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Abstract

Background: Although there is high prevalence of obesity and other cardiovascular risk factors among Latin
American adolescents, there is limited evidence on dietary intake and physical activity (PA) patterns in this
population. Therefore, we characterized anthropometry, dietary intake, PA and sitting time (ST) in adolescents aged
15–17 years from eight Latin American countries.

Methods: Six hundred seventy-one adolescents (41.4% girls) from the Latin American Study of Nutrition and Health
(ELANS) were included. Nutritional status was classified by four BMI (kg/m2) categories. Waist circumference (WC)
was categorized as above or below thresholds. Dietary intake was assessed through two non-consecutive 24-h
dietary recalls. PA and ST were measured using the International Physical Activity Questionnaire (IPAQ). We
calculated overall and country-specific estimates by sex and tested for differences between boys and girls.

Results: Differences in the prevalence of overweightness (15.1 and 21.6%) and obesity (8.5 and 6.5%) between boys
and girls, respectively, were statistically insignificant (p = 0.059). Average energy intake was 2289.7 kcal/day (95% CI:
2231–2350) for boys and 1904.2 kcal/day (95% CI: 1840–1963) for girls (p < 0.001). In relation to macronutrient intake
for boys and girls, respectively, the average intake (expressed as percentage of total energy) was 15.0 and 14.9% for
protein; 55.4 and 54.9% for carbohydrates; 14.1 and 14.5% for added sugar; 29.5 and 30.1% for total fat; and 9.6 and
9.9% for saturated fat (p > 0.05 for all outcomes). There was no statistically significant difference in the prevalence of
total energy (TE) saturated fat and added sugar (>10% of TE) between girls and boys (49.6% versus 44.8 and 81.7%
versus 76.1%, respectively). Prevalence of physical inactivity was 19% in boys and 43.7% in girls (p < 0.001). Median
levels of vigorous-intensity PA and total PA were significantly higher for boys than for girls (p < 0.05 for both
outcomes); whereas levels of ST were similar (273.7 versus 220.0 min/day for boys and girls, respectively; p > 0.05).
(Continued on next page)
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Conclusions: These findings highlight the high prevalence of poor dietary intake and physical inactivity in
adolescents from Latin American countries. Therefore, effective and sustainable strategies and programmes are
needed that promote healthier diets, regular PA and reduce ST among Latin American adolescents.

Trial registration: Clinical Trials NCT02226627. Retrospectively registered on August 27, 2014.
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Background
Obesity is a major threat to worldwide public health,
through increasing the likelihood of cardiovascular disease,
type 2 diabetes, hypertension, metabolic syndrome, cardio-
vascular disorders, stroke, respiratory disease and cancer
[1]. Almost three quarters of all non-communicable disease
(NCD) deaths (28 million), and the majority of premature
deaths (82%), occur in low- and middle-income countries,
inhibiting economic and social growth [2, 3]. In conjunc-
tion with rapid demographic changes, Latin American
countries (LACs) are facing a fast nutritional transition [4].
Both demographic and nutritional changes have taken
place at different rates across LACs. These are associated
with an increase in urbanization and the adoption of west-
ernized lifestyles. This has led to higher levels of sedentary
behaviours (SB) such as excessive sitting time (ST), lack of
physical activity (PA) and poor dietary patterns charac-
terised by excessive energy intake [5, 6].
Poor diet and lack of PA are key risk factors for increas-

ing and alarming levels of obesity in LACs [7, 8]. However,
most evidence to date has only been available from adult
populations. Therefore, there is a lack of evidence about
these risk factors among adolescents in the region [8, 9].
Previous studies conducted in high-income countries have
provided evidence about how lifestyle behaviours and high
adiposity levels in early life, including adolescence, is asso-
ciated with cardiometabolic and cardiovascular risk factors
in middle and later life [10–12]. Increasing the surveil-
lance on dietary, PA, and ST patterns in adolescents using
standardized methods could provide key information for
the design and implementation of public health policies
aiming to prevent cardiovascular risk factors and NCDs in
LACs [13]. The purpose of the current study, therefore,
was to investigate anthropometry, dietary intake, PA, and
ST patterns in adolescents aged 15–17 years from eight
LACs.

