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A B S T R A C T

Objective: This study evaluated the association between diet quality, assessed by the Diet Quality Index for
Adolescents adapted for Brazilians (DQIA-BR), and cardiometabolic markers in adolescents.
Methods: The DQIA-BR and cardiometabolic markers were assessed in 36 956 Brazilian adolescents (12�17 y
old) enrolled in the Study of Cardiovascular Risks in Adolescents (ERICA), a national school-based cross-sec-
tional multicenter study in Brazil. For analyses, the sample was stratified by sex and nutritional status. Multi-
ple linear regressions were used to investigate the association between DQIA-BR and cardiometabolic
markers (total cholesterol, HDL-c, LDL-c, triglycerides, fasting glucose and HOMA-IR). Adjusted models were
constructed with two input levels of covariates. The first model was adjusted for sex, age, and socioeconomic
status; in the second model, total energy intake, physical activity, and sedentary behavior were included.
Results: A higher DQIA-BR score was associated with a better cardiometabolic profile in girls with normal weight;
however, no association was observed in those with overweight/obesity. In boys with overweight/obesity, a bet-
ter quality of diet was associated with lower concentrations of total cholesterol (b = �0.338, 95% confidence
interval [CI]: �0.611 to �0.066) and LDL-c (b = �0.227, 95% CI: �0.448 to �0.005), but only LDL-c remained sig-
nificant in those with normal weight (b =�0.115, 95% CI:�0.224 to 0.005).
Conclusion: The effects of diet quality on cardiometabolic risk factors differ according to sex and the presence
of overweight/obesity. Overall, DQIA-BR is a suitable tool to evaluate the association between diet quality
and cardiometabolic markers in normal-weight adolescents, but not for adolescents, especially girls, with
overweight/obesity.
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Introduction

Non-communicable chronic diseases (NCDs) are the leading cause
of death worldwide [1]. According to the World Health Organization
(WHO), 38 million deaths were attributed to NCDs in 2012; of these,
17.5 million deaths were related to cardiovascular diseases and
1.5 million to diabetes mellitus [1]. In Brazil, NCDs were responsible
for about 75% of total mortality in 2015 [2]. Although most clinical
manifestations of cardiovascular disease and diabetes mellitus begin
in adulthood, they should be prevented early in life, reducing related
modifiable risk factors [3] such as increased sedentary behavior [4],
reduced physical activity [5], unhealthy eating patterns [6], and indi-
vidual genetic predisposition [2].

Adherence to unhealthy dietary patterns, including increased
intake of high-calorie and poor-nutrient foods, is related to
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increased risk for cardiovascular disease, diabetes mellitus, some
types of cancers, and all-cause mortality in the general population
[6,7]. In nutritional epidemiology, studies have associated specific
foods with health outcomes, such as whole-grain food consump-
tion as a protective factor for cardiovascular disease [8] or ultra-
processed food consumption as a risk factor for cardiovascular dis-
ease [6]. Although the evaluation of a single food or nutrient may
be applicable to investigate its effects on a specific health outcome
[9], it is inappropriate for identifying the effects of a dietary pattern
on health because it does not consider the complexity of interac-
tions between nutrients in the diet [10].

Diet quality indices are alternative tools to recognize dietary pat-
terns as they provide an overview of the diet in its entirety [10]. The
main advantages of these indices are the possibility to assess the com-
plexity of the human diet and summarize it into a score, taking into
account dietary patterns, guidelines for a healthy diet, and food prepa-
ration methods [11]. However, most dietary indices were developed
based on nutritional recommendations for adult populations and, con-
sequently, are improper to accurately assess diet quality in adoles-
cents.

The Diet Quality Index for Adolescents (DQI-A) was designed
and validated in a sample of adolescents enrolled in the Healthy
Lifestyle in Europe by Nutrition in Adolescence (HELENA) [9].
Recently, the DQI-A was adapted to better address the food culture
of Brazilian adolescents [12]. A previous study using the Diet Qual-
ity Index for Brazilian Adolescents (DQIA-BR) indicated that the
overall diet quality is inadequate in all regions of the country [12],
which may negatively impact youth health.

