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ABSTRACT

Introduction: In view of the growing prevalence of childhood excess weight and obesity in Brazil in recent
decades, it is necessary to observe how this phenomenon occurs in the period of transition to adolescence.
Objective: To verify the tracking of excess weight between childhood and adolescence in schoolchildren of
both sexes. Methods: The study has a longitudinal design and the data used are part of a prospective study
carried out from 2002 to 2005. Participants included 397 schoolchildren of both sexes (211 boys and 186 girls).
The nutritional status was determined by the body mass index, and the participants were divided into the
following groups: Normal Weight to Normal Weight, Normal Weight to Excess Weight, Excess Weight to Excess
Weight, Excess Weight to Normal Weight. The tracking was analyzed using the intraclass correlation coefficient
(ICC) and Kappa (k) index. Results: A significant difference (P <0.05) was observed between all variables (age and
anthropometric indicators) between 2002 and 2005 for boys and girls. The ICC indicated tracking classified as
high (ICC =0.87) for the BMI values, and the tracking percentage showed that 87% of the subjects remained in
the same category of normal weight and excess weight. The values of k = 0.68 show good tracking (P <0.001),
indicating a strong maintenance of the subjects in the normal and excess weight categories. Conclusion: The
tracking percentage was high, indicating that both boys and girls maintained the classification of excess weight
during the period analyzed. Level of Evidence Ii; Lesser quality prospective study (eg, patients enrolled at different
points in their disease or <80% followup).

Keywords: Longitudinal studies; Overweight; Child; Adolescent.

RESUMO

Introdugdo: Tendo em vista a crescente prevaléncia de sobrepeso e obesidade na infancia no Brasil nas Ultimas
décadas, é preciso observar como esse fenémeno ocorre no periodo de transicdo para a adolescéncia. Objetivo:
Verificar o tracking do excesso de peso entre a infdncia e a adolescéncia em escolares de ambos os sexos. Métodos:
Trata-se de estudo longitudinal e os dados utilizados fazem parte de um estudo prospectivo, realizado no periodo de
2002 a 2005. Participaram 397 escolares de ambos os sexos (211 meninos e 186 meninas). O estado nutricional foi
determinado pelo indice de massa corporal, e os participantes foram divididos nos sequintes grupos: Peso Normal
para Peso Normal, Peso Normal para Excesso de Peso, Excesso de Peso para Excesso de Peso, Excesso de Peso para Peso
Normal. O tracking foi analisado pelo coeficiente de correlag¢do intraclasse (CCl) e do indice Kappa (k). Resultados:
Observou-se diferenca significativa (P < 0,05) entre todas as varidveis (idade e indicadores antropométricos) entre
2002 e 2005 para meninos e meninas. Com relagéo aos valores de IMC, o CCl indicou tracking classificado como alto
(CCl =0,87) e o percentual de tracking mostrou que 87% dos sujeitos permaneceram na mesma categoria de peso
normal e excesso de peso. Os valores de k = 0,68 demonstram um bom tracking (P < 0,001), indicando uma forte
manuten¢do dos sujeitos nas categorias de peso normal e excesso de peso. Conclusdo: O percentual do tracking foi
elevado, indicando que tanto meninos quanto meninas mantiveram a classificagéo de excesso de peso durante o
periodo analisado. Nivel de Evidéncia ll; Estudo prospectivo de menor qualidade (por exemplo, pacientes inscritos
em diferentes estdgios da doen¢a ou <80% de acompanhamento).

Descritores: Estudos longitudinais; Sobrepeso; Crianga; Adolescente.