Methods
Study design
The Latin American Study of Nutrition and Health /
Estudio Latinoamericano de Nutrición y Salud (ELANS)
is a cross-sectional, multi-national survey conducted in
eight LACs (Argentina, Brazil, Chile, Colombia, Costa
Rica, Ecuador, Peru and Venezuela). The study was

conducted over a period of 6 months (September 2014
to February 2015). The rationale and study design are
reported in more detail in a previous publication [14].
The ELANS protocol was approved by the Western In-
stitutional Review Board (#20140605) and is registered
at ClinicalTrials.gov (#NCT02226627). The ethical re-
view boards of each participating institution also ap-
proved each site-specific protocol. All study countries
adhered to standardized study protocols for interviewer
training, fieldwork, data collection and management, in-
cluding quality control procedures.

Participants
Out of 10,134 individuals aged 15–65 years initially sam-
pled, 671 were adolescents aged 15–17 years (41.4% girls)
and were eligible for inclusion in the current study (Fig. 1).
Exclusion criteria included pregnant and lactating girls,
individuals with major physical or mental impairments,
adolescents without consent from a parent or legal guard-
ian, individuals living in residential settings other than a
household, and individuals who were unable to read.

Anthropometric data
Body weight (kg) was measured with a calibrated elec-
tronic scale (Seca®, Hamburg, Germany) with an accuracy
of 0.1 kg. Body height (cm) was measured with a portable
stadiometer with an accuracy of 0.1 cm. Measurements
were taken during inspiration, with the base of the stadi-
ometer lightly touching the upper reaches of the head and
with the participant’s head on the Frankfort Plane [15].
Body mass index (BMI; kg/m2) was derived from height
and weight. BMI standard deviation (SD) scores were
derived using the age- and sex-specific World Health
Organization (WHO) growth reference for school-aged
children, which were classified into four categories of nu-
tritional / BMI status as follows: underweight (< −2SD),
eutrophic (−2SD ≥ to ≤1SD), overweight (1SD > to ≤2SD),
and obese (> 2SD) [16].
In accordance with WHO recommendations [17], waist

circumference (WC) was measured with an inelastic tape
to the nearest 0.1 cm and was categorized as above or
below thresholds (central obesity) based on reference data
by sex, age and ethnicity for adolescents compiled by
Katzmarzyk and colleagues [18]. Each measurement was
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repeated to ensure accuracy, and the average was used for
statistical analyses. If the two readings differed by more
than the previously established set point, then a third
measurement was taken.

Dietary intake
Dietary intake was assessed using two 24-h food recalls
(24-HR) applied on non-consecutive days, with a mini-
mum of three and a maximum of eight non-consecutive
days. The 24-HR food recall method has inherent
strengths including: 1) the instrument collects actual food
intake on specific days, 2) recall memory is less, compared
to other methods such as a Food Frequency Question-
naire; and 3) usual or habitual intake can be estimated if
the instrument is repeated on the same participants [14].
For these reasons, the 24-HR food recall method has been
widely used in population-based studies, such as the US
National Health and Nutrition Examination Survey
(NHANES), the Korean National Health and Nutrition

Examination Survey (KNHANES), and the European Food
Consumption Validation (EFCOVAL) study [19–21].
The protocol using 24-HR recall was administered

by trained interviewers face-to-face using the Mul-
tiple Pass Method [22–24]. The households were
supervised by trained nutritionists who were also re-
sponsible for converting the measures into grams (g)
and millilitres (mL). This data was transformed into
energy taking into account macro- and micro-
nutrient quantities using the Nutrition Data System
for Research software (NDS-R Version 2013, Minne-
sota University, Minnesota, USA). The quality control
system and complete procedure for standardization of
the food composition database are available in other
published studies [14, 25].
Researchers in each LAC analysed the consistency of

the food recall data by reviewing the quantities of total en-
ergy intake expressed as kilocalories (kcal) and as macro-
nutrients including protein, carbohydrate, added sugar,

