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ABSTRACT Besides environmental and psycho-social factors explaining the variation in physical activity levels
during adolescence, some evidence suggests that biological processes are involved in regulating habitual daily physical
activity and energy expenditure. The purpose of this study was to examine the influence of biological maturity status
on physical activity. Chronological age, standing height, sitting height, and body mass were measured cross-sectionally
in 268 girls, aged 9.5 to 11.5 years. Biological maturity groups (Early, Average, Late) were created according to esti-
mated age at peak-height-velocity (estAPHV). Habitual physical activity was determined with a pedometer (Yamax
Digiwalker SW-200) over a 7-day period. Differences in steps/day across maturity groups were examined by ANCOVA,
controlling separately for time the pedometer was worn, leg length, and body mass. Mean pedometer steps/day was
10,822 * 2,639. As expected, body size varied by maturity status (e.g., early > average > late). Significant maturity
group differences were found with early maturing girls showing lower activity levels compared to average or late
maturers. These differences remained after controlling for time the pedometer was worn and leg length; however, the
differences were no longer significant when controlling for body mass. The results suggest that biological maturity sta-
tus influences physical activity levels in girls between 10 and 12 years of age but the relationship is not independent of
body mass. Further research is needed to establish the complex inter-relationships among adiposity, biological matura-

tion, and energy expenditure during puberty. Am. J. Hum. Biol. 22:18-22, 2010.

The age-related pattern in the habitual physical activity
level of boys and girls has been well studied (Andersen
et al., 2003; Kohl and Hobbs,1998; Malina et al., 2004;
Trost et al., 2002). In brief, boys generally possess higher
physical activity levels than girls throughout childhood
and adolescence. In both sexes, physical activity levels
decrease with age, especially during adolescence, but the
decline in physical activity seems to be more pronounced
in girls (Sallis et al., 2000; Trost et al., 2002). At this time,
however, the specific cause(s), and even some of the deter-
minants, of the age-related decline remain uncertain.

Most studies addressing the age- and sex-associated
variation in physical activity levels in children and adoles-
cents focus on environmental and psycho-social aspects
(Davison et al., 2003; Di Lorenzo et al.,1998; Ferreira
et al., 2007; Sallis et al., 2000), while biological aspects
have only sparsely received attention. However, there is
some evidence supporting the assumption that intrinsic,
biological processes are involved in regulating habitual
daily physical activity and energy expenditure (Rowland,
1998; Thorburn and Proietto, 2000). A strong line of sup-
port of this aspect is the fact that physical activity declines
at the time of biological maturation across all animal spe-
cies (Ingram, 2000; Rowland, 1998). In humans, the
decline in physical activity during adolescence may also
be reflecting changes in biological maturity status within-
and between-individuals, because the timing and tempo of
biological maturation varies across human beings. In
turn, biological maturation affects both psycho-social and
biological factors that may ultimately influence physical
activity levels.
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Although the age- and sex-differences in physical activ-
ity are well recognized, few studies have considered the
influence of biological maturity status on physical activity
(Baker et al., 2007; Wickel and Eisenmann, 2007; Wickel
et al., in press), while other studies focus on sex differen-
ces in physical activity levels when aligned by biological
age rather than chronological age (Sherar et al., 2007;
Thompson et al., 2003). Given that the decline in physical
activity during adolescence is more pronounced in girls
and the well recognized potential benefits of physical ac-
tivity concerning bone health and other chronic disease
risk factors in females, examining the possible reasons for
the aforementioned decline in physical activity in girls is
of particular interest.

Recent studies (Baker et al., 2007; Wickel and Eisen-
mann, 2007; Wickel et al., in press) provide some evidence
that early maturing girls possess lower physical activity
levels than later maturing girls. However, these studies
had methodological limitations. More specifically, Baker
et al., (2007) used a composite score to create only two ma-
turity groups (early vs. later), and in our previous studies
(Wickel and Eisenmann, 2007; Wickel et al., in press) only
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a small sample of girls were categorized as late maturers.
As the decline in physical activity begins near the onset of
puberty, it is important to consider physical activity at
earlier ages and across all maturity groups. Therefore, the
purpose of this study was to add to the breadth of this
topic by examining the influence of biological maturity
status on habitual physical activity among 9.5- to 11.5-
year-old girls.

