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Abstract

Objective: To assess whether changes in
dietary intake and physical activity pattern
are associated with the annual body mass
index (BMI) z-score change among adoles-
cents. Methods: The study was conducted
in public schools in the city of Piracicaba,
Sao Paulo, Brazil, with a probabilistic sample
of 431 adolescents participating in wave I
(2004) (hereafter, baseline) and 299 in wave
II (2005) (hereafter, follow-up). BMI, usual
food intake, physical activity, screen time,
sexual maturation and demographic varia-
bles were assessed twice. The association
between annual change in food intake, phy-
sical activity, screen time, and annual BMI
z-score changes were assessed by multiple
regression. Results: The study showed a
positive variation in BMI z-score over one-
-year. Among variables related to physical
activity pattern only playing videogame
and using computer increased over the
year. The intake of fruits and vegetables and
sugar-sweetened beverages increased over
one year, while the others variables showed
a reduction. An increased consumption of
fatty foods (f =0.04, p=0.04) and sweetened
natural fruit juices (8 = 0.05, p = 0.03) was
positively associated with the rise in BMI
z-score. Conclusions: Unhealthy dietary
habits can predict the BMI z-score gain
more than the physical activity pattern. The
intake of fatty foods and sweetened fruit
juices is associated with the BMI z-score
over one year.

Keywords: Adolescent. Body mass index.
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Resumo

Objetivo: Avaliar se as mudancas no pa-
drao alimentar e no padrao de atividade
fisica estdo associadas com mudanca anual
do escore-z do indice de massa corporal
(IMC) entre os adolescentes. Métodos: O
estudo foi realizado em escolas publicas
de Piracicaba, Sao Paulo, Brasil, com uma
amostra probabilistica de 431 adolescentes
participantes na onda I (2004) (doravante
linha de base) e 299 na onda II (2005) (do-
ravante seguimento). Nos dois momentos
foram avaliados o IMC, a ingestao habitual
de alimentos, atividade fisica, atividades
sedentdrias, maturacao sexual e varidveis
demogréficas. A associacdo entre variagao
anual do consumo de alimentos, atividade
fisica, atividades sedentdrias e mudancgas
anuais do escore-z do IMC foi avaliada a
partir de regressao multipla. Resultados:
O estudo mostrou uma variagao positiva
no escore-z do IMC ao longo de um ano.
Entre as varidveis relacionadas ao padrao
de atividade fisica apenas jogar videogame e
usar o computador apresentou aumento ao
longo do ano. A ingestao de frutas e legumes
e de bebidas artificiais adocadas aumentou
ao longo de um ano e as demais varidveis
apresentaram uma reducao. Observou-se
que o aumento do consumo de alimentos
ricos em gordura (B = 0,04, p = 0,04) e de
suco natural adocado (B = 0,05, p = 0,03)
associou-se positivamente ao aumento
do escore-z do IMC. Conclusao: Hébitos
alimentares nao sauddveis predizem mais
o aumento do escore-z do IMC do que o
padrdo de atividade fisica. A ingestao de
alimentos ricos em gordura e de suco natu-
rais adocado associou-se positivamente ao
escore-z do IMC ao longo de 1 ano.

Palavras-chave: Adolescente. Indice de
massa corporal. Estudos longitudinais.
Atividade motora. Habitos alimentares.

Introduction

The rising prevalence of overweight and
obesity among young people is a growing
concern. In Brazil, 21.7% of adolescents
are overweight!. Complications of youth
overweight and obesity are well documen-
ted and include metabolic health risk, chro-
nic diseases, psychosocial problems??, and
increased risk of cardiovascular diseases in
adulthood*>.

This rapid increase in obesity prevalence
suggests that the role of environmental fac-
tors is more relevant than that of genetics
factors®. In fact, low, moderate and vigo-
rous physical activity levels and high screen
time levels among adolescents have been
shown to be associated with obesity”. The
value of physical activity as a treatment and
preventive strategy for obesity has been de-
monstrated by substantial research®. Physical
activity during the period from adolescence
to adulthood can prevent adult obesity®.

