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Aims: Investigating tracking of fatness from childhood to
adolescence, early adolescence to young adulthood and late
adolescence to young adulthood.

Subjects and methods: Participants from the Madeira Growth
Study were followed during an average period of 7.2 years.
Height, body mass, skin-folds and circumferences were
measured, nine health- and performance-related tests were
administered and the Baecke questionnaire was used to assess
physical activity. Skeletal maturity was estimated using the
TW3 method.

Results: The prevalence of overweight plus obesity ranged
from 8.2-20.0% at baseline and from 20.4-40.0% at follow-
up, in boys. Corresponding percentages for girls were 10.6-
12.0% and 13.2-18.0%. Inter-age correlations for fatness
indicators ranged from 0.43-0.77. BMI, waist circumference
and sum of skin-folds at 8, 12 and 16-years old were the main
predictors of these variables at 15, 19 and 23-years old,
respectively. Strength, muscular endurance and aerobic fitness
were negatively related to body fatness. Physical activity and
maturation were independently associated with adolescent
(15 years) and young adult (19 years) fatness.

Conclusions: Over 7.2 years, tracking was moderate-to-high
for fatness. Variance was explained by fatness indicators and
to a small extent by physical fitness, physical activity and
maturation.

Keywords: Inter-age correlations, body fatness, children,
adolescents, young adults

INTRODUCTION

Tracking of fatness is defined as the maintenance of a relative
rank over a given time span and the ability to discover
specific ages or variables where prediction of fatness

becomes reasonable accurate (Foulkes and Davis 1981;
Gasser et al. 1995). Recently, the WHO (2011) has stressed
that obesity is largely preventable. More precisely,
supportive environments and communities are fundamental
in shaping people’s choices, making the healthier choice of
foods and regular activity the easiest choice (WHO 2011).

The rationale behind this preventive strategy is that the
identification of children at risk for adult obesity might lead
to an early intervention to prevent adult obesity (Serdula
et al. 1993). Body mass index (BMI) is commonly used in
epidemiological studies to classify overweight and obesity in
children (Cole et al. 2000) and adults. However, BMI may
not correspond to the same degree of fatness in different
individuals (WHO 2011). In addition to BMI, waist
circumference and skin-folds have been widely used as
indicators of body fatness (Garn et al. 1986; Katzmarzyk et al.
1999, Guo et al. 2000; Freedman et al. 2005).

Longitudinal studies reviewed by Serdula et al. (1993)
have shown that about a third of obese pre-school children
were obese as adults and about half of obese school-age
children were obese as adults. More recent follow-up data
confirmed these findings. In Canadian and American
children, adolescents and young adults tracking is fairly high
(Katzmarzyk et al. 1999; Freedman et al. 2005). Similar
relatively high tracking has been reported for samples
studied in Indonesia (Julia et al. 2008), Jamaica (Gaskin and
Walker 2003) and in European countries such as Belgium
(Matton et al. 2006), Greece (Psarra et al. 2006), Sweden
(Ekblom et al. 2009), Switzerland (Gasser et al. 1995) and
the UK (Power et al. 1997). To the best of our knowledge,
only one study investigated the tracking of body fatness in
Portugal (Martins et al. 2010). In this study, a total of 285
children were enrolled in grade 1 (age 6 years) and followed
through grade 5 (age 10 years). BMI trajectories showed low
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tracking of BMI-values and physical activity and fitness were
not associated with BMI-changes (Martins et al. 2010).

However, the degree of tracking is inconsistent across
studies and depends partially on the prevalence of
overweight and, among others, differences in study designs,
definitions of obesity, ages at which participants were
measured, intervals between measurements, length of
follow-up and cultural differences (Serdula et al. 1993;
Philippaerts et al. 2006). Participants of the Madeira Growth
Study (MGS) are relatively healthy with low levels of
overweight and obesity. These data will assist in attaining a
better understanding of tracking of fatness over time and
their correlates using younger birth cohorts, several
potential predictors and covering childhood, adolescence
and young adulthood periods. Consequently, the aims of
this study are (1) to study tracking of BMI, waist
circumference and sum of skin-folds from childhood to
adolescence, early adolescence to young adulthood and late
adolescence to young adulthood, (2) to document the
prevalence of overweight and obesity and (3) to verify the
adolescent correlates of body fatness.

