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Abstract
Objective: To assess the association between abdominal obesity, food intake, sleep deprivation,
and screen time in adolescents.
Methods: This cross-sectional study was conducted with 432 adolescents aged 14�19 years,
from public and private schools. Anthropometric and body composition measures included body
weight, waist circumference, body mass index for age, waist-to-hip ratio, waist-to-height ratio,
and body fat percentage. Abdominal obesity was defined by age and sex specific cut-off points
for waist circumference. Food intake, screen time, sexual maturation, and sleep duration were
evaluated by self-administered questionnaires.
Results: The prevalence of excess body weight and abdominal obesity was 16.7% and 27.5%,
respectively. Students in the adult phase (post-puberty), with inadequate waist-to-height ratio,
high body fat percentage, and screen time � 3 h/day were, respectively, 2.5 (95% CI
1.40�4.46), 7.44 (95% CI 1.08�51.46), 2.79 (95% CI 1.04�7.50), and 1.43 (95% CI 1.24�3.89)
more likely to have abdominal obesity. Low intake of unprocessed or minimally processed foods
was associated with inadequate sleep duration, while high intake of ultra-processed foods was
associated with high screen time.
Conclusions: Abdominal obesity was associated with the adult phase, short sleep duration and
high screen time. The degree of food processing was associated with screen time and sleep dura-
tion. Assessing the risk factors of abdominal obesity may be a useful strategy for preventing car-
diovascular disease in adolescents.
© 2022 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction

In the last decades, a nutritional transition that has been
occurring in Brazil and in developing countries is character-
ized by the reduction of hunger and malnutrition and the
worrying increase in overweight and obesity.1 Sedentary
behavior (generally associated with high screen time (ST)),
high intake of processed and ultra-processed foods (rich in
additives, sugar, salt, fat, and energy), and sleep depriva-
tion (a factor that alters circadian rhythm) have been identi-
fied as risk factors for obesity.2,3 Maintaining a healthy sleep
routine is essential for hormone secretion in the pubertal
phase. Excessive use of electronic devices by adolescents
partially results in sleep deprivation, since the screen light
suppresses melatonin production, increasing the waking
time at night. Sleep delay seems to contribute to eating dis-
orders (anorexia, bulimia, and binge eating disorder), over-
weight and obesity.3

Anthropometry indicators are commonly used to diagnose
overweight, and the body mass index-age and sex-specific
(BMI/age and sex) is the most used method among adoles-
cents.4 However, BMI alone is not able to diagnose excess
body fat. Indicators of abdominal obesity (AO), such as waist
circumference (WC) and waist-to-height ratio (WHtR), have
been considered better Cardiovascular disease (CVD) dis-
criminators than overall obesity.5 These are simple and low-
cost indicators that can be used for early intervention.5 In
Brazil, the prevalence of obesity increased from 11.8% in
2006 to 19.8% in 2018, an increase of 67.8% in thirteen
years.6 Therefore, knowing that adolescence is a period of
changes in eating behavior and in the formation of habits
that will last a lifetime, it is worrying that inappropriate
habits are adopted, since they contribute to excess weight
and, consequently, the development of chronic non-commu-
nicable diseases (NCDs).1,7 Therefore, this study aimed to
assess the association between AO, food intake, sleep depri-
vation, and ST among adolescents aged 14�19 years from
public and private schools in Barbacena, Minas Gerais, Bra-
zil.
Methods

Study design and subjects

This cross-sectional study was conducted with 432 adoles-
cents of both genders aged 14�19 years from Barbacena,
Minas Gerais, Brazil. This city is located in the Southeast
Region of Brazil and has a total urban population of 138,204
thousand inhabitants.8 The population aged 15 to 19 years
represented 10,744 inhabitants.8