In addition, several studies have repor-
ted the relationship between diet compo-
nents, eating behaviors, and overweight
among adolescents. The dietary patterns
characterized by high intake of sugar and
fats and low intake of fruits and vegetables
are positively associated with weight gain in
this group -2, Hence, this study assessed
whether changes in dietary intake, physical
activity and screen time produce nutritional
status changes among adolescents.

The strength of this study is that it simul-
taneously considers several factors related
to energy intake and energy expenditure,
while controlling for important covariates.
To date we are not aware of any studies
that have examined prospectively the role
of dietary and physical activity factors
and BMI z-score changes among Brazilian
adolescents.

Methods
Participants and study design

A probabilistic sample of students was
drawn from public schools of the city of
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Piracicaba, Sao Paulo, Southeastern Brazil.
Piracicaba has around 368 000 inhabitants
(20% of them adolescents)'® and shows a
predominance of public schools, attended
in most cases by children and adolescents
from lower socioeconomic classes with
some homogeneity in eating behavior. In
the original research, a probabilistic sample
covering all municipal students from public
schools was drawn up in a two-stage cluster
sample, stratified by school grade. In the
first stage, the primary sampling units were
all public schools and, in the second stage,
the secondary sampling units comprised
all school grades in each school. Further
details of baseline sample procedures are
provided elsewhere'* The study had 2 waves:
the baseline was carried out from month 1
to month 2 in 2004 and the follow-up from
month 1 to month 2 in 2005. The interval
between two assessments was 12 months on
average. In both moments, anthropometric
measurements, sexual maturation, dietary
intake, and physical activity pattern were
assessed. At baseline (2004), 431 individu-
als (198 - 46% boys, 233 - 54% girls) were
interviewed and the follow-up involved 299
subjects (135 - 45% boys, 164 - 55% girls); the
age range was 10 to 15 years. The attrition
rate was 30%. The main reasons for follow-
-up losses were address, school, and phone
number changes, which made tracking of
adolescents more difficult. After the exclu-
sion criteria were applied, the final sample
included in the analysis totaled 256 students
(113 - 44% boys and 143 - 56% girls).

The Research Ethics Committee of the
School of Public Health at the University
of Sao Paulo approved the study proposal,
and a signed informed consent form was
obtained from the parents of adolescents.

Anthropometric measurement

All measurement procedures were
performed according to the standardized
procedures proposed by Lohman et al.’s.
Height was measured to the nearest milli-
meter using a stadiometer, attached to
the wall with no baseboards. Weight was

measured using and electronic platform
scale to the nearest 0.1kg (Tanita HD316,
Tokyo, Japan). Body mass index (BMI; kg/
m?) was calculated and converted to BMI
z-scores using the recent World Health
Organization (WHO) growth reference for
school-aged children and adolescents'®.
BMI is often used as a surrogate for adi-
posity. BMI z-score was used rather than
absolute BMI because doing so provided
an indirect age- and sex-specific measure
of relative adiposity. As adolescents expe-
rience substantial changes in body compo-
sition associated with growth and puberty,
arelative measure of change in BMIis more
appropriate than absolute BMI. One-year
change in BMI z-score was computed (BMI
Z-Score,,,; — BMI z-score,,,,). A positive
change in z-score from baseline to follow-
-up indicates an increase in relative BMI
over the time interval; a negative change
in z-score indicates a decrease in relative
BMI. Any BMI and annual BMI change >3
SD (3 boys; 2 girls) and decrease in height
between 2004 and 2005 (1 girl) were ex-
cluded. Additionally, participants without
anthropometric measures in at least one
interview (1 girl) were excluded.