SUBJECTS AND METHODS

Study design and sampling procedures

The MGS began as a mixed-longitudinal design and evolved
to a prospective study. The participants came from five
birth cohorts born in 1988, 1986, 1984, 1982 and 1980.
At the start of the study in 1996 subjects were aged 8, 10, 12,
14 and 16 years and they were observed at annual intervals in
1997 and in 1998 (Freitas et al. 2002). Subsequently, the
same subjects were observed in 2004, when they were,
respectively, 15, 17, 19, 21 and 23 years, spanning middle
childhood, adolescence and young adulthood.

Participants and data collection

All study protocols were reviewed and approved by the
Scientific Board of the University of Madeira and permission
was granted from the Regional Secretary of Education and
Culture. Participants and/or their parents/guardians signed
written informed consent statements.

The present analysis is confined to yearly measurements
of 450 subjects, 231 boys and 219 girls. Three age groups
were considered: group 1 (8 years), group 2 (12 years) and
group 3 (16 years). To maximize the sample size in each
age group, children from different cohorts were included
in the analyses. The average time of follow-up was 7.2 years
and ranged from 6-9 years. Descriptive data on the
number of subjects, the mean chronological age and the
mean length of follow-up in the gender and age groups
are shown in Table L.

The same protocols were used throughout the study.
For quality control, reliabilities of the measurements
and tests were verified. All the subjects were measured
twice with an interval of 1 week. Intra-class correlation
coefficients (R) for the 19 anthropometric dimensions
varied between 0.85—-1.00 and, for the motor tests, between
0.78-0.96. Spearman rho correlation coefficients for the
three indices of physical activity varied between 0.54-0.83.

Measurements

Anthropometry followed standardized procedures described
by Claessens et al. (1990). Height was measured with a
portable stadiometer (Siber-Hegner, GPM, Zurique,
Switzerland) (1% phase; 1996—1998) and a Harpenden
Stadiometer (Holtain Ltd, Crymych, United Kingdom)
(2nd phase; 2004) to the nearest millimetre. Body mass was
measured on a balance-beam scale accurate to 100 g (Seca
Optima 760, Germany). Skin-fold thickness was measured
using a caliper (Siber-Hegner, GPM, Hamburg, Germany)
and recorded to the nearest 0.2 mm. Waist circumference
was measured with a steel measuring tape (Holtain, UK)
accurate to 1 mm.

Intra-observer reliability was also examined during the
course of the study. In the 1** phase, 10 subjects (five boys
and five girls) were re-measured during the same day,
totalling 100 subjects per time of measurement (1996, 1997
and 1998). The reliability was found to be consistent with
the results of the pilot study and varied between 0.93—1.00.
Similar reliability coefficients were found in the 2™ phase
(2004) of the MGS. Intra-class correlation coefficients of
pairs of measurements (n = 107) varied between 0.99—1.00.

Table I. Number of subjects (1), age at baseline (mean and SD), age group (Gr), age at follow-up (mean and standard deviation) and mean length of

the follow-up in boys and girls from the Madeira Growth Study.

Sample Baseline Follow-up Mean length
characteristics n x* SD Age group n x * SD Age group of follow-up
Boys
Grl 50 7.98 £0.3 8 49 15.53 = 0.3 15 7.5
Gr2 96 11.95 £ 0.3 12 92 18.96 = 1.1 19 7.0
Gr3 85 15.94 = 0.3 16 85 2297 £ 1.1 23 7.0
Total 231 226
Girls
Grl 50 8.01 £ 0.3 8 50 15.66 = 0.3 15 7.6
Gr2 84 11.93 £ 0.2 12 82 18.87 = 1.1 19 6.9
Gr3 85 1591 £ 0.3 16 76 23.05 £ 1.1 23 7.1
Total 219 208
Grand total 450 434
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BMI [calculated by dividing body mass (kg) by height
(m?)], the sum of five skin-folds, i.e. triceps, biceps,
suprailiac, subscapular and calf skinfolds, and waist
circumference are the three obesity-related outcomes used
in the present analysis. Children and adolescents were
classified as overweight or obese according to the age-
and sex-specific BMI cut-off points developed by the
International Obesity Task Force (Cole et al. 2000). In 19
and 23 years old, overweight and obesity were defined by
the cut-points of, respectively, 25 kg/m* and 30 kg/m>.

