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Abstract
Objective: To compare diet quality and its association with excess body weight
(EBW: overweight/obesity), central adiposity (CA) and CVD risk factors (CVDR)
among adolescents from Brazil and USA.
Design: Data from two cross-sectional surveys: Health Survey of São Paulo
(ISA-Nutrition) and Hispanic Community Health Study/Study of Latino Youth
(SOL-Youth). Dietary intake was assessed from 24-h recalls, and diet quality using
the Alternate Healthy Eating Index-2010 (AHEI) developed in the USA and the
Revised Brazilian Healthy Eating Index (BHEI-R). CVDR was defined as ≥3 of:
obesity, elevated blood pressure, dyslipidaemia, high plasma glucose and insulin
resistance. Adjusted OR for EBW, CA and CVDR by diet quality were tested using
logistic regression.
Setting: São Paulo, Brazil; and Chicago, IL; Miami, FL; Bronx, NY; San Diego, CA.
Participants: Adolescents (12–16 years) living in São Paulo (n 189) and USA
(n 787).
Results: ISA-Nutrition individuals with EBW (v. without) had marginally lower
(unhealthier) scores for whole grains using BHEI-R and sugary beverages using
AHEI. SOL-Youth individuals with EBW had lower scores of nuts/legumes using
AHEI, and Na using BHEI-R, but higher scores of whole grains and dairy using
BHEI-R. In ISA-Nutrition, BHEI-R was inversely associated with EBW
(OR= 0·87; 95 % CI 0·80, 0·95) and CVDR (OR= 0·89; 95 % CI 0·80, 0·98). In
SOL-Youth, AHEI was inversely associated with EBW (OR= 0·93; 95 % CI 0·87,
0·99).
Conclusions: Dietary improvements should be made by adolescents in both USA
and Brazil. Healthier diet quality as measured with the country-specific index was
associated with lower odds of EBW in Brazilian and USA-Hispanic/Latino adoles-
cents, and with lower CVDR in Brazilian adolescents.
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In the last decades, the prevalence of excess body weight
(EBW: overweight and obesity) in children and adolescents
has rapidly increased worldwide(1). Specifically in Latin
America, children and adolescents are disproportionally
affected by the obesity epidemic(1,2). In 2013, the highest
prevalence of EBW was observed in Chile (37 %),

Uruguay (31·2 %) and Mexico (28·4 %) among boys, and
in Costa Rica (37·7 %), Uruguay (37·7 %) and Chile (31·6 %)
among girls(2). In Brazil, the prevalence of EBW was
22·1 % in boys and 24·3 % in girls in 2013(2). In comparison,
in the USA, the prevalence of EBW among children and
adolescents was 28·8 % in boys and 29·7 % in girls(2).
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Notably, there are differences in the prevalence of
obesity according to several factors, such as socio-
economic status and race/ethnicity(1). In 2014, the preva-
lence of EBW in USA among white youth aged 2–19 years
was 27·5 % for girls and 31·4 % for boys, while the preva-
lence among Hispanics was 42·4 % for girls and 41·3 %
for boys(3). Additionally, the prevalence of obesity among
high socio-economic status adolescents has recently
decreased, whereas it has continued to increase among
their low-socio-economic status peers(4).

The high prevalence of paediatric obesity, especially in
low-income and racial/ethnic groups, is a public health
issue because adolescents with EBW are more susceptible
to several health problems, including dyslipidaemia,
hypertension, insulin resistance and metabolic syndrome
as well as CVD(1,5). As a consequence, besides the individ-
ual health effects, EBW also causes a significant increase in
direct and indirect health expenditures, becoming a prob-
lem for the economy and the health systems(6).

Adolescence is an especially important critical period
regarding nutritional status because of the high-energy
and nutrient demand needed for physical growth and devel-
opment, the changes in lifestyle and habits that affect food
consumption, the likelihood of establishing lifelong dietary
habits and the direct influence of dietary intake in adoles-
cence on adulthood cardiometabolic health and obesity(7,8).
Despite the importance of diet quality in this life stage, stud-
ies indicate the marked presence of inadequate dietary
intake in this population, such as high consumption of foods
with high energy density and low nutritional value, and low
consumption of fruits and vegetables, characterising a low
diet quality, rich in fat, sugar, cholesterol and low in fibre
and some vitamins and minerals such as Ca, phosphorus,
and vitamins A, D and C(9–11).