Dietary assessment

Dietary intake was assessed by a semi-
-quantitative food-frequency questionnaire
(FFQ). This instrument for youth and ado-
lescents has been shown to be valid and
reproducible'”. The FFQ included ques-
tions regarding usual frequency of intake
of 94 specific food items over the past six
months. Composition data were analyzed
using the Dietsys 4.01software (National
Cancer Institute, Bethesda, MD), which is
specifically used to analyze food frequency
questionnaire. Total fat intake (g/day) and
consumption of specific food groups (ser-
vings/day) were estimated. Food groups
considered in this analysis include: fruit
and vegetables; sweets and added sugar;
sweetened fruit juices (natural fruit juices
added sugar); sugar-sweetened beverages
(e.g. regular soda, coffee, sweetened iced
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tea, noncarbonated fruit drinks); fatty foods
(such as pizza, snacks, French fries, pop
corn, margarine). The total energy intake
(kcal/day) was estimated and intakes < 500
kcal or>7000 kcal/day (9 boys; 11 girls) were
excluded as implausible'.

Physical activity and screen time

Avalidated questionnaire was used to as-
sess habitual physical activity'. Participants
were asked to recall the typical activities,
number of times per week on average, time
spent per session of activity, active transport
(i.e. cycling and walking) and team sports
over the past year. From each adolescent’s
responses, the physical activity per day
(hours/day) (continuous variable) was
computed. Estimates of physical activity
that exceeded 40 hours /week (4 boys; 1 girl)
were excluded from the analyses. To assess
recreational inactivity, adolescents repor-
ted the number of hours spent daily with
these activities, separated into weekdays
and weekends®. From this information,
each average adolescent’s total hours per
day (continuous variable) was computed.
Totals > 80 hours per week were excluded
as unreliable (7 boys; 4 girls).

Other measures

Each adolescent’s age was computed
from his or her birth date and the date when
the questionnaire was applied. The Tanner
maturation stage was assessed by a valida-
ted self-rating of sexual maturity that uses
categories/illustrations for secondary sexual
characteristics as development of breasts
and pubic hair in girls and the genitals and
pubic hair in boys®. The time between study
intervals was calculated by subtracting the
baseline interview date from the follow-up
interview date. Age and interval between
study interviews (in months) were treated
as continuous variables. Before beginning
the main study, a pilot study was carried
out with 19 adolescents and all question-
naires were tested, allowing adaptations
to the final format of the questionnaires.

Questionnaires were double entered to
assess inconsistencies.

Statistical analysis

First, the Kolmogorov-Smirnov test was
used to evaluate the adherence of results
to a normal distribution. Those with non-
-normal distribution were log transformed.
Descriptive statistics (mean and standard
deviation) were calculated for demographic,
anthropometric and independent variables
at baseline and follow-up. Using the base-
line (2004) data, adolescents who did not
finish the study were compared with those
who did, using the unpaired t-test to assess
potential follow-up bias. Paired t-test was
used to test differences between baseline
and follow-up. Only variables with a P-value
lower than 0.20 in univariate analysis were
included (Table 1). Multivariate stepwise
linear regression was used to determine
the relationship among changes in BMI
z-score, dietary intake, physical activity
and screen time. One-year changes in
BMI z-score were the continuous outcome
variable. Independent variables were the
annual change in dietary intake, physical
activity and screen time from 2004 to 2005.
The final model was adjusted for baseline
BMI z-score, baseline age, gender, interval
between study interviews, change in sexual
maturation (as dummy variable). Energy
adjustments were made to control for con-
founding variables*. To see whether there
was a modification effect by age and gender,
the interaction between these variables and
the independent variable was tested, using
the p-value as criteria for interaction. The
statistical significance level was set at 5%.
The statistical analysis for the study was
carried out using the Statistical Package
for the Social Sciences 11.0 software (SPSS
Institute Inc., Chicago, IL, USA).