METHODS
Subjects

Participants included 268 girls between 9.5 and 11.5
years of age from two Midwestern U.S. communities
(Lakeville, MN and Cedar Rapids, IA). Subjects were
recruited for an intervention study (Eisenmann et al.,
2008) but the values reported herein are taken from
baseline (preintervention) testing and thus were not influ-
enced by the intervention. Data collection occurred in Sep-
tember 2006. Written assent from each subject and
consent from her primary caregiver was obtained prior to
participation in the study. The study protocol was
approved by the University of Minnesota’s Human Sub-
jects Review Board and is in accordance with the Declara-
tion of Helsinki.

Anthropometry

Chronological age was calculated by subtracting the
participant’s date of birth from the observation date.
Standing height, sitting height, and body mass were
measured following standard procedures (Malina, 1995).
Standing height and sitting height were measured using a
portable stadiometer (Seca Road Rod). Estimated leg
length was calculated by subtracting sitting height from
standing height. Body mass was measured using a strain
gauge scale (Lifesource MD) and the body mass index
(BMI, kg/m?) was calculated from measurements of stand-
ing height and body mass.

Maturity status

Given the methodological and practical limitations of
assessing biological maturation by skeletal, somatic, or
sexual indicators, Mirwald et al. (2002) developed sex-spe-
cific equations to estimate the number of years away from
peak height velocity (PHV), and refer to this as the matu-
rity offset. Using anthropometric data (stature, sitting
height, leg length, body mass and chronological age) from
the observation date (i.e., cross-sectional), the prediction
equation [Eq. (1) following] offers a noninvasive and feasi-
ble approach to estimate maturity status. In the original
paper, the validity coefficient between skeletal age and
maturity offset was 0.83 (Mirwald et al., 2002), suggesting
acceptable agreement between the two approaches to esti-
mate maturity status.

Maturity offset = — 9.376 + 0.0001882
X (leg length X sitting height)
+0.0022 (age X leg length)
+0.005841 (age X sitting height)
— 0.002658 (age X weight)
+0.07693 (weight/height) (1)

Although the maturity offset does not provide an indica-
tion of tempo, it does provide an indication of timing
between individuals to allow for comparisons between bio-
logical maturity groups. The maturity offset can be used
as a continuous variable (e.g., —1.2 years from PHV) or it
can be used to estimate the age at PHV (estAPHV)
(estAPHV = chronological age—maturity offset). In the
latter instance, comparisons between biological maturity
groups (e.g., early, average, and late maturers) can be
examined. For the purpose of this study, average matur-
ing girls had an estAPHV between 11.2 and 12.2 years of
age. These values were obtained using the mean estAPHV
(11.7 years) of the sample. Girls with an estAPHV >12.2
years were considered late maturers, whereas girls with
an estAPHV <11.2 years were considered early maturers.

Habitual physical activity

Habitual, free-living physical activity was assessed by a
pedometer (Digiwalker SW-200), which has been found
suitable for research purposes (Jago et al., 2006; Welk
et al., 2000). The subjects were given instructions on
wearing the pedometer during the day and the accuracy of
the pedometer was checked prior to data collection. Partic-
ipants recorded the time the pedometer was worn and the
number of steps accumulated each day over a 7-day pe-
riod. Previous research supports a 4-day monitoring pe-
riod to determine habitual physical activity (Trost et al.,
2005). In addition, it is necessary to account for potential
bias between weekend and weekday step counts. For these
reasons, participants were included in the analysis only if
they had at least 4 days (3 weekdays and 1 weekend)
when the pedometer was worn for at least 10 h. The first
day the pedometer was worn was also excluded from fur-
ther analysis to avoid possible reactivity of wearing a pe-
dometer.

