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Abstract
Objective: To test the biocultural model through direct and indirect associations between biological maturation, adiposity, cardiorespiratory fitness, feelings of sadness, social relationships,
and physical activity in adolescents.
Methods: This was a cross-sectional study conducted with 1,152 Brazilian adolescents aged
between 10 and 17 years. Somatic maturation was estimated through Mirwald’s method (peak
height velocity). Physical activity was assessed through Baecke questionnaire (occupational,
leisure, and sport contexts). Body mass index, body fat (sum of skinfolds), cardiorespiratory
fitness (20-m shuttle run test), self-perceptions of social relationship, and frequency of sadness
feelings were obtained for statistical modeling.
Results: Somatic maturation is directly related to sport practice and leisure
time physical activity only among girls (ˇ = 0.12, p < 0.05 and ˇ = 0.09, respectively, p < 0.05). Moreover, biological (adiposity and cardiorespiratory fitness),
psychological (sadness), and social (satisfaction with social relationships) variables mediated the association between maturity and physical activity in boys and
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for occupational physical activity in girls. In general, models presented good fit coefficients.
Conclusion: Biocultural model presents good fit and emotional/biological factors mediate part
of the relationship between somatic maturation and physical activity.
© 2017 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Abordagem biocultural da associação entre maturação e atividade física na juventude
Resumo
Objetivo: Testar o modelo biocultural por meio de associações diretas e indiretas entre
maturação biológica, adiposidade, capacidade cardiorrespiratória, sentimentos de tristeza,
relacionamentos sociais e atividade física em adolescentes.
Métodos: Este foi um estudo transversal feito com 1.152 adolescentes brasileiros com idades
entre 10 e 17 anos. A maturação somática foi estimada por meio do método de Mirwald (pico da
velocidade de crescimento). A atividade física foi avaliada por meio do questionário de Baecke
(contextos ocupacional, lazer e prática de esportes). Foram obtidos o índice de massa corporal,
gordura corporal (soma de dobras cutâneas), capacidade cardiorrespiratória (teste shuttle run
de 20 metros), autopercepções de relação social e frequência de sensação de tristeza para
modelagem estatística.
Resultados: A maturação somática mostrou-se diretamente relacionada à prática de esportes e
à atividade física de lazer somente entre meninas (␤ = 0,12, p < 0,05 e ␤ = 0,09, respectivamente,
p < 0,05). Ademais, as variáveis biológicas (adiposidade e aptidão cardiorrespiratória), psicológica (tristeza) e social (satisfação com os relacionamentos sociais) mediaram a associação entre
maturação e atividade física em meninos e para atividade física ocupacional em meninas. Em
geral, os modelos apresentaram bons coeficientes de ajuste.
Conclusão: O modelo biocultural apresenta bom ajuste e fatores emocionais/biológicos mediam
parte da relação entre maturação somática e atividade física.
© 2017 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este é um artigo
Open Access sob uma licença CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.
0/).

Introduction
Physical inactivity is associated with several negative
outcomes.1 Recently, prospective evidence classified physical inactivity as one of the more costly and greatest cause of
deaths worldwide,1 being a public health problem. Although
physical inactivity affects most population groups,2 the transition between childhood and adolescence appears be a
critical period regarding cessation of active behaviors, such
as overall physical activity or sport practice,2 and increases
in sedentary behavior,3 which have a moderate tracking to
adulthood.4 In this sense, according to the guidelines (at
least 60 min of moderate to vigorous physical activity daily),
the prevalence of physical inactivity worldwide is high.5 In
Brazil, the rates of physical inactivity are approximately
60% among boys and 75% among girls, considering 300 min
of physical activity per week as physically active.6 Thus,
understanding the determinants and correlates of different
domains of physical activity at these ages is an important
research field in order to propose health intervention with
medium to long-term effects.
The main focus of determinants and correlates to physical activity in youth are gender, psychosocial, social, and
environmental factors, but less attention has been given to
important biological changes that occur during this phase.3