Results
Of the 256 participants with complete

questionnaires at both baseline and follow-
-up, 56% were girls. At baseline (2004) the

Rev Bras Epidemiol
2013;16(2): 493-501

Variation in dietary intake and physical activity pattern as predictors of change in body mass index (BMI) Z-score

@ Enes, C.C.&Slater, B.



Table 1 - Mean and standard deviation of variables for follow-up losses and cohort among

adolescents. Piracicaba, SP, Brazil. 2004 - 2005.

Tabela 1 - Média e desvio-padrdo das varidveis para as perdas de seguimento e coorte entre os

adolescentes. Piracicaba. 2004-2005.

Follow-up losses

Cohort

Variables (n=132) (n=299) p*

Age (years) 12.6 (1.8) 12.1(1.3) 0.007
BMI (kg/m?) 19.6 (4.2) 19.6 (4.0) 0.985
Physical activity (h/day) 1.3 (1.25) 1.4(1.62) 0.701
Screen time (h/day) 4.3 (3.6) 4.5 (3.2) 0.555
Energy (kcal/day) 4077.3 (1932.5) 3883.9 (1843.6) 0.363
Fat (g/day) 154.4 (84.5) 147.9 (81.8) 0.486
Fruits and vegetables (servings/day) 5.2(3.7) 5.1(3.1) 0.711
Sweets and added sugar (servings/day) .5 (2.4) 4.2(23) 0.235
Sweetened fruit juice (servings/day) 14(1.4) 1(1.1) 0.072
Sugar-sweetened drinks (servings/day) 1(1.3) 1.8(1.2) 0.033
Fatty foods (servings/day) 1(2.2) 3.0(2.0) 0.748

*Student’s t test / *Teste T de Student

mean age was 11.8 years; and at follow-up,
12.8 years (2005).

Atbaseline, 66.4% were classified as pu-
bescent. A year later, this percentage rose to
87.6% (data not shown in tables).

Among adolescents who did not par-
ticipate in the follow-up, 52.3% were girls.
To compare the group of adolescents who
finished the study with those who did not,
the following variables were assessed: age,
BMI, physical activity, energy, fat, fruit
and vegetables, sweets and added sugar,
sweetened fruit juices, sugar-sweetened
beverages and fatty food intake (Table 1).
There do not seem to be differences related
to dietary intake, physical activity and BMI.
However, those who did not finish the study
were older (p<0.01) and consumed more
sugar-sweetened beverages (p = 0.03). No
modification effect by age and gender was
observed from the interaction test.

Annual changes in dietary intake and
physical activity pattern for adolescents
were assessed (Table 2). A significant incre-
ase in computer use, videogame, fruits and
vegetables, and sugar-sweetened beverages
consumption was verified. In contrast, there

was a significant decrease in energy, fat,
sweets and added sugar, sweetened fruit jui-
ce, and fatty foods over one year. The annual
change in BMI z-score was 0.1 (p < 0.01).

Aregression model was fit to assess whe-
ther changes in dietary habits, physical ac-
tivity and screen time produce longitudinal
BMI z-score changes among adolescents.

There was a significant positive associa-
tion between sweetened fruit juice (p =0.03)
and fatty food (p = 0.04) intake and one-year
change in BMI z-score. Adolescents who in-
creased their fatty food intake by 1-serving/
day over the year had an increase in BMI
z-score, unlike those with an unchanged
intake (Table 3).

In addition, the annual BMI z-score
increase was higher in adolescents with a hi-
gher sweetened fruit juice intake. Although
fat has not been significantly associated
with changes in BMI z-score, it remained
in the final model for adjustment.

No significant association was found
between one-year change in BMI z-score
and energy, fat, sweets and added sugar,
sugar-sweetened beverages intake, screen
time, and physical activity.
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Table 2 - One-year changes in dietary intake, and physical activity pattern. Piracicaba, SP, Brazil, 2004/2005.
Tabela 2 - Mudangas anuais na ingestdo dietética e padréo de atividade fisica (Piracicaba, Séo Paulo, Brasil, 2004/2005).