Data were collected from August 2018 to July 2019. The
study population comprised 4295 adolescents from nine pub-
lic schools and seven private schools, according to the data
provided by the school system. The sample size was calcu-
lated considering a 95% confidence level, sample error of
5%, the statistical power of 80%, and prevalence of excess
body weight of 50%, being the calculated value of at least
424 subjects. Subjects were randomly selected using two-
stage cluster sampling, stratified by type of school, with
3497 (81.4%) students from public schools and 798 (18.6%)
from private schools. After the type of school stratification,
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the authors performed selections by schools and classes
according to the geographical stratum of the schools with
probability proportional to the number of eligible students
in the grades. Thus, 345 adolescents from public schools and
79 from private schools were included. The exclusion crite-
ria adopted were absent from school on the day of data col-
lection, the parent or legal guardian non-consent, physical
disabilities that made the anthropometric assessment
impossible or pregnant/ breastfeeding adolescents.

Sexual maturation, food intake, sleep duration and ST
were self-reported (described below). Subjects attended a
training session that covered the purpose of the assessments
and how to answer the questionnaires. Physical activity level
(PAL) was evaluated using a standard questionary (described
below) administered through a face-to-face interview by
trained investigators. Body composition and anthropometric
variables were evaluated by three trained investigators
using standardized techniques and protocols described
below.

The study protocol was approved by the Human Research
Ethics Committee of Instituto Federal do Sudeste de Minas
Gerais (protocol n. 2.894.994). All participants and their
respective guardians signed a free and informed consent
form.
Self-assessment of sexual maturation

Sexual maturation was assessed by a self-assessment 5-stage
scale proposed by Tanner9 and validated for
adolescents,10,11 based on the development of the pubic
hair (both genders), breasts in females, and external genita-
lia in males.9 The breasts and genitals were evaluated for
size, shape, and characteristics. Stage 1 corresponds to
childhood (pre-puberty), stages 2 to 4 to a pubertal period
(puberty), and stage 5 to adult stage (post-puberty). In the
present study, only the puberty phase (stages 2�4) and adult
phase (stage 5) were considered.9
Food intake assessment

A Food Frequency Questionnaire (FFQ) validated for adoles-
cents was used to assess food intake.12 Foods were classified
into three groups, according to the level of processing: fresh
or minimally processed foods (group 1 - G1), such as fresh
meat, milk, cereals, fruits, and vegetables; processed foods
used as ingredients for culinary preparations (group 2 - G2),
such as oils and fats, flour, pasta, starch, and sugars; ultra-
processed foods (group 3 - G3), such as bread, cookies, ice
cream, chocolates, candies/sweets, snacks, chips, soft
drinks, nuggets, hot dogs, hamburgers and sausages.2

Food frequency records obtained through FFQ were con-
verted into energy (kcal) / day, using the Brazilian Food
Composition Table13 and the Table for the Assessment of
Household Measures.14 Some foods were absent from these
tables, and their nutritional information was taken from
labels available online (mate tea and diet yogurt). Values of
energy intake <500 kcal/day or �7500 kcal/day were
excluded from the analyses.
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Sleep duration and screen time (ST) assessment

Subjects were asked, “On average, how many hours of sleep
do you get in a 24 h period?”. The hours of sleep were
assessed according to the National Sleep Foundation consen-
sus panel, which recommends ideal sleep duration and
acceptable variability for each age group. According to the
document, adolescents aged 14 to 17 years need between 8
and 10 h of sleep/day, while young adults aged 18 to 25 years
need between 7 and 9 h of sleep/day.15

Adolescents also indicated the range of time they spent
using an electronic device during a 24 h period (TV, tablet,
phone, electronic games, using the internet, or other
screen-based devices). The ST was considered adequate for
less than 3 h/day.16
Physical activity assessment

The PAL was obtained using the International Physical Activ-
ity Questionnaire (IPAQ) short version,10 validated for the
Brazilian adolescents.17 The participants were classified as
being insufficiently active (< 300 min of moderate-vigorous
intensity physical activity per week) and active (� 300 min
of moderate-vigorous intensity physical activity per week).10
Anthropometric and body composition
measurements