In the adult population, higher scores of diet quality are associated
with better metabolic parameters [13], such as higher values of high-
density lipoprotein cholesterol (HDL-c) [14] and lower levels of low-
density lipoprotein cholesterol (LDL-c) [15] and fasting glucose [14]. In
adolescents, studies have shown a positive association between over-
all diet quality with HDL-c [16] and an inverse association with total
cholesterol [17], LDL-c [16,17], triglycerides, [16,18] and insulinemia
[19]; however, the association with fasting glucose remains unclear
[16]. The relationship between diet quality and metabolic profile in
Brazilian adolescents has not been investigated in a nationally repre-
sentative sample. Therefore, the aim of this study was to investigate
the association between diet quality, assessed by the DQIA-BR, and
cardiometabolic markers in Brazilian adolescents aged 12 to 17 years.

Methods

Study design and sample

The Study of Cardiovascular Risks in Adolescents (Estudo de RIscos Cardiovascu-
lares em Adolescentes or "ERICA") is a national school-based cross-sectional multi-
center survey that aimed to estimate the prevalence of cardiovascular risk factors in
Brazilian adolescents (12�17 years old) enrolled in public and private schools. Data
were collected between February 2013 and November 2014 in a representative
sample of Brazilian municipalities with more than 100 000 inhabitants [20].

A written agreement to participate was obtained from each student, and an
informed consent was signed by their parents or legal guardians. ERICA was
approved by the Research Ethics Committee of the Institute of Studies on Public
Health, Federal University of Rio de Janeiro, and by the Ethics Committees of the
other 26 federation units in Brazil.

For this study, we used data from Brazilian students who attended schools
during the morning, including students in the integral or semi-integral system,
because overnight fasting was mandatory before blood sampling. A total of 36 956
adolescents who had complete data collection including questionnaires, anthropo-
metric measurements, dietary intake assessment, and biochemical evaluation
were included in this study (Fig. 1). Sample size calculation and sampling process
details can be found in prior publications [20,21].

Anthropometric measurements

All the anthropometric measurements were performed by trained researchers
following written standardized protocols [22]. During this evaluation, the
adolescents were wearing light clothing and no shoes. Body weight was measured
using a digital scale (Model P200M, Líder, S~ao Paulo, Brazil). Height was measured
using a calibrated portable stadiometer (Alturexata, Minas Gerais, Brazil). The
weight and height measurements were used to calculate the body mass index
(BMI), defined as weight (kg) divided by the square of height in meters (m2). The
BMI categories were determined according to the WHO reference curves [23] con-
sidering the sex- and age-specific cutoff points to classify adolescents with normal
weight (�2 < BMI z-score � 1), overweight (1 < BMI z-score � 2), or obesity (BMI
z-score> 2). Thereafter, overweight and obesity were combined into one category.
Assessment of cardiometabolic markers

The students were instructed to keep an overnight fast of 10 to 12 h before
blood collection. A questionnaire was applied before the examination to confirm if
the students had fasted. Fasting blood samples were collected for analysis of total
cholesterol, HDL-c, triglycerides, glucose, glycated hemoglobin (HbA1c), and insu-
lin. LDL-c was estimated indirectly by the Friedewald equation [24]. LDL-c concen-
trations were calculated only for adolescents with triglyceride concentrations
lower than 400 mg/dL. The Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR) was obtained using the formula: HOMA-IR = (insulin £ fasting glu-
cose)/22.5. All blood samples were analyzed by a single laboratory following a
standardized protocol [25].
Dietary intake assessment

To assess dietary intake, a 24-h dietary recall (24hR) was performed in a face-
to-face interview by trained interviewers using the multiple pass method to
reduce underreporting of food consumption [26]. To correct the within-person
variability, a second 24hR was collected on a non-consecutive day in a random
subsample of approximately 10% of the total sample [27]. The National Cancer
Institute method for episodically consumed foods was used to correct the intrain-
dividual variability and to allow, with a minimal degree of uncertainty, estimation
of the distribution of the usual dietary intake of food groups [27,28].