Baseline Follow-up Annual SEb
N =256 p-valuec
Mean SDa Mean SD change  mean
Age (years) 11.8 1.35 12.8 1.38 1.0 0.03 <0.01
BMI z-score 0.4 1.29 0.5 1.20 0.1 0.02 <0.01
Physical activity (h/day) 1.2 1.07 1.1 0.97 -0.1 0.07 0.73
Television viewing (h/day) 3.6 248 3.8 2.30 0.2 0.18 0.28
Playing video game (h/day) 0.4 0.77 0.5 1.04 0.1 0.07 0.04
Using computer (h/day) 0.2 0.61 0.5 0.97 0.3 0.05 <0.01
Energy (kcal/day) 24176 33235 23589 32848 -58.7 23.48 0.01
Fat (g/day) 92.9 5.46 89.7 4.64 -3.2 0.42 <0.01
Fruits and vegetables (servings/day) 3.6 2.19 4.1 2.78 0.5 0.19 0.01
Sweets and added sugar (servings/day) 3.2 1.53 2.8 1.57 -0.4 0.13 0.01
Sweetened fruit juice (servings/day) 2.2 0.77 1.8 0.90 -0.4 0.07 <0.01
Sugar-sweetened drinks (servings/day) 0.7 1.00 1.2 0.94 0.5 0.08 <0.01
Fatty foods (servings/day) 2.8 0.90 1.6 1.12 -1.2 0.09 <0.01

standard deviation; "standard error; “Paired t-test / “desvio-padrdo; berro padrdo; ‘Teste T pareado

Table 3 - Final results of the linear regression model§ to predict one-year change in BMI z-score.
Tabela 3 - Resultados finais do modelo de regressdo linear multiplo para predizer a mudanga anual no escore Z do IMC.

Independent variables Parameter estimate () Confidence intervals,,, p-value
A Fatty foods (servings/day) 0.036 0.000;0.072 0.04
A Fat (g/day) 0.007 —0.002; 0.015 0.11
A Sweetened fruit juices (servings/day) 0.053 0.004;0.102 0.03
A Physical activity (h/day) 0.017 —0.033; 0.068 0.50
ATelevision viewing (h/day) —0.005 —0.025;0.015 0.62
A Playing video game (h/day) 0.006 —-0.054; 0.066 0.85
A Using computer (h/day) —-0.025 —0.098; 0.047 0.49

§Model adjusted for baseline BMI z-score. Interval between study interviews. Gender. Sexual maturation. Baseline age.R2=0.19
§Modelo ajustado pelo Escore Z do IMC no baseline. Intervalo entre as entrevistas. Sexo. Maturagéo sexual. Idade no baseline. R2=0,19

Discussion

The present longitudinal study showed
that over one-year the effect of unhealthy
dietary habits on BMI z-score gain is greater
compared to the physical activity pattern.
This measure was used in other studies
that also had the purpose to assess the role
of dietary intake?? and physical activity
pattern® in changes in BMI z-score. The
use of annual change in BMI z-score as a
dependent variable had the advantage of
avoiding arbitrary cut-off points to define

obesity. Thus, misclassification of obesity
was avoided.

Adolescents who increased their fatty
food and sweetened fruit juice intake had an
increase in BMI z-score in the same period.
Although the estimated magnitudes of these
effects have notbeen very high, their cumu-
lative effects, year after year, may produce
substantial gains in BMI z-score. Physical
activity and screen time were not associated
with BMI z-score changes over one year.

The findings of this study are consis-
tent with other studies'®!!** that provide
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evidence that fatty foods consumption is
related to longitudinal changes in body
fatness. It is possible that the effect of fatty
foods on the BMI z-score gain is due to their
high energy density, associated with low
nutrient contents. In addition, the flavor
of these foods may promote weight gain by
promoting excessive consumption. Some
studies have also shown that the power
of satiety of fats is lower compared to car-
bohydrates and proteins, making it more
difficult to adjust compensation after a meal
rich in fat, which is directly related to exces-
sive energy consumption®2®. In addition,
dietary fat is stored more efficiently than
carbohydrate and protein®.

