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Objectives: This study aimed to: (1) model changes in the hypertensive and waist phenotype (HWP) in youth, and
(2) investigate the effects of sex, biological maturation, total physical activity (TPA), and physical fitness (PF) in HWP
trajectories.

Methods: Data were obtained annually for 3 years from the Oporto Growth, Health, and Performance Study, and
comprised 5,549 adolescents (2,732 girls) divided into four age cohorts (10, 12, 14, and 16 years). The HWP was com-
puted as the sum of the standardized score of waist circumference and mean arterial pressure. Biological maturation
was indirectly assessed by the maturity offset procedure; TPA was estimated with the Baecke questionnaire; PF measu-
res included 1-mile run/walk, 50-yard dash (50YD), standing long jump (SLJ), handgrip strength (HGr), and agility
shuttle run. Longitudinal changes in HWP were analyzed using multilevel modelling.

Results: HWP increased across time with a nonlinear trend in girls and boys. However, when adjusted for a set of
predictors, the trend was reversed: girls and boys had a significant annual decrease on HWP of 20.202 6 0.032 and
20.147 6 0.032, respectively. Maturity offset was positively associated with HWP changes (b 5 0.913 6 0.023); TPA had
a negative association (b 5 20.027 6 0.011); and improved PF tests were associated with a significant reduction in
HWP across time (b1mile 5 20.081 6 0.009; bSLJ 5 20.003 6 0.00; b50YD50.106 6 0.020; and bHGr 5 23.335 6 0.196).

Conclusions: Boys showed higher HWP values compared to girls from 10 to 18 years of age. Adolescents who were
more biologically mature had a more adverse HWP. Longitudinal increases in TPA and PF predicted annual decreases
in HWP across the adolescence years. Am. J. Hum. Biol. 28:387–393, 2016. VC 2015 Wiley Periodicals, Inc.

INTRODUCTION

The contemporary lifestyle behaviors of youth, including
poor diet, high amounts of screen time, and low levels of
physical activity (PA) and physical fitness (PF), are impor-
tant factors contributing to the current epidemic of child
and adolescent overweight and obesity worldwide (Weiss
et al., 2013). This phenomenon is of utmost clinical interest
due to its association with the development of cardio-
metabolic risk factors in youth that may increase the risk
for adult cardiovascular disease (Weiss et al., 2013).

In addition to the overall total body adiposity level, it
has been shown that abdominal obesity, and its proxy—
waist circumference (WC), has increased at a higher rate
than total body obesity in children over the last two deca-
des (Garnett et al., 2011; McCarthy et al., 2003), and WC
tends to track into adolescence (Chrzanowska et al., 2012)
and adulthood (Eisenmann et al., 2004). Furthermore, it
is well recognized that increasing abdominal adipose tis-
sue has a unique role in the pathogenesis of cardio-
metabolic diseases (Zimmet et al., 2007), such as elevated
blood pressure (BP), independent of weight status
(Schroder et al., 2014). Thus, it is not surprising that the
prevalence of high BP has also increased in youth (Sorof
and Daniels, 2002). Indeed, children and adolescents with
elevated WC have fivefold to sixfold increased odds of hav-
ing high BP (Choy et al., 2011), which also persists into
adulthood (Chen and Wang, 2008).

WC is considered one of the best anthropometric meas-
ures in clinical and large-scale screening of cardio-
metabolic risk factors in children and adults (Choy et al.,

2011; Schroder et al., 2014), and its combined use with
mean arterial pressure (MAP) (Bouchard and Shepard,
1994) is highly useful and feasible to evaluate and prevent
future cardio-metabolic health problems (Choy et al.,
2011; Schroder et al., 2014). However, the dichotomous
classification of BP and WC may be restrictive because
their original values are continuously distributed and posi-
tively correlated with other cardio-metabolic risks across a
wide range of values (Eisenmann, 2008; Sorof and Daniels,
2002). Additionally, as MAP and WC are correlated with
each other, both in terms of their level and rate of change
over time, it may be of interest to represent this combined
phenotype by a continuous score (Eisenmann, 2008), i.e., a
hypertensive and waist phenotype (HWP). The HWP repre-
sents a feasible cardio-metabolic proxy that can be assessed
more easily in the school setting, in terms of staff training
and access to the equipment, compared to blood chemistry
markers. Therefore, the HWP may be an effective primary
prevention measure.