RESUMEN

Introduccidn: Teniendo en vista la creciente prevalencia de sobrepeso y obesidad en la infancia en Brasil en las
Ultimas décadas, es preciso observar cémo ese fenémeno ocurre en el periodo de transicién para la adolescencia.
Objetivo: Verificar el tracking del exceso de peso entre la infancia y la adolescencia en escolares de ambos sexos. Mé-
todos: Se trata de estudio longitudinal y los datos utilizados forman parte de un estudio prospectivo, realizado en el
periodo de 2002 a 2005. Participaron 397 escolares de ambos sexos (211 nifios y 186 nifas). El estado nutricional fue
determinado por el indice de masa corporal, y los participantes fueron divididos en los siguientes grupos: Peso Normal
para Peso Normal, Peso Normal para Exceso de Peso, Exceso de Peso para Exceso de Peso, Exceso de Peso para Peso
Normal. El tracking fue analizado por el coeficiente de correlacion intraclase (CCl) y del indice Kappa (k). Resultados:
Seobservo diferencia significativa (P < 0,05) entre todas las variables (edad e indicadores antropométricos) entre 2002
y 2005 para nifios y nifias. Con relacion a los valores de IMC, el CCl indicé tracking clasificado como alto (CCl = 0,87)
y el porcentual de tracking mostré que 87% de los sujetos permanecieron en la misma categoria de peso normal y
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exceso de peso. Los valores de k = 0,68 demuestran un buen tracking (P < 0,001), indicando un fuerte mantenimiento
de los sujetos en las categorias de peso normal y exceso de peso. Conclusion: El porcentual del tracking fue elevado,
indicando que tanto ninos como nifias mantuvieron la clasificacién de exceso de peso durante el periodo analizado.
Nivel de Evidencia Il; Estudio prospectivo de menor calidad (por ejemplo, pacientes inscritos en diferentes etapas
de la enfermedad o <80% de acomparnamiento).

Descriptores: Estudios longitudinales; Sobrepeso; Nifio; Adolescente.

DOI: http://dx.doi.org/10.1590/1517-869220182406181086

INTRODUCTION

The prevalence of overweight is increasing globally in all age groups.
This accumulation of irregular or excessive body fat can cause a number of
health problems for the individuals, such as cardiovascular disease, diabe-
tes, musculoskeletal disorders, metabolic syndrome, and some cancers'.

In the case of children and adolescents, this epidemic has generated
great concern among professionals and researchers in the public health
areas, since excess body fat favors the development and/or aggravation
of numerous health risk factors such as high blood pressure, high fasting
plasma glucose, high triglyceride concentrations, low concentrations
of high density lipoprotein (HDL), and metabolic syndrome?, as well
as the fact that excess body weight acquired during childhood and
adolescence remains throughout adulthood?.

In this sense, some studies conducted in developed countries have
observed the persistence and incidence of overweight and body size of
children from birth to the end of early childhood at around seven years
of age*. These so-called “tracking” studies have been defined as the
maintenance or placement of an individual within a group over time,
it being necessary to obtain information from at least two moments®.

In Brazil, a survey conducted in different regions with a sample of
children and adolescents, aged between six and 17 years, indicated that
27.6% of the boys and 33.8% of the girls presented excess weight”. Addi-
tionally, another study showed a high rate of excess body weight (30%)
in a survey with Brazilian students between 2009 and 20128, however,
this information was produced from cross-sectional data.

Considering the above, observing changes in the body mass index
(BMI) in the period from childhood to adolescence is necessary and, for
this reason, the relevance of tracking studies should be considered for
the screening of overweight, making it possible to understand individual
peculiarities for the increase or maintenance of body weight and the
persistence of these factors over time®.

In addition, another important aspect observed in Brazil is that
overweight may be associated with socioeconomic factors'®, and the
prevalence of overweight was from 3% to 21% in children of high socioe-
conomic status'". In studies conducted in public and private schools, a
higher prevalence of excess weight was observed for schoolchildren in
private networks when compared to their peers in the public sector'.

Therefore, the objective of this study was to verify the tracking of
nutritional status between childhood and adolescence in students of
high socioeconomic level.

METHODS
Study design and sample selection

The data used in this study are part of a prospective study entitled
“Analysis of growth and health related physical fitness in high socioeco-
nomic level students’, where the objective was to verify the tracking of
physical fitness related to health during the transition between childhood
and the beginning of adolescence. To obtain the initial data, a survey
was carried out (year 2002) of the number of schoolchildren enrolled in
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the private education network in the city of Londrina, according to the
Regional Education Center of the State of Paran& Department of Educa-
tion. Next, the equation proposed by Barbetta'® was applied for simple
random sampling, using a 95% alpha, with an 80% power and a sampling
error of 5%, giving an estimate of 363 subjects. Subsequently, a school
in the central region was chosen as it met the criteria proposed by the
research, presenting a low transfer rate of students in the previous year.

