
Tracking of Accelerometer-measured Physical Activity in Early
Childhood

Nicholas M. Edwards1,2,3, Philip R. Khoury2, Heidi J. Kalkwarf3,4, Jessica G. Woo2,3,5,
Randal P. Claytor6, and Stephen R. Daniels7

1Division of Sports Medicine, Cincinnati Children's Hospital Medical Center, Cincinnati, OH
2The Heart Institute, Cincinnati Children's Hospital Medical Center, Cincinnati, OH
3College of Medicine, University of Cincinnati, Cincinnati, OH
4Division of General and Community Pediatrics, Cincinnati Children's Hospital Medical Center,
Cincinnati, OH
5Division of Biostatistics and Epidemiology, Cincinnati Children's Hospital Medical Center,
Cincinnati, OH
6Department of Kinesiology & Health, Miami University, Oxford, OH
7Department of Pediatrics, Children’s Hospital and University of Colorado, Aurora, CO

Abstract
Establishing and maintaining healthy physical activity (PA) levels is important throughout life.
The purpose of this study was to determine the extent of PA tracking between ages 3 and 7 y.
Objective measures of PA (RT3, triaxial accelerometer) were collected every 4 mo from ages 3 to
7; data from 234 children with PA measures available during each year of age were analyzed.
Mean PA (total, moderate/vigorous(MV), and inactivity(IA)) was calculated for each year of age
and adjusted for wear time. Correlations with age 3 PA were moderate at age 4 (r=0.42–0.45) but
declined by age 7 (r=0.19–0.25). After classification into sex-specific tertiles of PA at age 3, boys
in the High age 3 MVPA tertile maintained significantly higher PA at all subsequent ages, while
girls in the High age 3 MVPA tertile were not significantly higher at age 6 and 7. Boys and girls in
the High age 3 IA tertile had significantly higher IA at multiple subsequent years of age (P<0.05 at
ages 5 and 6). In conclusion, boys who were relatively more active at age 3 remained more active
for several subsequent years. These findings highlight early childhood differences in physical
activity patterns between boys and girls.

Regular physical activity has numerous benefits to health in children (48). Unfortunately,
many children have difficulty attaining recommended levels of physical activity and limiting
inactivity (46), and there is concern that during key periods of development, physical
activity may decline in some youth (19, 28).

Even with the vast developmental changes that occur throughout childhood and adolescence,
there is evidence to indicate that some early life behaviors continue during later stages (42).
The term “tracking” is used to describe when people or groups of people maintain their
relative position of a behavior or measure over time compared to peers (30). Tracking of
health-related behaviors, such as physical activity, can have important implications. For
instance, if physical activity levels are established early in life, there may be key periods of
time when interventions may be most effective. In addition, maintaining a relatively high
level of physical activity can protect against development of obesity (51). Conversely, if
physical activity levels do not track over time, interventions to increase physical activity
may be better implemented at many age periods.
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Several studies have shown moderate tracking of physical activity in older children and
adolescents (3, 11, 12, 25, 26, 29, 39, 40, 44, 45). Kelder et al found that adolescents with
the lowest and highest reported physical activity in sixth grade remained significantly
different in each of the 6 years of follow up (26). Studies focused on physical activity
tracking in early childhood (< 7 years old) using questionnaire, direct observation, and heart
rate monitoring have reported low to moderate tracking, with correlation coefficients
between 0.15 and 0.66 (37, 41). Studies using accelerometers for measuring physical
activity have reported correlation coefficients between 0.29 and 0.51, but the duration of the
studies have been limited to a couple years (18, 23, 27, 35, 43) or had at least 3 years
between measurements, and therefore could not examine changes from year to year (24). In
addition, while stronger physical activity tracking in boys has been shown in adolescents
(11) and older children (34), it is unclear whether these sex differences in tracking exist in
early childhood. The aim of this study was to evaluate physical activity measured by
accelerometry longitudinally over 5 years in young boys and girls. Our hypothesis was that
physical activity behaviors would exhibit moderate tracking from age 3 to age 7 in both
sexes, with stronger tracking in boys than girls.

METHODS
Population and Design

This study enrolled a convenience sample of 372 healthy 3-year-old children from the
metropolitan area surrounding Cincinnati Children’s Hospital Medical Center (CCHMC)
and evaluated them every 4 months for a total of 13 visits between 2001 and 2006. The aims
of the original study were to determine the age of BMI rebound and the effects of diet and
physical activity on body composition. Informed consent and assent were obtained from the
families and participants after the protocol was approved by the CCHMC IRB.