Predictors of fatness measures included growth
characteristics, physical fitness, physical activity and skeletal
maturity. Physical fitness was assessed using the Eurofit
test battery (Klissouras et al. 1988), which includes nine
motor tests. The endurance shuttle run was replaced by the
12-minute run/walk from the AAHPERD (1988) due to ease
of administration to a large number of subjects. Physical
activity was assessed by means of a questionnaire developed
by Baecke et al. (1982) This questionnaire consists of 16
items and response categories range from 1-5, with the
exception of the questions 1 (main occupation) and 9 (types
of sport played). In children and adolescents, Philippaerts
et al. (2006) observed that the intra-class correlation
coefficients for two independent reports of sport and leisure
time activities were higher than 0.70 and that sport and
leisure time activities showed a significant correlation
(r > 0.50) with the counts of an uniaxial accelerometer.
In MGS, the team members filled out the questionnaires
by means of a face-to-face interview and children under
10 years of age had the assistance of the teacher or a parent.
Information was analysed about physical activity in sports
and during leisure-time.

Skeletal age was estimated using the Tanner-Whitehouse
method (TW2) (Tanner et al. 1983). Intra- and inter-
observer reliability showed an agreement of 91.8% and
81.3%, respectively. A detailed description of the
preparation of the research team members is given in
Freitas et al. (2002).

Statistical analysis

Means, standard deviations and/or percentages were
calculated at baseline and follow-up for growth
characteristics, physical fitness, physical activity and skeletal
maturity. Pearson product-moment correlation coefficient
(r), Spearman’s rank order correlation (p) and intra-class
correlation coefficient (R) were used in the reliability
analyses. Tracking of BMI, sum of skin-folds and waist
circumference were assessed with inter-age Pearson
product-moment correlations between the first and last
measurements. Prediction was studied using stepwise
multiple linear regression analysis. Zero-order correlations
between the fatness indicators, measured at 15, 19 and 23
years and childhood (8 years), early adolescence (12 years)
and late adolescence (16 years), biological and environ-
mental characteristics were calculated. All analyses were
conducted using the SAS version 9.1 (SAS 1990) and a
p-value of 0.05 was selected as the level of significance.

© Informa UK, Ltd.
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RESULTS

Descriptive statistics

The physical characteristics, physical fitness, physical
activity and biological maturity at baseline (8, 12 and 16
years old) and at follow-up (15, 19 and 23 years old) of
Madeira boys and girls, a racially-homogeneous (Caucasian)
population, are summarized in Table II. In girls, average
values for BMI, waist circumference and sum of skin-folds
increased with age from 8 to 15 years and levelled off
thereafter. In boys the same trends were observed from 8 to
15 years except for sum of skin-folds, which decreased
between 12 and 15 years. In males, average fatness indicators
further increased between 16 and 23 years. In both sexes, a
high variability in sum of skin-folds was observed.

Prevalence of overweight and obesity

In this sample of pre-adolescent and adolescent youth, the
prevalence of overweight and obesity was rather low
(Table III). In young adulthood the number of overweight
males was considerably higher (20.7% at 19 years and
35% at 23 years). The prevalence of overweight plus
obesity (combined) ranged from 8.2-20.0% and from
20.4—40.0% in boys at baseline and follow-up, respectively.
Corresponding percentages for girls were 10.6—12.0%
(baseline) and 13.2—18.0% (follow-up). At all age groups
there were more overweight and obese (combined) boys
than girls.

Tracking (stability) coefficients

Age- and sex-specific tracking coefficients for height, body
mass and the three fatness indicators are reported in
Table IV. Both for boys and girls, the tracking for the fatness
indicators were generally lower than those observed for
height. The coefficients for BMI and waist circumference
were of similar magnitude (r = 0.53-0.76), whereas those
for sum of skin-folds were somewhat lower (r = 0.43-0.77).
No clear age trends were present, but the coefficients for
boys were somewhat higher (r = 0.55—0.77) than those for
girls (r = 0.43-0.76). For waist circumference, BMI and
sum of skin-folds, correlation coefficients ranged from
0.55-0.77 for boys and from 0.43—0.76 for girls.