Subjects

In 2002, 510 students aged seven to 10 years, followed annually in 2003,
2004, and 2005 with five age overlaps (eight, nine, 10, 11,and 12 years) were
evaluated. At the final moment (2005), 397 schoolchildren (211 boys and
186 girls), aged between 10and 13 years, were analyzed, due to the sample
loss of 25% after four years of follow-up. The study was approved by the
Ethics Committee for Research involving humans, opinion number 024/03.
After explaining the study proposal and procedures to be performed, those
responsible for the children signed the informed consent form.

Anthropometric measurements

Body mass was measured on a digital platform scale, Filizola brand,
with an accuracy of 0.5 kg, and height using a wooden stadiometer with
a precision of 0.1 cm, according to the procedures described by Gordon
et al."*. The body mass index (BMI) was determined by the body mass/
height? ratio, the body mass being expressed in kilograms (kg) and the
height in meters (m). Twenty percent of the subjects were randomly
selected, proportionally divided according to sex, to perform a second
series of successive measures to verify the reproducibility of the anthro-
pometric variables. To verify the extent of the error of the evaluator, the
technical error of absolute (TEMa) and relative measurements (TEMr)
were adopted, resulting in a TEMa of 0.33 kg and TEMr of 0.6% for body
mass (kg), and a TEMa of 0.48 cm and TEMr of 0.3% for height (cm)

Classification of nutritional status

The sex and age cut-off points proposed by the International Obesity
Task Force (I0TF)'> were adopted to classify BMI values as normal weight
and overweight, and for the purpose of analysis, subjects classified as
overweight and obese were grouped into one group called excess weight
(EW).To verify the extent of tracking, the subject BMIs were categorized
into groups: Normal Weight to Normal Weight (NW - NW), Normal Weight
to Excess Weight (NW - EW), Excess Weight to Excess Weight (EW - EW),
Excess Weight to Normal Weight (EW - NW).

Statistical treatment

For characterization of the sample, descriptive statistics were used, with
values of mean and standard deviation. The comparison of the anthropo-
metric indicators between 2002 and 2005 was verified by the dependent
Student’s t test. The tracking was analyzed using two statistical procedures:
a) for the continuous values of the study variables, the intraclass correlation
coefficient (ICC) was used with a 95% Cl, adopting values <0.30 as low;
between 0.30 and 0.60 as moderate; and >0.60 as high'®; b) to verify the
strength of tracking agreement between the proportions of the subjects
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who maintained or changed classification during the follow-up period,
the Kappa (k) index was used according to the interpretation: k < 0.20,
low; k=0.21-040, weak; k = 0.41-0.60, moderate; k= 0.61-0.80 good; and
k=0.81-1.00 very good'. A 5% level of significance was adopted. All
statistical procedures were performed in the Statistical Package for the
Social Sciences (SPSS for Windows Version 20.0).

RESULTS

The number of subjects who participated in the study at both mo-
ments was n=397, with 53% boys (n=211). The excess weight in 2002
was 28% and in 2005, 27.5%. Among the boys, the excess weight was in
the order of 33% at both moments and for the girls was 24% and 21%,
in 2002 and 2005 respectively.

The characteristics of the sample, with values as mean and standard
deviation and the differences between the means of the years 2002 (initial
moment) and 2005 (final moment) are described in Table 1.

The student’s t test indicated a significant difference (P<0.05) between
all variables between 2002 and 2005 for boys and girls, with special at-
tention to the BMI variable, with a mean difference of 1.9 kg/m?for both
sexes. The percentage differences between the BMI means in 2002 and
2005 were approximately 10% and 11%, respectively, for boys and girls.

Table 2 presents the intraclass correlation coefficients (ICC) of the
continuous BMI values between the initial and final moments, stratified
by sex. For the BMI values between 2002 and 2005, the ICC indicated
tracking classified as high for both sexes. For boys, the value was 0.88 (95%
C10.12-0.95) and for girls it was 0.86 (95% Cl 0.28-0.96), demonstrating
high maintenance of the relative position of the subjects in a group.
All correlations were statistically significant (P<0.05).