The recalls were entered directly on a netbook with software to register food
consumption data, ERICA-REC24h, which was created specifically for ERICA [29].
The ERICA-REC24h software contains a list of 1626 food items using the database
from the Brazilian Household Budgets Survey (POF) 2008 to 2009 [29,30]. Photo-
graphs included in the software were used to help the adolescents estimate the
size of portions consumed. The preparation and quantity of food consumed were
also recorded in detail. Food items that were not in the software database were
entered by the researchers during the interview. Total energy intake was esti-
mated considering the Brazilian Food Composition Table [31] and the Brazilian
Portion Size Table [32]. Students who reported energy intake of <100 kcal/d were
excluded from the analyses [33].
Diet Quality Index for Brazilian Adolescents

The DQIA-BR [12] was adapted from the DQI-A [9], and this was based on die-
tary guidelines developed specifically for adolescents [34,35]. It was also adapted
to the local needs, considering Brazilian food culture and the information available
on the ERICA database. All adaptations are fully described in a prior study [12].

The DQIA-BR classifies food into recommended and non-recommended food
groups and evaluates daily diet through three dietary components (quality, diver-
sity, and equilibrium). Of all food groups, eight were recommended groups: 1)
bread, potatoes, and grains; 2) vegetables; 3) fruits; 4) milk products; 5) cheese; 6)
meat, fish, and eggs; 7) beans; and 8) fats and oils. Two were non-recommended
food groups: 9) snacks and candies and 10) sugar-sweetened beverages, fruit jui-
ces, and alcoholic beverages. For each food group, a different daily intake recom-
mendation specifically developed for adolescents was provided. The description of
these components and the technical aspects of the DQIA-BR are reported else-
where [12].

The food groups were analyzed based on the three principal components, and
the components were differently weighted; the dietary quality had twice the
weight of the other groups (diversity and equilibrium). The DQIA-BR total score
varies from �33% to 100% and comprises the means of the three components. A
high score represents high diet quality.
Covariates

The following variables were considered as covariates: sex, age, skin color
(white, black, brown, and yellow/indigenous), type of school (public or private),
and geographical area (Northeast, Southeast, North, South, and Midwest). To
assess economic status, an economic index, similar to the one that was imple-
mented in the Brazilian demographic census [36], was calculated, including pos-
session of specific goods and education of the head of household. This economic
index was categorized in tertiles for the analyses.



Fig. 1. Flowchart of eligible adolescents. Study of Cardiovascular Risks in Adolescents (ERICA), 2013�2014.
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Statistical analysis

Descriptive analyses were reported as means and confidence intervals (CI)
(95%) for continuous variables and percentages for categorical variables. Fasting
triglycerides and HOMA-IR were logarithmically transformed owing to their
skewed distributions and presented as geometric means and 95% CI. To obtain
population-representative findings, ERICA sample weights and complex sample
design were considered in all analyses [21].

All estimates were stratified by sex and nutritional status, considering that the
diet differed in adolescents with overweight/obesity and that this group also had
higher values for all cardiometabolic parameters evaluated. Multiple linear regres-
sions were used to analyze the association between the DQIA-BR and the cardio-
metabolic markers. The dependent variables were the cardiometabolic markers
and the independent variable was the DQIA-BR. Adjusted models were con-
structed with two input levels of covariates. The first model was adjusted for age
and socioeconomic status; in the second model, previous variables were kept in
the model and total energy intake, physical activity, and sedentary behavior were
included. All adjustment variables were chosen according to the literature [19],
and only the variables that obtained P < 0.1 in the crude analysis were included.
There was no collinearity between the adjustment variables of both models.

All data analyses were conducted in Stata software (version 14.0, Stata Corpo-
ration, College Station, TX, USA). All tests were bi-caudal and a P value of <0.05
was regarded as statistically significant.

Results

The study sample consisted of 36 956 adolescents (60%
girls), and the mean age was 14.7 years. The baseline character-
istics of the sample are shown in Table 1. Overall, the preva-
lence of adolescents with overweight and obesity was 17.6%
(95% CI: 17.2; 18.0) and 8.2% (95% CI: 7.9; 8.5), respectively.
The mean total energy intake was 2312 kcal/d (95% CI: 2300;
2323), while the DQIA-BR score ranged from 0.9% to 45.8% and
was higher in boys.