Multiple linear regression analysis

Stepwise multiple linear regression models were used to
identify predictors of fatness at 15, 19 and 23 years from
physical characteristics, physical fitness, physical activity and
biological maturity at 8, 12 and 16 years, respectively
(Table V). Separate analyses were performed for boys and
girls because of the well-known differences in body
composition.

In girls, between 39-42% (total R %) of the fatness
indicators at 15 years was explained by fatness indicators,
motor tests, physical activity and RUS bone age at 8 years. At
19 years, between 38—61% of body fatness was explained by
fatness indicators, motor tests and physical activity observed
at 12 years. In young adults (23 years), between 32—-48% of
the fatness indicators was explained by fatness indicators
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Table II. Physical characteristics, physical fitness, physical activity and biological maturity at baseline (8, 12 and 16 years old) and 7 years later (15, 19
and 23 years old) in boys and girls from the Madeira Growth Study.

Baseline Follow-up
Grl (8 years) Gr2 (12 years) Gr3 (16 years) Grl (15 years) Gr2 (19 years) Gr3 (23 years)
Variables x * SD x * SD x = SD x = SD x * SD x *+ SD
Boys
Human physical growth
Height (cm) 126.9 £ 5.0 1479 £ 7.1 171.6 £ 6.9 169.5 £ 7.8 174.1 £ 6.5 1742 £ 7.1
Body mass (kg) 26.6 = 4.7 40.5 * 8.6 61.6 = 9.5 58.8 = 10.4 68.5 £ 10.5 73.8 = 12.7
Waist circumference (cm) 56.6 = 5.0 63.7 £ 6.6 72.3 £ 5.8 713 £ 7.5 77.2 £ 6.9 81.5 = 8.4
BMI (kg/mz) 16.5 * 2.4 184 + 2.9 20.8 = 2.5 20.5 * 3.6 22.6 = 3.0 243 + 3.4
Sum of skin-folds (mm) 444 * 264 37.5x29.8 47.2 = 23.2 49.2 = 29.1 53.1 = 23.0 62.3 = 31.8
Physical fitness
Flamingo balance 20.2 £ 6.9 125 £ 6.9 10.3 = 6.0 10.5 £ 5.6 8.7 £5.1 8.2 +49
Plate taping 19.7 £ 3.3 139 = 1.8 11.2 * 1.6 10.8 £ 1.6 10.3 = 0.9 9.7 £ 1.1
Sit and reach 20.0 = 4.2 16.7 £ 5.8 229+ 7.6 20.3 = 8.0 204 = 7.8 23.0 = 8.2
Standing long jump 1223 £ 17.3 152.1 £ 17.4 199.1 £ 21.7 176.7 = 25.9 187.3 £ 21.7 197.2 £ 22.8
Handgrip 12.2 = 3.0 22.5* 45 41.1 £ 7.9 38779 46.8 £ 7.1 49.1 £ 74
Sit ups 17.1 £ 5.3 20.8 = 4.0 25.5 + 3.8 25.7 * 4.6 25.8 4.4 269 *+ 4.4
Bent arm hang 8.9 £ 8.7 15.1 = 14.6 31.7 £ 18.0 229 £ 15.7 26.6 = 15.5 262 =17.3
Shuttle run 251 £2.2 23.0 £ 2.6 19.7 £ 1.6 203 £ 1.6 19.8 = 1.5 19.3 £ 1.3