Table 3 presents the tracking values and agreement of normal
weight and excess weight for both sexes. The percentage of tracking

Table 1.Characterization of the sample according to sex and moment of the study.

Mean Difference
Boys (n=211) 2002 2005 2005-2002 P
Chronological Age (years) 9.0+1.2 12.0£1.2 30+1.8 <0.001
Body Mass (kq) 33.9+49.2 | 48.2+13.1 143455 <0.001
Height (cm) 135.048.6 | 154.0+10.6 184434 <0.001
BMI (Kg/m?) 184+34 20.2+39 19417 <0.001
. Mean Difference
Girls (n=186) 2002 2005 2005-2002 P
Chronological Age (years) 9.0+1.1 12.0+1.1 3.0+0.1 <0.001
Body Mass (kq) 321481 | 4624118 141452 <0.001
Height (cm) 134.0£9.0 | 152.749.6 18.74£3.0 <0.001
BMI (Kg/m?) 176430 | 196436 1.9+1.6 <0.001

Note: BMI = Body Mass Index; P= <0.05.

Table 2. Intraclass correlation coefficient, 95% confidence intervals of BMI between
2002 and 2005, according to sex.

ICC Cl195% P Classification
Girls 0.86 (0.28 - 0.96) <0.001 High
Boys 0.88 (0.12-0.95) < 0.001 High
Total 0.87 (0.21 - 0.96) <0.001 High

|CC = Intraclass Correlation Coefficient; 95% Cl = 95% Confidence Interval; P = <0.05.

Table 3. Tracking of the nutritional status of the initial moment and after the period
of follow-up according to sex.

Boys n=211 Girls n=186 Total n=397
% (n) % (n) % (n)
NW - NW 61.1(129) 704 (131) 65.5 (260)
NW - EW 6.6 (14) 4.8 (09) 58(23)
EW - EW 26.5 (56) 16.1 (30) 21.7 (86)
EW - NW 57(12) 8.6 (16) 7.0 (28)
9% Tracking 87.6 86.5 87.2
Kappa 0.72* 0.62* 0.68*

NW - NW = Normal Weight to Normal Weight; NW - EW = Normal Weight to Excess Weight; EW - EW = Excess
Weight to Excess Weight; EW - NW = Excess Weight to Normal Weight. * P<0.001.
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indicated that 87% of the subjects remained in the same classification
category for normal weight and excess weight between childhood
and adolescence. Of the total sample, 65% of the children who were
considered normal weight remained in the same normal weight cat-
egory after four years of follow-up and 22% of the subjects who were
classified as excess weight during childhood remained in the same
category in adolescence (Table 3).

On the other hand, it was found that approximately 6% of the children
who were in the normal weight category in childhood moved to the
excess weight category in adolescence, and, inversely, it was observed
that 7% moved from the excess weight category to normal weight
during the four years of follow-up.

According to the classification, it was possible to observe that the
strength of agreement of excess weight during the four years of follow-
up was considered high. Values of k=0.68 demonstrated good tracking
(P<0.001),indicating strong maintenance of the subjects in the categories
of normal weight and excess weight; for boys and girls, respectively, with
values of k=0.72 and k=0.62 (P<0.001).

DISCUSSION

This longitudinal study analyzed, in a sample of schoolchildren, the
tracking of excess weight between the period of childhood and adolescence
and showed that BMI stability and the percentage of tracking were high
between the two periods (2002 to 2005). The importance of longitudinal
surveys to verify the tracking of excess weight lies in the fact that the period
of childhood or adolescence may increase the risk of cardiovascular diseases
and all-cause mortality in adulthood'8, Therefore, attempts to verify the
magnitude of the persistence of excess weight between childhood, adoles-
cence, and adulthood, have stimulated the development of investigations
on the tracking of excess weight in different periods of life, with the view
that this conduct may be an important strategy in combating overweight.

The occurrences of excess weight determined in this study in 2002 and
2005 were high; 29% and 27.5% of subjects were considered as presenting
excess weight, respectively. The increase in excess weight may be associ-
ated with a number of causes, among which are a marked reduction in
levels of daily physical activity and inadequate eating habits. Another factor
that may have contributed to these results is the socioeconomic level of
the sample studied. Other studies involving samples of Brazilian children
with the same socioeconomic characteristics found rates of excess weight
close to those of the present study with variations between 26 and 28%'°.