Adolescents of the same chronological age can be under
different biological rhythms, which influence physical, psychological, social, and perceived environment variables
related to physical activity.4 However, different biological
factors can also influence physical activity.7,8
During growth years, an important factor is biological
maturation, which is the process toward mature state that
influences several organic systems.9 Earlier biological maturation is associated, through several possible mediators,
with greater adiposity and cardiovascular and behavioral risk
factors, especially among girls, in whom adiposity growth is
the greatest mark of puberty.9,10 Specifically, earlier biological maturation is associated with a lower level of physical
activity.11 However, the association appears to be predominantly indirect, especially considering psychological factors.
In this sense, a biocultural approach of the relationship
between biological maturation and physical activity was proposed, aiming to integrate social, intra-personal, biological,
and behavior factors into the same model through structural equation modeling approaches.4 Three studies12---14
have tested this model in British girls and found significant
associations between maturity and physical activity mediated through interpersonal/psychological constructs, such
as body image, self-conception, and self-efficacy. However,
even more feasible pathways, involving social and other
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biological factors (such as obesity8 and fitness15,16 ), are possible and have not yet been assessed.
Therefore, more complex interactions between biological, psychological, and environmental correlates in young
individuals of both sexes are warranted. Thus, the study
aimed to test the biocultural model through direct and
indirect associations between biological maturation, adiposity outcomes, cardiorespiratory fitness, feelings of sadness,
perceived social relationships, and physical activity in adolescents. The hypothesis was that the association between
biological maturation and physical activity is mediated by
biological and psychological factors, validating the biocultural model.

Methods
Sample
This was a cross-sectional epidemiological school-based
study in Brazilian adolescents aged between 10 and 17 years,
enrolled in public schools of Londrina/PR. The city in which
the study was conducted has 506,701 inhabitants, a mean
human development index of 0.778, and a gross domestic
product per capita of US$8530.77.17
Sample recruitment was performed in two stages. First,
all public schools of the city were separated into regions
(north, south, east, west, and downtown) and two schools
were randomly selected from each location. Subsequently,
classes of those schools were randomly selected and all
students within classes were invited to participate in the
study. Adolescents using prescription medicine, undergoing
treatment for an illness, or who failed to return a consent form signed by parents were ineligible. Recruitment
peaked at 1,395 adolescents, but 243 failed to provide all
required data for the analysis and were excluded due to
missing data. The analysis of missing data from this sample
has been published elsewhere.8 The local ethics committee, in accordance with the Helsinki declaration, approved
all procedures. An informed consent was obtained from all
participants and their parents.

Procedures
Data collection was performed at the school setting. The
research team, composed by trained undergraduate and
graduate students, remained in each school for one week. In
the first two days, subjects were invited to participate; the
consent form was delivered and collected. In the last three
weekdays, assessments were performed in the same order
in all 10 schools.

Measures
Physical activity
The Baecke questionnaire18 was self-completed by adolescents (guided by a trained assessor) and used as an indicator
of current physical activity level. This instrument contains questions about the intensity and time of practice.
It gives specific scores for each physical activity domains
(occupational, leisure time and sports), which were treated
as different patterns of physical activity. The intra-class
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correlation coefficient (ICC) of the questionnaire was 0.73,
which is considered moderate to good.19
Biological maturation
Biological maturation was estimated through somatic maturation derived from estimated age at peak of height
velocity, using the algorithm proposed by Mirwald et al.20
This method estimates distance in years from peak height
velocity through anthropometric variables (stature, sitting
height, leg length, and body mass). The prediction of age
at peak height velocity was determined by subtracting the
maturity-offset from chronological age.
Adiposity indicators
Nutritional status was obtained through body mass index
(BMI) with the formula: kg/m2 , and the following values
were considered as technical error of measurement (TEMs):
weight = 0.68% and height = 0.37%. Body fat was assessed
through subscapular and tricipital skinfold thickness, which
®
were measured by a trained evaluator using a Lange caliper
(precision = 0.5 mm), according to the recommendations of
Harrison et al.21 The TEMs were 4.8% and 3.5% for subscapular and tricipital skinfolds, respectively.
Cardiorespiratory fitness
Participants performed the 20-meter shuttle-run test
proposed by Leger and Lambert.22 The protocol was administered in indoor courts of the schools. Based on the test
times achieved, peak VO2 was estimated in ml kg−1 min−1 ,
according the equations proposed by Léger et al.23
Psychological variables
Sadness feelings were assessed through the Likert-type question: ‘‘How often you feel sad or depressed?;’’ options
ranged from ‘‘rarely’’ to ‘‘very frequently’’, in four possibilities, and ICC of 0.62 was observed. In addition,
self-perception about friends’, families’, and teachers’
relationship were assessed through a questionnaire. Specifically, the Likert-type questions were: ‘‘Regarding your
relationship with your classmates and friends, you are;’’
‘‘Regarding your relationship with your family, you are;’’
and ‘‘Regarding your relationship with your teachers, you
are:’’. Options ranged from ‘‘very satisfied’’ to ‘‘very
unsatisfied,’’ with four possibilities; and the ICCs were,
respectively, 0.50, 0.53, and 0.69. All ICCs for psychological
variables were considered moderate to good.19