Furthermore, there was a positive asso-
ciation between sweetened fruit juice and
BMI z-score changes, whereas no signifi-
cant relationship was observed between
sugar-sweetened beverages intake and
BMI z-score. This could be explained by the
greater energy density of natural sweetened
fruit juices compared to sugar-sweetened
beverages (including soft drinks). Thus, the
discrepancy in the supply of energy consi-
dering both groups may explain the effect
of consumption of sweetened natural fruit
juices on changes in BMI z-score.

In a case-control study, Tanasescu et
al.?® found a positive association between
fruitjuice intake and a measure of adiposi-
ty. In a five-year longitudinal study, Libuda
et al.?® found that fruit juice intake (100%
juice) was also associated with weight gain
among youths from Germany. In contrast,
other investigations that prospectively
analyzed the relationship between fruit
juice intake and obesity found no associa-
tion®*3!. In a cross-sectional study, adoles-
cents consuming 100% juice did not show
mean increased weight measures®. It is
important to note that most investigations
analyzed have considered 100% fruit juice
with no added sugar.

Further evaluation of the effect of fruit
juice intake on weight is warranted because
natural fruit juice remains an important
source of vitamins and minerals, particu-
larly for children. Thus, a healthy alternative

could be the consumption of fruit juices
with no added sugar.

There was no evidence that fruit and ve-
getable intake was associated with changes
in BMI z-score. Several studies also found
no association between fruit and vegetable
intake and childhood adiposity**®. Studies
that found an inverse relationship betwe-
en fruit or fruit and vegetable intake and
adiposity tended to have a larger sample
size, compared with those that found no
association®. Although the findings avai-
lable in the literature are still conflicting, it
is important to highlight the crucial role of
fruits and vegetables in health promotion.

Although there is some evidence sup-
porting a strong association between phy-
sical activity patterns and obesity in adults,
itis important to note that the relationship
between physical activity and inactivity
and adiposity in youth has not been clearly
established. There were no longitudinal
associations between physical activity,
screen time, and BMI z-score changes, and
even publications point to contradictory
results®#,

The present study has some limitations.
The first one is the loss of follow-up that
led to an important reduction in sample
size. Although the analysis of bias gives
evidence that the loss did not affect the final
result, the sample size reduction may have
hindered the identification of associations.
Furthermore, the time period studied he-
rein (12 months) may not be sufficient to
produce important changes in behavior
and BMI z-score. Finally, the determination
coefficient of the model explains only 19% of
the annual change of BMI z-score. There are
other variables, not considered in this study,
such as socioeconomic level and maternal
education, that could explain the variation
in BMI z-score.

The lack of associations between phy-
sical activity/sedentary behavior and BMI
z-score change may be also explained from
other perspectives. Physical activity among
youthsis challenging to be measured becau-
se the capacity to understand and to recall
the concepts of time, duration, and intensity
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of past activity is associated inversely with
age. Measuring leisure activities accurately
is difficult because of great inter- and intra-
-individual variation in activities and their
temporal patterns?.

In conclusion, unhealthy dietary habits
predict the BMI z-score gain more than
physical activity pattern. This study, althou-
gh not fully explaining the associations of
complex dietary intake and physical pattern
with BMI z-score, suggest that public health
strategies to reduce the consumption of fat-
ty foods such as pizzas, French fries and pop
corn and to encourage the consumption
of natural fruit juice with no added sugar

should be promoted to prevent excessive
annual increases in BMI z-score among
adolescents. Future longitudinal investiga-
tions are still needed to establish the role
that dietary and physical activity pattern
play in nutritional status changes.
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