Although we did not control for dietary habits and habitual physical
activity levels, it is believed that some of our results can be explained
by these factors, since many young people have reduced their time in
moderate or vigorous physical activity practices and increased involve-
ment in sedentary activities and, consequently, low energy expenditure,
such as watching television, excessive use of the internet, and playing
video games or other electronic games during leisure and free time'®.

No significant differences were observed in the proportions of subjects
who were classified as having excess weight between the two moments,
suggesting that in the interval of four years there was maintenance of the
subjects in the excess weight category. This can be partially confirmed
by the high correlations (ICC) of the continuous BMI values between the
two moments, for both boys and girls. Despite the increase in the mean
BMl values of the individuals between the moments, during the so-called
adiposity rebound period?’, this behavior was not able to alter the relative
position of the subject within the group, indicating high tracking for BMI.

According to the recommendation for the interpretation of tracking,
proposed by Malina®, the continuous BMI value was considered high
(ICC=0.87), indicating that the trajectories of the subjects over time
were stable. A study with a sample of Italian children and adolescents
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also showed high correlation values ranging from 0.79 to 0.85 for boys
and girls respectively?!. Séric et al3, identified tracking between the
beginning and end of adolescence with adult age in the order of 0.55
and 0.61 respectively in Croatian Young people.

The percentage of tracking between 2002 and 2005 indicated the
proportion of subjects who remained in the same category of classifi-
cation (normal-normal weight and excess-excess weight), which was
87%, being 88% and 86% for boys and girls, respectively, with a force of
agreement (k) of 0.68 which, according to Altman'”, is classified as good
agreement. These findings indicate strong maintenance of the subjects
in a category during the study and that the presence of excess weight
remained between childhood and adolescence.

However, the percentage of subjects who changed category during the
study was 6% for children who went from normal weight to excess weight,
while 7% moved in the reverse direction (excess weight - normal weight).
These findings were somewhat unexpected, since rates of increased prevalence
of excess weight in this period are consistent. Starc and Strel?? indicated that
the percentage of children who moved from normal weight at age seven to
obesity at age 18 was 17% in a sample of Slovenian children followed for 12
years. In the Bogalusa study, between childhood and adulthood, it was veri-
fied that 32.5% of subjects changed from normal weight to excess weight?.

Another important aspect regarding the tracking of excess weight
indicates that this trajectory can be influenced by behavioral factors.
Craigie et al.** observed in a systematic review that the tracking of diet
and physical activity were two modifiable and stable behaviors over time,
indicating that they are determinant factors in the risk of obesity in adul-
thood. Another study with Australian children showed that consumption
of sweetened beverages, fatty foods, insufficient consumption of fruits
and vegetables, and increased time using a computer and watching TV
increased the relative risk of remaining in the excess weight category
compared to the normal weight category.

Although the evidence found in the present study indicates high track-
ing for BMI values and strong maintenance of the subjects in the category

of excess weight, some limitations were not controlled, such as the absence
of a diet profile, physical activity measures, and family risk information. On
the other hand, the strengths of the study are the longitudinal design, the
monitoring of the same subjects over four years, the representativeness
of the sample, and the quality control of the data obtained.

Finally, the tracking of excess weight observed between childhood
and adolescence may indicate an increase in the maintenance of subjects
in the categories of health risk, favoring the development of numerous
metabolic dysfunctions such as cardiovascular diseases, hypertension,
diabetes, and cancer, among many others between childhood and
adolescence, demonstrating a tendency to persist into adulthood.

CONCLUSIONS

It was concluded that the tracking of nutritional status between the
period of childhood and adolescence in high socioeconomic school students
was high, indicating that the trajectories of the individual BMI values over
time presented few crossover points, demonstrating high maintenance of
the position of the subjects within a group during the follow-up period. It
is also worth noting that this condition indicates the maintenance of the
subjects in the classification of excess weight during this period, for both boys
and girls, which may represent an important risk factor for this population.

Finally, itis suggested that other follow-up studies be conducted in Bra-
zil, observing the tracking of habitual physical activity, physical fitness, and
eating habits during the transition between childhood and adolescence.
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