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Abstract
Objective: To identify dietary patterns and prospectively evaluate their influence
on the BMI Z-score of adolescents.
Design: A longitudinal study, using data from the Longitudinal Study on Sedentary
Behavior, Physical Activity, Eating Habits and Adolescent Health – LONCAAFS.
Setting: To obtain data on food consumption, a 24-h recall survey was conducted;
a second 24-h recall was applied to 30 % of the sample in all waves. Dietary pat-
terns were identified by exploratory factor analysis using principal components.
BMI Z-score was determined according to the recommendation of the WHO,
based on the BMI for age and sex. Socio-economic data, sedentary behaviour
and physical activity level were obtained. Associations between BMI Z-score
and dietary patterns and between BMI Z-score and variables of interest were
determined using generalised estimating equations.
Participants: Totally, 1431 adolescents were assessed in 2014, 1178 in 2015, 959 in
2016 and 773 in 2017, belonging to the public schools of João Pessoa, Northeast Brazil.
Results: Three dietary patterns were identified throughout the study: ‘traditional’,
‘snacks’ and ‘Western’. The ‘Western’ dietary pattern was positively associated
with BMI Z-score (β= 0·025; 95%CI 0·002, 0·048), regardless of sex and physical activ-
ity level, prospectively.
Conclusion:Adietarypattern composedof foodswith high energydensity, high fat and
sugars, and low fibre influences the BMI Z-score of adolescents over time.
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Overweight in adolescence is considered a public health
problem because of the immediate implications on physi-
cal, social and mental health, and long-term effects, such as
the development of non-communicable chronic diseases
in adulthood(1). The prevalence of overweight in Brazilian
adolescents is increasing. According to a previous study on
the cardiovascular risk factors in adolescents, 25·5 % of
the Brazilian adolescents are overweight(2). Several epi-
demiological studies have demonstrated the importance
of dietary habits in the development of overweight and
disease(3–5). Inadequate dietary habits may favour the
weight gain and lead to the development of overweight(6).

Most dietary habits are formed and established during
adolescence. This is considered a risk period for the
development of overweight(7). Diet is a process that
involves the consumption of different foods or food groups
simultaneously, with a complex interaction between nutrients;

a study on dietary patterns will help determine the effect
of the combination of foods and nutrients on health
outcomes and disease(8,9).

Therefore, identifying the dietary patterns of adolescents
and their longitudinal association with nutritional status
is important to determine the impact of dietary habits
on nutritional status, over time, and to ensure that interven-
tions and policies in the prevention of excess weight are
developed. However, studies that assess the dietary patterns
and nutritional status of adolescents in Brazil are limited, and
most have a cross-sectional design(10,11). No previous longi-
tudinal studies have examined the impact of dietary patterns
on the nutritional status of adolescent students in Brazil.

Accordingly, this study aimed to identify dietary patterns
and evaluate their influence on the nutritional status of
adolescents participating in a longitudinal study in a city
of Northeast Brazil.
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Methods

A longitudinal epidemiological study was conducted
using the data from the Longitudinal Study on Sedentary
Behavior, Physical Activity, Dietary Habits and Health
of Adolescents (LONCAAFS), which started in 2014. The
LONCAAFS was conducted in sixth-grade adolescents,
aged 10 to 14 years (mean 12·02 years), from the public
schools (municipal and state) in the municipality of João
Pessoa. The sample was monitored annually until 2017 in
order to analyse the inter-relationships between sedentary
behaviour, physical activity, diet and health.

The following parameters were taken into account to
calculate the sample size: size of the reference population
(9520 sixth-grade adolescents); the prevalence of the
outcome equal to 50 %, to determine the largest possible
sample size with the same percentage error; a CI of 95 %,
acceptable absolute error of four percentage points, and
a design effect equal to 2. Based on these parameters,
the minimum sample size was 1130 adolescents. This num-
ber was increased by 40 % to compensate for possible
losses and refusals, resulting in a final sample of 1582
adolescents. Subsequently, the sample power was calcu-
lated for the present study, which was 99 %.

