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Abstract 

Aim: To examine a) if maturity-related gender differences in moderate-to-vigorous physical activity 

(MVPA) depend on how maturity status is defined and measured; and b) the influence of maturity level on 

compliance with PA recommendations. 

Methods: The study involved 253 children (139 boys) aged 9.9 ± 0.9 years, with mean stature and weight 

of 1.39 ± 0.08 m and 35.8 ± 8.8 kg, respectively. Their PA was evaluated using an ActiGraph 

accelerometer (Model 7164). Maturity was assessed using the estimated age at peak height velocity 

(APHV) and a standardized APHV by gender (i.e., centered APHV).  

Results: Boys engaged in significantly more MVPA than girls (P<0.0001). There was a significant 

correlation between the centered APHV and MVPA in boys (r=0.20; P=0.016), but not in girls (r=0.13; 

P=0.155). An ANCOVA controlling for the estimated APHV showed no significant interactions between 

gender and APHV, and the main effect of gender on MVPA was negated. Conversely, there was a 

significant main effect of APHV on MVPA (F(1, 249) = 6.12; P = 0.014; ηp
2 = 0.024). Only 9.1% of children 

met the PA recommendations, including 14.4% of boys and 2.6% of girls (P<0.01). This observation also 

applies in both pre-APHV (12.7% of boys vs. 2.4% of girls, P<0.001) and post-APHV children (23.8% of 

boys vs. 3.4% of girls, P<0.0001). No differences in PA guidelines were observed between pre-APHV and 

post-APHV children. 

Conclusions: Among prepubescent children, the influence of biological maturity on gender-differences in 

PA may be a function of how maturity status is determined. The most physically active prepubescent 

children were those who were on-time according to APHV. 

 

Key words: Accelerometry, Maturation, Movement behavior, Prepubescent, Sexual dimorphism 
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Introduction 

Physical activity (PA) plays a crucial role in the health of children and adolescents because risk factors for 

hypokinetic diseases (e.g., hypertension, diabetes) that occur in adulthood appear during early years of 

life, and may track over time (Chen & Wang 2008; Morrison et al. 2008). This portends a growing health 

burden at both individual and society levels. Thus, it is currently recommended that youth engage on a 

daily basis in a minimum of 60-min of a moderate-to-vigorous PA (MVPA) (Strong et al. 2005; USDHHS 

2008; WHO 2010). Public health endeavors at developing and implementing quality interventions at 

population level to thwart physical inactivity among youth – especially in the framework of childhood 

obesity and its co-morbities – are underway in several regions of the world (Hercberg 2006; Hill 2004; 

Neira & de Onis 2005). For example, in France the launch by the French Ministry of Health of the French 

strategy for nutrition, physical activity and the prevention of obesity in 2002 (Hercberg 2006; Recours et al. 

2011) appears as a milestone in the fight against physical inactivity and its related diseases. However, due 

to a number of political, cultural (Recours et al. 2011) and even, some philosophical reasons (Guinhouya 

et al. 2008), this ambitious program does not seem to work in young people as it was intended to (Recours 

et al. 2011). 

An important body of epidemiological data have shown that childhood is the most physically active period 

of life (Ness et al. 2007; Riddoch et al. 2004; Trost et al. 2002; Verschuur & Kemper 1985), but from 

adolescence PA engagement declines (Thompson et al. 2003; Trost et al. 2002; Verschuur & Kemper 

1985). Moreover, most studies have reported boys to be more active than girls whatever their 

chronological age (Armstrong & Bray 1991; Falgairette et al. 1996; Ness et al. 2007; Riddoch et al. 2004; 

Trost et al. 2002). Furthermore, levels of annual decline range from 1.8%-2.7% for boys and 2.6%-7.4% 

for girls (Sallis 1993), suggesting that the decrease in PA may be more pronounced among girls than 

boys. Many reasons, including socio-cultural and psychosocial factors and their interactions, may underpin 

this phenomenon (Guinhouya et al. 2010; Trost et al. 1999). Nonetheless, some biological reasons seem 

to be involved in this sexual dimorphism, as on average girls mature earlier than boys (Mirwald et al. 