Fig. 1 Flow diagram of the study participants in the Latin American Study of Nutrition and Health (ELANS)
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and fat (total and saturated) expressed as a proportion (%)
of total energy intake (hereafter referred to as % TE).
As a single 24-HR recall is limited and generally inad-

equate for assessing the usual dietary intake of individuals,
two 24-HR recalls were chosen to estimate habitual food
consumption and evaluate intra-individual variability in
nutrient and energy intake [26]. To assess habitual dietary
intake, the Multiple Source Method (MSM) was applied.
This method was chosen because of its capability for im-
proving estimates of usual dietary intake by considering
within-person variance in intake [24]. As the MSM re-
quires at least 2 days of short-term dietary measurements,
all participants in the present study provided two 24-HR
food recalls on non-consecutive days. Briefly, the MSM
method is a mixed model, which is comprised of three
parts. Firstly, the probability of energy consumption or
nutrients per day is estimated using logistic regression with
participant-specific random effects (probability model).
Secondly, data that has been transformed for normality
(using a Box-Cox transformation) is used to estimate the
usual amount of food intake on consumption days using
linear regression (quantity model) with participant-specific
random effects. Thirdly, the estimated usual food/nutrient
intake for each participant is calculated by multiplying the
probability of consumption of a food/nutrient (part 1) with
the usual amount of food intake (part 2) [24]. The usual
intake of protein, carbohydrate, total fat and saturated fat
are estimated in grams (g); energy intake is estimated in
kilocalories (kcal). The relative proportion of macronutri-
ents and saturated fat in relation to total energy intake was
calculated (% TE). Acceptable macronutrient distribution
ranges (AMDR) were used to evaluate the % TE from
protein, carbohydrate, total fat and saturated fat [27].
The AMDRs for macronutrients were as follows: pro-
tein (10 to 35%), total fat (20 to 35%) and carbohydrates
(45 to 65%). The AMDR for saturated fat was chosen in
accordance with guidelines from the Food and Agricul-
ture Organization of the United Nations (FAO) and the
WHO, which recommends maximum intake of up to
10% TE in saturated fat and added sugar [28, 29].

Measurement of self-reported physical activity and sitting
time by the International Physical Activity Questionnaire
(IPAQ)
PA and ST were assessed at the second visit using a Span-
ish language long-form, last 7-day, self-administered ver-
sion of the International Physical Activity Questionnaire
(IPAQ) [30]. IPAQ is designed to assess the levels of habit-
ual PA for individuals aged 15–69 years [31, 32]. The IPAQ
contains questions on the amount of walking undertaken,
and on the amount of participation in moderate (MPA)
and vigorous (VPA) intensity activities during active trans-
port and leisure-time [30].

Data were analysed in accordance with the IPAQ scor-
ing protocol [33]. The IPAQ assesses walking separately:
in line with the protocol, walking was assigned an inten-
sity of 3.3 metabolic equivalents (METs), and all other
MPA and VPA were assigned an intensity of 4.0 and 8.0
METs, respectively. Total PA (expressed as minutes per
week multiplied by MET values) was derived as minutes
of walking × 3.3 METs + minutes of MPA (excluding
walking) × 4.0 METs + minutes of VPA × 8.0 METs.
Adolescents were categorized as “meeting” (≥60 min/
day) or “not meeting” (<60 min/day) moderate to vigor-
ous intensity PA (MVPA) guidelines [34]. In addition,
the IPAQ contains two items that capture ST. Partici-
pants were asked to estimate the amount of time (min/
day) spent sitting at work, at home, and during leisure-
time for a weekday and a weekend day, separately [35].
We added weekday and weekend day ST to calculate
average daily ST (weekday ST*5 + weekend day ST*2)/7.

Statistical analyses
Descriptive statistics (with 95% confidence intervals)
were calculated using means, medians, and percentages
as summary measures. Overall (i.e. across all eight
LACs) and country-specific levels of anthropometry
(body weight, body height, waist circumference, and
BMI), dietary intake (% TE from protein, carbohydrate,
added sugar, total fat and saturated fat), PA and ST were
estimated by sex. Similar analyses were conducted for
BMI status (% obese), excess intake of saturated fat and
added sugar (>10% TE), and physical inactivity (not
meeting MVPA guidelines). Normality of the continuous
variables was verified using the Kolmogorov-Smirnov
test. Sex differences were assessed using t-tests and
Mann-Whitney tests for independent samples. Since the
minutes per week spent on PA was not normally distrib-
uted, we present values for the 25th, 50th (median) and
75th percentiles. The Kruskal-Wallis test was used to
compare levels of PA across the four nutritional / BMI
status categories. Differences in other variables for each
BMI status category were compared using the Chi-
square test.
All tests of statistical significance were based on two-

sided probability (p < 0.05). Data analyses were performed
with SPSS V22 software (SPSS Inc., IBM Corp., Armonk,
New York, NY, USA) [36]. Analyses were weighted, with
weights calculated according to the socio-demographic
characteristics, sex and region of each country [14].