Table 2 describes the values of cardiometabolic markers and
DQIA-BR scores according to sex and weight status. Overall, adoles-
cents with overweight/obesity had higher total cholesterol, LDL-c,
fasting glucose, and HOMA-IR than normal-weight adolescents.
This subsample also had lower values for HDL-c and diet quality
than normal-weight subjects.

While assessing the association between the DQIA-BR score and
the cardiometabolic markers by weight status, DQIA-BR was posi-
tively associated with HDL-c and negatively associated with LDL-c,
triglycerides, fasting glucose, and HOMA-IR in normal-weight girls
in the finally adjusted model (Table 3). In girls with overweight/
obesity, DQIA-BR was positively associated with fasting glucose
and HbA1c. However, in the finally adjusted model in, only HbA1c
maintained a significant association.

Table 4 shows the association of DQIA-BR score with the car-
diometabolic markers in boys by weight status. In normal-
weight boys, DQIA-BR was negatively associated with total cho-
lesterol and LDL-c in the sociodemographically adjusted model.
After behavior adjustment, only LDL-c was significantly associ-
ated. In boys with overweight/obesity, DQIA-BR was negatively
associated with total cholesterol and LDL-c, even in the finally
adjusted model.



Table 1
Characteristics of study participants. ERICA, 2013�2014.

Variables All (n = 36 956) Girls (n = 22 170) Boys (n = 14 786)

Frequency or mean (95% CI)

Age, years 14.7 (14.6�14.7) 14.7 (14.7�14.7) 14.6 (14.6�14.6)
Skin color, %

Brown 47.9 (46.2�49.7) 49.5 (47.5�51.5) 46.3 (44.0�48.6)
White 39.8 (37.9�41.7) 40.0 (37.7�42.3) 39.6 (37.4�41.8)
Black 7.7 (6.9�8.5) 6.8 (5.9�7.9) 8.5 (7.4�9.7)
Other 4.7 (4.1�5.3) 3.7 (3.2�4.3) 5.6 (4.8�6.6)

Type of school, %
Public 77.7 (72.3�82.3) 78.0 (72.5�82.7) 77.4 (72.0�82.0)
Private 22.3 (17.7�27.7) 22.0 (17.3�24.5) 22.7 (18.1�28.0)

Geographical area, %
Northeast 31.0 (30.5�31.4) 31.1 (30.5�31.7) 30.7 (30.0�31.5)
Southeast 22.8 (22.4�23.2) 23.2 (22.6�23.7) 22.3 (21.6�23.0)
North 19.1 (18.7�19.5) 18.8 (18.3�19.3) 19.5 (18.9�20.1)
Midwest 14.6 (14.3�15.0) 15.0 (11.6�12.5) 14.1 (13.6�14.7)
South 12.6 (12.2�12.9) 12.0 (14.5�15.4) 13.4 (12.8�14.0)

Socioeconomic status (tertile), %
First (lowest) 38.5 (36.6�40.4) 42.8 (42.2�43.5) 35.5 (34.8�36.3)
Second 33.4 (32.1�34.7) 31.2 (30.6�31.8) 32.6 (31.9�33.4)
Third 28.1 (26.6�29.7) 26.0 (25.5�26.6) 31.9 (31.1�32.6)

Cardiometabolic markers
Total cholesterol, mg/dL 148.2 (147.2�149.2) 152.6 (151.3�153.9) 143.8 (142.6�145.0)
HDL-c, mg/dL 47.3 (46.7�47.9) 49.6 (48.9�50.3) 45.0 (44.4�45.5)
LDL-c, mg/dL 86.3 (84.5�86.1) 87.2 (86.3�88.1) 83.5 (82.3�84.6)
Triglycerides*, mg/dL 71.4 (70.1�72.6) 72.8 (71.5�74.1) 70.0 (68.4�71.5)
Fasting glucose, mg/dL 86.3 (85.9�86.7) 85.1 (84.6�85.6) 87.6 (87.1�88.0)
HbA1c, % 5.4 (5.4�5.4) 5.4 (5.3�5.4) 5.4 (5.4�5.4)
HOMA-IR* 1.7 (1.6�1.7) 1.8 (1.8�1.9) 1.5 (1.5�1.6)