Statistical analysis

Descriptive statistics were calculated for the anthropo-
metric and physical activity characteristics of the sample.
Maturity-group differences were initially tested using uni-
variate analysis of variance (ANOVA). Further analyses
used ANCOVA controlling separately for pedometer time
on body, leg length and BMI as these variables may
impact step frequency or physical activity. Leg length was
considered as a covariate because the main outcome was
expressed as steps per day, and individuals with longer
legs cover the same distance with fewer steps (Eisenmann
and Wickel, 2005). BMI was subsequently used as a cova-
riate given its relationship with physical activity level
(Eisenmann et al., 2002). All statistical analysis was con-
ducted using SPSS (Version 16.0).

RESULTS

Physical characteristics and physical activity levels of
the participants are shown in Table 1. The majority (n =
183, 68.3%) of the participants were classified as average
maturers and the remaining were classified as early
maturers (n = 33, 12.3%) or late maturers (n = 52,
19.4%). As expected, significant maturity group differen-
ces were shown for height (F(2, 265) = 77.59, P = 0.001)
and body mass (F(2, 265) = 97.60, P = 0.001). Tukey post
hoc tests showed significant differences between all matu-
rity groups (P = 0.001) for these variables with early
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TABLE 1. Descriptive characteristics of girls by maturity status

Early mature

Avg. mature

Late mature Total sample

Variable (n = 33) (n = 183) (n = 52) (n = 268)

Chronolog. Age (yrs.) 10.3 (+0.4) 10.2 (*0.5) 10.5 (+0.4) 10.3 (+0.5)
Est. age at PHV (yrs.)* 10.9 (+0.2) 11.7(%0.3) 12.4(*+0.2) 11.7 (x0.5)
Standing height (cm)® 150.9 (+5.4) 142.0 (£5.8) 135.4 (+4.8) 141.8 (x7.0)
Leg length (cm)® 71.6 (£4.1) 67.7 (+3.8) 65.1(*+3.4) 67.7(*£4.2)
Body mass (kg)* 56.2 (+8.3) 37.3(%6.5) 29.4 (+4.1) 38.1(+9.8)
BMI (kg/m?)* 24.7(+3.5) 18.5(+2.7) 16.0 (+1.8) 18.8 (+3.6)

ASignificant differences between all groups (P < 0.05).

Mean Steps per Day

15000
0083
! p=0.03 \

10000
5000 4

[}

Early Mature Anvg. Mature Late Mature
Fig. 1. Mean Steps per day among early, average, and late matur-

ing girls. x-axis: 3 Maturity groups. y-axis: Number of steps per day
(=SD) of 3 Maturity groups. P-values from ANOVA, Tukey post-hoc
tests.

maturing girls being heavier and taller than average and
late maturing girls. Accordingly, all maturity groups dif-
fered significantly in BMI (F(2, 265) = 109.42, P = 0.001)
and leg length (F(2, 265) = 29.89, P = 0.001). The mean
BMI of the early maturing girls was >95th percentile. Av-
erage maturers’ mean BMI approximated the 75th percen-
tile and the BMI of late maturers approximated the 30th
percentile. No significant group differences occurred for
pedometer time worn (F(2, 265) = 2.266, P = 0.106).

The mean steps per day for the entire sample was 10
822 (+ 2639 steps per day). Mean steps per day differed
significantly between maturity groups (¥(2, 265) = 3.44, P
= 0.04). Early maturing girls showed significantly lower
mean steps per day compared with average maturers (P =
0.03) and there was a trend toward significance when
early maturers were compared with late maturers (P =
0.06)(see Fig. 1). These differences remained significant
when controlling for time the pedometer was worn (F(2,
264) = 3.149, P = 0.045) and for leg length (F(2, 264) =
3.65, P = 0.03); however, when controlling for BMI, differ-
ences in mean steps per day by maturity group were no
longer significant (F(2, 264) = 1.33, P = 0.27).