Results
Overall, the mean values of body weight, body height
and BMI were 60.6 kg, 164.8 cm and 22.3 kg/m2 respect-
ively. Costa Rica and Chile had the highest BMI averages
(23.3 kg/m2 for both). Just over one-fourth of adoles-
cents (25.4%) were overweight (17.8%) or obese (7.6%).
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The highest prevalence of overweightness was in Chile
(25%) and the highest prevalence of obesity was in Costa
Rica (17.1%). Overall, mean WC was 75.3 cm, and the
highest prevalence of central obesity was observed in
Costa Rica (15.7%) followed by Brazil (6.2%) (Table 1).
In every country except Colombia, the prevalence of
overweight or obese adolescents showed no sex differ-
ence (p > 0.05) (Additional file 1: Table S1).
Overall, mean energy intake was 2129.9 kcal/day: the

average being highest in Argentina (2415.4 kcal/day)
followed by Ecuador (2194.6 kcal/day). The mean contri-
bution of macronutrients (as a % of TE intake) was 15%
TE for protein, and 55.2% TE for carbohydrates. Brazil
had the highest intake of protein (16.4% TE) followed by
Argentina and Venezuela (15.4% TE in both). Peru had
the highest intake of carbohydrates (63.8% TE) followed
by Ecuador (57.3% TE). In relation to added sugar, total
and saturated fat, the mean energy contribution was
14.3% TE, 29.8% TE and 9.7% TE respectively. Overall,
46.8 and 78.4% of adolescents consumed >10% TE of
calories from saturated fat and added sugar, respectively
(Table 1). These proportions showed no sex differences
(p > 0.05). The prevalence of saturated fat (>10% TE)
was highest for boys in Chile (75%) and for girls in
Argentina (80%). For added sugar, the prevalence (>10%
TE) was highest in boys (93.2%) and girls (100%) from
Argentina (Additional file 1: Table S1). Overall, the
prevalence of >10% TE of calories from saturated fat was
higher in girls than in boys for all four BMI categories
(Additional file 1: Table S2).
In relation to time spent walking, the overall median

was 15.0 min/day. Time spent walking was highest in
Costa Rica (25.3 min/day). The highest levels of MPA,
excluding walking, were in Chile and Ecuador (21.4 min/
day for both). The highest median level of VPA was ob-
served in Brazil (30.0 min/day). For total PA, the highest
median was in Chile (1687.5 MET-min/week) followed
by Ecuador (1659.0 MET-min/week). Overall, the preva-
lence of physical inactivity (< 60 min/day in MVPA) was
29.2%: this ranged from 15.0% in Ecuador to 41.6% in
Venezuela. The median daily ST was 245.0 min/day; and
the highest level was observed in Chile (330.0 min/day)
(Table 2).
Differences between sexes for anthropometry, dietary

intake, PA and ST by LACs are shown in Tables 3 and 4.
Overall, average levels of body weight, body height and en-
ergy intake were higher in boys than in girls (p < 0.05). In
contrast, mean BMI was higher in girls than in boys (p <
0.05). Overall, average levels of WC showed no sex differ-
ence. This was also the case for the mean contribution of
macronutrients (as a % of TE intake) for protein, carbohy-
drates, added sugar, total and saturated fats (Table 3).
Median levels of walking and moderate-intensity PA

showed no sex differences (p > 0.05 for both). In contrast,

median levels of vigorous-intensity and total PA were sig-
nificantly higher for boys than for girls (p < 0.05). Levels of
ST were similar between the sexes (p > 0.05) (Table 4).
The prevalence of physical inactivity (% < 60min/day in
MVPA) was significantly higher for girls than for boys
(43.7 and 19%, respectively). Physical inactivity preva-
lence was highest for boys in Brazil and Venezuela
(26.8% in both) and was highest for girls in Venezuela
(58.3%) (Additional file 1: Table S3).
In additional analyses, we examined median levels of

PA and ST in the four BMI categories. Overall, and
within each LAC, boys and girls had similar (p > 0.05)
levels of physical inactivity and similar median levels of
total PA in each BMI category (Additional file 1: Tables
S3-S4). Patterns by sex and by country were less clear
for the median levels of ST for each BMI category
(Additional file 1: Table S4).