The growth-related changes in WC and BP during child-
hood and adolescence are manifested by biological, environ-
mental, genetic, and lifestyle factors (Weiss et al., 2013).
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Regarding biological factors, puberty has an impact on fat
distribution, generally with an android pattern for boys
and gynoid for girls (Ekelund et al., 2009). Systolic BP
increases during pubertal growth with greater increments
for boys due to the effect of gonadal hormones (testoster-
one) (Shankar et al., 2005). Furthermore, puberty is associ-
ated with a temporary decrease in insulin sensitivity,
which can have a transitory effect on appetite regulation
and obesity-related hypertension (Sorof and Daniels, 2002;
Weiss et al., 2013).

Compared to lifestyle factors, the physical and built
environment and genetic effects are less modifiable. How-
ever, PA and PF are examples of modifiable factors that
have been inversely associated with the clustering of
cardio-metabolic risk factors in youth (Froberg and
Andersen, 2005; Steele et al., 2008), i.e., moderate-to-high
levels of PA and PF are protective factors of cardio-
metabolic risk (Bailey et al., 2012; Froberg and Andersen,
2005; Janz et al., 2002; Steele et al., 2008). Despite previ-
ous research examining these associations, there are
some issues that are not well elucidated. For example, (i)
almost all previous studies are cross-sectional, which limi-
ts the ability to provide a robust understanding about
the dynamic of change in cardio-metabolic risk through
the effect of time- invariant and variant correlates; (ii) the
inverse association between PA and cardio-metabolic risk
still needs to be investigated in longitudinal studies, since
cross-sectional studies are inconclusive (Froberg and
Andersen, 2005; Steele et al., 2008); and (iii) typically,
when studies report the association between PF and
cardio-metabolic risk, the term “fitness” almost exclu-
sively refers to cardiorespiratory fitness (CRF) and does
not address other PF components, namely muscular, mor-
phological, motor, and metabolic fitness (Bouchard and
Shepard, 1994) in the analysis. Indeed, PF is not a uni-
tary, but rather a multifactorial, construct.

Given the aforementioned gaps and limitations in the
literature, especially the observation that no recent longi-
tudinal studies have described the dynamics of change in
cardio-metabolic risk factors, this study aims to: (1) longi-
tudinally model changes of the HWP in adolescents, and
(2) investigate the effects of time-invariant (sex) and time-
varying correlates (biological maturation, PA, and PF) on
HWP trajectories across time.

METHODS

Sample

Data are from the Oporto Growth, Health, and Perform-
ance Study (OGHPS), which has an overall aim to investi-
gate the interaction among individual characteristics,
environmental, and lifestyle factors that affect the growth,
development and health of Portuguese adolescents. The
OGHPS has a mixed-longitudinal design involving ran-
domly selected adolescents from 10 to 18 years of age

divided into four cohorts: 10, 12, 14, 16 years at baseline.
For the present study, we considered data obtained from a
total of 5,549 subjects (Table 1). All measurements were
conducted annually during the same months (November to
April) to avoid seasonal variations. The OGHPS protocols
were approved by the Ethics Committee of the University
of Porto; legal authorization was obtained from school
directors, and parents gave their informed consent.

Biological maturation

Biological maturation was indirectly assessed by the
maturity offset regression procedure proposed by Mirwald
et al. (2002), which estimates how many years a subject is
from peak height velocity (PHV). A positive (1) maturity
offset represents the number of years the participant is
beyond PHV, whereas a negative (–) maturity offset repre-
sents the number of years the subject is before PHV.