Measures
Physical activity was measured using a triaxial accelerometer (RT3, Stayhealthy, Inc.,
Monrovia, CA). The RT3 has been validated against room calorimetry in children 3 to 5
years of age(1). Cutoffs to define physical activity intensity from accelerometry counts
accurately classify 65%–79% of individuals(1). Participants were instructed to wear the
accelerometer at the waist above the right hip with an elastic belt for 3 days, specifically 2
weekdays and 1 weekend day, every 4 months. They were instructed to remove the device
while sleeping or during activities that may damage the device and to keep a written log of
device wear. The epoch on the device was set to 60 seconds (as opposed to the alternative on
the RT3: 1 second) in order to measure multiple days of activity given the memory
constraints of the device. Data from the devices were downloaded at each study visit and
excluded if output appeared invalid. Accelerometers suspected of malfunctioning were
returned for repair.

Accelerometer wear time was defined as recorded minutes that were not within a period of
60 minutes of zero counts, excepting up to 2 consecutive minutes with counts less than 100
(46). The 60-minute limit was chosen to be consistent with several other studies (15, 32, 33,
46), and after examination of other limits (10 and 20 minutes) that resulted in higher
automated exclusion of seemingly valid measurements. Days were defined as starting and
ending at 2:00 AM. A day with greater than 8 hours of wear time was considered to be valid
in order to account for early childhood sleep patterns (greater number of hours at night and
higher frequency of naps during the day) and to be similar to other studies in this age group
(6–8, 10, 13, 20, 33). The following criteria were used to flag days for further inspection: 1)
wear time > 18 hours, 2) mean counts per minute (cpm) >1200, 3) mean cpm < 200, 4)
greater than 2 hours of wear time between 11:00 PM and 7:00 AM. All flagged days were
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visually inspected in the context of the physical activity record for the entire visit and
compared with the written log and excluded from analysis if the accelerometer data were
consistent with: 1) malfunction, 2) night wear, 3) implausibly high or low counts for most of
the day, or 4) incomplete based on written log. Serial numbers from malfunctioning devices
were used to inspect other days recorded with the same devices shortly before or after the
malfunction. In order to clearly present descriptive longitudinal data on a consistent study
cohort, analyses were limited to participants with at least 1 valid day of accelerometry
during each age period. Among this subset of participants, in any given age period over 94%
of participants had greater than 1 valid day of accelerometry data.

In addition to calculating total physical activity (TPA) for each day (counts per day), each
minute was categorized as moderate and vigorous physical activity (MVPA, ≥1400 counts),
light physical activity (LPA, ≥175 and <1400 counts), or inactivity (IA, <175 counts)
according to Adolph et al (1). For each day, total minutes in each category were calculated.
The mean of each PA measure was calculated for each year of age for each participant.
Participants who had at least one valid day at each year of age (N = 234) were included in
analyses. Participants with at least one valid day of accelerometry at each year of age were
significantly older at enrollment and a higher proportion were white compared with those
who did not have at least one valid day of accelerometry each year of age, but the two
groups were similar in height, weight, BMI (Table 1), total daily accelerometry counts, and
hours of wear time (data not shown).

Demographic information, including sex and race, was collected by questionnaire from a
parent. At each study visit, height (cm) was measured using a custom stadiometer, and
weight (kg) was measured using a Health-O-Meter (Alsip, IL) electronic scale. Body mass
index (BMI) was calculated using the formula weight/height2 (kg/m2). Z-scores were
assigned to BMI values according to the CDC 2000 growth charts (9).

Analysis
Statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC). Means
and proportions of the demographic, anthropometric, and PA variables were calculated.
Since device wear time was significantly correlated with TPA (r = 0.25), MVPA (r = 0.13),
LPA (r = 0.56), and IA (r = 0.49), adjustment for wear time was deemed necessary to reduce
potential confounding and to improve precision. Each PA measure was adjusted for wear
time using the residual method (49). This method involves regressing PA minutes on wear
time, and then adding each participant’s residual PA to the predicted PA corresponding to
the group’s average wear time. All PA data presented in this paper are adjusted for wear
time using this approach. The residual method of adjustment, compared with adjusting in a
multivariate model, allows clearer description of the variability (including standard
deviations) and a simpler display of the data.