Body mass index, kg/m2 21.4 (21.3�21.6) 21.6 (21.4�21.8) 21.2 (21.0�21.4)
Physical activity, % 42.7 (42.2�43.2) 29.6 (28.1�31.1) 60.8 (58.9�62.7)
Energy intake (kcal/day) 2,312 (2,300�2,323) 2,156 (2,142�2,171) 2,545 (2,526�2,563)
DQIA-BR 16.8 (16.6�17.1) 14.9 (14.7�15.1) 18.7 (18.4�19.1)

CI, confidence interval; DQIA-BR, Diet Quality Index for Adolescents adapted for Brazilians; ERICA, Study of Cardiovascular Risks in Adolescents; HbA1c, glycated hemoglobin;
HDL-c, high-density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL-c, low-density lipoprotein cholesterol.
*Triglycerides and HOMA-IR were log-transformed and reported as geometric mean and 95% CI.
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Discussion

The present study investigated the association between DQIA-
BR and cardiometabolic markers in a nationally representative
sample of Brazilian adolescents. In normal-weight girls, higher
DQIA-BR scores were associated with better cardiometabolic pro-
files; however, no association was observed in those with over-
weight/obesity. In boys, a better quality of diet was associated with
lower concentrations of LDL-c, independent of the weight status,
and with total cholesterol only in those with overweight/obesity.
Table 2
Cardiometabolic markers and Diet Quality Index for Adolescents adapted for Brazilians (D
weight/obesity, ERICA 2013�2014 (n = 36,956)

Variables Girls (n = 22,170)

Normal weight (n = 16 651) Overweight/obesity

Cardiometabolic markers
Total cholesterol, mg/dL 151.8 (150.5�153.2) 154.7 (152.2�157.2
HDL-c, mg/dL 50.8 (50.0�51.6) 46.3 (45.7�46.9)
LDL-c, mg/dL 85.8 (84.9�86.6) 91.0 (88.9�93.2)
Triglycerides*, mg/dL 70.8 (69.6-72.1) 79.2 (76.9-81.5)
Fasting glucose, mg/dL 84.6 (84.1�85.1) 86.4 (85.6�87.3)
HbA1c, % 5.3 (5.3�5.4) 5.4 (5.3�5.4)
HOMA-IR* 1.6 (1.5-1.7) 2.5 (2.4-2.6)

DQIA-BR 14.9 (14.7�15.2) 14.7 (14.2�15.1)

CI, confidence interval; DQIA-BR, Diet Quality Index for Adolescents adapted for Brazilian
terol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL-c, low-densit
*Triglycerides and HOMA-IR were log-transformed and reported as geometric mean and
The observations from this study are important if we consider
that prospective studies suggest that cardiometabolic risk factors
present in childhood and adolescence may persist into adulthood,
increasing the risk for premature development of cardiovascular
disease and type 2 diabetes [37]. Additionally, recent studies have
showed that a high quality of diet is a protective factor for cardio-
metabolic alterations and cardiovascular disease in children and
adolescents [38], reinforcing the idea that a low-quality diet is an
important modifiable risk factor for cardiometabolic abnormalities
in youth.
QIA-BR) scores of study participants according to gender and the presence of over-

Boys (n = 14,786)

(n = 5519) Normal weight (n = 10 759) Overweight/obesity (n = 4027)

Mean (95% CI)

) 141.5 (140.0�143.0) 149.8 (147.9�151.8)
46.0 (45.4�46.7) 42.1 (41.5�42.7)
81.3 (80.0�82.6) 89.2 (87.4�90.9)
65.5 (64.2-66.7) 83.4 (80.4-86.5)
87.2 (86.7�87.8) 88.4 (88.0�88.9)
5.4 (5.4�5.4) 5.4 (5.4�5.4)
1.3 (1.2-1.4) 2.2 (2.1-2.3)

19.0 (18.6�19.5) 17.9 (17.5�18.3)

s; HDL-c, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin choles-
y lipoprotein cholesterol.
95% CI.