DISCUSSION

Although the age-related decline in physical activity
among girls is well known, few studies have considered
the influence of biological maturity status. Our results
indicate that early maturing girls between 10 and 12
years of age display lower physical activity levels (pedom-
eter steps/day) than average or late maturing girls even
when accounting for leg length. However, the differences
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in steps per day were no longer significant when control-
ling for BMI, suggesting that body weight and fatness
influence physical activity in early maturing girls.

These results are in accordance with previous findings.
Using the same methodology as the current study, Wickel
and Eisenmann, (2007) found a trend toward lower physi-
cal activity levels among early maturers compared with
average and late maturers in an older (13- to 14-year-old)
sample of girls. Similarly, Baker et al., (2007) showed that
physical activity levels of early maturing girls were 13%
less than those of late maturers. This study used a longi-
tudinal design and followed the girls from 11 to 13 years of
age. Accelerometry as well as self-reports were used to
measure physical activity and maturity status was deter-
mined by a composite score of blood estradiol levels, Tan-
ner breast stage criteria, and parental report of pubertal
development. Results from a study by Riddoch et al.,
(2007) also show a similar trend in 11-year-old English
girls. In this study, physical activity levels were compared
between five maturity groups determined by self-reported
pubertal stage. Taken together, these findings support the
argument that biological maturity status of female adoles-
cents influences physical activity level.

Although we are considering biological maturity status
to be a biological determinant of physical activity, it seems
that both psycho-social and biological aspects could poten-
tially influence the maturity-associated variation in physi-
cal activity among females. Previous research has focused
on psycho-social aspects related to the age-related decline
in physical activity of adolescent girls. For example, Baker
et al. (2007) addressed the importance of body esteem, per-
ceived skill, and parent or peer support for physical activ-
ity in girls. They reported that early maturing girls tend
to have a poorer body image, which lowers their enjoy-
ment in physical activity and thus hinders engagement in
physical activity. Furthermore, the dynamic physical
changes of puberty (i.e., increased fat mass, breast devel-
opment, broadening of hips, etc.) might affect girls’ ability
and willingness to participate in sports. Monsma et al.
(2008) addressed the issue of social physique anxiety and
showed that even in lean female athletes the body image
can be disrupted possibly causing reduced self-esteem and
lower motivation for physical activity and sport. It is also
suggested that parents might show lower support for
early maturers, because they want to implement a more
adult-like behavior in these girls (Baker et al., 2007). Peer
support could decrease as well, since early maturing girls
tend to socialize with older peers, who generally display
lower levels of physical activity because of other interests
and possibly more school-related work (Baker et al.,
2007).
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The differences in physical activity by maturity group
could also be due to biological factors (Lightfoot, 2008;
Rowland, 1998). To date, few studies have addressed the
impact of biological factors on physical activity levels in
adolescence or in general. Lightfoot (2008) suggests that a
central nervous system “activity-stat” and changes in var-
ious physiological substances (e.g., hormones) or struc-
tures (e.g., estrogen/testosterone pathways) need to be
considered when examining individual physical activity
levels. Indeed, sex steroid and growth hormones, neuro-
peptides, and appetite-related hormones affect physical
activity/energy expenditure and energy balance (Novak
and Levine, 2007). For example, ghrelin has been shown
to decrease physical activity and leptin has been shown to
increase physical activity (Tou and Wade, 2002). Orexin, a
neuropeptide sensitive to leptin, has also been shown to
increase physical activity (Novak and Levine, 2007). How-
ever, the age- and pubertal-related changes in these bio-
markers along with the changes in body composition are
complex and not understood at this time. For example,
leptin has been shown to increase during puberty (Sha-
litin and Phillip, 2003), which is in contrast to the lower
levels of physical activity in earlier maturing girls.
Increasing levels of leptin, however, are expected during
puberty, because leptin levels are positively correlated
with body fatness. Kaplowitz (2008) argues that an earlier
onset of puberty is caused by a higher body fatness, rather
than that early onset of puberty causes an increase in
body fat. Besides a change in body composition, it has also
been shown that sensitivity to certain hormones changes
during puberty (Malina et al., 2004). Apter (2003) has
shown that concentration of the leptin binding protein in
the blood (identical with soluable leptin receptor, sOB-R)
decreases from birth until puberty. If sensitivity to leptin
decreases during puberty there would be no increase in
physical activity despite higher leptin levels. Further,
higher body fatness has been shown to be related to lower
physical activity levels (Kimm et al., 2005: Sulemana
et al., 2006).