Endurance
Physical activity

1741.7 = 288.1

2038.2 + 345.7

Sport score 0.78 £ 1.5 243 2.7
Sport index 2.57 £ 04 2.86 £ 0.4
Leisure time index 2.53 £0.5 2.78 £ 0.5
Biological maturity
RUS (TW2) maturity score 254.4 *+ 32.6 420.3 = 101.6
Girls
Human physical growth
Height (cm) 126.1 £ 5.0 148.2 £ 7.1
Body mass (kg) 25.6 = 4.4 40.0 = 8.9
Waist circumference (cm) 56.0 = 4.3 62.9 £ 6.9
BMI (kg/m?) 16.0 = 2.0 18.1 + 3.3
Sum of skin-folds (mm) 46.0 = 19.7 54.6 * 26.0
Physical fitness
Flamingo balance 193 £75 123 £ 6.7
Plate taping 189 £32 13.5 £ 14.2
Sit and reach 203 £54 19.8 £ 6.4
Standing long jump 113.5 £ 14.5 139.7 £ 194
Handgrip 11.6 £ 3.2 20.1 £ 4.5
Sit ups 16.1 £5.1 179 £ 4.1
Bent arm hang 7.2 £10.5 7.2+ 8.7
Shuttle run 254 £22 239 £25

Endurance
Physical activity

1649.0 * 243.5

1847.5 * 302.5

Sport score 0.60 = 1.2 1.27 £ 1.9

Sport index 240 £ 0.5 2.56 £ 0.4

Leisure time index 2.38 £ 04 2.57 £ 04
Biological maturity

RUS (TW2) maturity score 383.0 = 57.5 704.1 * 115.2

2461.7 = 411.9

2289.7 = 370.2

2330.0 * 342.3

2405.3 * 433.7

248 £29 233 £ 3.1 1.73 £ 2.6 1.86 = 2.6
3.00 £ 0.5 2.90 £ 0.7 2.67 £ 0.6 2.76 £ 0.7
290 £ 0.5 296 £ 0.4 2.63 £ 0.5 2.72 £ 0.6
941.1 = 107.4
159.7 = 5.4 159.3 = 5.0 161.0 = 5.5 160.6 = 5.4
53.6 = 7.8 55.1 £ 9.1 56.5 £ 9.0 57.0 = 8.6
68.2 = 5.4 68.5 * 6.4 69.3 £ 6.7 70.3 £ 7.0
21.0 £ 25 21.6 £ 3.1 21.8 £ 3.2 22.1 £3.1
71.3 £22.7 78.3 £ 23.7 77.7 £ 23.8 77.4 £ 25.1
11.5 £ 6.6 10.4 = 4.6 9.4 * 3.7 89 47
124 £ 2.4 115+ 14 10.7 £ 1.1 10.7 £ 1.0
25.3 £ 8.0 23.1 = 8.8 23.6 £ 8.4 25.0 £ 7.7
150.5 = 19.8 142.2 = 21.1 140.5 = 20.1 141.0 = 20.7
27.8 £ 4.2 27.7 £ 4.9 27.7 £ 4.2 28.5 £ 3.7
19.3 £ 43 20.9 * 4.8 20.0 £ 4.9 19.0 £ 5.0
8.6 X272 6.8 £6.3 69 *73 8.1+ 10.2
224 £ 1.8 225 * 1.9 225 £ 1.8 22.8 £ 1.8

1944.2 * 268.4

1795.8 * 306.3

1858.2 * 292.9

1780.64 * 323.4

0.82 £ 2.0 1.36 = 2.4 0.92 £2.0 0.98 £ 2.1

2.51 £ 0.5 248 * 0.6 2.40 £ 0.6 2.31 £ 0.7

2.66 £ 0.5 2.66 £ 0.5 2.66 * 0.5 2.54 £ 05
994.2 = 28.3

Gr, group. Grl to Gr3 refer to the cohorts at baseline, i.e. 8, 12 and 16 years and follow-up, respectively, 15, 19 and 23 years.

and fitness characteristics observed in late adolescence
(16 years). With the exception of sum of skin-folds at 23
years, fatness indicators at 15, 19 and 23 years was best
explained (partial R?) by waist circumference (23-46%),
BMI (43-58%) and sum of skin-folds (30%) at younger
ages. Flamingo balance at 8 and 12 years was a predictor of
body fatness at 15 and 19 years. Explained variance was
comprised between 2—8%. Flexed arm hang at 8 years was
a predictor of waist circumference at 15 years (8%). At
12 years, flexed arm hang was a predictor of BMI (1%) and
sum of skin-folds (5%) at 19 years. Standing long jump at
16 years explained 2% of waist circumference at 23 years.