2002). For instance, suppression of gender-related differences in children’s self-reported PA have been 

found when PA data were adjusted for biological age (Thompson et al. 2003). This result was then 

confirmed by a number of studies using objective measures of young people’s habitual PA (Drenowatz et 

Page 3 of 22

Child: Care, Health and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Review
 Copy

 

 

 

4

al. 2010; Fairclough & Ridgers 2010; Machado Rodrigues et al. 2010 ; Riddoch et al. 2007; Romon et al. 

2004; Sherar et al. 2007; Wickel & Eisenmann 2007; Wickel et al. 2009). 

There is a variety of methods and indicators to determine the biological maturity of children and each has 

inherent limitations (Baxter-Jones et al. 2005; Beunen et al. 2006). Nonetheless, the timing of peak height 

velocity (PHV) is increasingly used in PA epidemiology as a measure of somatic maturity due to its close 

relationships with PA (Sherar et al. 2010). This method is particularly attractive for use in population 

studies because it is based on a non-invasive anthropometric approach (Mirwald et al. 2002). However, 

the classification system that may be used to build up groups of early, average and late maturing children 

remains unclear (Sherar et al. 2010), and this may complicate the comparability of studies. For example, 

some authors have  used a gender-specific estimated age at PHV (APHV) to create and compare maturity 

categories (Wickel & Eisenmann 2007) while these categories could have equally been based on the 

sample estimated APHV. Such a practice of unisex categorization is not yet widespread, perhaps due to 

the fact that the topic of PA and maturity level is a relatively new and growing research area. A particularly 

attractive alternative may be the use of data obtained from reference population samples such as those 

from the Saskatchewan Growth and Development study (Mirwald 1980), the Leuven Longitudinal Twin 

Study (Beunen et al. 2000 ) or the Zurich Longitudinal Growth Study (Largo et al. 1978) to control for the 

influence of gender on the distribution of the biological age of children. 

Another concern in the existing literature is the consideration of wider chronological age ranges that 

combine preadolescents and adolescents, and therefore oblige authors to use chronological age as a 

covariate at the data analysis step. Although chronological age may independently influence the 

relationships between PA and biological age, only a few studies, using objective measures of PA, have 

involved a homogeneous group of prepubescents (Drenowatz et al. 2010; Fairclough & Ridgers 2010). 

Furthermore, some of these data did not compare by gender on account of the inclusion of girls only 

(Drenowatz et al. 2010). Moreover, as recently suggested, little work has examined the influence of 

maturity status on levels of PA within each gender (Wickel et al. 2009), and the paucity of data about 

prepubescents is even more significant. Finally, only the absolute time spent in MVPA has been 

considered in previous analyses of maturity-related differences, and no study has examined the 

compliance of children to PA guidelines according to their maturity status. Such knowledge may help 
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policy-decision makers and health promoters to adapt and develop interventions, which take this 

discrepancy into account. 

Thus, the aims of the present study that exclusively involved prepubescent children were to examine, a) if 

maturity-related gender differences in MVPA is dependent on how maturity status is defined and 

measured; and b) the influence of the maturity level on compliance to PA recommendations. 

Methods 

Participants 

A total of 253 children (139 boys) of cycle III (French equivalent of 3rd, 4th, and 5th grades) were recruited in 

six schools from the Education Authority Area of Lille. The study was conducted over two waves from 

September 2005 to March 2006 (wave 1) and from November 2007 to March 2008 (wave 2). Voluntary 

pupils and their parents/legal guardians were provided with full information about measurements and data 

collection procedures. To be included, children and their primary caregiver provided written informed 

consent, and the study received the approval of the local advisory board (Ethical Committee for the 

Protection of Persons of Lille).  