Selection of sample was performed using single-stage
cluster sampling: 28 schools (14 municipal and 14 state
schools) were selected, proportionally distributed accord-
ing to the geographic location and the number of students
enrolled in the sixth grade in 2014. In the selected schools,
all students in the sixth-grade classes were invited to
participate in the study.

Adolescents outside the age group of interest in the
study (below 10 and above 14 years in 2014), with a disabil-
ity that prevented or limited the practice of physical activity
or response to the questionnaire, who were pregnant,
whose anthropometric measurements (height and BMI)
were not obtained, and who did not respond to the 24-h
recall survey, were excluded.

In 2014, the study sample initially consisted of 1431
adolescents. Between 2014 and 2015, approximately
17 % of the sample were lost to follow-up; between 2015
and 2016, 15 %; and between 2016 and 2017, 13 %.
Approximately 46 % of the total sample were lost to
follow-up at the end of the 4-year study period (see online
Supplemental Table 1). At the end of the study, in 2017,
the sample only consisted of 773 adolescents. There was
no statistical difference between the adolescents who
remained and those who left the study.

Data collection
Data collection was carried out between February and
December of each year by a previously trained team,
composed of undergraduate and graduate students and
professionals in the areas of nutrition and physical educa-
tion. The socio-demographic data, level of physical activity

and sedentary behaviour were obtained through a face-
to-face-interview held during the class shift in school using
a questionnaire and had a mean duration of 50 min. Data
collection was performed individually, in a reserved room
at the school for this purpose only.

Dietary assessment
Food consumption was measured using 24-h dietary recall.
The adolescents were asked about all foods and beverages
consumed in the last 24 h, form of preparation, brand
(industrialised foods) and weight or size of portions, in
grams, ounces or household measures. The second 24-h
dietary recall was conducted in 30 % of the total sample,
each year, in order to reduce the intrapersonal variability
of diet and increase the accuracy of the estimation of
dietary intake, respecting the seasonal dietary variation
at different times of the year and increasing the randomisa-
tion of the several weekdays in a more equitable way
possible(12). The data were tabulated in the ‘Virtual Nutri
Plus’ software, and regular intake of energy and nutrients
was estimated using the multiple source method. This
method is suitable to estimate individual usual intake in
the case of repeated measurements and a defined time
period.

Dietary patterns
The foods were divided into fourteen groups, according to
the correlation (correlation matrix) and/or similarities in
nutritional composition: basic foods (rice, couscous and
cassava), beans, fruits and vegetables, meats, processed
meats, butters and margarines, breads and breakfast
cereals, sweets, pastries, sweetened drinks, dairy products,
cheeses, coffee and tea, and soups (Table 1). The items in
the 24-h dietary recall consumed by less than 5 % of the
sample were excluded from the analysis, each year. The
habitual consumption of food groups was estimated using
the multiple source method.

Dietary patterns were identified using exploratory factor
analysis by principal components. The adequacy of the
data for factor analysis was verified by the Kaiser–
Meyer–Olklin test and Bartlett’s sphericity test(13). The
eigenvalue value (values above 1·0), eigenvalue graph
(Scree plot) and the interpretability of the patterns were
the criteria used to identify the number of patterns to be
retained(13). Varimax orthogonal rotation was performed
to generate uncorrelated factors to facilitate factor interpre-
tation. The highest factor load values were taken into
account to identify the patterns found(13). These procedures
were performed each year, separately, to verify if the eating
patterns were similar throughout the years(14,15). Variables
with factor loadings≥ 0·30 or ≤ −0·30 were considered
important for factor interpretability. Since the patterns were
similar throughout the study (see online Supplemental
Table 2), for the analysis of prospective association,
we calculated the factor scores for each dietary pattern at
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the individual level in the follow-up years (2015–2017),
adding the consumption, in grams, by group of food,
weighted according to the absolute factorial loads of the
base year (2014), allowing the same metric to be seen over
time(14,15). The factor scores were standardised, and the
mean score of each factor was set to zero.