Physical activity

Total physical activity (TPA) was estimated with the
Baecke questionnaire (Baecke et al., 1982), a reliable and
valid instrument (Philippaerts et al., 1999) that describes
three basic domains of PA (school PA, leisure time PA, and
sport participation PA). It comprises a total of 16 ques-
tions divided into these three domains and each is scored
from 1 to 5. The TPA score was obtained from the
unweighted sum of the three domains, and scores ranged
from 3 (lowest) to 15 (highest). All adolescents answered
the questionnaires during their physical education classes
under the supervision of teachers who were trained by the
research team.

Physical fitness

Five measures were considered to represent overall PF.
CRF was estimated from the 1-mile run/walk test of Fit-
nessgram (1994) battery, where all subjects ran/walked a
distance of 1609m in the shortest time possible. The other
fitness components were assessed with several items from
the 1988 AAHPERD youth fitness test (1976): (a) speed—50
yard dash: run this distance in the shortest time possible;
(b) explosive leg power—standing long jump: jump as far as
possible from a standing position; (c) agility—shuttle run:
run as fast as possible from the starting line to a line 9 m
away where two small wooden blocks were placed, pick-up
one of the blocks, return to the starting line, place the block
on the line, and then repeat the route; and (d) static
strength—handgrip strength: grip the dynamometer (Takei
Physical Fitness Test GRIP-D, Japan) with maximum force
during 5 to 10 s. Static strength (kg) was expressed relative
to body mass (kg) given the high dependency of hang grip
strength to body size (Malina et al., 2004) (i.e., weight).

Hypertensive and waist phenotype

WC was anatomically identified as the smallest circum-
ference between the lowest rib and the superior border of
the iliac crest and measured to the nearest 1 cm with non-
elastic tape (Sanny, American Medical of Brazil, S~ao Paulo,
Brazil). BP was measured with an automated device
(Omrom M6 hem-7001-E, Omron Healthcare) previously
validated by The International Protocol of the European
Society of Hypertension (Topouchian et al., 2006). Three
different cuff sizes were available and appropriate cuff size
was determined according to the best fit to the participant’s
arm circumference. All adolescents rested 5 min prior to

TABLE 1. Sample size by age, sex, and cohort

Cohort Ages (years) Girls Boys Total

C1 10–12 1,008 1,042 2,050
C2 12–14 795 890 1,685
C3 14–16 648 619 1,267
C4 16–18 281 266 547
Total 2,732 2,817 5,549
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the first BP measurement. They remained seated with the
back relaxed against the chair, legs uncrossed, and feet flat
on the floor. The right upper limb was positioned with sup-
port at the heart level and palm of the hand turned
upward. Three consecutive measures with at least 2 min
interval were obtained. For the present study, the average
values of systolic and diastolic BP were used to compute
MAP. Subjects’ MAP values were calculated using the fol-
lowing formula: MAP (mm Hg) 5 Diastolic BP 1 1/3 (Sys-
tolic BP 2 Diastolic BP). To compute the HWP, MAP, and
WC results were transformed into z-scores and then
summed; increasing positive z-values are indicative of less-
favorable cardio-metabolic score.

Data quality control

Data quality control was assured in three different steps:
(1) training of all team members by experienced researchers
of the Kinanthropometry Laboratory of the Sports Faculty,
University of Porto, Portugal; (2) conducting random retests
(intrarater reliability) on each assessment day; (3) reliability
calculations using the Analysis of variance (ANOVA)-based
intraclass correlation coefficient (R), as well as the technical
error of the measurement (TEM): TEM 5 0.1 cm for WC; for
PF tests, R values ranged from 0.93 (1-mile run/walk) to
0.97 (handgrip); and for PA, R 5 0.80.