As dietmay be differently associatedwith health outcomes
in diverse populations(12,13), identifying differences and simi-
larities in diet quality and its association with EBW and cardi-
ometabolic risk factors in adolescents living in Brazil and in
the USA – two countries with documented high prevalence
of EBW –may contribute to advancing the current knowledge
about these relations, especially because this has not been
well established in adolescents(12,14). Some studies suggest
that healthy food consumption patterns during adolescence
mayprevent accumulation of cardiometabolic risk, but further
validation in diverse populations should be done(15).

In this context, we aimed to compare diet quality and its
associationwithEBW,central adiposity (CA)andCVDrisk fac-
tors (CVDR) among Brazilian adolescents living in São Paulo,
Brazil and Hispanic/Latino adolescents living in the USA.

Methods

Study design and population
This research compared data from two studies: the Health
Survey of São Paulo (Inquérito de Saúde de São Paulo) with

Focus in Nutrition Study (ISA-Nutrition) and the Hispanic
Community Children’s Health Study/Study of Latino
Youth (SOL-Youth).

The ISA-Nutrition is a sub-sample of the Health Survey
of São Paulo (ISA-Capital), a cross-sectional, population-
based study with a probabilistic sample of individuals aged
12 years and older living in households in the urban area of
the city of São Paulo(16). The study aimed to evaluate the
health status and the use of health services of São Paulo
population. In ISA-Capital, the collection of information
on socio-economic and demographic data, self-reported
morbidity, use of medications and nutritional supplements,
health services, as well as lifestyle (eating habits, physical
activity, sleep, smoking and alcohol consumption) was car-
ried out in the households, using a structured questionnaire
applied by trained interviewers throughout the year of
2015 in 4024 individuals, of which 859 were adolescents
(aged 12–19 years). In ISA-Nutrition, anthropometric data,
blood pressure measurements and blood samples were
collected in a subsample of the ISA-Capital population
(adolescents n 290) during a second visit to the partici-
pant’s home. Dietary intake was assessed by two 24-h
dietary recalls (24HR). The first 24HR was collected in
the households and the second one by telephone.
Details of the study and its sampling design are published
elsewhere(17).

The population source for SOL-Youth is a population-
based sample of children living in Hispanic/Latino
households whose adult members were enrolled in the
Hispanic Community Health Study/Study of Latinos
(HCHS/SOL)(18), a population-based cohort study of
16 415 Latino adults from four US cities (Chicago, IL;
Miami, FL; Bronx, NY; San Diego, CA). Children aged
8–16 years living with at least one parent or legal guard-
ian who participated in HCHS/SOL were invited to par-
ticipate in SOL-Youth. Data collection occurred between
2012 and 2014 in a total of 1466 youths. SOL-Youth
aimed to investigate the influence of family, cultural
and psychosocial factors on youth’s behaviours and car-
diometabolic risk profiles. The collection of socio-
economic and demographic data and clinic examination
were obtained during an in-person visit to one of the
field centres, and the second 24HR was completed on
the telephone. Details of the study and its sampling
design are published elsewhere(19).

For comparison between studies, data from both
cohorts were restricted to individuals aged 12–16 years
old, with complete dietary, anthropometric and socio-
demographic information. Also, those with extreme
values of energy intake (<1st and >99th sex-specific per-
centile for each 24HR) were excluded(20). The final sample
for this analysis was 189 adolescents for ISA-Nutrition
and 787 adolescents for SOL-Youth. A flow chart describ-
ing the selection of the sample for the present study
is described in see online supplementary material,
Supplemental Fig. 1.
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Excess body weight and cardiometabolic risk
factors
EBWwas defined as having overweight or obesity, according
to the sex- and age-specificWorldObesity Federation cut-offs
for BMI (kg/m2), which are internationally-based, since the
reference population was obtained by averaging across a
heterogeneous mix of surveys from different countries,
including USA and Brazil(21). CAwas defined as waist circum-
ference >90th percentile, specific for sex and age. CVDRwas
categorised as having three or more of the following
conditions: obesity(21), elevated systolic or diastolic blood
pressure (≥90th percentile for sex, age and height)(22),
dyslipidaemia (total cholesterol ≥ 200mg/dl, or LDL-
cholesterol≥ 130mg/dl, or HDL-cholesterol≤ 40mg/dl, or
TAG ≥ 150mg/dl)(23), high fasting plasma glucose
(≥100mg/dl) or HbA1c (≥5·7mg/dl), or insulin resistance
(HOMA_IR≥ 2·5)(24).