Outcome assessment
In order to assess the nutritional status each year, body
weight, stature and waist circumference measurements
were obtained, which were measured in triplicate by the
same evaluator, following a standardisation(16), and the
average was used for posterior calculations. A digital scale
with a precision of 100 g was used to measure weight,
height was measured in centimetres using a portable
stadiometer and a tape measure was used to measure waist
circumference. BMI (body mass (kg)/height (m2)) was
determined based on the body mass and height values,
while Z-score values ((individual value – mean)/SD) were
obtained following the criteria suggested by the WHO(17).
To classify waist circumference, the 90th percentile (P) of
the sample was used as cut-off point, and adolescents
below and above the P90 were classified as ‘normal’ and
‘altered’, respectively. Waist height ratio was obtained
by dividing the waist circumference and height of the
adolescent and was then classified as ‘normal’ and ‘altered’
when the indicator was below and above the population
average in the year, respectively.

Covariate assessment
The socio-demographic variables used in this study were
sex (male and female), age (difference between the date
of data collection each year and date of birth), skin colour
(brown, black, white, yellow and other indigenous catego-
ries proposed by the Brazilian Institute of Geography and
Statistics), education level of parents (elementary, high
school or higher) and socio-economic status (methodology
of the Brazilian Market Research Association), which
considers the presence of material goods and monthly
employee in the residence, as well as parental schooling,
grouping people in the following classes: ‘A/B’, ‘C’ and
‘D/E’, with the latter being the least privileged classes(18).

The level of physical activity was measured using
the Physical Activity Questionnaire for Adolescents(19,20).
The adolescents reported if, in the week prior to data
collection, they had practised at least 10 min or had not
practised at all, performed 19 types of physical activities
of moderate to vigorous intensity, plus active displacement,
in addition to providing the frequency and duration of
practice of each activity. Adolescents were classified as
physically active when they practised 420 min of physical
activity or more per week(21).

Sedentary behaviour was assessed through the mea-
surement of the average time spent on screen activities,
such as watching television, using the computer and
tablet, and playing videogames, separately for weekdays
and weekends. The arithmetical average was calculated
by multiplying the average time in weekdays by five and

Table 1 Structures of dietary patterns identified by factorial analysis of adolescents in public schools in João Pessoa during the LONCAAFS
study, from 2014 to 2017†,‡

Groups Description

2014 loadings§

Traditional
pattern

Snacks
pattern

Western
pattern

Basic food Rice, cassava, couscous, yam, and other roots and tubers 0·73 0·03 0·01
Beans Beans and food based on beans 0·55 0·16 0·08
Fruit and vegetables Fruits, fruit salad, unsweetened natural juices, leafy

vegetables and vegetables
0·08 −0·08 0·14

Meat Beef cattle, swine, poultry and meat preparations 0·71 −0·03 0·09
Processed meats Turkey breast, ham, mortadella and sausage −0·24 0·34 0·24
Butters and margarines Butters and margarines 0·10 0·54 −0·23
Breads, biscuits and
breakfast cereals

White and integral breads, toast, breakfast cereals,
and salted biscuits

0·01 0·83 0·08

Sweets Cakes, desserts, cookies, filled biscuits, chocolate
and sweets

0·05 −0·08 0·52

Pastries and snacks Fried Potatoes, hot dog, hamburger, pizza, sandwiches,
fried and baked snacks, and chips

−0·28 −0·15 0·41

Sugary drinks Soft drinks, industrialised juices, and sweetened natural
juices

0·16 0·07 0·75

Milks and yogurts Milk and yoghurt (whole and skimmed milk), and
yogurt-based dairy drinks

−0·02 0·03 0·17

Cheeses Cheeses and cheese preparations −0·07 0·46 0·35
Coffee and tea Coffee, coffee, and tea drinks 0·16 0·51 −0·30
Soups Soups and broths −0·34 −0·05 −0·18

LONCAAFS, Longitudinal Study on Sedentary Behavior, Physical Activity, Dietary Habits and Health of Adolescents.
Bold values are significant (P < 0·05).
†Kaiser–Meyer–Olkin Test (KMO)= 0·57.
‡Explained variance= 0·35.
§Loadings in bold:≥ 0·30 or ≤ −0·30.
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weekends by two, and the results were divided by seven to
obtain themean time per day (h/d) of sedentary behaviour.
A cut-off point for more than 2 h/d was used to define
sedentary behaviour(22).