Discussion
The aim of this study was to investigate anthropometry,
dietary intake, PA, and ST patterns in adolescents (aged
15–17 years) from eight LACs. Overall, average levels of
body weight and body height were higher in boys, whilst
mean BMI was higher in girls (p < 0.05). Boys had a
higher (p < 0.05) total energy intake than girls. Preva-
lence of TE saturated fat and added sugar (>10% TE)
was higher in girls than boys (49.6% versus 44.8 and
81.7% versus 76.1%, respectively), but these differences
were not statistically significant (p = 0.214 and p = 0.084
respectively). Median levels of vigorous-intensity PA and
of total PA were significantly higher for boys than for
girls, whilst median levels of ST were similar between
both groups (220.0 and 273.7 min/day, respectively).
Acceptable macronutrient distribution ranges (AMDR)

were used to evaluate the distribution of adolescents
relative to the total energy intake percentage (% TE)
from protein, carbohydrates and total fat [37]. Diethelm
et al. [38] indicated that the percentage of the total cal-
oric intake of macronutrients was approximately 49% TE
for carbohydrates, 34% TE for total fat, and 14% TE for
saturated fat among adolescents aged 15–19 years (no as-
sessment of % TE was made for protein). López-Sobaler
et al. [39] evaluated the balanced caloric intake among
Spanish adolescent participants (aged 14–17 years) in the
National Dietary Survey on the Child and Adolescent
Population project (ENALIA). In the ENALIA study, esti-
mated TE % was 18% (protein), 46% (carbohydrates), 34%
(total fat), and the estimate for saturated fat ranged from
11.4% in girls to 12% in boys. Therefore, the relative total
caloric intake of macronutrients from protein, total and sat-
urated fat are lower among Latin American adolescents
compared to their European counterparts. In the American
population, estimated protein intake (% TE) of adolescent
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and young adult (14–18 years old) participants in NHANES
was similar to the eight LACs included in our study for
both sexes (boys: 16.0% NHANES versus 15.0% LACs; girls:
14.4% NHANES versus 15.0% LACs) [40].
Few studies have been conducted amongst the Latin

American population in order for us to compare our
findings. Results from the Brazilian Study of Cardiovas-
cular Risks in Adolescents (ERICA) were similar to those
found in the present study. The estimates in ERICA for
the mean contribution of macronutrients (as a % of TE
intake) from protein (15.4 and 16.3%), carbohydrate
(54.0 and 53.7%), total fat (30.9 and 30.2%) and saturated
fat (11.3 and 10.8%) among females and males aged 14–
17 years, respectively, were close to our results [41].
The high saturated fat intake confirmed by our study

should be highlighted, as we can see on a global scale
that American, Latin American and European adolescent
populations have a high percentage of total energy in-
take that comes from this nutrient [38, 39, 41]. Accord-
ing to the FAO and the WHO, saturated fat should
provide a maximum of 10% of total energy intake; but,
in the present study, higher energy intake from this
nutrient was reported by 46.8% of adolescents. Both or-
ganizations emphasize that it is important to assess not
only total consumed lipids but also the local availability
of their fractions (i.e. % TE), in order to elaborate and
provide effective dietary guidance to promote adolescent
health. Another important finding is that only 21.6% of
ELANS adolescents met the recommendation of con-
suming less than 10% of energy from added sugar [29].
Excessive sugar consumption increases the risk for obes-
ity and several other NCDs in both adolescents and
adults.
In our study, boys engaged in more PA than girls in all

countries. This finding is consistent with previous studies
of sex disparities in PA [42, 43]; however, the magnitude
of the difference differs by PA intensity. Results from the
current study show that the sex difference is greater for
vigorous- than for moderate-intensity PA. Efforts should
therefore be made to develop agendas that specifically tar-
get and engage girls in increasing the intensity of their
physical activity; however, to date, sex differences in PA
intensity has seldom been investigated in LACs.
The consistent finding, confirmed also by our study, that