Table 3
Association between Diet Quality Index for Adolescents adapted for Brazilians (DQIA-BR) and cardiometabolic markers among girls according to the presence of overweight/
obesity, ERICA 2013�2014 (n = 22 170)

Cardiometabolic markers Normal weight (n = 16 651) Overweight/obesity (n = 5519)

b 95% CI P b 95%CI P

Total cholesterol, mg/dL �0.132 �0.268 to 0.004 0.058 �0.068 �0.362 to 0.226 0.651
HDL-c, mg/dL 0.097 0.039 to 0.155 0.001 �0.078 �0.177 to 0.020 0.118
LDL-c, mg/dL �0.178 �0.283 to �0.074 0.001 0.028 �0.215 to 0.272 0.819
Triglycerides*, mg/dL �0.263 �0.425 to �0.101 0.003 �0.064 �0.338 to 0.210 0.919
Fasting glucose, mg/dL �0.069 �0.114 to �0.025 0.002 0.188 0.020 to 0.356 0.029
HbA1c, % �0.0007 �0.003 to 0.001 0.493 0.005 0.001 to0.009 0.021
HOMA-IR* �0.015 �0.023 to �0.007 0.007 �0.015 �0.049 to 0.019 0.714
Model 1: adjusted for age and socioeconomic status
Total cholesterol, mg/dL �0.139 �0.280 to 0.002 0.054 �0.059 �0.355 to 0.236 0.696
HDL-c, mg/dL 0.088 0.027 to 0.150 0.005 �0.075 �0.169 to 0.020 0.123
LDL-c, mg/dL �0.179 �0.285 to �0.073 0.001 0.035 �0.210 to 0.280 0.778
Triglycerides*, mg/dL �0.245 �0.408 to �0.081 0.007 �0.077 �0.353 to 0.199 0.868
Fasting glucose, mg/dL �0.056 �0.101 to �0.017 0.017 0.183 0.014 to 0.353 0.034
HbA1c, % �0.0004 �0.002 to 0.002 0.726 0.005 0.001 to 0.009 0.024
HOMA-IR* �0.014 �0.022 to �0.006 0.025 �0.015 �0.049 to 0.019 0.675

Model 2: adjusted for variables in model 1 plus total energy intake, physical activity and sedentary behavior
Total cholesterol, mg/dL �0.149 �0.299 to 0.001 0.052 �0.032 �0.369 to 0.310 0.854
HDL-c, mg/dL 0.092 0.031 to 0.153 0.003 �0.054 �0.150 to 0.042 0.273
LDL-c, mg/dL �0.189 �0.303 to �0.077 0.001 0.026 �0.255 to 0.307 0.857
Triglycerides*, mg/dL �0.280 �0.447 to �0.114 0.003 0.055 �0.239 to 0.350 0.869
Fasting glucose, mg/dL �0.061 �0.106 to �0.015 0.010 0.167 �0.012 to 0.345 0.067
HbA1c, % �0.0001 �0.002 to 0.002 0.925 0.005 0.001 to 0.009 0.024
HOMA-IR* �0.013 �0.022 to �0.004 0.021 �0.019 �0.056 to 0.017 0.701

CI, confidence interval; DQIA-BR, Diet Quality Index for Adolescents adapted for Brazilians; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HOMA-
IR, Homeostatic Model Assessment for Insulin Resistance; LDL-c, low-density lipoprotein cholesterol.
*Triglycerides and HOMA-IR were log-transformed and reported as geometric mean and 95% CI.
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In our study, we also observed that normal-weight girls had a
better lipid profile as dietary quality scores increased. In boys, this
was observed even independently of weight status. This finding is
consistent with other studies in young subjects that reported posi-
tive associations between diet quality and HDL-c and negative asso-
ciations with other cardiometabolic risk factors, such as LDL-c, total
cholesterol, and triglycerides [17,18]. However, no association was
Table 4
Association between Diet Quality Index for Adolescents adapted for Brazilians (DQIA-BR)
obesity, ERICA 2013�2014 (n = 14 786).