Anthropometry and body composition were assessed using
the following measures: height, weight, waist circumfer-
ence (WC), hip circumference, tricipital and subscapular
skinfolds, according to the techniques proposed by Schloss-
berger et al.11 Circumferences and height measures were
taken using a Cerscorf� inelastic measuring tape, with mea-
suring range between 0 and 2 m, and graduation of 0.1 cm.
Tricipital and subscapular skinfolds were measured using a
Cescorf� scientific skinfold caliper, with a measuring range
between 0 and 80 mm, and a graduation of 0.1 mm. Body-
weight was measured using a Balmak Actlife� calibrated dig-
ital portable scale, with a load capacity of 150 kg, with a
graduation of 100 g. The body mass index (BMI) was calcu-
lated using the formula weight (kg)/ [height (m)].18 Nutri-
tional status was determined by the BMI/ age- and sex-
specific Z-score.4

The circumferences and skinfold measures were obtained
at three different, non-consecutive moments, using the
means of the values for analysis. The cardiovascular risk
related to WC was classified according to Taylor et al.19 Body
fat percentage was estimated by the values of the sum of
skinfolds, whereas percentiles > 90 were classified as inade-
quate and percentiles < 10 were considered appropriate,
following the proposition by Frisancho.20 The waist-to-hip
(WHR) and waist-to-height ratios (WHtR) were calculated by
dividing waist/hip circumference and waist/height circum-
ference, respectively. WHR was classified as inadequate if
percentiles � 90, and as adequate if percentiles < 90,
according to Li et al.21 WHtR values � 0.5 were considered
as AO.22
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Statistical analysis

Statistical procedures were performed using the SPSS soft-
ware (SPSS Inc., Chicago, IL, 2008), version 20.0. The Kolmo-
gorov-Smirnov test was applied to assess the normality of
data distribution. Continuous variables were expressed in
median and interquartile ranges, and were analyzed using
the Mann-Whitney test. Categorical variables were analyzed
using frequency distribution and compared using Pearson’s
Chi-square or Fisher’s exact test, when appropriate. Binary
logistic regression models were derived, odds ratios (OR)
were calculated and confidence intervals were set at 95%
(95% CI). In the adjusted analysis of nutritional status
(according to BMI / age and sex) and AO (according to WC)
with the other independent variables, all variables were
inserted at the same level, regardless of the p-value in the
crude analysis, with those with p < 0.20, according to the
backward method. The level of statistical significance was
set at p < 0.05.

The study protocol was approved by the Human Research
Ethics Committee of the Federal Institute of Education, Sci-
ence, and Technology of the Southeast of Minas Gerais (pro-
tocol n. 2.894.994). All participants and their respective
guardians signed a free and informed consent form.
Results

The study sample included 432 participants, most of them
female (57,4%), aged between 14 and 16 years (59.3%), pub-
lic school students (81.9%), in the pubertal stage of sexual
maturation (58.3%), with an active level of physical activity
(71.1%) (Table 1). The prevalence of overweight, obesity
and underweight were 121%, 4.6%, and 2.5%, respectively.
Only 1 (0.23%) student had low height-for-age (data not
shown in table). The prevalence of AO was 27.5% and 6.7%
according to WC and WHtR, respectively (Table 1).

Type of school, sexual maturation, level of physical activ-
ity, most of the anthropometric variables, and body adipos-
ity differ between genders. Daily sleep duration, ST, food
intake, and the prevalence of excess body weight (over-
weight and obesity) and AO did not differ between genders
(Table 1).

Excess body weight and AO were more prevalent among
adolescents with inadequate BMI/age, WC, WHR , and body
fat percentage. Students in the adult stage of sexual matu-
ration, with shorter sleep duration, and with higher ST had a
higher prevalence of AO, according to WC. The other socio-
demographic and lifestyle variables did not differ between
adolescents with and without overweight and AO (Table 2).
Sleep duration did not differ between adolescents with and
without excess body weight (p = 0.958) (data not shown on
the table).