Statistical analysis
In order to prospectively verify the association between
dietary patterns and nutritional status, generalised estimat-
ing equation models were used to estimate regression
parameters, especially when data were correlated. All
generalised estimating equations models were run by the
gaussian family and identity link function. After testing,
no interaction between the sexes was verified, and there
was no need for analysis stratification. In the adjusted
model, the variables were selected using the stepwise
method. The final equations were adjusted for sex, age,
skin colour, mother’s schooling, economic class, physical
activity level, sedentary behaviour and total energy
consumption. All analyses were performed using Stata
13.0 (StataCorp.LP).

Results

Three dietary patterns were identified, which remained
similar throughout the study. The first pattern was posi-
tively associated with the consumption of basic food
groups, beans and meat in all years of the study and neg-
atively with soups. As this pattern characterises a typical
Brazilian diet, it was categorised as ‘traditional’ pattern.
The second dietary pattern was positively associated with
the consumption of processed meats, butters and marga-
rines, breads and breakfast cereals, cheeses, and coffee
and teas in all years of the study; hence, it was categorised
as ‘snacks’. The third pattern identified was positively asso-
ciated with consumption of sweets, pastries, sweetened
drinks and cheeses in all years of the study but negatively
correlated with consumption of coffee and teas and cate-
gorised as ‘Western’ pattern (Table 1).

The average BMI Z-score was higher in female adoles-
cents in 2016 (0·34; P= 0·011) and in 2017 (0·26; P= 0·001)
than in male adolescents and in adolescents with sedentary
behaviour in 2014 (0·46; P = 0·011), when compared with
those without sedentary behaviour. There were no sta-
tistically significant differences in other variables over time
(Table 2).

Table 3 shows the coefficients of the relationship
between the BMI Z-score and, as an exposure, the adher-
ence scores to each of the three patterns. The ‘Western’
dietary pattern was positively associated with the BMI
Z-score (95 % CI 0·002, 0·048) over time, regardless of
sex and level of physical activity. Thus, for each increment
in the ‘Western’ pattern score, over time, there is an
increase of 0·025 in the BMI Z-score (Table 3).

Discussion

The following three dietary patterns were identified at
baseline, which remained similar throughout the study:
‘traditional’ pattern (basic foods, meat and beans), ‘snacks’
pattern (coffee and tea, butters and margarines, cheeses,
and processed meats) and ‘Western’ pattern (sweetened
drinks, sweets, pastries, cheeses, pastries and snacks).
The ‘Western’ pattern correlated positively with the BMI
Z-score over time in the adjusted model. These results
suggest that such eating patterns are independently associ-
ated with BMI Z-score in Brazilian adolescents. This study,
which included the participants of LONCAAFS study aged
between 10 and 14 years, is the only study that prospec-
tively examined the impact of dietary patterns on the
BMI Z-score of adolescent students in Brazil.

The Northeast Brazilian has a very peculiar cuisine,
and typical regional dishes are based on maize flour
(couscous), roots and tubers (cassava, tapioca and yam);
this is the reason why the study participant’s diet is
composed of basic foods, along with rice. The patterns
identified in this study are similar to those reported by
Alves et al., who analysed the data from the Study of
Cardiovascular Risk in Adolescents. The dietary patterns
of adolescents living in the Northeast region were as
follows: ‘bread and coffee’ (bread, coffee, oil and fat,
processed meat, and maize), ‘unhealthy’ (sweetened
drinks, snacks, pasta, cakes and biscuits, and sweets and
desserts) and ‘traditional’ pattern (rice, beans, meat and
roots/tubers)(23).