Statistical analyses
Descriptive statistics (mean, minimum, and maximum) were
used to describe the characteristics of the sample. Subsequently, to analyze the association between variables,
Pearson’s correlation test was used, using SPSS software (IBM
SPSS Statistics for Windows, version 22.0. NY, USA).
Structural equation modeling was used to verify associations between biological maturation, biological variables
(adiposity and cardiorespiratory fitness), feelings of sadness, perceived social relationships, and physical activity.
The parameters were estimated by the maximum-likelihood
method, using AMOS software (Amos, version 22, IBM
SPSS, IL, USA). The results were presented as beta
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CRF
β = -0.52∗∗
β = -0.80∗∗

Obesity

β = -2.09∗∗
β = -1.48∗∗
β = 0.04∗∗
β = 0.05∗∗

β = -1.43∗∗
β = -2.12∗∗

β = 0.03
β = 0.03∗

β = 0.06

Maturation

Sports PA

β = 0.12∗

β = 0.01∗
β = 0.00

β = 0.02∗
β = -0.01

β = 0.03
β = 0.13∗
β = 0.02
β = -0.01

Sadness

β = 0.22∗
β = 0.41∗

β = 0.01
β = -0.01∗
β = -0.04
β = -0.06∗

β = -0.11∗∗
β = -0.12∗∗

Relationships

Figure 1 Final model for the association between biological and behavioral factors and sports practice by sex. Data in italics
refer to girls. Fit parameters for boys: 2 = 20.64 (p = 0.242); 2 /df = 1.21; RMSEA = 0.02; CFI = 0.99; TLI = 0.99. Fit parameters for
girls: 2 = 21.74 (p = 0.195); 2 /df = 1.28; RMSEA = 0.02; CFI = 0.99; TLI = 0.99. *p < 0.05; **p < 0.001. 2 , Chi-squared; df, degrees of
freedom; RMSEA, root mean square of approximation; CFI, comparative fit index; TLI, Tucker---Lewis index.

regression coefficients (ˇ). To estimate the overall fit
of the model, the following parameters were used: Chisquared test (2 ), 2 /degrees of freedom (df), root
mean square of approximation, comparative fit index, and
Tucker---Lewis index (TLI). Values <3.0 for 2 /df, <0.08 for
root mean square of approximation, >0.95 for comparative
fit index, and >0.95 for TLI indicated acceptable adjustment.
The theoretical model is described in Fig. 1. The most
distal exogenous variable was biological maturation, which
is mediated by social relationships variables (perception of
social relationships, sadness and stress) and biological variables to reach physical activity as the theoretical outcome.
Moreover, the models were stratified by sex. A significance
level of 95% was adopted to indicate significant associations.

Results
The final sample of the study comprised 1,152 adolescents
aged between 10 and 17 years. The participants of this study
presented a mean chronological age of 13 ± 1.4 years, with
no statistical difference (between boys and girls p > 0.05).
Age of peak height velocity was 12 ± 0.7 and 14 ± 0.7 years,
respectively, for girls and boys (with significant differences,
p < 0.001). In crude correlation analyses (Table 1), somatic
maturation was not correlated with physical activity patterns in both sexes (p > 0.05). Similarly, adiposity indicators
were only correlated with occupational physical activity in
girls (p < 0.05). Sadness and perception of relationships were