In the adjusted analysis, adolescents in the adult stage,
with high body adiposity and high ST were associated with
AO according to WC (OR = 2.5, 95% CI 1.40�4.46; OR = 7.44,
95% CI 1.08�51.46; OR = 2.79, 95% CI 1.04�7.50; and
OR = 1.43, 95% CI 1.24�3.89, respectively) (Table 3). Adoles-
cents with inadequate sleep duration and with higher ST had
a lower intake of unprocessed or minimally processed foods
and higher intake of ultra-processed foods, respectively



Table 1 General characteristics of the total sample and according to gender.

Variable Total (n = 432) Girls (n = 248) Boys (n = 184) p

Age (years)
14�16 256 (59.3%) 147 (62.1%) 102 (55.4%) 0.163
17�19 176 (40.7%) 94 (37.9%) 82 (44.6%)

Type of school
Private 78 (18.1%) 22 (8.9%) 56 (30.4%) 0.000a

Public 354 (81.9%) 226 (91.1%) 128 (69.6%)
Sexual maturation
Pubertal phase 252 (58.3%) 169 (68.1%) 83 (45.1%) 0.000a

Adult phase 180 (41.7%) 79 (31.9%) 101 (54.9%)
Physical activity level
Insufficiently active 125 (28.9%) 96 (38.7%) 29 (15.8%) 0.000a

Active 307 (71.1%) 152 (61.3%) 155 (84.2%)
Anthropometry and body composition
Weight (kg) 56.6 (50.6�65.2) 48.6 (53.7�61.8) 60.9 (54.5�68.8) 0.000a

Height (m) 1.70 (1.60�1.73) 1.61 (1.57�1.66) 1.73 (1.68�1.77) 0.000a

WC (cm) 69.3 (65.3�74.7) 67.3 (64.0�73.0) 71.8 (68.3�77.0) 0.000a

WHtR 0.41 (0.39�0.44) 0.42 (0.39�0.44) 0.41 (0.39�0.44) 0.252
WHR 0.75 (0.71�0.78) 0.72 (0.70�0.75) 0.78 (0.75�0.80) 0.000a

Tricipital skinfold (mm) 16.0 (11.6�20.7) 18.5 (14.7�22.2) 11.7 (8.9�17.0) 0.000a

Subscapular skinfold (mm) 12.0 (9.9�15.0) 13.3 (11.0�16.2) 10.6 (9.1�13.2) 0.000a

Ʃ2S (mm) 27.9 (22.0�35.8) 32.0 (26.3�38.3) 22.3 (18.7�30.6) 0.000a

Excessive body weight according to BMI/age (n (%))
No 359 (83.1%) 203 (81.9%) 156 (84.8%) 0.422
Yes 73 (16.9%) 45 (18.1%) 28 (15.2%)

Abdominal obesity according to WC (n (%))
No 313 (72.5%) 188 (75.8%) 125 (67.9%) 0.070
Yes 119 (27.5%) 60 (24.2%) 59 (32.1%)

Abdominal obesity according to WHtR (n (%))
No 403 (93.3%) 228 (91.9%) 175 (95.1%) 0.192
Yes 29 (6.7%) 20 (8.1%) 9 (4.9%)

Excessive body adiposity (skinfolds)
No 377 (87.3%) 227 (91.5%) 150 (81.5%) 0.002a

Yes 55 (12.7%) 21 (8.5%) 34 (18.5%)
Sleep duration
Adequate 179 (41.4%) 99 (39.9%) 80 (43.5%) 0.490
Inadequate 253 (58.6%) 149 (60.1%) 104 (56.5%)

Screen time
< 3 h/day 135 (31.2%) 74 (29.8%) 61 (33.2%) 0.529
� 3 h/day 297 (68.8%) 174 (70.2%) 123 (66.8%)