Protocols for laboratory and anthropometric mea-
surements performed in both studies are published
elsewhere(17,19). The Homoeostatic Assessment of Insulin
Resistance was defined as: fasting glucose (mg/dl) × fasting
insulin (μU/l)/405(25).

Dietary information
In both studies, dietary intake was assessed by two 24HR,
collected by trained interviewers, representing all days of
the week, and season of the year, using the procedures of
the Multiple Pass Method(26). Food consumption data were
entered in the Nutrition Data System for Research software
(version 2014), developed by the Nutrition Coordinating
Center, University of Minnesota, Minneapolis, MN, USA,
which uses the food composition table developed by the
United StatesDepartment of Agriculture asmaindata source.

The NCI method, which accounts for within- and
between-person variance components and corrects for
the high intra-individual variation intrinsic to 24HR, was
used to estimate the usual intake of each analysed nutrient
and food group(27).

Diet quality was defined using the Alternate Healthy
Eating Index-2010 (AHEI)(28) and the Revised Brazilian
Healthy Eating Index (BHEI-R)(29). The BHEI-R includes
twelve components: nine food groups (total fruit, whole
fruit, total vegetables, dark green and orange vegetables
and legumes, total grains, whole grains, milk and dairy prod-
ucts, meats, eggs and legumes, oils), two nutrients (saturated
fat, Na) and a component related to the consumption of total
energies from solid fat, alcohol and added sugar. The ten
AHEI components were: six food groups (vegetables, fruit,
whole grains, sugar-sweetened beverages, nuts and
legumes, and red and processed meats) and four nutrients
(trans fat, n-3 fats, PUFA, and Na). The original AHEI-
2010 also included the component alcohol, which was
excluded from the present analysis, since the consumption
of alcohol is not appropriate for this age group. For both

indices, themaximum score is 100, which indicates the high-
est diet quality. The components of each healthy eating
index are listed in see online supplementary material,
Supplemental Table 1.

Statistical analysis
Categorical variables were described as percentages and
95 % CI, and differences in categorical variables between
individuals with and without EBW were evaluated using
Rao–Scott Chi-Square tests. Usual intake of total energy
intake and several nutrients as well as the components
and total score for BHEI-R and AHEI were described as
means and 95 % CI; the variables were compared by EBW
status using regression analysis adjusted for total energy
intake (except for energy and energy density), sex and age.

Adjusted OR and 95 % CI for EBW, CA and CVDR accord-
ing to each diet quality indexwere tested using logistic regres-
sion models, adjusting for confounders. The models for 2015
ISA-Nutrition were adjusted for age, sex and income. For
HCHS/SOL-Youth, they were adjusted for age, sex, income
and Hispanic/Latino ethnic background. For both popula-
tions, AHEImodelswere also adjusted for total energy intake,
but not BHEI as it is estimated for 4184 kJ (1000 kcal). All
analyses used appropriate sampling weight and complex
survey procedures, performed in SAS, version 9.3. A
P< 0·05 was considered for statistical significance.

Results

Prevalence of EBWwas 28·7% (95%CI 21·7, 35·7 %) in ISA-
Nutrition and 42·5 % (95 % CI 37·5, 47·5 %) in SOL-Youth,
CA was 6·5 % (95 % CI 2·9, 10·1 %) in ISA-Nutrition and
12·6 % (95 % CI 9·5, 15·6 %) in SOL-Youth, and CVDR
was 18·8 % (95 % CI 12·9, 24·7 %) in ISA-Nutrition
and 17·2 % (95 % CI 14·2, 20·3 %) in SOL-Youth. Females
had more EBW compared with males in ISA-Nutrition,
while those with lower total household income had
higher EBW in SOL-Youth (Table 1). The ethnic back-
ground of the individuals evaluated in SOL-Youth included
Mexican/Mexican American (48·2 %), Dominican (13·2 %),
Mixed Hispanic (11·2 %), Puerto Rican (9·7 %), Cuban
(6·6 %), Central American (5·7 %), South American
(4·0 %) and other (1·5 %).

Comparing the differences between both surveys
through the lack of overlap of the 95 % CI, ISA-Nutrition
presented higher prevalence of adolescents with lower
household income, and with parents or householders mar-
ried or with partner, compared with SOL-Youth. They also
presented higher prevalence of high systolic blood pres-
sure, low HDL-cholesterol, high TAG:HDL-cholesterol
ratio and dyslipidaemia, than adolescents from SOL-Youth.