Cardiometabolic markers Normal weight (n = 10 759)

b 95% CI

Total cholesterol, mg/dL �0.184 �0.324 to �0.044
HDL-c, mg/dL 0.006 �0.107 to 0.119
LDL-c, mg/dL �0.152 �0.271 to �0.033
Triglycerides*, mg/dL �0.188 �0.391 to �0.001
Fasting glucose, mg/dL 0.046 �0.050 to 0.142
HbA1c, % 0.002 �0.001 to 0.004
HOMA-IR* 0.003 �0.006 to 0.014
Model 1: adjusted for age and socioeconomic status
Total cholesterol, mg/dL �0.158 �0.301 to 0.015
HDL-c, mg/dL 0.020 �0.093 to 0.134
LDL-c, mg/dL �0.138 �0.253 to �0.022
Triglycerides*, mg/dL �0.201 �0.401 to �0.001
Fasting glucose, mg/dL 0.054 �0.047 to 0.155
HbA1c, % 0.002 �0.001 to 0.004
HOMA-IR* 0.004 �0.006 to 0.014

Model 2: adjusted for variables in model 1 plus total energy intake, physical activity an
Total cholesterol, mg/dL �0.110 �0.255 to 0.034
HDL-c, mg/dL 0.035 �0.075 to 0.146
LDL-c, mg/dL �0.115 �0.224 to 0.005
Triglycerides*, mg/dL �0.150 �0.358 to 0.057
Fasting glucose, mg/dL 0.058 �0.039 to 0.154
HbA1c, % 0.002 �0.001 to 0.004
HOMA-IR* 0.005 �0.005 to 0.016

CI, confidence interval; DQIA-BR, Diet Quality Index for Adolescents adapted for Brazilian
IR, Homeostatic Model Assessment for Insulin Resistance; LDL-c, low-density lipoprotein
*Triglycerides and HOMA-IR were log-transformed and reported as geometric mean and
observed in girls with overweight/obesity. We speculate that null
results can be partially explained by hormonal effects during puberty
[39], differences in lipid accumulation between sexes [40], and even
possible unknown lifestyle-related confounding factors [6].

In relation to glucose metabolism markers, our findings in nor-
mal-weight girls are consistent with previous studies, indicating
that a higher quality of diet is associated with lower values of
and cardiometabolic markers among boys according to the presence of overweight/

Overweight/obesity (n = 4 027)

P b 95% CI P

0.010 �0.402 �0.697 to �0.107 0.008
0.914 �0.044 �0.141 to 0.054 0.380
0.012 �0.276 �0.503 to �0.049 0.017
0.048 �0.375 �0.776 to 0.026 0.175
0.346 �0.052 �0.125 to 0.022 0.169
0.194 �0.001 �0.003 to 0.002 0.557
0.531 �0.006 �0.020 to 0.007 0.346

0.030 �0.364 �0.645 to �0.082 0.011
0.727 �0.024 �0.121 to 0.073 0.625
0.020 �0.257 �0.474 to �0.039 0.021
0.033 �0.398 �0.797 to 0.001 0.177
0.296 �0.045 �0.118 to 0.027 0.220
0.141 �0.00002 �0.003 to 0.002 0.987
0.506 �0.006 �0.020 to 0.007 0.478

d sedentary behavior
0.134 �0.338 �0.611 to �0.066 0.015
0.529 �0.037 �0.138 to 0.063 0.466
0.040 �0.227 �0.448 to �0.005 0.045
0.089 �0.390 �0.839 to 0.058 0.287
0.242 �0.064 �0.131 to 0.003 0.060
0.199 0.0004 �0.002 to 0.003 0.762
0.334 �0.006 �0.021 to 0.008 0.468

s; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HOMA-
cholesterol.
95% CI.
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fasting glucose, HbA1c, and HOMA-IR in adolescents. In Chinese
children, healthy diets are associated with lower levels of fasting
glucose [16,17]. When assessing Australian adolescents, Ambrosini,
et al. [19] concluded that diet quality is negatively associated with
fasting glucose and HOMA-IR, regardless of sex. Although the liter-
ature constantly shows similar results in large adolescent popula-
tions, in our study this pattern was observed only in a specific
portion of our sample, composed of girls with normal weight.