correlated with occupational physical activity in both sexes
(p < 0.05), except with family and friends for boys.
In the main analyses, structural equation models were
conducted for three physical activity domains (Fig. 1, sports;
Fig. 2, occupational; and Fig. 3, leisure), which were in
general fitted to the data according to 2 /df, root mean
square error of approximation, comparative fit index, and
Tucker Lewis index. Two latent variables were included in
the models: adiposity (body mass index and sum of skinfolds)
and perception of relationships (with family, teacher, and
friends). Somatic maturation was only directly associated
with physical activity in leisure and sports patterns in girls.
Social relationships’ perception was directly associated with
sports practice in both sexes, but was inversely associated
with occupational physical activity in girls. Cardiorespiratory fitness was directly associated with physical activity
in all domains, except for boys in leisure physical activity. Furthermore, adiposity indicator was associated with
sports practice in girls and occupational and leisure physical
activity in boys.

Discussion
The current study aimed to test the biocultural model
through direct and indirect associations between biological maturation and different domains of physical activity
in Brazilian boys and girls. The main findings were that:
(1) somatic maturation was directly associated with physical activity only in girls (leisure time and sports); (2) social
relationships mediated the association between maturation
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Table 1
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Crude correlations between main variables according to sex.
1

2

3

Boys (n = 512)
1. Age of peak height velocity
2. Body mass index
3. Sum of skinfolds
4. Cardiorespiratory fitness
5. Sadness
6. Relationship with family
7. Relationship with friends
8. Relationship with teacher
9. Physical activity at sports
10. Occupational physical activity
11. Leisure time physical activity

1.00
−0.37a
1.00
−0.39a
0.84a
1.00
−0.02 −0.41a −0.47a
−0.01
0.05
0.02
−0.08
0.02
0.06
−0.07
0.04
0.06
−0.10a −0.02
0.01
0.01
0.03 −0.02
0.03
0.06
0.03
0.00 −0.06 −0.15a

Girls (n = 640)
1. Age of peak height velocity
2. Body mass index
3. Sum of skinfolds
4. Cardiorespiratory fitness
5. Sadness
6. Relationship with family
7. Relationship with friends
8. Relationship with teacher
9. Physical activity at sports
10. Occupational physical activity
11. Leisure time physical activity

1.00
−0.24a
−0.25a
−0.24a
0.14a
−0.10a
−0.11a
−0.08
−0.01
0.07
0.01

1.00
0.88a
−0.37a
−0.04
−0.12a
−0.01
0.03
−0.00
−0.08a
−0.01

4

1.00
0.08
0.03
0.08
0.03
0.19a
0.07
0.15a

1.00
−0.40a
1.00
−0.02 −0.08
−0.09a
0.11a
−0.02
0.02
−0.01
0.02
0.01
0.19a
−0.08
0.10a
−0.02
0.07

5

6

9

10

11

1.00
0.13a
1.00
0.09a
0.02
0.02 −0.15a
0.07 −0.04

1.00
0.21a
0.32a

1.00
0.10a

1.00

1.00
−0.25a
1.00
−0.11a
0.32a
1.00
−0.16a
0.20a
0.07
1.00
0.02
0.08a
0.07
0.00
0.18a −0.07 −0.08a −0.11a
−0.01
0.06
0.07
0.02

1.00
0.29a
0.29a

1.00
0.03

1.00

1.00
−0.21a
1.00
−0.06
0.25a
a
−0.10
0.19a
−0.03
0.09a
0.10a −0.08
−0.02 −0.00

7

8

Note: Higher values of age of peak height velocity indicate late maturation. Higher values of sadness and social relationship are positive
(rarely sad and very satisfied with relationship).
a p < 0.05.

and two domains of physical activity (sport and occupational) in boys and the sport domain in girls; (3) adiposity
mediated the relationship between maturation and sport
(girls), occupational and leisure physical activity (boys);
and (4) the analyzed association (maturation and physical activity) is mediated by cardiorespiratory fitness with
regard to sport and occupational physical activity for both
sexes and to leisure physical activity among girls. Finally,
the interactions between possible mediators of the association between somatic maturation and physical activity
(feelings of sadness, perceived social relationship, adiposity, and cardiorespiratory fitness) should be highlighted in
order to understand the complexity of prediction of some
behaviors.
Physical activity is a behavior with several
determinants.24 Evidences show that individual, social,
and environmental factors can explain some domains of
physical activity in young individuals from different places
differently worldwide.24 Thus, Cumming et al.7 proposed
a biocultural approach, including intra-personal and social
variables as well as biological factors to examine the
determinants of physical activity and, particularly, the
relationship between biological maturation and physical activity, which can be mediated by social/cultural,
psychological, and biological factors.
The current study found a direct and positive relationship between somatic maturation and sports and leisure time
physical activity in girls. In other words, girls with late maturation had greater physical activity levels. Considering that