Statistical analysis

Exploratory and descriptive data analyses were con-
ducted with SPSS 20.0 software. Modelling changes in
HWP were done in HLM 6.0 software within the frame-
work of the multilevel approach (Bryk and Raudenbush,
1987) using maximum likelihood estimation procedures.
In HLM analysis, the numbers and spacing of measure-
ment observations may vary across subjects, and it can
also accommodate data from mixed-longitudinal designs
with missing data, under the assumption that missing is
at random (Raudenbush, 1995). In order to best describe
individual longitudinal trajectories, average trajectories
and respective predictors, a series of hierarchical nested
models were fitted by using a stepwise approach. To facili-
tate interpretation of model parameters describing
change, the time metric was centered at baseline, i.e., the
first measurement of cohort 1. Thus the time 0 corre-
sponds to 10 years of age, and the temporal metric of X-
axis has become 0, 1, 2, 3, 4, 5, 6, 7, and 8, which corre-
sponds to 10, 11, 12, 13, 14, 15, 16, 17, and 18 years of age.
In the first step, a null model (M0) was run to define the
level-1 submodel using up to a second-degree polynomial
of time. A series of hierarchically nested level-1 models
were fitted, with increasing patterns of HWP change (lin-
ear and quadratic).The effect of gender was also tested
(level-2 variable). The next step was to run a model (M1)
that used time-varying covariates—maturity offset and
TPA (level 1). On the subsequent model (M2), PF-tests
were also included. To facilitate the interpretation, all
predictors but sex (female 5 0 and males 5 1) were cen-
tered on the grand mean. Deviance statistics were used as
a measure of global fit. Differences in deviances are dis-
tributed as an approximate Chi-square (v2) distribution
with degrees of freedom determined by the difference in
the number of estimated parameters between the models.
It is expected that as model increases in complexity (i.e.,
adding parameters) a statistically significant decrease in
deviance is expected.

RESULTS

Descriptive statistics for girls and boys at each annual
time point (T0–T8) are in Table 2. Both sexes had an aver-
age increase in the HWP from 10 to 18 years of age. On
average, girls’ estimated age at PHV occurred at about 12
years of age, while in boys, it was at about 13 years of age.
Girls’ and boys’ TPA mean values increased until age 13
years, and then declined. Boys showed systematic mean
improvements in all PF tests over time, except for CRF.
Girls showed considerable variation in their mean values
for CRF, explosive leg power, agility, and speed tests; a
slight mean improvement in static strength over time.

Multilevel modelling results are presented in Table 3. A
nonlinear trend was the best fitting trajectory for HWP
across time. On average, 10-year-old girls had a low HWP
at baseline (b 5 21.012 6 0.051), and no significant differ-
ences were found compared to boys (b 5 0.026 6 0.066) as
shown in Figure 1. However, sex differences emerged with
increasing age, a sign of a cross-level interaction. Specifi-
cally, in girls, their instantaneous HWP growth rate at
baseline is b 5 0.364 z-scores followed by negative curva-
ture, i.e., a mean negative aceleration (b 5 20.022 6 0.003);
boys instantaneous HWP growth rate at baseline is higher
than girls (b 5 0.497 z-scores) with a similar mean negative
accelaration. This suggests that, on average, boys increase
their HWP at a faster rate than girls. Additionally, there
seems to be a tendency for a stabilization in metabolic risk.
There is noteworthy interindividual variation at baseline,
and the trend is expressed by the statistically significant
variances.

In model 1, maturity offset andTPA were included as
time-varying predictors for HWP trajectories. Sex differ-
ences were present at baseline. On average, the HWP of a
random 10-year-old girl was now 0.437 (60.063) holding
all other predictor variables at their respective means,
i.e., for a girl at her estimated peak height velocity and
with a mean TPA of 7.69 units, a mean velocity and accel-
eration trend is now evident for HWP. The more mature
youth have higher HWP values (b 5 0.883 6 0.022),
whereas the higher the TPA the lower the HWP
(b 5 20.053 6 0.010). Although interindividual differences
are less pronounced given the reductions of baseline and
slope variances, they are still statistically significant.