In Brazil, only a few studies have assessed the associa-
tion between nutritional status and dietary patterns in ado-
lescents. Borges et al., analysing adolescents participating
in the 2008–2009 Household Budget Survey, identified four
dietary patterns – ‘traditional Brazilian’, ‘snacks’, ‘fast food’
and ‘breakfast with milk, fruits, and cereals’ – finding a
positive association between the dietary pattern of ‘snacks’
and ‘fast food’ and excess weight(10). Cunha et al., who
assessed the data from the National Human Food Survey
in 2008–2009, identified three dietary patterns named
‘traditional’, ‘bread and butter’, and ‘Western standard’,
indicating that the ‘Western’ eating pattern is associated
with the BMI Z-score(11).

Adherence to the ‘Western’ dietary pattern was directly
associated with BMI Z-scores over time. Some previous
longitudinal studies reported that higher adherence to dietary
patterns similar to the ‘Western’ pattern had no significant
association with increase in the BMI Z-score(14,24,25).

However, in Europe, the Dortmund Nutritional and
Anthropometric Longitudinally Designed (DONALD) study,
which was conducted among children and adolescents aged
between 3 and 18 years, found a small, but positive associa-
tion between the consumption of these high-energyWestern
foods and body weight in boys(26). The Avon Longitudinal
Study of Parents and Children (ALSPAC) study found a
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Table 2 BMI Z-scores of adolescents in public schools in accordance with their characteristics during the LONCAAFS study, from 2014 to 2017

Variables

2014 (n 1431) 2015 (n 1178) 2016 (n 959) 2017 (n 773)

n % Mean SD P n % Mean SD P n % Mean SD P n % Mean SD P

Sex
Male 673 47 0·42 1·36 0·720 544 46 0·35 1·36 0·653 451 47 0·13 1·38 0·011 364 47 −0·04 1·33 0·001
Female 758 53 0·39 1·22 634 54 0·38 1·22 508 53 0·34 1·21 409 53 0·26 1·22

Skin colour
White 268 19 0·39 1·30 0·870 184 16 0·36 1·32 0·933 174 18 0·19 1·21 0·600 136 18 0·02 1·07 0·320
Non-white 1156 81 0·40 1·28 994 84 0·37 1·28 785 82 0·25 1·32 637 82 0·14 1·32

Mother’s schooling
Up to elementary school 482 41 0·37 1·26 0·315 392 38 0·37 1·26 0·934 295 35 0·28 1·29 0·841 207 30 0·18 1·21 0·695
Up to high school 337 28 0·43 1·25 280 27 0·41 1·30 208 25 0·21 1·27 185 27 0·08 1·26
Completed high school or higher 367 31 0·50 1·37 365 25 0·38 1·27 334 40 0·24 1·33 303 43 0·11 1·32

Economic class
Class A/B 463 37 0·51 1·30 0·056 132 12 0·43 1·27 0·835 111 13 0·21 1·31 0·932 242 34 0·08 1·29 0·604
Class C 737 58 0·39 1·28 559 52 0·37 1·30 479 55 0·26 1·31 413 58 0·16 1·28
Class D/E 59 4·7 0·12 1·25 378 35 0·41 1·25 281 32 0·26 1·29 61 8 0·03 1·04

Physical activity
Active 776 54 0·45 1·30 0·503 498 42 0·37 1·30 0·600 347 36 0·22 1·30 0·934 259 47 0·16 1·34 0·173
Inactive 655 46 0·35 1·27 680 58 0·36 1·27 610 64 0·26 1·30 514 53 0·09 1·25

Sedentary behaviour
≤ 2 h/d 343 24 0·25 1·24 0·011 301 26 0·26 1·27 0·104 292 31 0·26 1·26 0·743 337 44 0·09 1·33 0·563
> 2 h/d 1088 76 0·46 1·30 876 74 0·40 1·29 662 69 0·24 1·32 436 56 0·14 1·24