Anthropometry 

Stature and sitting stature were measured to the nearest 0.1 cm with a stadiometer (Seca 214, Hamburg, 

Germany). For stature, subjects were standing without shoes with their bodies stretched upward and their 

head in the Frankfort plane. Sitting stature was recorded in a similar posture with subjects sat on a ground 

sheet. Leg length was then calculated by subtracting sitting height from the complete stature. From stature 

and body mass, body mass index (BMI) was calculated as body mass (kg)/square of stature (m2). 

Chronological age was obtained by subtracting the children’s date of birth from the date of observation. 

Maturity status 

Somatic maturity status was estimated by determining years from attainment of peak height velocity (PHV) 

using a non-invasive procedure (Mirwald et al. 2002). This procedure combines anthropometric data, age 

and their interactions, and is derived from regression equations that result in the estimation of years from 

PHV (sometimes referred to as “maturity offset” (Mirwald et al. 2002). Maturity offset was designed to be 

used either as a continuous variable to predict or to estimate the age at PHV (i.e., APHV = chronological 

age – maturity offset). The latter expression was considered as a sample-based criterion of biological 
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maturity. A second maturity indicator (i.e., maturity status within gender) was further calculated as follows: 

participant’s APHV minus mean APHV by gender (i.e., mean male or female APHVs from a reference 

sample). The mean APHVs by gender were from the Zurich Longitudinal Growth Study, which used values 

of 12.2 years and13.9 years for mean female APHV and mean male APHV, respectively (Largo et al. 

1978). These gender-related average APHVs are similar to those reported from comparable populations 

(Malina et al. 2004; Tanner 1981). The centered APHV (i.e., a standardized criterion) was then used to 

build up maturity categories such that any negative value translated into “pre-APHV”; any positive value 

was considered as “post-APHV”, whilst PHV was equal to zero. 

Physical activity assessment 

An objective assessment of PA over a whole week was performed using MTI Actigraph accelerometers 

(The ActiGraph, Model 7164, FL, USA). The devices were initialized to record PA in 30-sec epochs, but 

data were subsequently reintegrated in 1-min epochs to allow comparisons with previous studies. 

Accelerometers were tightly mounted at the right hip of each child at the beginning of the measurements. 

As the participants had no prior experience of wearing accelerometers they received a brief familiarization 

session where they were shown how to attach and remove the adjustable elastic Actigraph belt and the 

correct positioning of the instrument over the right hip. Children were encouraged to keep the device at 

night. Instructions were given regarding Actigraph removal (only during water-based activities, contact 

sports where risk of injury or monitor damage was high), and replacement (after any other occurrences of 

removal). Participants were encouraged to ignore the device whilst wearing it and go about their normal 

activities during the monitoring period. 

Data reduction. Three to four days (2 school days and at least one free/weekend day) of measurement 

were selected for analysis. Data of the first and the final days of monitoring were deleted due to some 

reactivity risks on the first day of wearing and incomplete data on the final day. Furthermore, 3-4 days of 

Actigraph-based data have been shown to produce a reliability coefficient of 0.7-0.8.(Mattocks et al. 2008; 

Trost et al. 2000) Among children included in analysis, 68% provided four days of registration. Quality 

control of the data files was done using a visual inspection strategy. Data were submitted to a compliance 

check, during which sustained 20-min periods of zero counts were deleted because they were deemed to 

indicate non-wearing periods of the monitor (or lack of compliance with the protocol). Participants were 
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removed from the database if they did not produce counts for ≥ 11.2 hrs on each of the monitoring days. 

This figure represented non zero counts for at least 80% of a standard measurement day. Counts 

obtained between 07:00am and 09:00pm were summarized to portray PA outcomes. 

The overall PA of children (i.e., total PA [TPA]) in accelerometer counts per minute (cpm) was calculated 

by averaging activity counts accumulated between 07:00am and 09:00pm. The time spent in MVPA per 

day (MVPA in min.d-1) was determined as the number of minutes spent above a moderate intensity PA 

cut-off point of 3200 cpm (Puyau et al. 2002). Finally, adherence to PA recommendations was examined 

by estimating the proportion of children that spent ≥60 min.d-1 in a MVPA as required for youth (Strong et 

al. 2005; USDHHS 2008; WHO 2010).  