In the final and best fitting model (M2), a series of PF
components were added. Sex differences are evident at
baseline, more favorable for girls (bgirls 5 20.025 6 0.063;
bboys 5 0.979 6 0.067). Conditional on the new set of predic-
tors, girls and boys instaneous velocity at baseline is 20.202
and 20.147, respectively. The mean negative acceleration is
still present (b 5 20.023 6 0.004) in both sexes. Consistent
with M1, maturity offset has a positive longitudinal associa-
tion with HWP changes (b 5 0.913 6 0.023) and TPA has a
negative association (b 5 20.027 6 0.011). With the excep-
tion of the shuttle run, improvements in PF significantly
reduces HWP values across time (b1mile 5 0.081 6 0.009;
bSLJ 5 20.003 6 0.001; b50YD 5 0.106 6 0.020; and bHGr 5

23.335 6 0.196).

Discussion

This study shows a series of multilevel nested models
that were sequentially fitted in order to provide a better
understanding of the longitudinal changes in the HWP of
Portuguese youth, as well as to investigate the effects of
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sex, biological maturation, TPA, and PF in HWP trajecto-
ries. As such, we will discuss each model in a stepwise
approach from M0 (predictors: time and sex) to M2 (best
fitting model, predictors: time, sex, biological maturation,
TPA, and PF).

Overall, M0 findings showed that HWP values increased
across time with a non-linear trend in both girls and boys.
Furthermore, boys showed a more unfavorable HWP trend.
In the present study, HWP included only two key markers
of metabolic syndrome, namely WC and BP, compared to
other studies that incorporate blood chemistry markers
such as glucose or insulin and blood lipid parameters (total
cholesterol, high-density lipoprotein cholesterol, triglycer-
ides). During adolescence and puberty, these two indicators
present distinct developmental changes in both sexes,
although comparable in pattern. Until the adolescent
growth spurt, both boys and girls tend to accumulate more
adiposity in the trunk than in the limbs (Malina et al.,
2004). However, it is well recognized that boys accumulate

a centralized fat deposition after the pubertal period (Eke-
lund et al., 2009; Malina et al., 2004). Similarly, systolic BP
increases from childhood to adolescence, but boys tend to
have greater mean values than girls, especially after the
pubertal period (Shankar et al., 2005). These general
growth-related trends were confirmed in M0. Furthermore,
previous data showed that males tend to have a higher
prevalence on a wide range of cardio-metabolic risk factors
including hyperglycemia and dyslipidemia (Moran et al.,
2008; Steele et al., 2008). Although boys tend to show a
decrease in total body fat percent when contrasted to girls
during adolescence, longitudinal data (Moran et al., 2008)
showed that adverse changes in insulin resistance, systolic
BP, and abdominal fat may possibly play a role in the
greater cardio-metabolic risk in post-pubertal boys.

The best fitting model (M2) showed that boys have higher
risk already at the onset of adolescence as compared to
girls. This result may be counterintuitive since the timing
and tempo of the adolescent growth spurt generally occurs
earlier in girls. As such, at 10 years of age, it would be rea-
sonable to find that boys would be more “protected” than
girls. Although we do not have a clear explanation for why
this higher risk appears earlier in males, it is possible that
female sex hormones (estrogen), via multiple mechanisms,
reduces the cardio-metabolic risk in girls, and this effect
first becomes apparent at the beginning of the adolescent
growth spurt (Moran et al., 2008).

There was a positive relationship between maturity off-
set and HWP suggesting that those ahead in their biologi-
cal maturation have a more adverse HWP. This
unfavorable effect was anticipated due to weight gain
(Ekelund et al., 2009) and obesity-related hypertension
(Sorof et al., 2002; Weiss et al., 2013), as well as other
adverse health outcomes such as elevated concentrations
of triglycerides, low high-density lipoprotein cholesterol
concentrations and temporary decreases in insulin sensi-
tivity (Ekelund et al., 2009). Indeed, pubertal timing is an
independent predictor of adult cardio-metabolic risk as
shown in a large prospective birth cohort study (Widen
et al., 2012), where earlier puberty was related with