Food intake
Total energy (kcal/day) 2545.2 (1815.3�3613.9) 2465.5 (1785.2�3514.4) 2611.8 (1833.9 �3807.5) 0.494
G1 (kcal/day) 823.7 (518.0�1289.1) 796.1 (510.5�1249.8) 893.9 (524.2�1388.5) 0.252
G2 (kcal/day) 980.2 (623.3�1295.8) 973.5 (613.4�1479.3) 999.0 (661.1�1521.2) 0.839
G3 (kcal/day) 633.9 (379.5�1178.4) 640.2 (388.8�1256.9) 597.2 (376.2�1030.2) 0.273

Data presented as median (interquartile range) for continuous variables and n (%) for categorical variables. WC, waist circumference;
WHtR, waist/height ratio; WHR, waist//hip ratio; Ʃ2S, sum of the skin folds; G1, unprocessed or minimally processed foods; G2, processed
foods; G3, ultra-processed foods.
a p < 0.05. Mann-Whitney test (continuous variables) and Chi-square test (categorical variables).

I.R. de Oliveira, N.M. Maciel, B.T. da Costa et al.
(Table 4). The graphical abstract summarizes the authors’
methods and results (Supplementary Material 1).
Discussion

In this study, a high prevalence of overweight and obesity
(16.7%) and AO (27.5%) was observed among the participating
48
adolescents. AO was more prevalent in adolescents in the
adult stage of sexual maturation, in those with shorter sleep
duration and with higher ST. Still, adolescents in the adult
stage with high STwere more likely to have AO. The authors’
findings also indicated that students with short sleep duration
consumed less unprocessed or minimally processed foods,
while adolescents with high ST consumed high amounts of
ultra-processed foods. Thus, the main highlight of this study



Table 2 Excessive body weight and abdominal obesity according to socio-demographic, anthropometric and lifestyle characteristics (n = 432).

Variables Excessive body weight (according to BMI/Age) Abdominal obesity according to WC Abdominal obesity according to WHtR

Absent n (%) Present n (%) p Absent n (%) Present n (%) p Absent n (%) Present n (%) p

Gender
Girls 203 (56.5%) 45 (61.6%) 0.422 188 (60.1%) 60 (50.4%) 0.070 228 (56.6%) 20 (69%) 0.192
Boys 156 (43.5%) 28 (38.4%) 125 (39.9%) 59 (49.6%) 175 (43.4%) 9 (31%)

Age
14�16 years 211 (58.8%) 45 (61.6%) 0.696 189 (60.4%) 67 (56.3%) 0.441 238 (59.1%) 18 (62.1%) 0.750
17�19 years 148 (41.2%) 28 (38.4%) 124 (39.6%) 52 (43.7%) 165 (40.9%) 11 (37.9%)

Type of school
Private 64 (17.8%) 13(16.7%) 1.000 64 (17.8%) 23 (19.3%) 0.703 73 (19.4%) 5 (0%) 0.906
Public 295 (82.2%) 65 (83.3%) 295 (82.2%) 96 (80.7%) 330 (80.6%) 24 (100%)

Sexual maturation
Pubertal phase 216 (60.2%) 36 (14.3%) 0.086 199 (63.6%) 53 (44.5%) 0.000a 236 (58.6%) 16 (55.2%) 0.721
Adult phase 143 (39.8%) 37 (61.7%) 114 (36.4%) 66 (55.5%) 167 (41.4%) 13 (44.8%)

Physical activity level
Insufficiently active 102 (28.4%) 23 (31.5%) 0.595 86 (27.5%) 39 (32.8%) 0.278 114 (28.3%) 18 (62.1%) 0.269
Active 257 (71.6%) 50 (68.5%) 227 (72.5%) 80 (67.2%) 289 (71.7%) 11 (37.9%)

Anthropometric indicators and indices
H/I adequate 358 (99.7%) 73 (100%) 0.652 1 (0.3%) 0 (0%) 1.000 402 (99.8%) 29 (100%) 1.000
H/I inadequate 1 (0.3%) 0 (0%) 312 (99.7%) 119 (100%) 1 (0.2%) 0 (0%)
BMI/Age adequate — — — 299 (95.5%) 60 (50.4%) 0.000 a 357 (88.6%) 2 (6.9%) 0.000 a