boys are more active than girls provides the primary
rationale for many interventions targeting physical inactiv-
ity among adolescent girls. Previous literature supports the
argument for sex-targeted PA interventions, because ado-
lescent boys and girls prefer different activities, participate
in PA for different reasons, and may face different barriers
to engaging in PA [44]. Furthermore, issues such as the
involvement of the family [45] and the perception of an
unfavourable family situation, together with social roles,
could explain to some extent, the lower levels of

activity among adolescent girls [46]. PA interventions
may also need to target girls at an earlier chronological
age than boys, considering that, on average, girls ma-
ture 2 years earlier than boys [42].
We found in our study that median levels of ST were

similar for both sexes. This finding is also consistent
with other studies [6, 47]. Furthermore, the most notable
finding of the current study was that median levels of
ST did not vary by BMI status for either sex. This find-
ing differs from our hypothesis and does not agree with
the few studies that compared SB levels according to
BMI status in young people [48, 49]. For example, Com-
pernolle et al. [48] found differences in SB between over-
weight/obese and normal weight adolescents. The high
amount of time spent daily on SB may be concerning, as
previous literature [50] suggests that high levels of PA
may not protect adolescents from the risks to health due
to excessive amounts of time spent on SB.
A number of studies have compared self-reported data

on PA with device-based methods such as accelerometry
[30, 51, 52] and PA related energy-expenditure through
the doubly-labelled water method [53]. The majority of
studies showed positive but moderate associations be-
tween reported and device-based methods [30, 51]. Previ-
ous studies estimated correlations of 0.23–0.40 between
the self-reported data and accelerometer-assessed MVPA
[51, 54, 55]. Questionnaires remain the most feasible
method to assess levels of PA at a population level due in
part to expensive costs and high respondent burden asso-
ciated with using device-based methods within large-scale
health examination surveys [56].
The present study has several strengths. Our study fills

a gap in the evidence because to date no studies have
presented a multi-country assessment of dietary intake
and PA patterns among Latin American adolescents. A
further strength is its comprehensive assessment of diet-
ary intake through using two non-consecutive days of
24-h dietary recall. Also, the estimates of usual energy
and macronutrient intake were based on statistical
methods performed to appropriately adjust for intra-
individual variability; and such procedures allowed the
removal of extreme values [57]. Our study is the first to
evaluate PA and ST patterns in Latin American adoles-
cents using a standardized methodology across a consor-
tium of several participating countries. This study thus
provides a unique Latin American dataset that will
enable wider cross-country comparisons and therefore
expand the existing literature.
Some limitations of the present study are also recog-

nized. ELANS employed a cross-sectional design, pre-
cluding inferences about causality. In addition, since the
ELANS data represent the dietary intake of urban ado-
lescents in eight LACs, care must be taken to extrapolate
these findings to other countries in South and Central
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America. Although data from the rural population was
not collected in this study, it should be highlighted that
the majority of the populations studied currently live in
urban regions (64 to 92%) [58]. Misreporting could have
altered the estimated levels of dietary intake presented.
Under-reporting of healthy diets occurs in most adult
populations, especially in women and in those with
higher BMI. As reported in the literature [59], under-
reporting could be attributable to participant’s denial, a
low ability to accurately report dietary intake, or due to
social desirability bias. Despite these limitations, these
data are the best currently available to evaluate dietary
energy intake among Latin American adolescents. Fi-
nally, the current study did not include adolescents older
than 17 years because the MVPA guidelines (≥60 min/
day) are for 5–17 year olds. The limited evidence regard-
ing the validity of the IPAQ instrument among adoles-
cents means that caution must be exercised when
interpreting our findings on self-reported PA and ST.

Conclusions
In conclusion, standardized data from the ELANS showed
that the average levels of daily mean energy intake was
higher in boys than in girls, but that the distribution of
total energy intake across different macronutrients was
similar between the sexes across the eight participating
LACs. Overall, prevalence of physical inactivity was sig-
nificantly higher in girls than boys.
Further research is needed to explore possible reasons for

the sex differences in PA detailed in our analyses. Future
studies with larger samples of children and adolescents are
needed to obtain a more representative understanding of
the energy intake, PA and SB of adolescents in the Latin
American region.
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