone health during
childhood, adolescence, and young adulthood. Study participants were a subset of
Midwestern residents recruited from 1998 to 2001 from a cohort of 890 families then
participating in the Iowa Fluoride Study. Additional information about the study design and
demographic characteristics of the participants can be found elsewhere (11, 12, 13). This
paper focused on data collected at 5, 9, 11, 13, and 15 years of age from 1998 to 2009. To be
included in the ten-year tracking analyses, we required a PA record at every age (referred to
as closed cohort; N = 140 girls, 128 boys; see Table 1). In addition, we constructed another
cohort where we required at least one PA record at age 5 or 9 yr, and at least one PA record
at age 13 or 15 yr (referred to as open cohort). Parents provided written informed consent,
children provided assent, and the study was approved by the University of Iowa Institutional
Review Board (Human Subjects).

Chronological Age
Chronological age (yr) was determined by subtracting date of birth from date of PA
assessment and dividing by 365. Chronological age groups were constructed using 1 yr
intervals, for instance, children from 8.5 to 9.4 yr were categorized into the 9 yr group.
Additional Iowa Bone Development Study participants who fell outside the ages of interest
(ages 4.5 – 5.4, 8.5 – 9.4, 10.5 – 11.4, 12.5 – 13.4, and 14.5 – 15.4 yr) were not included in
this study.

Anthropometry
Each participant attended clinical visits where research nurses measured body mass
(kilograms; kg) and height (centimeters; cm) at each measurement period. Body mass was
measured using a Healthometer physician’s scale (Continental, Bridgeview IL) and height
was measured using a Harpenden stadiometer (Holtain, United Kingdom). Both devices
were calibrated routinely. Children were measured while wearing indoor clothes, without
shoes. Sitting height was also measured when the children were 11, 13, and 15 yr. Using
height, weight, age, sex, sitting height, and leg length as predictors, peak height velocity
(PHV) was estimated using predictive equations determined by Mirwald (18). These
equations have been validated in white Canadian children and adolescents (R2 = 0.91, 0.92,
SEE = 0.49 yr, 0.50 yr, respectively) (20).
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Biological Age (Maturity)
Determining years from PHV is a commonly used technique for assessing maturity in
longitudinal studies, as it is one indicator of biological maturity that reflects the maximum
growth rate in height during adolescence (16). This method was chosen over Tanner staging
due to its noninvasive, objective nature. In this study, biological age was defined as number
of years from PHV age (PA age – PHV age), which resulted in a continuous measure of
biological age. Categories were also constructed for biological age using 1 yr intervals so
that, for example, −1.5 to −0.51 = −1 group (before PHV), −0.5 to 0.49 = 0 group (at PHV),
and 0.5 to 1.49 = 1 group (after PHV).

Physical Activity
ActiGraph accelerometer model number 7164 was worn by participants at ages 5, 9, 11, and
13 yr. Due to the discontinuation of this model at the 15 yr measurement, model GT1M was
used. The ActiGraph was worn by participants during the autumn months. Validation studies
examining the ActiGraph and the construction of summary variables of PA indicate that it is
valid and reliable for monitoring activity in children in field settings (5, 8). At ages 5 and 9
yr, children were asked to wear the monitor during all waking hours for four consecutive
days, including one weekend day. This amount of wear time has been shown to provide an
82% reliability coefficient using the Spearman-Brown prophecy formula (21). For all
following ages, the children were asked to wear the monitor for five consecutive days,
including both weekend days. Previous studies have shown less stable intraclass correlation
coefficients in activity monitored PA in older children compared to younger children,
indicating the need for increased wear time in the older children (14). To be included in the
analyses, participants must have worn the monitor for at least eight hours per day and three
days per measurement period (corresponding to a 60% reliability coefficient). ActiGraph
movement counts were collected in one-minute epochs for ages 5, 9, 11, and 13 yr and five-
second epochs for age 15 yr (later reintegrated to one-minute).