Statistical analysis  

The general characteristics of children were displayed as mean ±SD and range. Normal distributions of 

the data were examined using Kolmogorov-Smirnov test (completed with Lilliefors’ correction). Gender 

differences in anthropometry were analyzed with independent Student “t” tests or Mann and Whitney “U” 

tests, as appropriate. A Chi-square test was used to determine associations between categorical 

variables. Between-day intraclass correlation coefficients (ICC and 95% confidence intervals [CIs]) of 

absolute agreement using the two-way mixed Cronbach’s model were computed to evaluate the reliability 

of PA data across the 3-4 days of assessment. Correlation analyses were carried out by Pearson Product 

moment coefficients of correlation to portray the nature of the relationships between centered APHV and 

PA within gender. An analysis of variance (ANOVA) was performed to examine gender differences in PA 

followed by an ANCOVA controlling for the estimated APHV. In all cases, the level of significance of 

analyses was set at P<0.05. Effect sizes were calculated using partial-eta squared (ηp
2). Statistical 

analyses were performed using PASW® statistics v.18 (IBM SPSS Inc., Chicago, IL). 

Results 

General characteristics 

As displayed in table 1, there were no significant differences between boys’ and girls’ chronological age 

(P=0.77), stature (P=0.95), body mass (P=0.78) or BMI (P=0.65). However, with an estimated APHV of 

11.9±0.6 years and a centered APHV of -0.3±0.6 years, girls were biologically older than boys (13.4±0.7 
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years and -0.7±0.7 years; P<0.0001 in each case). Overall, only 20% of the children were post-APHV, 

with this group consisting of a significantly higher proportion of girls than boys (58% vs. 42%; P<0.05). 

Physical activity (PA), gender and biological maturity 

As for PA data, the single-day ICC for the total activity count (i.e., TPA) was 0.47 (95% CI: 0.36; 0.57), and 

the average measurement ICC was 0.78 (95% CI: 0.69; 0.84). The corresponding ICCs for MVPA were 

0.49 (95% CI: 0.39; 0.60) and 0.80 (95% CI: 0.72; 0.86). 

As shown in Figures 1A and B, gender-specific relationships between PA and centered APHV were 

generally weak. Nonetheless, there was a significant positive correlation between the TPA and centered 

APHV among girls (r=0.21; P=0.028) but not in boys (r=0.16; P=0.06). As for MVPA, a significantly 

positive correlation was found between the time spent by boys in MVPA (r=0.20; P=0.016), but not in girls 

(r=0.13; P=0.155). Figures 1A and B show that children who were closer to PHV accumulated most TPA 

and MVPA, while both PA outcome measures were slightly lower among early and delayed maturing 

children). This pattern was clearer for MVPA than the TPA. 

On the whole sample, boys were significantly more active than girls for both the total volume of PA (+23%; 

F(1, 252) = 23.06; P<0.0001; ηp
2 = 0.08) and the minutes they spent in MVPA (+63%; F(1, 252) = 31.54; 

P<0.0001; ηp
2 = 0.11) (Tables 1; Figure 2). When the estimated APHV was controlled for (Figure 2A), the 

ANCOVA revealed no significant interactions between gender and APHV for both TPA (F(1, 249) = 0.23; P = 

0.63; ηp
2 = 0.001) and MVPA (F(1, 249) = 0.008; P = 0.93; ηp

2 = 0.000). Likewise, there were no significant 

main effects of gender on both TPA (F(1, 249) = 0.35; P = 0.55; ηp
2 = 0.001) and MVPA (F(1, 249) = 0.06; P = 

0.81; ηp
2 = 0.000). On the other hand, there were significant main effects of the estimated APHV on both 

TPA (F(1, 249) = 6.55; P = 0.011; ηp
2 = 0.026) and MVPA (F(1, 249) = 6.12; P = 0.014; ηp

2 = 0.024). 