Waist circumference
Normal 1144 80 −0·02 1·02 0·000 948 80 −0·05 1·03 0·000 768 80 −0·17 1·05 0·000 621 81 −0·29 1·03 0·000
Above 282 20 2·16 0·59 230 20 2·10 0·60 189 20 1·94 0·67 150 19 1·80 0·73

LONCAAFS, Longitudinal Study on Sedentary Behavior, Physical Activity, Dietary Habits and Health of Adolescents.
Bold values are significant (P < 0·05).
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positive relationship between Western diets at 5 and 7 years
of age and overweight at 9 years of age(27).

In this study, the foods that make up the ‘Western’
pattern have higher energy density, are rich in fats and sug-
ars, and are low in fibre, and are associated with excess
weight in adolescents(28–30). In addition, foods classified
as healthy and negatively associated with excess weight,
such as fruits and vegetables, did not comprise any of the
patterns identified in thepresent study, indicating that adoles-
cents are replacing healthy eating habitswithWestern dietary
patterns(31–33). These eating behaviours are often associated
with unfavourable health outcomes(34,35).

Although the mean BMI Z-score was reduced for both
sexes, this reductionwas less intense among female adoles-
cents, especially in the two final years of the study (2016
and 2017). This result was similar to that found in another
study performed in England(36), which reported that with
increased age, the Z-scores of BMI and body fat were
higher in girls. A study performed using data from the
National Health and Nutrition Examination Survey,
which prospectively analysed the BMI of participants from
childhood to adolescence, also found a stabilisation in the
prevalence of high BMI in girls but not in boys(37).

Weight gain among girls tends to occur more rapidly
than in boys, with a peak in weight gain occurring between
10 and 14 years of age, thereafter continuing, but at a
reduced rate(38–41). Due to the presence of sex hormones
during puberty, girls tend to accumulatemore fat than boys,
due to the development of the buttocks, breasts and
hips(42–44). Furthermore, girls usually reach their peak
height after 13 years of age, whereas boys initiate their
growth spurt at this age(38–41). Thus, at the age of 14 years,
boys tend to grow taller, with less weight gain and less fat,
than girls, which may explain, in part, the greater BMI
Z-scores among female adolescents.

Throughout the study, the proportion of adolescents
with sedentary behaviour and their mean BMI Z-score
decreased. A Brazilian study that used the data from the
Pelotas cohort found that an increase in BMIwas also found
among adolescents who had increased sedentary behav-
iour, indicating a positive association between sedentary
behaviour and BMI during adolescence(45). In addition, a

recent review showed that themajority of studies presented
a risk association between sedentary behaviour and nutri-
tional status in adolescents(46).

This study has some limitations. First, the adherence
to a dietary pattern may be influenced by cultural, family,
seasonal, geographic and socio-economic factors, which
can produce different patterns, formed by different food
groups, and complicate the interpretation and comparison
among the studies(47–51). However, a recent systematic
review showed that despite the differences in the studies
analysed, they reported a similarity in the groups of foods
that compose the dietary patterns of adolescents, which are
considered unhealthy(11). Second, the statistical method
used to define the dietary patterns has subjective compo-
nents, including the consolidation of food items in the food
groups, the number of factors to extract and the labelling of
standard(52). Thus, it remains a challenge to interpret and
compare studies involving dietary patterns.

Despite these limitations, the analysis of food consump-
tion by food patterns was carried out simultaneously, with
complex combinations of nutrients(53–56), which provided
an approach to the effect of the combination of foods
and nutrients on the nutritional status of adolescents(8,9).

Conclusions

This analysis of adolescents in Brazil indicates that adher-
ence to a ‘Western’ dietary pattern, composed of foods with
high energy density, high fat and sugars, and low fibre,
influences the BMI Z-score of adolescents. In addition,
this study suggests the need to implement strategies to
prevent and manage excessive weight and to encourage
and support the diet and healthy behaviours of adoles-
cents, regardless of nutritional status.
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