Spearman rank correlation coefficients between PA measures at age 3 and later ages were
calculated for the purpose of assessing tracking of PA measures over time. General linear
modeling (GLM) with multivariate analysis of variance (MANOVA) was used to examine
trends in PA measures over time, differences in PA measures between sexes, and interaction
between time and sex, a test of parallelism. GLM with MANOVA with a profile option was
also used to test for trends over time and differences between tertile groups based on PA
measures at age 3. An alpha level of 0.05 was used to indicate significance and all tests were
two-sided.
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RESULTS
Two hundred thirty-four participants had ≥1 valid day of accelerometry during each year of
age; 47% (109) were girls and 85% (199) were white. At enrollment, the mean age was 3.4
± 0.3 years (± standard deviation), height was 99 ± 4 cm, weight was 16 ± 2 kg, BMI was 16
± 1 kg/m2, and BMI z-score was 0.4 ± 1. Thirty-two percent of the days were weekend days
(Saturday or Sunday), and the proportion of weekend days did not vary significantly by age
period.

At age 3, mean TPA was 443,000 counts per day, and mean MVPA and IA were 85 and 281
minutes/d respectively (Table 2). At age 7, mean TPA and MVPA had decreased to 416,000
counts per day and 80 minutes/d, respectively, and IA had increased to 295 minutes/d. The
proportion of participants whose mean MVPA was ≥ 60 minutes was between 68% and 84%
in each year of age. Overall, TPA increased significantly from age 3 to 4 (P = 0.03),
increased from age 4 to 5 (P = 0.16), then declined significantly from age 5 to age 6 (P =
0.0061) and from age 6 to age 7 (P = 0.0011) (Figure 1, Panel A). MVPA followed a similar
pattern, increasing slightly from age 3 to age 4 (P = 0.11) and age 4 to age 5 (P = 0.11), then
declining significantly from age 5 to age 6 (P = 0.0096) and age 6 to age 7 (P = 0.0091)
(Figure 1, Panel B). IA did not change significantly from age 3 to age 4 (P = 0.12) or age 4
to age 5 (P = 0.29) but did increase significantly from age 5 to age 6 (P = 0.03) and age 6 to
age 7 (P = 0.003) (Figure 1, Panel C). At all ages TPA and MVPA were significantly greater
in boys than girls (P < 0.0001) (Figure 1, Panels A and B). IA did not differ by sex over the
course of the study (Figure 1, Panel C).

Spearman correlation coefficients between measures of PA at age 3 with those at ages 4
ranged from 0.42 to 0.45 (Table 3). These correlations declined in subsequent years as the
age interval increased. By age 7, the correlation with age 3 PA measures ranged between
0.19 for TPA and 0.25 for MVPA. All correlation coefficients were significantly greater
than zero (P < 0.05). Similar results were obtained when correlations were calculated for the
superset of the analysis group, all participants who had ≥ 1 valid day at age 3 and at least
one other age period (data not shown).

For boys, differences in MVPA among tertiles based on activity at age 3 narrowed from age
3 to age 4, but participants in the High tertile maintained significantly higher MVPA than
those in the Mid and Low tertiles at each age from 4 through 7 (P < 0.01) with the exception
of the difference between High and Mid at age 7 (P = 0.051) (Figure 2, Panel A). In girls,
differences in MVPA among the High, Mid, and Low age 3 tertiles remained significant at
age 4, narrowed at age 5, and were not significant at age 6 and 7 (Figure 2, Panel B). Boys
in the High IA tertile at age 3 had significantly higher IA (P < 0.01) at all subsequent years
of age except age 7, but the Mid and Low tertiles were not consistently distinct from each
other at ages 4 through 7 (Figure 2, Panel C). For IA in girls, the High, Mid, and Low
tertiles at age 3 remained somewhat distinct at ages 4 through 7, with the High tertile
remaining significantly higher than both other tertiles at age 5 (P < 0.05) and age 6 (P <
0.05) (Figure 2, Panel D).

DISCUSSION
The ability to obtain objective measures of physical activity by accelerometry has enabled
important advances in our understanding of the natural history of PA in young children and
the extent to which PA and inactivity track from the preschool years to mid-childhood. In
this study we found that tracking of PA was moderate from age 3 to 4 but declined by age 7.
We also found tracking differences by sex. The more active (in terms of MVPA) 3-year-old
boys remained more active over the following few years, whereas the most active 3-year-old
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girls did not remain more active later in the study. In contrast, the tracking of inactivity was
similar in boys and girls from age 3 to 7.

Our findings of tracking in physical activity must be considered in the context of the overall
physical activity patterns in children that occur during this age period. Overall, physical
activity and inactivity remained stable between 3 to 5 years of age. Between ages 5 to 7,
however, physical activity significantly decreased and inactivity increased in both boys and
girls. The decline in physical activity after age 5 y is consistent with other studies of children
of similar age. Janz et al showed a decline in activity and increase in inactivity from age 5 to
8 (24), and Basterfield et al showed a decline in physical activity from age 7 to 9 (5). A
possible explanation for the decline in PA after age 5 is entrance into school and being
required to sit for longer periods. This study did not record timing of school entrance or
types of reported activity during the day, however, so it was not possible to test this
hypothesis.