The PA variables of interest were time in MVPA (minutes), time in Vigorous PA (minutes),
and PA Sum (counts). Mean values for these variables were obtained from all minutes of all
valid days of wear. Cutpoints were defined as < 100 counts per minute for sedentary, ≥
2,296 counts per minute for MVPA, and ≥ 4,012 counts per minute for Vigorous PA, as
specified by Evenson and colleagues (7). PA Sum refers to the sum of all counts greater than
the sedentary cutpoint, and as such reflects the total of all light, moderate, and vigorous PA
(all counts ≥ 100 counts per minute).

The Evenson cutpoints (7) have been evaluated using area under the receiver operating
characteristic curve (ROC-AUC). An area of 1 represents perfect classification, while an
area of 0.5 represents an absence of classification accuracy (19). The moderate and vigorous
cutpoints have been shown to exhibit fair (ROC-AUC = 0.74) to good (ROC-AUC = 0.84)
classification accuracy, respectively. For moderate and vigorous PA combined (MVPA), the
cutpoints exhibited excellent classification accuracy (ROC-AUC = 0.90). Based on a
comparison of five independently developed sets of cutpoints, Trost and colleagues
recommend that researchers use the Evenson cutpoints (27).

Statistical Analysis
Descriptive statistics (means, standard deviations) were calculated for the anthropometric
and PA characteristics of the participants. T-tests were used to examine sex differences.
Spearman correlation coefficients were used to examine the tracking of PA from age 5 to 15
yr. For the closed cohort only, logistic regression was used to determine the odds ratio of
being in the lowest tertile of each PA variable of interest at age 15 yr if in the lowest tertile
at age 5 yr, compared to the middle and upper tertile. Spearman correlation coefficients were

Francis et al. Page 4

Med Sci Sports Exerc. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



also used to examine the stability of PA for chronological age and biological age in multiple
two-year intervals close to PHV age. Linear mixed models were used to describe and
compare sex-specific trajectories of MVPA for chronological and biological age. These
models allowed utilizing all available data while taking care of missing observations at some
time points and residual variance-covariance structure that incorporated correlations for all
of the observations arising from the same person. Biological/chronological age and age
squared were included in the models; a cubed age term was also tried, but was not
statistically significant demonstrating that at least up to the age of the study follow-up
quadratic polynomial was adequate to describe MVPA trajectory shapes. An unstructured
residual covariance matrix was initially investigated and compared with heterogeneous
autoregressive structure that assumes the lower residual correlation the further apart in time
the measurements are on the same person. Heterogeneous autoregressive residual covariance
appeared adequate for the models. The models did not include any adjustment variables,
since this report was not specifically designed to investigate covariates of PA. Overall, the
study participants were mostly white, with above average socioeconomic status and living in
safe, non-restrictive environments for PA, so it appeared that comparisons of non-adjusted
trajectories for boys and girls were justified. All statistical analyses were conducted using
SAS version 9.2 and were analyzed separately by sex. Results with p < 0.05 were considered
statistically significant.

RESULTS
The distribution of the participants’ characteristics in the closed cohort at each age (5 to 15
yr) is reported in Table 1. The boys were significantly taller and had more body mass than
the girls at age 15 (p < 0.05). On average, participants wore the monitor 12.29 hours per day
(SD = 1.58 hr) and for 4.43 days (SD = 0.60 day). The Spearman correlation coefficients for
this closed cohort are shown in Tables 2a, b, and c (MVPA, Vigorous PA, and PA Sum,
respectively). The 10-year tracking coefficients from age 5 to 15 were higher in girls for all
PA variables (MVPA: r = 0.27; Vigorous: r = 0.23; PA Sum: r = 0.24; all p < 0.05) when
compared to the boys (MVPA: r = 0.02; Vigorous: r = −0.03; PA Sum: r = 0.02; all p >
0.05).