BMI/Age inadequate — — 14 (4.5%) 59 (49.6%) 46 (11.4%) 27 (93.1%)
WC adequate 299 (83.3%) 14 (19.2%) 0.000 a — — — 311 (72.5%) 2 (6.9%)
WC inadequate 60 (16.7%) 59 (80.8%) — — 92 (27.5%) 27 (93.1%)
WHtR adequate 357 (99.4%) 46 (63%) 0.000 a 311 (99.4%) 92 (77.3%) 0.000 a — — —

WHtR inadequate 2 (0.6%) 27 (37%) 2 (0.6%) 27 (22.7%) — —

WHR adequate 359 (100%) 46 (63%) 0.000 a 313 (100%) 92 (77.3%) 0.000 a 392 (97.3%) 13 (44.8%) 0.000 a

WHR � inadequate 0 (0%) 27 (37%) 0 (0%) 27 (22.7%) 11 (2.7%) 16 (55.2%)
Body fat percentage adequate 355 (93.7%) 42 (57.5%) 0.000 a 295 (94.2%) 82 (68.9%) 0.000 a 366 (90.8%) 11 (37.9%) 0.000 a

Body fat percentage inadequate 4 (6.3%) 31 (42.5%) 18 (5.8%) 37 (31.1%) 37 (9.2%) 18 (62.1%)
Sleep duration
Adequate 150 (41.7%) 29 (40.3%) 0,896 129 (41.2%) 50 (30.1%) 0.003 a 169 (41.9%) 10 (34.5%) 0.446
Inadequate 209 (58.3%) 44 (59.7%) 184 (58.8%) 69 (60.9%) 234 (58.1%) 19 (65.5%)

Screen time
< 3 h/day 119 (33.1%) 16 (31.2%) 0.094 107 (34.2%) 28 (23.5%) 0.044 a 130 (32.4%) 5 (17.2%) 0.101
� 3 h/day 240 (66.9%) 57 (68.8%) 206 (65.8%) 91 (76.5%) 273 (67.7%) 24 (82.2%)

Chi-Square or Fisher's Exact Test (when N equal to or less than 5). WC, waist circumference; BMI, body mass index; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio; H/I, height by age.

49

Jornalde
Pediatria

2023;9
9
(1
):
45�

52



Ta
bl
e
3

O
dd

s
ra
ti
os

(O
R)

an
d
95

%
co

nfi
de

nc
e
in
te
rv
al
s
(9
5%

C
I)
fo
r
ex

ce
ss
iv
e
bo

dy
w
ei
gh

t
(o
ve

rw
ei
gh

t
an

d
ob

es
it
y)

an
d
ab

do
m
in
al

ob
es
it
y
ac

co
rd
in
g
to

ri
sk

fa
ct
or
s
in

bi
na

ry
lo
gi
s-

ti
c
re
gr
es
si
on

.

Ex
ce

ss
iv
e
bo

dy
w
ei
gh

t
A
bd

om
in
al

ob
es
it
y
ac

co
rd
in
g
to

W
C

C
ru
de

O
R

95
%
C
I

A
dj
us
te
d
O
R

95
%
C
I

C
ru
de

O
R

95
%
C
I

A
dj
us
te
d
O
R

95
%
C
I

Pu
be

rt
al

ph
as
e

1
(0
.7
8�

3.
34

)
1

(0
.8
4�

4.
44

)
1

(1
.4
5�

4.
71

)a
1

(1
.4
0�

4.
46

)a

A
du

lt
ph

as
e

1.
61

1.
07

2.
62

2.
50

W
H
tR

A
de

qu
at
e

1
(8
.2
3�

20
1.
4)

a
1

(8
.5
5�

20
6.
94

)a
1

(1
.1
1�

50
.5
1)