Diet quality has been negatively associated with HOMA-IR [19],
indicating that better eating patterns may reflect lower chances of
developing insulin resistance, independent of potential confounders
including sex, weight status, total energy intake, and physical activity.
In our study, the results indicate that higher-quality diets are associ-
ated with better insulin sensitivity in girls with normal weight; how-
ever, in girls with overweight/obesity, this effect was not observed.
Studies have reported that hypercaloric diets, higher adiposity, and
sedentary behavior are significantly associated with insulin resistance
in adolescents, especially in girls with overweight/obesity [41]. In
agreement with these studies, others suggest that low-calorie diets
may be more beneficial than higher-quality diets to improve the met-
abolic profile of this specific population [41].

The prevalence of insulin resistance and diabetes in children and
adolescents is constantly increasing, and individuals with over-
weight and obesity are more insulin resistant than those with nor-
mal weight [42]. Only a few studies have investigated blood glucose
variation in adolescent populations, but a possible explanation for
our findings may be pre- and postpubertal hormonal changes. Dur-
ing puberty, metabolic changes such as hormonal regulation [39],
variations in the proportion and distribution of body fat [43], and
increased insulin resistance [44] occur rapidly and dynamically,
especially in girls [45]. On the other hand, common difficulties in
assessing eating habits, such as underreporting and dietary modifi-
cations, should be considered, especially in this subsample.

The differences in results between girls and boys can be in part
explained by lifestyle behaviors. For example, boys were more
physically active than girls [46], and physical activity is a well-
known behavior associated with better cardiometabolic risk fac-
tors [47]. In addition, physically active adolescents more frequently
adopt a healthier diet. However, girls seem to receive less social
support and have fewer opportunities to engage in physical activ-
ity; in addition, girls often report concerns about weight and body
image, which can lead to the adoption of restrictive diets with low
nutrition quality [48]. Factors related to somatic development, typ-
ical of this age group, can also impact boys and girls differently
according to their maturation stage and weight status [49]. These
issues should be addressed in longitudinal studies.

We believe that our study adds to previous findings, showing
that the effects of diet quality on adolescent metabolism differ
according to sex and weight status. Improvements in diet quality
may contribute to decreasing the risk of abnormal cardiometabolic
risk factors in normal-weight girls. In relation to girls with over-
weight/obesity, our null results should be interpreted with caution.
The quality of diet may need to be combined with other dietary
strategies for weight reduction to improve the cardiometabolic
profile in this population. In boys, diet quality seems to have a
major influence on LDL-c concentration but was not associated
with other cardiometabolic markers. These findings differ from
those reported by other studies [16,19], reinforcing the need for
more studies on this issue in adolescents from different settings.

Limitations

Potential limitations of this study must be addressed. A cross-
sectional study includes temporal bias. Some of the covariables
analyzed were self-reported, which may introduce reporting bias.
Furthermore, a limitation of the food consumption assessment is
that information was obtained for only two days, and it may not
reflect the individual’s real habitual dietary intake. In addition, the
accuracy of data collected using the 24hR may be influenced by
reporting bias as it depends on the individual’s ability to remember
everything that has been consumed in the last 24 hours. Also, the
total DQIA-BR score was low, which did not allow us to evaluate
the effects of a very high-quality diet on participants’ metabolic
profile. Finally, the association of this diet quality index with sensi-
tive markers, such as inflammation and oxidative stress, was not
investigated.
Strengths

The present study has several strengths. It includes a large and
representative sample of adolescents from a developing country in
which diet patterns change a lot across the country. Analyses were
adjusted for several potential confounders and split for sex and
weight status. Moreover, DQIA-BR is a specific tool that assesses the
global dietary pattern of Brazilian adolescents, taking into account
the complexity of the human diet and the adherence to specific
nutritional recommendations. In addition, all blood samples were
analyzed by standardized procedures in one central laboratory.
Conclusion

In conclusion, the available evidence suggests that the DQIA-BR
is a suitable tool to evaluate the association between diet quality
and cardiometabolic markers in adolescents. However, further
investigation is necessary to explore the unexpected associations
and to evaluate if increases in DQIA-BR scores may reflect a better
metabolic profile in this population, especially in the presence of
overweight/obesity. In this context, specific regional variations of
diet and dietary behaviors can be considered, in combination with
quality of diet, to better explain the role of diet quality in adoles-
cent metabolic health.
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