As for ghrelin, there is a decline throughout childhood
and adolescence until mid-puberty (Whatmore et al.,
2003). This also seems to be in contrast to the findings
that ghrelin is supposed to play concerning physical activ-
ity levels. Considering the inverse relationship between
ghrelin and body fatness, a decline throughout puberty is
not surprising (Chanoine, 2005). Popovic and Duntas
(2005) argue that ghrelin levels are rather compensatory
than causal concerning the development of obesity. In
relation to physical activity, Jiirimée et al., (2007) showed
that mean plasma ghrelin levels were significantly higher
in active pubertal girls compared with sedentary girls.
The authors suggested that the increased energy expendi-
ture in active girls is responsible for higher ghrelin levels,
because it has been shown that ghrelin stimulates appe-
tite and plays a role in glucose metabolism (Chanoine,
2005). The role of ghrelin concerning dietary intake and
physical activity, however, is not well defined (Jiuriméae
et al., 2007) and current data suggests that ghrelin might
be more closely related to body composition, which as pre-
viously mentioned, is related to physical activity levels
(Dimaraki and Jaffe, 2006). Further, there seems to be an
inverse relationship between ghrelin and leptin concen-
trations, but the exact mechanisms still remain to be
investigated (Popvic and Duntas, 2005). Therefore, fur-
ther investigation, especially using a longitudinal study

design, is needed to gain further insights into biological
constraints that influence physical activity during
puberty.

Previous studies, as well as results shown in this paper,
however, highlight the importance of body weight and
body composition when studying physical activity levels.
During puberty, changes in the sensitivity of the hypo-
thalamic-pituitary axis occur and it has been argued that
an overly sensitive hypothalamic-pituitary-adrenal axis
may disrupt the hormonal mileau of some of the key hor-
mones influencing both adiposity and potentially physical
activity (Roemmich and Rogol, 1999). Tou and Wade,
(2002) reported a 51% to 70% reduction in motor activity
in obese mice, and these authors suggest that “decreased
activity is a response rather than a contributor to weight
gain” (p. 588). The influence of biological factors and envi-
ronmental constraints or psycho-social aspects on body
weight and body composition as well as on physical activ-
ity needs further investigation.

The current study could have been strengthened by a
larger and more diverse sample, and more precise meas-
ures of physical activity and maturity status. The sample
was relatively small and consisted mainly of Caucasians.
The small sample size of early and late maturing girls is
probably the reason for the nonsignificant differences in
physical activity between these two groups. Although ped-
ometers were used to assess physical activity, neither the
information on the intensity or pattern of physical activ-
ity, nor the total energy expenditure could be quantified.
The limitations of assessing biological maturity status
cross-sectionally are well known, including social ethics
(secondary sex characteristics) and exposure to radiation
(skeletal maturity). Therefore, we and others have begun
using the maturity offset as a noninvasive indicator. Mir-
wald et al. (2002) have demonstrated the validity of this
equation, and the average age at PHV (11.7 years) in the
current study is in accordance with the literature (Malina
et al., 2004).

In summary, the results show that early maturing girls
between 10 and 12 years of age display lower physical ac-
tivity levels than average or late maturing girls. However,
the differences are not independent of BMI. The findings
can be supported by both the argument that biological and
psycho-social factors acting during adolescence impact
physical activity levels perhaps through body size and
composition. Future research should use a longitudinal
approach, which includes a thorough investigation of the
psycho-social and biological factors associated with biolog-
ical maturation and their role on physical activity levels
in adolescent girls.
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