Achievement of PA guidelines by gender and maturity  

On the whole sample, only 9.1% of children met the recommendation of 60 min/day in a MVPA. In 

general, more boys (14.4%) met PA recommendations than girls (2.6%) (P=0.002). This observation also 

applied regardless of maturity categories, (pre-APHV: 12.7% of boys vs. 2.4% of girls, P<0.001; post-

APHV: 23.8% of boys vs. 3.4% of girls, P<0.0001) (Figure 3). As shown in Figure 3, more post-APHV 

children (12.0%) achieved the PA recommendations than pre-APHV children (8.4%), but the difference did 

not reach significance (P=0.60). Within each gender, there were no significant differences between pre-
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APHV and post-APHV children, even if a relatively important gradation in the compliance with the PA 

recommendations can be observed from pre-APHV (12.7%) to post-APHV (23.8%) among boys (P=0.08). 

Discussion 

The study findings suggest that analysis of the influence of biological maturity on gender-related 

differences in PA may produce contrasting results according to the strategy used to depict maturity status. 

Indeed, the effect of gender on the total volume of PA and MVPA was maintained after controlling for the 

standardized maturity criterion, whereas this effect was lost if children were aligned on the raw estimated 

age at peak height velocity (APHV). In this sample, boys were found to engage in a higher volume of PA 

and to spend more time in MVPA as well as be more likely to achieve PA guidelines than girls. This 

observation was consistent when boys and girls were compared at a given maturity level.  

In a recent review (Sherar et al. 2010), inconsistencies in studies dealing with the effect of biological 

maturity on the activity level of adolescents were pinpointed. For instance, while some studies reported no 

difference in PA according to the maturity status of children (Niven et al. 2007 ; Wickel et al. 2009), others 

found a decrease in PA with increasing biological age (Sherar et al. 2007; Thompson et al. 2003). In the 

current study, the PA level of these preadolescent children tended to increase slightly from the pre-APHV 

status up to the edge of their expected PHV. Although direct comparisons between these studies are 

difficult given the discrepancy in the choice of maturity indicators (e.g., pubertal development scale vs. 

predicted age at PHV) (Sherar et al. 2010) and in the methods used for PA (subjective vs objective 

measurements), the controversial findings are particularly important among girls, even between studies 

that used similar PA assessment protocols. For instance, using accelerometry, Baker and coworkers 

(Baker et al. 2007) revealed that advanced maturing girls accumulated fewer minutes in MVPA than 

delayed maturing girls. This contrasts with existing data on the absence of differences in MVPA between 

maturity groups, reported elsewhere (Sherar et al. 2009; Wickel et al. 2009). In the current study, whatever 

the strategy used to determine maturity status, there was a relatively modest, yet steady increase in total 

volume of PA (and to a lesser extent in MVPA) among girls categorized as preadolescent. Conversely, 

boys showed a steady increase in MVPA up to the PHV, which differs from previous data (Wickel et al. 

2009). These findings can be explained in part by differences in the chronological age of the children in 

Wickel et al.’s  study (12 year-old on average) compared to those involved in the present study who 
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averaged 10 years old. An additional and more important explanation may lie on the data reduction 

strategy used to depict the MVPA of children. Previous studies have employed an age-specific count-to-

MET conversion equation to define moderate-intensity PA (Freedson et al. 2005). This cut-point would 

translate on average to 1200 cpm if applied to the children in our study. This cut-point is almost three 

times lower than the 3200 cpm cut-off point used in the present study. The effect of such a gap in the 

estimation of MVPA has previously been discussed (Guinhouya et al. 2006). Furthermore, the implications 

of using other MVPA cut-points when investigating the influence of biological maturity on boys’ and girls’ 

MVPA has recently been highlighted (Zitouni & Guinhouya 2011). 