biological maturation is related with several changes in the
neuroendocrine system of adolescents, a possible explanation for this finding can be in the organic biology of female
sex itself. One of them is the regulation of dopamine secretion, which is related to pleasure and motivation for physical
activity and exercise practice.25 As girls tend to mature in
average two years earlier than boys, dopamine sensitivity
could suffer an impact and, consequently, physical activity would become less pleasant.9 Additionally, intrapersonal
characteristics that were not monitored in the present study,
such as body image, sexuality, self-efficacy, and motivation
to be active, which are related to both maturity and physical
activity, can be involved in the observed association.26
Apart from the direct association, the greatest part of the
effect of somatic maturation on physical activity appears to
be indirect, through possible mediators. The present findings support biological and social pathways between somatic
maturation and physical activity. Firstly, it was observed that
somatic maturation had influenced biological outcomes,
which are associated with physical activity. Specifically, adolescents who matured early showed greater adiposity and
fitness, which were associated with physical activity (the
outcome).
Differences between boys and girls were expected in
the present study. Among girls, the increase in body fat
that is associated with reproductive function during puberty
(among other systems), is clear and appears to negatively
influence cardiorespiratory fitness. In contrast, boys tend to
present an improvement in lean mass during puberty and
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β = -0.52∗∗
β = -0.80∗∗
β = -2.12∗∗
β = -1.46∗∗

Obesity

β = -1.43∗∗

CRF

β = 0.02∗
β = 0.02∗

β = 0.02∗
β = -0.01

β = -2.12∗

Maturation

Occupational PA

β = 0.04
β = 0.04

β = 0.03
β = 0.13∗

β = 0.01
β = -0.01∗

β = 0.02
β = -0.01
β = 0.02∗
β = -0.12

β = -0.29∗∗
β = -0.35

β = -0.04
β = -0.07∗

β = -0.11∗∗
β = -0.14∗∗

Sadness

β = 0.01∗
β = 0.00

Relationships

Figure 2 Final model for the association between biological and behavioral factors and occupational physical activity by sex.
Data in italics refer to girls. Fit parameters for boys: 2 = 27.49 (p = 0.051); 2 /df = 1.62; RMSEA = 0.03; CFI = 0.99; TLI = 0.97. Fit
parameters for girls: 2 = 37.09 (p = 0.003); 2 /df = 2.18; RMSEA = 0.04; CFI = 0.99; TLI = 0.97. *p < 0.05; **p < 0.001. 2 , Chi-squared;
df, degrees of freedom; RMSEA, root mean square of approximation; CFI, comparative fit index; TLI, Tucker---Lewis index.