Another finding in this study was the higher total physical activity and MVPA in boys
throughout the study period. Although many studies have focused on the issue of lower
physical activity in adolescent girls (19), fewer studies have described this difference during
early childhood (4, 17). In a cross sectional study of preschool children boys had higher
physical activity than girls during a 3 hour sampling period (38). The Iowa Bone
Development study used accelerometry to measure physical activity for at least 8 hours a
day and found that boys had higher overall and vigorous physical activity compared to girls
at age 5 and age 8 (24). Our robust measures of physical activity measured over a median of
6 days per year of age and adjusted for wear time confirm and extend these prior findings.

The correlation coefficient is the most commonly reported measure of tracking in past
studies of physical activity. In this study, tracking of the four PA measures was highest from
age 3 to age 4, and subsequently declined as the intervening period grew longer. These
moderate to low correlation coefficients over 1 to 4 year intervals are consistent with other
tracking studies of children in this age group using accelerometry (18, 23, 27, 43) and other
PA measurement methods. Sallis et al reported correlation coefficients between 0.15 and
0.36 over 2 years in 4-year-old children whose PA was measured by observation (41). Pate
et al estimated PA by heart rate measurement in 47 children ages 3–4 years and reported
correlation coefficients between 0.57 to 0.66 from year to year over 3 years (37).

When grouped by tertile at age 3, boys in the High MVPA tertile had significantly higher
levels of MVPA at later ages, while girls in the High MVPA tertile at age 3 did not. The
finding that tracking of MVPA seems to be more evident in boys than girls during this early
age period is consistent with studies of older children (34, 45). Nyberg et al studied 97
children at age 7 and age 9 using accelerometry and found stronger correlation for boys than
girls (34). Telama et al studied a wider age range (age 9–30) and larger intervals (3–12
years) and found higher tracking among boys than girls (45). Our findings show that
differences in moderate and vigorous physical activity tracking patterns between boys and
girls are present even in early childhood. This is in contrast to tracking of inactivity, which
did not differ by sex in this study. In the Iowa Bone Development Study the correlation
coefficients between inactivity at ages 5 and 8 were also similar in boys (0.41) and girls
(0.44) (24).

The evidence of differences by sex in MVPA tracking but not inactivity tracking in our
study indicates that MVPA was relatively more stable for boys than for girls in the early
childhood period, whereas girls’ patterns suggest a regression to the mean effect (i.e., that
tertiles at age 3 are not representative of later periods). The reasons for this sex difference in
PA tracking patterns remain unclear. There may be some clues provided in analyses of
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differences in overall physical activity in early childhood. Yamamoto et al studied 649
children ages 3–6 years old and found that MVPA was associated with extrinsic motivators
in girls (e.g. parental PA) and boys’ MVPA was associated with intrinsic motivators like the
desire to be active (50). Although beyond the scope of this analysis, further exploration of
potential reasons for differences in the tracking of PA between boys and girls could provide
avenues for tailored clinical interventions and public health messages to increase PA in
youth.

It was encouraging that nearly all the participants had Light or Moderate/Vigorous PA
account for more than 25% of their wear time on an average day (which corresponds to the
IOM PA recommendations(22)). Furthermore, most of the children accumulated at least 60
minutes of MVPA per day during each age period, corresponding to the recommendations
for children 6 years and older in the PA Guidelines for Americans(48). The differences
between these two findings (nearly 100% meeting IOM recommendations vs. ~75% for US
PA guidelines) reflect the inclusion of Light physical activity in the IOM guidelines. The
challenge translating between different sets of guidelines in this age group underscores the
need for more accelerometer-based nationally-representative physical activity surveillance
data on children in the United States under 6 years old, as well as more studies linking
physical activity with health markers in this early age group.

The strengths of this study include the objective measurement of physical activity with a
triaxial accelerometer and a high frequency of measurement over the course of this 5-year
longitudinal study. Also, a confounding variable (wear time) was addressed by adjustment
using a robust method (2, 49). Weaknesses include the selection bias inherent in any
longitudinal study; the population in this study was able and willing to complete several
study visits over multiple years and thus may differ from other populations. Of note, the
study included mostly white participants, so extrapolation to physical activity in non-white
populations may be limited. Although Table 1 reveals that those who had data available at
all ages were not substantially different in their characteristics at enrollment from those who
did not (except for race), the participants who were able to consistently adhere to many
study visits over several years may have differed from the population from which it was
sampled and this limits the external validity of the study.