1
(1
.0
8�

51
.4
6)

a

In
ad

eq
ua

te
40

.7
42

.0
7

7.
47

7,
44

Bo
dy

fa
t
pe

rc
en

ta
ge

A
de

qu
at
e

1
(1
.3
4�

10
.7
4)

a
1

(1
.6
2�

12
.1
7)

a
1

(1
.0
9�

7.
32

)a
1

(1
.0
4�

7.
50

)a

In
ad

eq
ua

te
3.
85

4.
45

2.
69

2.
79

Sl
ee

p
du

ra
ti
on

A
de

qu
at
e

1
(1
.0
9�

3.
32

)a
1

(1
.2
1�

3.
69

)
1

(0
.6
2�

1.
68

)
1

(0
.9
1�

1.
46

)
In
ad

eq
ua

te
1.
81

1.
73

1.
02

1.
00

Sc
re
en

ti
m
e
<

3
h/

da
y

1
(0
.6
0�

1.
72

)
1

(0
.9
2�

1.
93

)
1

(1
.0
4�

2.
35

)a
1

(1
.2
4�

3.
89

)a

�
3
h/

da
y

1.
01

1.
00

1.
36

1.
43

W
C
,
w
ai
st

ci
rc
um

fe
re
nc

e;
W
H
tR
,
w
ai
st
-t
o-
he

ig
ht

ra
ti
o.

a
p
<

0,
05

.

50

I.R. de Oliveira, N.M. Maciel, B.T. da Costa et al.
is that high ST and short sleep duration were associated with
AO and inadequate food intake in adolescents.

Compared to the present results, the prevalence of
excess body weight among adolescents was higher in the
Brazilian Study of Cardiovascular Risks in Adolescents
(ERICA) (25.5%)23 and in the National School Health Survey -
PeNSE (31.5%).7 Otherwise, a lower prevalence of AO was
found in the states of Santa Catarina (10.6%),24 Rio de
Janeiro (8%),25 and Maranh~ao (22.7 %).26 This distinct preva-
lence of AO and excess body weight may be a result of geo-
graphical characteristics, including social and cultural
differences and similarities. Except for the Rio de Janeiro
study,25 which adopted WHtR � 0.5 as the cutoff point for
AO, the other aforementioned studies adopted the cutoff
points proposed by Taylor et al.19 In the present study, the
prevalence of AO according to the WHtR and WC was of 6.7%
and 27.5%, respectively. Both anthropometric indicators are
simple, have low cost, excellent correlation with dual-
energy X-ray absorptiometry (DXA), and are considered
excellent predictors of body fat and metabolic outcomes in
adolescents.5,27

In the present study, AO was higher in adolescents who
have reached the adult stage of sexual maturation. Obese
children and girls with central obesity seem to mature ear-
lier than those without obesity or AO.28,29 Furthermore, the
adult stage has a strong association with a sedentary life-
style and inappropriate eating habits, when compared to
the pubertal stage.24 The central adiposity observed in the
adult stage of sexual maturation deserves attention, since it
may imply a higher probability of developing morbidities in
adulthood, such as insulin resistance, type 2 diabetes, sleep
apnea, coronary disease, arterial hypertension, and
dyslipidemia.5,22,24,28

The excessive use of electronic devices (ST) by the stud-
ied population (68.8%) is considered risky behavior since it
was associated with a higher intake of ultra-processed foods.
In addition, adolescents with high ST had more chances of
having inadequate WC. According to the Brazilian Society of
Pediatrics, digital dependence in adolescents increases the
risk of diseases related to inappropriate eating habits, such
as eating disorders, overweight, and obesity.16

Some vectors may explain the changes in the eating pat-
terns of the Brazilian population, such as: (a) the constant
use of technology, even in leisure activities (computers,
video games, tablets, and cell phones), increased sedentary
behavior, and reduced energy expenditure; (b) the price
reduction of processed and ultra-processed foods; (c) the
increased supply of processed and ultra-processed foods
(high energy density, high sugar and fat content and low
fiber content) as a result of urbanization.1 Still, the Family
Budget Survey � POF/IBGE (2017�2018) reported very high
consumption of pizzas, sandwiches, dairy drinks, and snacks
by adolescents compared to the elderly age group.30 Fur-
thermore, the consumption of high-calorie foods often con-
curs with TV viewing.24 Dietary patterns characterized by
the consumption of foods rich in sodium, animal fat, refined
carbohydrates, and low in fiber are associated with
increased blood pressure and body adiposity in
adolescents.31

In the present study, AO was also more prevalent in ado-
lescents with shorter sleep duration, as most of the sample
(58.6%) reported sleeping fewer hours than recommended



Table 4 Food intake according to sleep duration and screen time (n = 432).