Logistic regression was used in the closed cohort to determine the odds ratio, or increased
risk, of remaining in the lowest tertile of each PA variable at age 15 if previously in the
lowest tertile at age 5, compared with the middle and upper tertile (Table 3). For MVPA and
Vigorous PA, the girls in the lowest tertile at age 5 had an increased risk of remaining in the
lowest tertile at age 15, compared to the girls in the middle and upper tertiles (OR = 3.1 and
2.8, respectively). The boys in the lowest tertile at age 5 did not show this increased risk for
age 15, when compared to the boys in the middle and upper tertile, for MVPA and Vigorous
PA. For PA Sum, neither the girls nor the boys in the lowest tertile at age 5 had an increased
risk of remaining in the lowest tertile at age 15, compared to the others in the middle and
upper tertile.

The distribution of the participants’ characteristics (open cohort) for the 2-year intervals
surrounding PHV were similar to the closed cohort (data not shown). When sorted by
chronological age, the boys were significantly more active than the girls at every age for
MVPA, Vigorous PA, and PA Sum (p < 0.05) (Table 4). When aligned by biological age,
the average counts remained higher for the boys than the girls at every age for all three PA
variables of interest, but fewer comparisons were statistically significant.

The PA Spearman correlation coefficients for the two-year intervals immediately
surrounding PHV are shown in Figure 1. The girls’ two-year interval associations for PA
were moderate (r = 0.31 – 0.56; p < 0.05) when aligned by chronological age. However,
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when aligned by biological age, they were moderate to high associations (r = 0.41 – 0.63; p
< 0.05). The boys’ associations were low to moderate when aligned chronologically or
biologically (r = 0.26 – 0.56; p < 0.05). From −1 to 1 yr the correlation coefficients were not
statistically significant (MVPA: r = 0.11, Vigorous PA: r = 0.15, PA Sum: r = 0.09; all p >
0.05).

For both chronological and biological age, girls’ average time in MVPA was highest at the
youngest age and steadily declined thereafter (Figure 2). For both chronological and
biological age, boys’ average time spent in MVPA increased until mid-childhood, followed
by a decline in late-childhood and adolescence. Trajectories for boys and girls appear more
similar and even overlap in the later years when aligned by biological age rather than
chronological age. For example, for chronological age, the mean difference between boys’
and girls’ MVPA began at approximately 7 minutes at age 5, widened to about 20 minutes at
9.5 years of age, and then decreased to about 10 minutes at age 15. For biological age, the
mean difference between boys’ and girls’ MVPA began at approximately 15 minutes at −7
yr, remained approximately 15 minutes at −1.5 yr, then decreased to 0 minutes (overlapped)
3 yr post-PHV.

DISCUSSION
The purpose of this report was to examine tracking of PA from childhood to adolescence.
The ten-year associations (age 5 to 15) and odds ratios indicate that girls have more stable
and predictive PA levels than boys. The tracking data suggest a tendency for active girls to
remain active and inactive girls to remain inactive as they age. The odds ratios suggest an
increased risk of maintaining inactive MVPA and Vigorous PA levels at age 15 for girls
who are inactive at age 5. In addition, our data suggest that, on average, girls maintain an
inadequate level of PA from childhood through adolescence, i.e., the mean time spent in
MVPA for girls was below the federal guideline of 60 minutes per day. The insignificant PA
ten-year correlation coefficients and odds ratios for boys suggest that their activity level is
less predictable and that boys are likely to alter their activity patterns over time.

Additionally, we investigated whether known sex differences in PA were altered after
aligning by biological maturity instead of the traditional chronological age approach.
Predicting age at PHV is a commonly used measure of maturity for many scholars within the
PA literature (2, 6, 16, 18, 20, 24, 26). Similar to most of the previous research, our results
showed that girls were significantly less active than boys when aligned by chronological
age. However, our results differed from previous studies when aligned by biological
maturity. Erlandson et al., Sherer et al., and Thompson et al. (6, 24, 26) found that the sex
difference in PA disappeared completely when analyzed by biological maturity (using age at
PHV), while our results indicated that sex differences in mean MVPA were reduced, but not
eliminated. Similarly, the shapes of our trajectories for MVPA were more alike for boys and
girls when aligned by biological maturity than chronological age (Figure 1). While not
completely consistent with previous research, our results support the notion that the factors
determining PA behaviors are more closely aligned with maturity than chronological age.
Important implications of this finding could be to target PA interventions for girls earlier
than boys to account for the different timing of puberty between the sexes, or to group
children and adolescents by maturity status instead of chronological age when conducting
research on determinants of PA participation and during PA interventions.