TABLE 3. Results summary for the three nested models

Null Model (M0) Model I (M1) Model II (M2)

Regression coefficients (fixed effects)
Baseline (10 years) 21.012 (0.051)* 0.437 (0.063)* 20.025 (0.063)§
Sex 0.026 (0.066)§ 0.820 (0.067)* 0.979 (0.067)*
Linear slope 0.364 (0.022)* 20.284 (0.029)* 20.202 (0.032)*
Sex 0.133 (0.016)* 20.068 (0.019)* 0.055 (0.020)*
Quadratic slope 20.022 (0.003)* 20.015 (0.003)* 20.023 (0.004)*
Maturity Offset 0.883 (0.022)* 0.913 (0.023)*
TPA (units) 20.053 (0.010)* 20.027 (0.011)**
One-mile run (min) 0.081 (0.009)*
SLJ (cm) 20.003 (0.001)*
SHR (s) 0.007 (0.012)§
50YD (s) 0.106 (0.020)*
HGr (kg�kg21 body mass) 23.335 (0.196)*
Variance components (random effects)
Baseline 2.540* 1.470* 0.916*
Slope 0.027* 0.004* 0.003**
Covariance 20.146* 20.030 20.005
Residual 0.459 0.480 0.489
Model summary
Deviance 33,839.333 24,122.208 17,648.352
Number of estimated parameters 9 11 16

Parameter estimate standard errors listed in parentheses.
TPA, total physical activity; SLJ, standing long jump; SHR, shuttle run; 50YD, 50 yard dash; HGr, relative handgrip strength.
*P< 0.01; **P< 0.05; §Nonsignificant.

Fig. 1. Average trajectories of HWP as function of time (time
0 5 10 years, time 1 511 years, . . ., time 8 5 18 years) and sex (no
other covariates are included in the model that produced these mean
trajectories). HWP, hypertensive and waist phenotype.
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higher adult body mass index, waist and hip circumfer-
ence, fasting insulin, diastolic BP, and decreased HDL
cholesterol in both males and females.

Both PA and PF were longitudinally associated with
HWP suggesting that positive changes in TPA and PF
(with the exception of the shuttle run) predicted an
annual decrease in HWP. There is a wealth of cross-
sectional data (Bailey et al., 2012; Ekelund et al., 2007;
Moreira et al., 2011; Rizzo et al., 2007) showing the associ-
ation between PA and cardio-metabolic risk factors in
youth, but the results are inconsistent (Froberg and
Andersen, 2005; Steele et al., 2008). For example, Bailey
et al. (2012) found no significant correlations between
objectively measured PA (accelerometer) with cardio-
metabolic risk score (WC, diastolic BP, fasting blood
glucose and triglycerides, and total cholesterol/HDL cho-
lesterol ratio) in 100 adolescents aged from 10 to 14 years.
On the other hand, a study (Moreira et al., 2011) of 417
Azorean adolescents aged 15 to 18 years indicated that
those who were more active (measured by pedometers;
steps per day) had lower odds for having one or more
adverse cardio-metabolic risk factors. Some authors sug-
gest that the inconsistent results can be linked to the
method used to assess PA (Steele et al., 2008) (objective
versus self-reported), and also to the sample used in terms
of diversity and sample size (Froberg and Andersen,
2005). Compared to cross-sectional studies, very few lon-
gitudinal investigations have been conducted on this
topic. The Muscatine Study (Janz et al., 2002) did not find
any significant association between self-reported PA
changes from 10 to 13 years of age and cardio-metabolic
health outcomes at 14 years of age. In contrast, results
from the Amsterdam Growth and Health Study (Twisk
et al., 2001) spanning adolescence to young adulthood
(12–27 years) demonstrated that the relationship between
PA (assessed with a structured interview) and a cluster-
ing score of metabolic risk was present during the entire
longitudinal period. Despite the difference in age, our
results substantiate the longitudinal protective effect of
higher TPA levels on cardio-metabolic risk factors.