Using accelerometry to measure a complex behavior such as physical activity and the
subsequent decisionmaking required to analyze the data collected (e.g. assessing non-wear
time, minimum time needed, epoch) has many inherent limitations that have been laid out in
detail elsewhere (31). Most, if not all, of these limitations apply to this study. First, our
choice of 60 minutes of consecutive zero counts to determine non-wear time was made
primarily to be consistent with other studies (14, 32, 46), although there is far from universal
agreement on this point, and using a higher or lower limit can bias the measures toward
higher or lower amounts of physical activity (16, 36). The accelerometer used in this study
(RT3) uses a 60 second epoch, which may not accurately reflect the bursts of physical
activity that can occur in children (47). This was ameliorated somewhat by collapsing the
moderate and vigorous physical activity categories, but epoch-related bias toward lower
amounts of MVPA has been reported (21).

In this study we selected 8 hours as a minimum requirement to constitute a “valid” day.
Other studies have selected both lower and higher minimum hour thresholds (6–8, 10, 13,
20, 33). A higher threshold may lead to more included days capturing a higher proportion of
the day’s physical activity, but in a younger age group with higher sleep requirements, a
higher threshold may also exclude more useful data.
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In order to present data on a consistent cohort of children, we limited the analysis to
participants who had at least 1 valid day of accelerometry data in each age period. Even
though over 94% of the participants in this subset had greater than 1 valid day of
accelerometry in any given age period, this decision to include some participants with 1
valid day in an age period may increase the likelihood that our estimate of physical activity
from a participant may not fairly represent their usual physical activity, limiting our ability
to make inferences that are based on that assumption.

In this longitudinal study of 3–7 year-old children, boys were more active than girls and
maintained high moderate and vigorous activity more so than girls, while in both sexes,
those who were more inactive at age 3 remained more inactive at later ages. These findings
highlight the importance of promoting physical activity early in life and reinforce that
differences in physical activity patterns by sex are present in elementary school. Exploration
of these differences may allow tailored intervention to promote physical activity in youth.
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Figure 1.
Physical activity measures (means ± standard errors) over time by sex. Physical activity is
adjusted for wear time using the residual method. Overall age and sex effects tested using
repeated measures ANOVA. Panel A contains total physical activity (counts); age effect: P
< 0.0001; sex effect: P < 0.0001. Panel B contains moderate and vigorous physical activity
(MVPA, minutes); age effect: P = 0.0005; sex effect: P < 0.0001. Panel C contains inactivity
(IA, minutes); age effect: P < 0.0001; sex effect: P = 0.22.
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Figure 2.
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Physical activity measures (means ± standard errors) over time, by tertile (based on PA at
age 3). Physical activity is adjusted for wear time using the residual method. Panel A
contains moderate and vigorous physical activity (MVPA, minutes) in boys, Panel B
contains MVPA in girls, Panel C contains inactivity (IA, minutes) in boys, and Panel D
contains IA in girls.
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TABLE 1

Participant characteristics at enrollment.

Participants with
accelerometry

measurement in each
year of age (N = 234)

Participants without
accelerometry

measurement in each year
of age (N = 138)

P-value

Age, y 3.4 (0.3) 3.3 (0.3) <0.0001

Sex, % girls 47.0 49.3 0.67

Race, % white 84.6 67.4 0.0001

Height, cm 98.6 (4.4) 97.9 (4.7) 0.14

Weight, kg 15.9 (2.0) 15.5 (2.1) 0.10

BMI, kg/m2 16.3 (1.3) 16.1 (1.3) 0.25

BMI z-score 0.38 (0.97) 0.21 (0.97) 0.11

Values presented as mean (standard deviation) except proportions. Test statistics are associated with t-tests for continuous variables and chi-square
for proportions.
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TABLE 3

Correlation of physical activity measures at ages 4 through 7 with age 3 years. (N = 234)

Age 4 Age 5 Age 6 Age 7

Physical Activity* (PA), counts per day, correlation with age 3 0.42 0.33 0.26 0.19

Moderate or vigorous PA*, min per day, correlation with age 3 0.43 0.35 0.27 0.25

Light PA*, min per day, correlation with age 3 0.45 0.33 0.29 0.23

Inactivity*, min per day, correlation with age 3 0.45 0.35 0.31 0.20

All p-values ≤ 0.01.

*
Adjusted for wear time.
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