By using multiple two-year interval data from the same cohort, this study also provided a
tight focus on adolescent PA behavior. Examining data at various two-year intervals
provides more context to the unique developmental and psychosocial changes that may
occur around the adolescent growth “spurt”, from start to finish. Of particular interest is the
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−1 to 1 year PHV comparison in boys that resulted in low (p > 0.05) Spearman correlation
coefficients. These low associations during the 2-year interval spanning the attainment of
PHV (adolescent growth “spurt”) suggest that this time of physical development might be a
critical period for change in PA participation for boys. This changing of activity patterns
could result in a formerly inactive boy becoming more active or vice versa. Research
exploring why boys alter their PA patterns in the time surrounding puberty is lacking but
could provide important information to be used in designing future interventions. For
example, a recent analysis conducted by Hearst and colleagues (10) found that, among boys,
self-efficacy or confidence to be physically active was an important psychosocial predictor
of positive change in PA over time. It seems likely that self-efficacy in boys would be a
particularly salient and changing factor during puberty. Within a group of boys of the same
age, those who have reached biological maturity are usually taller and stronger than those
who are premature (17). Perhaps the time immediately surrounding puberty in boys aligns
with the time youth sport becomes competitive and when sport teams begin to make cuts,
thus encouraging more participation in early maturing boys and limiting opportunities for
those who mature later regardless of previous activity patterns.

Since self-reported PA often fails to capture the complexity of PA behavior in children and
adolescents (23), the use of objective motion sensors (i.e., ActiGraph accelerometry) is a
strength of this study, as it provides a valid and reliable measure of both structured and
unstructured (i.e., lifestyle) movements. Additionally, this longitudinal research design with
repeat measurement periods offers an important picture of adolescent PA levels by depicting
the shape of the trajectory and, therefore, the nature of PA changes. Limitations of our
research include the use of a mostly white, relatively high socioeconomic status,
convenience sample that is not fully representative of the Iowa or U.S. population. In
addition, the one-minute epochs used to accumulate accelerometer movement counts could
have possibly underestimated shorter bouts of vigorous PA and muted the true reduction in
PA over time.

In summary, our work suggests that girls’ MVPA at age 5 is associated with their age 15
activity, while the boys’ PA level did not track. The untracking of PA for boys occurred
during their adolescent growth “spurt.” The moderate ten-year tracking associations reported
for girls and the insignificant associations for boys indicate the need to conduct further
research into the determinants of PA for children and adolescents, as well as to maintain the
current public health strategy of a population focus for promoting PA for all children.
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Figure 1.
Spearman correlation coefficients for Chronological and Biological Age by gender, MVPA,
Vigorous PA, and PA Sum in open cohort. All coefficients statistically significant (p < 0.05)
except boys −1 to 1 yr for MVPA, Vigorous PA, and PA Sum
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Figure 2.
Predicted Trajectory of Time in MVPA (min) for Chronological and Biological Age in the
Open Cohort.
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Table 3

Odds ratio for staying in lowest PA tertile at age 15 if in lowest tertile at Age 5 for closed cohort.

Girls Boys

OR (95% CI) OR (95% CI)

MVPA (min) 3.1 (1.4, 6.9) 1.3 (0.6, 3.1)

Vigorous PA (min) 2.8 (1.2, 6.1) 0.9 (0.4, 2.1)

PA Sum (counts) 1.7 (0.8, 3.9) 1.0 (0.4, 2.4)

Variables dichotomized as 1 = lowest tertile of PA and 0 = all others.
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