Despite the mixed findings regarding the association between PA and the biological maturity of youth, a 

growing body of consistent data has shown that maturity clearly offsets the gender-differences in PA 

among both preadolescents (Drenowatz et al. 2010; Eaton & Yu 1989 ; Fairclough & Ridgers 2010; Wickel 

et al. 2009) and adolescents (Cumming et al. 2008 ; Cumming et al. 2011; Davison et al. 2007 ; Machado 

Rodrigues et al. 2010 ; Sherar et al. 2007; Thompson et al. 2003; Wickel & Eisenmann 2007). It is 

noteworthy that this observation remains outstandingly consistent whatever the indicator used for maturity 

(e.g., percent of predicted adult height vs. pubertal development scale vs. predicted APHV) (Cumming et 

al. 2008 ; Cumming et al. 2011; Davison et al. 2007 ; Thompson et al. 2003) and as PA is self-reported 

(Cumming et al. 2008 ; Cumming et al. 2011; Eaton & Yu 1989 ; Thompson et al. 2003) or objectively 

measured (Davison et al. 2007 ; Drenowatz et al. 2010; Fairclough & Ridgers 2010; Sherar et al. 2007; 

Wickel & Eisenmann 2007; Wickel & Eisenmann 2007). In the current study, such an attenuation effect of 

maturity may be seen only with the sample-based maturity status (i.e., the raw APHV) but not with maturity 

status relative to sex (i.e., centered APHV). This is due to the fact that the estimated APHV is by definition 

a gender-dependent variable (Figure 2A) that may mechanically nullify the gender-related difference in PA 

among children. Conversely, the centered APHV, which considers maturation status within sex, allows 

direct comparisons between boys and girls across a large range of biological ages (Figure 2B). When 

compared to other accelerometer studies, these unexpected findings can be explained once again by the 

discrepancy in the data reduction strategy. The use of different ActiGraph-based cut-points remains a 

great matter of concern in the field of PA epidemiology (Guinhouya et al. 2009; Guinhouya et al. 2009) and 

should be considered when interpreting the inconsistency between studies. In the present analysis there 
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was no need to control for chronological age since the sample was quite homogeneous (i.e., only 

prepubescent) in this regard. The average maturity offset of included children was about -2.6 PHV. Thus, 

the finding of no attenuation effect of the maturity status on the gender-related difference in MVPA seems 

to be in line with a previous study that supported the persistence of a difference between boys and girls at 

-3 PHV (Thompson et al. 2003). Paradoxically, another study from the same research group found no 

difference between boys and girls at a maturity offset of -3 PHV (Sherar et al. 2007), possibly because of 

the cut-off point used to define the moderate-intensity of PA (Guinhouya & Hubert 2008). 

It is now well-documented that boys not only spent more time in MVPA than girls (Armstrong & Bray 1991; 

Falgairette et al. 1996; Ness et al. 2007; Riddoch et al. 2004; Trost et al. 2002), but some studies have 

also revealed that a higher proportion of boys met the PA recommendations when compared to their 

female peers (Guinhouya et al. 2010; Riddoch et al. 2007; Troiano et al. 2008). Likewise, the adherence to 

these guidelines seems to decrease with chronological age (Troiano et al. 2008). No previous studies 

have related compliance with these guidelines to the maturity status of youth; hence an aim of the present 

study was to shed some light on this issue. Our data suggest that advanced maturing prepubescents are 

most likely to achieve the recommendations. However, due to the relatively small sample size, further 

studies are needed to strengthen this conclusion. 

From a practical standpoint the current study suggests two main implications for public health decisions 

and health promotion strategies. First, there may be a need to stimulate the growth and development of  

late maturing children, as their activity levels were relatively low. At a population level, this could be carried 

out by augmenting the daily PA levels of children and youth, as PA is a potentially important contributor to 

growth (Bailey et al. 1999). Moreover, girls should be targeted as early as possible (i.e., before puberty) 

through thorough consideration of the main barriers to and facilitators of girls’ PA (Cumming et al. 2011; 

Davison & Deane 2010; Fairclough & Ridgers 2010; Jago et al. 2011). It should though be acknowledged 

that most of the children (> 90%) in the current study did not meet the PA recommendations. Thus, as 

indicated by recent research (Apété et al. 2012; Guinhouya et al. 2010), this low proportion of physically 

active children justifies the need for an aggressive PA promotion program in this area of Northern France. 