CRF
β = -0.52∗∗
β = -0.80∗∗

Obesity

β = -2.11∗∗
β = -1.43∗∗
β = 0.01
β = 0.02∗

β = -1.44∗∗
β = -2.07∗∗

β = -0.03∗
β = 0.02

β = -0.05
β = 0.09 ∗

Maturation

β = 0.03
β = 0.13∗

β = 0.10∗
β = 0.00

β = 0.02∗
β = -0.01
β = 0.01
β = -0.01∗
β = 0.02∗
β = -0.01

Sadness

Leisure PA

β = 0.20
β = 0.03

β = -0.04
β = -0.06∗

β = -0.11∗∗
β = -0.12∗∗

Relationships

Figure 3 Final model for the association between biological and behavioral factors and leisure physical activity by sex. Data in
italics refer to girls. Fit parameters for boys: 2 = 29.12 (p = 0.033); 2 /df = 1.71; RMSEA = 0.03; CFI = 0.99; TLI = 0.97. Fit parameters
for girls: 2 = 21.74 (p = 0.195); 2 /df = 1.28; RMSEA = 0.02; CFI = 0.99; TLI = 0.99. *p < 0.05; **p < 0.001. 2 , Chi-squared; df, degrees
of freedom; RMSEA, root mean square of approximation; CFI, comparative fit index; TLI, Tucker---Lewis index.
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have higher cardiorespiratory fitness. These findings can be
related to the adiposity measures used in the present study,
which do not have sensibility to assess body compartments.
Thus, the improvement in total body size (including muscle
mass) in boys who matured early probably was classified as
body fat. Nonetheless, both adiposity and cardiorespiratory
fitness have been correlated to physical activity in youth.8
However, it is not clear the direction of these associations,
and further longitudinal studies are needed. In the present
study, the authors highlight the importance between adiposity and cardiorespiratory fitness as intermediate of maturity
and physical activity.
With regard to psychological/social pathways, the effects
were mainly observed in girls and for the sport domain. Early
matured girls reported more sadness feelings, which were
inversely related with social relationship satisfaction, which
in turn appears to predict lower sport practice. In direct contrast, advanced girls reported higher satisfaction with social
relationship. The authors speculate that, although the first
path (sadness > social relationship > sport practice) appears
to be stronger, a possible interaction with adiposity (greater
adiposity, worst social relationship) could explain this result.
Thus, apart from pointing out some other important psychological factors, as body image, self-competence, self-worth,
and peer acceptance, which have been studied as mediator or moderator of the relation between maturity and
physical activity,7,12,14,15 the authors emphasize the interaction between biological, psychological, and social factors
in the explanation of health behavior. In boys, for example,
no direct psychological/social paths were found; however,
cardiorespiratory fitness was positively related to satisfaction with social relationships. The interaction between
them could promote higher levels of sport and occupational
physical activity, indicating, in agreement with previous
studies,11 a clearer stronger relationship between biological
maturation among girls than boys due to social contexts.
The current study had limitations that must be pointed
out. The cross-sectional design does not allow temporality between variables; however, our theoretical model was
based on longitudinal evidence.27 Self-reported physical
activity may have caused some bias; however, the questionnaire adopted has been validated for Brazilian adolescents28
and showed good reproducibility in the present sample
(ICC = 0.73). The validation of age at peak height velocity,
given by the maturity-offset protocol used in the current
study was recently criticized based on longitudinal data
in both sexes.29 The sample of the present study comprised adolescents aged 10---17, and the two aforementioned
studies with Polish school children evidenced a correlation
between chronological age and the estimates of age at peak
height velocity derived from the maturity-offset protocol.
Moreover, considering the wide range of chronological age
(10---17 years), even with the statistical adjustments, it is
possible that this heterogeneity could impact on the behaviors (e.g., physical activity) and biological variables (e.g.,
cardiorespiratory fitness and adiposity).4,9 The errors of estimation were consistently narrower on years around actual
peak height velocity calculated from respective the longitudinal data. Among the strengths of the present study, the
authors highlight the use of an objective method to estimate
somatic maturation,20 which represents just one domain
of biological maturation but has moderate association with
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sexual, bone, and cognitive maturation.9 Moreover, this is
the first study conducted with representative sample of adolescents from a Brazilian city, with aspects of a developing
country, and analyzed by structural equation model, which
allowed an integrated view on multivariate associations.
The biocultural model can help multi-component physical activity interventions targeting specific groups. It has
been shown that early maturing adolescents are more likely
to pursue unhealthy behaviors30 and to be at cardiovascular
risk.10 Based on the current findings, focusing on biological,
psychological, and social mediators should optimize physical
activity promotion strategies. Specific actions for advanced
in maturing adolescents that prevent obesity and poor cardiorespiratory fitness through a pleasant environment that
stimulates positive feelings and social interactions could be
a good option. In this sense, it is expected that biological improvements provide psychological/social benefits and
vice versa.
Finally, it can be concluded that somatic maturation is
directly associated with sport practice and leisure time physical activity among girls. Regarding the association between
somatic maturation in predicting leisure time physical activity among both sexes, sports practice and occupational
physical activity among boys, biological (adiposity and cardiorespiratory fitness), psychological (sadness feelings), and
social (satisfaction with relationships) variables mediated
the association. Thus, the study presents evidence of the
validity of a biocultural model for health behavior approach
during adolescence.
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