The participation in regular sports (sport score) was a
predictor of BMI (3%) and sum of skin-folds (4%) at 15 years.
A combination of physical activities in regular sports and
leisure time (sport index) at 8 and 12 years was a predictor of
waist circumference (3%) and sum of skin-folds (3%) at 15
and 19 years, respectively. RUS bone age (4%) at 8 years was a
predictor of sum of skin-folds at 15 years. The association of
flexed arm hang, standing long jump and sport score was
negative, implying that, controlling for the other variables,
the more fit and active had lower fatness levels 7 years later.
In boys, between 61-69% of the fatness indicators at
15 years was explained by fatness indicators, motor tests
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Table III. Prevalence (%) of overweight and obese boys and girls at
baseline (8, 12 and 16 years old) and 7 years later (15, 19 and 23 years old).

Classification Overweight Obese Combined"”
(BMI)* n n % n % n %
Boys

Baseline

Grl (8 years) 50 7 14.0 3 6.0 10 20.0
Gr2 (12 years) 96 16 16.7 2 2.1 18 18.8
Gr3 (16 years) 85 6 7.1 1 1.2 7 8.2
Follow-up (7 years later)
Grl (15 years) 49 7 14.3 3 6.1 10 20.4
Gr2 (19 years) 92 19 20.7 3 3.3 22 23.9
Gr3 (23 years) 85 30 35.3 4 4.7 34 40.0
Girls
Baseline
Grl (8 years) 50 5 10.0 1 2.0 6 12.0
Gr2 (12 years) 84 9 10.7 2 2.4 11 13.1
Gr3 (16 years) 85 9 10.6 0 0 9 10.6
Follow-up (7 years later)
Grl (15 years) 50 8 16.0 1 2.0 9 18.0
Gr2 (19 years) 82 12 14.6 1 1.2 13 15.9
Gr3 (23 years) 76 8 10.5 2 2.6 10 13.2

Gr, group; * Children and adolescents were classified as overweight or obese
according to the age- and sex-specific BMI cut-off points developed by the
International Obesity Task Force (Cole et al. 2000)(q9). In 19 and 23 years
old, overweight and obesity were defined by the cut-points of 25 kg/m” and
30 kg/m?, respectively; ® Prevalence of overweight plus obesity.

and physical activity at 8 years. Slightly smaller percentages
(48—60%) of explained variance were observed at age
interval 12—19 years. In this age interval, RUS bone age at
12 years was a predictor of BMI at 19 years. In young adults,
23 years, between 43—54% of the fatness indicators were
best explained by adolescent (16 years) fatness and fitness
characteristics. The best predictors of body fatness at 15, 19
and 23 years were waist circumference (53—-58%), BMI
(40—-51%) and sum of skin-folds (40—60%). Around 2—4%
of the variance in BMI, waist circumference and sum of
skin-folds at 15 years was explained by the sit ups at 8 years.
Handgrip at 12 and 16 years was a significant predictor of
BMI (1-3%) and waist circumference (1-2%) at 19 and
23 years. Flamingo balance at 12 years (1%) and at 16 years
(1%) explained the variance in BMI at 19 and 23 years,
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respectively. Standing long jump (12 years) and 12-minute
walk/run (16 years) explained 2% and 3% of variance in
sum of skin-folds at 19 and 23 years, respectively. Sport
index and sport score at 8 years explained a small percentage
(2%) of the adolescent sum of skin-folds. RUS bone age at
12 years explained 2% of the variance in BMI at 19 years.
Again, controlling for fatness indicators the fitness items
(sit ups, handgrip, flamingo balance, standing long jump and
12-minute walk run) were negatively associated with adult
fatness. Fit subjects at 8, 12 and 16 years had lower body
fatness at 15, 19 and 23 years.