However, the use of a less stringent MVPA cut-point, such as the 2296 cpm (Evenson et al. 2008 ; Trost 

et al. 2011), may result in a substantial increase of the proportion of children achieving PA 
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recommendations, which might alter resultant PA promotion strategies. Thus, further studies using 

multiple cut-points may help to get a clearer indication of the relationship between gender, maturation and 

PA, which would allow policy makers and researchers to design and apply interventions using appropriate 

approaches.. 

There are some limitations to the current study, including the relatively small sample size, which may 

weaken the examination of the associations between the prevalence of PA and maturity categories. As 

stated earlier, future studies are needed to address this issue. A second limitation is related to the way the 

sitting height of children has been assessed in the current study, which did not fully complied with 

standard procedures (Lohman et al. 1988). However, measurements were performed by trained 

specialists, using a rigorous approach to gather at least two measurements for each anthropometric 

parameter, including the sitting height. Moreover, our results on the estimated APHV that requires the 

sitting height, are similar to those provided by previous studies, which involved children of the same 

chronological age range (Fairclough & Ridgers 2010; Janz et al. 2008). 

Besides these limitations, the current study indicates that among prepubescent children the influence of 

biological maturity on gender-differences in PA may be a function of how maturity status is determined. 

The most physically active group in this sample seemed to be children whose growth matched with the 

expected values (i.e., on-time children). Furthermore, precocity, and especially closeness to age at PHV, 

seemed to stimulate adherence of these children to PA recommendations. Because the BMI and body 

composition of children are related to both PA and the biological maturity, future studies in the age group 

that also control for fat mass or fat free mass may enhance the discussion on this topic. 
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BMI: body mass index; APHV: age at the peak height velocity; MVPA: moderate-to-vigorous physical activity 
† denotes a significant difference between boys and girls, P<0.0001 
* this value results from the difference between each participant estimated APHV and the mean APHVs by gender (i.e. APHVs of 12.2 yrs and 13.9 
yrs for girls and boys, respectively according to the Zurich Longitudinal Growth Study) 

 

 

Table 1 Anthropometric characteristics, somatic maturity and physical activity parameters (mean± SD, and range) 

 
Age 
(yrs) 

APHV 
(yrs) 

Centered* 
APHV 

Stature 
(m) 

Body mass 
(kg) 

BMI 
(kg/m2) 

Total activity 
(cpm) 

MVPA 
(min.d-1) 

 
Boys  

(n=139) 
 

9.9±0.9  
[7.6, 12.4] 

13.4±0.7  
[11.4, 14.9] 

-0.7±0.7 
[-2.5, 0.9] 

1.40±0.07 
[1.23, 1.61] 

35.6±9.0  
[22.5, 71.6] 

18.0±3.2  
[13.5, 29.4] 

621±211  
[194, 1464] 

39±23  
[4, 151] 

 
Girls  

(n=114) 
 

9.9±0.8  
[7.9, 11.7] 

11.9±0.6† 
[10.2, 13.9] 

-0.3±0.6† 
[-1.9, -1.7] 

1.40±0.08 
[1.22; 1.63] 

35.9±8.5 
[21.5, 59.9] 

18.2±3.1 
[12.6, 26.6] 

503±142†  
[237, 1223] 

24±14†  
[6, 103] 
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Figure caption 

Figure 1: Relationships between physical activity and biological maturity by gender 

- Figure 1A: Total volume of physical activity by gender and the centered age from the peak height 

velocity (APHV) 

- Figure 1B: Moderate-to-vigorous physical activity (MVPA) by gender and the centered age from the peak 

height velocity (APHV) 

 

Figure 2: Illustration of physical activity patterns according to different biological maturity indices  

- Figure 2A: Pattern of MVPA by gender according to the centered APHV 

- Figure 2B: Pattern of MVPA by gender according to the estimated APHV 

 

Figure 3: Proportion of children meeting the 60 min.d-1 of MVPA by gender and maturity categories 

- Grey box for female 

- Black box for male 
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