With regard to PF, several cross-sectional reports (Bai-
ley et al., 2012; Ekelund et al., 2007; Ogunleye et al.,
2013; Rizzo et al., 2007) have shown an inverse associa-
tion with cardio-metabolic risk factors; however, direct
comparison between studies is difficult due to methodolog-
ical differences and because most studies mostly focus
solely on CRF as the indicator of PF. More recently, stud-
ies have recognized the role of muscular fitness in the pre-
vention of cardio-metabolic risk factors among children
and adolescents (Magnussen et al., 2012; Moreira et al.,
2011; Steene-Johannessen et al., 2009) concluding that
those who have greater muscular fitness have lower
cardio-metabolic scores (including WC, BP, triglycerides,
HDL cholesterol, and insulin resistance) independent of
CRF. To our knowledge, the Muscatine Study (Janz et al.,
2002) was the only longitudinal report that examined the
association between PF (marked by CRF and static
strength) and cardio-metabolic health outcomes. Similarly
to the present study, their results indicated that main-
taining high levels of CRF and muscular strength from 10
to 13 years of age was associated with lower levels of WC
and systolic BP at 14 years of age. Since no recent longitu-
dinal study has investigated the influence of other PF
components on cardio-metabolic risk factors trajectories,
the current study provides relevant information indicat-

ing that being physically fit and consistently improving
the muscular fitness components of speed, explosive leg
power, and static handgrip strength during adolescence
may confer additional benefits to cardio-metabolic health
beyond those attributed to CRF.

There are at least three limitations that should be re-
cognized in the present study. First, compared to previous
studies of the metabolic syndrome, the HWP is limited to
BP and WC due to feasibility and financial restrictions.
However, it is important to note that the WC-BP pheno-
type has great potential and utility for school-based
screenings given its feasibility. Second, PA was estimated
via questionnaire. However, the Baecke questionnaire is
widely used in large-scale studies (Matton et al., 2007;
Wijnstok et al., 2013). There is also consistent evidence
that the Baecke questionnaire is reliable with Portuguese
children and adolescents (Ferreira et al., 2002; Vasconce-
los and Maia, 2001). Third, we had difficulty comparing
our results to previous research due to the absence of lon-
gitudinal studies concerning cardio-metabolic risk factors
changes during childhood and adolescence. Fourth,
although we did not explicitly model cohort and age
effects in the analysis of our mixed-longitudinal data,
Duncan and Duncan (2012) confirmed the capability of
such a design to adequately approximate parameters esti-
mated with a true longitudinal design. Further, Yun
(2011) showed not only the efficiency of the model we
used, when compared to other models that accommodate
more complex random components with cohort and age
effects, but also revealed that the parameter estimates of
the fixed part are very similar.

Despite these limitations, the study has strengths that
should be considered. First, the mixed-longitudinal
approach provides a better understanding of the dynamics
of changes in all variables. Second, we used a highly flexi-
ble statistical procedure to fit the complexities of HWP
trajectories. Third, the sample size was large (n 5 5,500)
and spanned ages 10 to 18 years. Fourth, the age cohorts
represent an important life period in terms of acquisition
and development of lifestyle behaviors that are linked to
health outcomes in adulthood.

In conclusion, the major finding of this study was that
longitudinal improvements in TPA and PF provided a con-
sistent protective effect in the development of the HWP
across the adolescence years. From a public health pers-
pective, these results support the importance of early rec-
ognition and treatment of cardio-metabolic risk factors. In
this sense, school-based health examinations should incor-
porate WC and BP as simple and effective primary preven-
tion measures, since they are two important predictors in
the large-scale screening of cardio-metabolic disorders in
children and adolescents. Furthermore, it is important to
address the relevance of school context and youth sports
programs to promote and encourage children and adoles-
cents in the regular engagement in moderate-to-vigorous
physical activities/physical exercises that ensure improve-
ments in all PF components. In turn, such strategies will
have the potential to prevent cardio-metabolic disorders
associated with obesity and sedentary lifestyle later in life.
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