In both studies, those with EBW (v. without EBW) had
more cardiovascular risk factors, CA, hypertension, high
total cholesterol, low HDL-cholesterol, high TAG:
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Table 1 Characteristics of adolescents in Health Survey of São Paulo (ISA-Nutrition) and in the Hispanic Community Health Study/Study of Latinos Youth (HCHS/SOL-Youth) studies according to
excess body weight (EBW) status*

2015 ISA-Nutrition HCHS/SOL-Youth

Total adolescents
(n 189)†

Without EBW‡
(n 135)†

With EBW‡
(n 54)†

Total adolescents
(n 787)†

Without EBW‡
(n 426)†

With EBW‡
(n 361)†

% 95 % CI % 95 % CI % 95 % CI P§ % 95 % CI % 95 % CI % 95 % CI P§

Age group
12–14 years old 38·1 30·3, 45·9 37·6 28·8, 46·4 39·3 24·4, 54·2 0·840 38·6 34·5, 42·6 38·3 32·9, 43·8 38·9 32·7, 45·1 0·889
14–16 years old 61·9 54·1, 69·7 62·4 53·6, 71·2 60·7 45·8, 75·6 61·4 57·4, 65·5 61·7 56·2, 67·1 61·1 54·9, 67·3

Sex (females) 52·8 45·2, 60·3 47·1 38·4, 55·8 66·8 51·7, 82·0 0·034 48·8 44·3, 53·4 48·9 42·7, 55·2 48·7 41·4, 56·0 0·970
Education of parent/householder
Less than high school 47·8 38·5, 57·1 50·5 40·2, 60·7 41·2 25·8, 56·7 0·613 39·1 33·7, 44·6 34·3 27·0, 41·6 45·7 38·0, 53·4 0·075
High school/Equiv. 29·6 21·6, 37·5 27·8 19·3, 36·3 33·9 17·3, 50·6 28·5 23·4, 33·6 30·2 23·9, 36·6 26·1 18·9, 33·3
More than high school 22·6 14·8, 30·4 21·7 13·3, 30·2 24·8 9·35, 40·3 32·4 26·9, 37·8 35·5 27·8, 43·1 28·2 21·9, 34·5

Total household income
Less than/equal to $15 K 82·0 73·2, 90·9 79·7 69·5, 89·9 87·9 76·7, 99·1 0·238 36·0 30·4, 41·6 30·4 23·5, 37·2 43·6 36·1, 51·2 0·004

Household income adjusted for persons in the household‖
1st tertile 33·1 24·1, 42·1 34·8 25·5, 44·0 28·7 13·0, 44·4 0·115 32·3 26·7, 37·9 28·3 21·0, 35·6 37·9 30·8, 45·0 0·085
2nd tertile 30·8 21·8, 39·7 26·2 16·9, 35·5 42·3 27·4, 57·2 34·1 28·5, 39·8 34·5 27·2, 41·9 33·6 26·2, 40·9
3rd tertile 36·2 26·8, 45·6 39·0 28·5, 49·6 29·0 14·5, 43·5 33·6 28·4, 38·8 37·2 29·5, 44·8 28·6 22·7, 34·5

Parent/householder marital status
Single 4·60 0·33, 8·85 3·94 0, 8·65 6·19 0, 15·0 0·864 14·9 11·0, 18·8 15·2 9·79, 20·6 14·5 8·64, 20·4 0·964
Married/partner 78·9 71·6, 86·2 79·1 69·7, 88·4 78·6 65·6, 91·7 66·6 61·5, 71·7 66·0 58·8, 73·1 67·4 60·6, 74·2
Divorced/widowed 16·5 9·70, 23·2 17·0 8·04, 25·9 15·2 4·0, 26·4 18·5 14·3, 22·7 18·8 12·8, 24·9 18·1 12·6, 23·5

Cardiovascular risk factors
Central adiposity (waist circumference ≥90 %ile) 6·50 2·94, 10·1 0·85 0, 2·56 20·3 9·71, 30·8 <0·0001 12·6 9·49, 15·6 0·13 0, 0·38 29·4 23·3, 35·5 <0·0001
Systolic BP≥ 90 %ile 11·4 5·57, 17·3 8·86 3·73, 14·0 17·8 4·51, 31·0 0·103 3·39 1·57, 5·21 2·24 0, 4·50 4·95 1·70, 8·20 0·199
Diastolic BP≥ 90 %ile 8·80 3·45, 14·1 4·07 0·21, 7·92 20·6 6·25, 34·9 0·002 2·22 0·67, 3·76 2·84 0·53, 5·15 1·37 0·16, 2·59 0·158