Food intake group Sleep duration Screen time

Adequate (n = 179) Inadequate (n = 253) < 3 h (n = 135) � 3 h (n = 297)

G1 (kcal/day) 996.2 (580.8 - 1582.3) 729.9 (505.0 - 1123.2)a 837.8 (526.7 - 1243.8) 821.8 (514.6 - 1353.4)
G2 (kcal/day) 885.0 (673.1 - 1563.7) 954.6 (595.5 - 1441.2) 771.0 (614.7 - 1441.4) 988.3 (633.3 - 1526.8)
G3 (kcal/day) 726.8 (413.9 - 1162.5) 582.9 (353.8 - 1180.7) 523.8 (311.9 - 921.8) 705.6 (422.2 �1295.3)a

Data presented in median (interquartile range).
a p < 0.05; Mann-Whitney test. G1, unprocessed or minimally processed foods; G2, processed foods; G3, ultra-processed foods.
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for their age group. Poor sleep is associated with unhealthy
habits, such as higher intake of processed foods, tobacco
and alcohol, and low consumption of fresh foods, which are
factors that trigger AO.32,33 Sleeping for few hours is associ-
ated with hormonal disorders (decreased leptin and
increased ghrelin), which prompts increased hunger and
food intake, as well as more time available for engaging in
sedentary activities, such as watching television.3,32,33 At
puberty, the peak of melatonin secretion occurs later, alter-
ing the circadian cycle and making adolescents feel sleepy
later than appropriate. The constant use of cell phones, TVs
and computers at night also impairs sleep, as they make ado-
lescents more distressed and prone to postpone
bedtime.3,15,32,33

In this and other studies, shorter sleep duration was asso-
ciated with a lower intake of unprocessed and minimally
processed foods.32,33 Sleep deprivation prompts a reduction
in the secretion of melatonin, leptin and thyroid-stimulating
hormone, higher levels of ghrelin and lower glucose toler-
ance, leading to increased hunger and appetite and resis-
tance to insulin. In addition, the longer period of time to
eat, alongside the aforementioned changes, suggests that
chronic sleep deprivation contributes to higher food intake
and to the consequent increased risk of obesity.32,33 There-
fore, if the authors consider that most adolescents have as
their main choice foods with high energy density and low
nutritional value (cookies, candies, sweets, snacks, and soft
drinks), the lack of sleep becomes even more
worrying.7,18,31,32

The main limitation of this study was its cross-sectional
nature, which does not allow inferring cause-and-effect
relationships, limiting the interpretations regarding the
observed outcomes. In addition, some questionaries' were
self-reported (sexual maturation, FFQ, ST and sleep dura-
tion), and consequently, some information may have been
omitted. Although self-report of pubertal maturation is not
a reliable measure of exact pubertal staging, it has been rec-
ommended for epidemiologic studies for a simple distinction
between pre-puberty, in, and completing puberty phases.33

The strengths of the research were its sample, composed of
students from public and private schools, the use of cutoff
points validated for adolescents to identify the presence of
AO and overweight, in order to verify the association
between food intake, sleep, and ST.

In conclusion, AO was associated with the adult stage of
sexual maturation, short sleep duration and high ST. Exces-
sive ST and inadequate sleep duration were associated with
low intake of minimally processed foods and with high intake
of ultra-processed foods, respectively. Assessing the risk
51
factors of AO may be a useful strategy for preventing CVD in
adolescents.
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