DISCUSSION

The increase of fat mass observed in the MGS follow
the trends that have been described for other Caucasian
populations (Malina et al. 2004). During the growing
years, the prevalence of overweight and obesity is rather
low compared to other European or North American
countries (Ogden et al. 2002; Lobstein et al. 2004). We have
no information on the macronutrient composition of the
diet or energy intake. However, in European children and
adolescents, the energy intake was within the current
FAO/WHO/UNU recommendations (Livingstone 2000).
Lifestyle factors, such as Physical Education (PE) classes,
seem to be favorably associated with fatness indicators.
Children and adolescents from an Autonomous Region
of Madeira have 3 hours/week of compulsory PE
classes and a number participated in sport school
competitions. At young adulthood, participants reported
to walk ‘sometimes’ during leisure time and walked between
15-30 minutes per day to and from work, school and
shopping. In males, ~42% (19-years) and 47% (23-years)
reported to participate in organized sports. These
percentages are lower in females, 28% and 26%, respectively.
The reason for the increase of overweight and obesity in
males, at 19 and 23 years old, is not known, but an
imbalance between energy intake and energy expenditure
occurred in this age group. Young adulthood is a period
when individuals move out of home; go to university,
start to work and/or start families (Gallagher et al. 2006).

Table IV. Tracking of height and fatness indicators between ages at baseline (8, 12 and 16 years old) and corresponding ages at 7 years later (15, 19

and 23 years old).

Pearson product-moment correlation coefficient (r)

Height and fatness indicators Grl (8 and 15 years)

Gr2 (12 and 19 years) Gr3 (16 and 23 years)

Boys

Height 0.78 0.70 0.86
Body mass 0.71 0.71 0.76
Waist circumference 0.76 0.72 0.55
BMI 0.71 0.70 0.71
Sum of skin-folds 0.77 0.65 0.64
Girls

Height 0.71 0.64 0.97
Body mass 0.59 0.72 0.70
Waist circumference 0.59 0.66 0.67
BMI 0.53 0.76 0.64
Sum of skinfolds 0.43 0.55 0.48
Gr, group.

© Informa UK, Ltd.
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This transition and accompanying autonomy seems to
interfere with the prevalence of overweight and obesity.

The tracking coefficients for BMI, waist circumference
and sum of skin-folds, over a period of 7.2 years, are
moderately high and partially confirm those of Canadians
(Katzmarzyk et al. 1999). BMI-tracking correlations over a
7-year period in the Canadian population across 7—29 years
varied between 0.50—0.90 (0.53-0.76 in Madeira’s young-
sters). Similarly, the sum of five skin-folds showed
significant stability, except in boys of 13—14 years of age,
in whom correlations approached zero. Tracking was more
variable (0.25-0.85 in Canadians and 0.55-0.76 in
Madeira’s youngsters) for waist circumference (Katzmarzyk
et al. 1999). Similar tracking coefficients have been reported
for Belgians (Beunen et al. 1992; Hulens et al. 2001; Matton
et al. 2006), English (Power et al. 1997), Swiss (Gasser et al.
1995) and US-citizens (Casey et al. 1992). In this last study
the correlations for females approached zero when longer
periods (childhood to 40 or 50 years) were considered.
Several authors also demonstrated that children and
adolescent who are overweight or obese are at higher risk
to become overweight or obese as adults (Serdula et al. 1993;
Hulens et al. 2001; Magarey et al. 2003; Freedman et al. 2005;
Deshmukh-Taskar et al. 2006; Matton et al. 2006). This
could not be studied herein given the low prevalences during
the growing period (Table III).

One finding of the present study was that tracking
coefficients were somewhat lower for girls than for boys. A
possible explanation for this gender difference in tracking is
that girls are more likely concerned about their body shape
and image than boys (Psarra et al. 2006) and may feel more
societal pressure to control their body fatness (Laitinen et al.
2001; Malina et al. 2004).

To understand the stability of body fatness, it is essential
to understand the predictors of body fatness (Guo et al.
2000; Nyberg et al. 2009). Our results indicated that the
variability of fatness in early adolescence (12 years) and
young adulthood (19 and 23 years) was mostly explained by
the same fatness indicators observed at younger ages. Given
the moderately high tracking coefficients for each of the
fatness indicators these results were to be expected. Psarra
et al. (2006) found similar results in Greek children. BMI at
baseline, parental obesity and low level of fitness were the
main predictors of the 2-year tracking of body fatness, and
waist circumference at baseline and cardiorespiratory fitness
were significant predictors of high waist circumference after
2 years. In line with this previous study, Gaskin and Walker
(2003) found that BMI explained 52% and 61% of the
variance in fat mass in boys and girls at 7—8 years, and that
these percentages increased to 69% in both sexes at 11-12
years.