Hypertension
Prehypertensive (90–94 %ile) 5·38 1·22, 9·53 3·80 0·45, 7·16 9·29 0, 21·5 2·40 0·91, 3·90 1·07 0, 2·22 4·21 1·01, 7·41
Hypertensive (≥95 %ile) 10·2 4·28, 16·1 6·26 1·76, 10·8 20·0 6·68, 33·2 0·016 2·69 0·96, 4·42 3·47 0·61, 6·33 1·64 0·36, 2·92 0·037
Total cholesterol ≥ 200mg/dl 5·20 1·90, 8·49 2·91 0·22, 5·61 11·0 1·25, 20·7 0·034 4·46 2·81, 6·12 1·97 0·70, 3·23 7·79 4·50, 11·1 <0·0001
HDL-cholesterol≤ 40mg/dl 41·0 33·1, 48·9 34·9 26·2, 43·7 56·3 43·4, 69·2 0·003 13·8 10·9, 16·7 5·44 3·27, 7·60 24·9 18·8, 31·1 <0·0001
LDL-cholesterol≥ 130mg/dl 3·64 0·97, 6·31 2·65 0, 5·63 6·17 0·10, 12·2 0·258 3·32 1·89, 4·74 1·76 0·53, 2·99 5·43 2·59, 8·27 0·007
TAG ≥150mg/dl 5·91 2·10, 9·72 4·26 0·26, 8·26 10·1 1·40, 18·7 0·164 8·33 5·45, 11·2 2·16 0, 4·47 16·6 10·6, 22·5 <0·0001
TAG:HDL-cholesterol ratio ≥2·2 32·6 25·8, 39·4 22·6 14·8, 30·3 57·9 43·1, 72·7 <0·0001 22·2 18·5, 25·8 8·38 4·82, 11·9 40·5 33·7, 47·3 <0·0001
Dyslipidaemia (yes) 44·9 37·2, 52·6 37·8 28·7, 47·0 62·7 50·0, 75·5 0·002 21·0 17·6, 24·5 9·40 5·95, 12·9 36·6 30·1, 43·0 <0·0001
Fasting glucose> 100 10·5 5·57, 15·5 9·69 3·84, 15·5 12·7 2·37, 22·9 0·610 9·33 6·90, 11·8 8·79 5·39, 12·2 10·1 6·78, 13·3 0·596
Fasting glucose> 126 0·56 0, 1·67 0·78 0, 2·33 – – – 0·28 0, 0·84 – – 0·66 0, 1·94 –
Insulin Resistance (HOMA_IR ≥ 2·5) 60·3 51·7, 69·0 48·4 38·2, 58·6 90·2 79·4, 100 <0·0001 58·8 54·1, 63·6 41·4 35·4, 47·4 82·3 77·3, 87·3 <0·0001
CVD risk factors count (3 or more)¶ 18·8 12·9, 24·7 7·06 2·91, 11·2 48·1 33·4, 62·9 <0·0001 17·2 14·2, 20·3 2·11 0·71, 3·50 37·7 31·7, 43·7 <0·0001

BP, blood pressure; HOMA_IR, Homoeostatic Assessment of Insulin Resistance.
*All the analyses take into account the sampling design of each survey.
†The numbers presented are absolute frequency. The percentages and 95 % CI are weighted according to the sampling design of each survey. Overall P-values shown across categories from Rao–Scott Chi-Square tests.
‡Body weight status was defined according to the sex- and age-specific World Obesity Federation cut-offs for BMI (kg/m2)(21), with excess body weight: overweight and obesity.
§Variables compared using Rao–Scott Chi-Square tests.
‖Values are per year. For 2015 ISA-Nutrition, the medians for each tertile were US$791, US$1798 and US$3525 and for HCHS/SOL-Youth, they were US$2500, US$4583 and US$9000, respectively. In Brazil, R$1=US$3·3366 in 2015.
¶CVD risk factors were categorised as having three or more of the following conditions: obesity(21), high systolic or diastolic blood pressure (≥90th percentile for sex, age and height)(22), dyslipidaemia (total cholesterol ≥ 200mg/dl, or LDL-
cholesterol≥ 130mg/dl, or HDL-cholesterol≤ 40mg/dl, or TAG ≥ 150mg/dl)(23), high fasting plasma glucose (≥100mg/dl) or HbA1c (≥5·7 mg/dl), or insulin resistance (HOMA_IR≥ 2·5)(24).
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HDL-cholesterol ratio, dyslipidaemia, insulin resistance
and CVDR. Differences by EBW status were observed for
high TAG in SOL-Youth and for high diastolic blood pres-
sure in ISA-Nutrition.