In MGS, flamingo balance, handgrip, 12-minute run
walk, flexed arm hang, sit ups and standing long jump results
were negatively related to body fatness, i.e. controlling for
fatness, more fit adolescents had lower adult fatness. It
remains unresolved whether this phenomenon is merely
regression to the mean or not (Tudor-Locke et al. 2008).
Notwithstanding, excess fatness exerts a negative effect on
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those items of physical fitness in which the body is
maintained in a bent arm position while hanging from a bar,
moved or projected. In addition, fatness also has a negative
effect on cardiorespiratory fitness (Beunen et al. 1983). A
significant negative relationship between aerobic fitness
(walking treadmill protocol) and the rate of increasing
adiposity was also observed by Johnson et al. (2000) in
North-American children, aged between 4.6—11.0 years at
baseline and followed annually for 3—5 years.

Sport during leisure time and physical activity during
leisure time excluding sport were independently (controlling
for fatness, fitness and biological maturity) associated with
adolescent (15 years) and young adult (19 years) fatness, but
not with fatness at 23 years. This study used a questionnaire
to measure physical activity and it can be speculated that it
was not sensitive enough to capture the subject’s physical
activity. However, similar results were found using objective
measures of physical activity. For example, using accel-
erometry, Nyberg et al. (2009) found that physical activity
at baseline and physical activity at follow-up did not
significantly contribute to the explained variation in BMI at
follow-up. In children, Johnson et al. (2000) observed that
none of the measures of energy expenditure (assessed with
the doubly-labelled water technique) significantly predicted
increasing adiposity. Skeletal maturity at 8 and 12 years was
an independent predictor of late adolescence (15 years) and
young adult (19 years) fatness in MGS. This trend parallels
other studies. For example, a Finish study (Laitinen et al.
2001) found that early menarche was a predictor of obesity
in adulthood. However, it remains controversial whether
this higher risk is already due to their higher levels of fatness
at young ages. In Sweden, Kindblom et al. (2006) reported
that age at PHV was an independent negative predictor of
young adult BMI and whole-body fat mass.

With the exception of flexed arm hang at 16 years, the
maximum contribution of motor tests, physical activity and
RUS bone age for the total variance in body fatness was 6%
and this occurred for sum of skin-folds at 15 years, in boys.
In addition, flamingo balance and flexed arm hang were the
more stable predictors of body fatness in childhood,
adolescence and young adulthood. However, the signal of
the regression coefficients for flamingo balance was positive
in the age intervals 8—15 and 16—23 years, but negative in
the age interval of 12—19 years. Altogether, data from the
current study revealed that predictors of body fatness
changed over time and that the relative importance of these
predictors also changed with age.

The strengths of this study are (1) the relatively healthy
sample with low prevalences of overweight and obesity
during the growth period, (2) high quality control and
negligible loss to follow-up, (3) inclusion of different
indicators of fatness, (4) a fairly long period of observation
during critical periods of growth and (5) inclusion of fitness,
physical activity and skeletal maturity as potential predictors
of adult fatness indicators. The limitations are: (1) indirect
indicators of fatness, (2) self-reported physical activity
and (3) fairly long follow-up (average 7.2 years), but not
covering the whole growing period into adulthood.
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To conclude, the results of MGS provides evidence that
tracking of body fatness is moderate-to-high in three age
cohorts and variability in body fatness from adolescence to
young adulthood is mostly explained by the same fatness
indicators observed at younger ages. Associations of physical
activity and skeletal maturity with body fatness were found
in childhood and early adolescence. Physical fitness
components at younger ages were significantly and
negatively related to body fatness 7 years later. Predictors
of body fatness changed over time and the relative
importance of these predictors also changed with age. This
may indicate that activity programmes which include several
components of physical fitness should be carried out in
children and adolescents in order to contribute to the
prevention of body fatness. Furthermore, future research
studies need to focus on boys, given the highest increase in
fatness in late adolescence and young adulthood.
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