Therewere no differences inmean intake by EBW status
in ISA-Nutrition except for lower vitamin A intake in ado-
lescents with EBW compared with without EBW
(Table 2). In SOL-Youth, thosewith EBWhad lower energy
and energy density intake and higher total grams of food
and beverages, n-3 fats, cholesterol, Na, phosphorus and
Zn than those without EBW. Several differences in dietary
intake were observed between surveys: adolescents from
ISA-Nutrition consumed more energy, total grams, protein
(g/d), carbohydrates (g/d), total fat (g/d and % kJ), trans
and PUFA, total fibre, Na, Fe and Zn than those from
SOL-Youth study, who consumed more carbohydrates
(% kJ), SFA and n-3 fatty acids, total and added sugars,
Ca, phosphorus, and vitamins D and C.

Comparing the diet quality indices components of both
populations, using the BHEI-R, adolescents from SOL-
Youth presented higher (healthier) scores for total and
whole fruits, milk and dairy, and whole grains than ISA-
Nutrition, and adolescents from ISA-Nutrition presented
higher scores for total vegetables, dark-green and orange
vegetables and legumes, saturated fat, Na, and total ener-
gies from solid fat and added sugar than SOL-Youth
(Fig. 1). The scores for total grains, meats and oils were
close to the maximum and very similar for both popula-
tions. Using the AHEI, adolescents from SOL-Youth pre-
sented higher scores than ISA-Nutrition for vegetables,
whole fruits, whole grains, trans and n-3 fats, while adoles-
cents from ISA-Nutrition presented higher scores for nuts
and legumes, red and processed meats, and PUFA than
SOL-Youth. Both populations presented very low
(unhealthier) scores for the component sugar-sweetened
beverages and fruit juice and similar scores for Na.

The total scores of both diet quality indices were higher
for ISA-Nutrition than for SOL-Youth: 68·8 (68·1, 69·4) in
ISA-Nutrition v. 62·5 (61·8, 62·3) in SOL-Youth for BHEI-R,
and 37·5 (36·8, 38·2) in ISA-Nutrition v. 34·0 (33·6, 34·5) in
SOL-Youth for AHEI-2010. Similar differences were
noted when stratifying by EBW status. Compared with
ISA-Nutrition, SOL-Youth with EBW had lower scores of
nuts and legumes (AHEI), and Na using BHEI-R,
but higher scores of whole grains and dairy using
BHEI-R (Fig. 1; see online supplementary material,
Supplemental Table 1).

In ISA-Nutrition, BHEI-R score was inversely associated
with EBW (OR: 0·87; 95 % CI 0·80, 0·95; P= 0·003) and
CVDR (OR: 0·89; 95 % CI 0·80, 0·98; P = 0·022) (Fig. 2;
Supplemental Table 2). In SOL-Youth, AHEI was inversely
associated with EBW (0·93; 95 % CI 0·87, 0·99; P= 0·041).
No other significant associations for the cardiometabolic
outcomes were noted for either diet quality index in the
studied populations.

Discussion

Diet quality assessed using the BHEI-R was inversely asso-
ciated with EBW and CVDR in Brazilian adolescents living
in São Paulo, and diet quality assessed using the AHEI was
inversely associated with EBW among Hispanic/Latino
adolescents living in the USA. With small improvements
in diet quality according to diet quality indices applicable
to each population, Brazilian adolescents could lower
the odds of EBW by 13 % and the odds of CVDR by
11 % with each additional unit increase in BHEI-R, while
Hispanic/Latino adolescents in the USA could lower the
odds of EBW by 7 % with each additional unit increase
in AHEI.

Despite differences in nutrient intake observed across
both surveys, few variations were observed between those
with and without EBW in each population. This observa-
tion suggests that single nutrients may not be enough to
detect differences according to EBW status, and, in this con-
text, an overall diet quality index better distinguishes these
associations(12,20,30). Still, the components of the diet quality
indices themselves presented few differences between
adolescents with and without EBW, and only for ISA-
Nutrition population, the total BHEI-R was marginally
higher for those without v. with EBW. However, after
adjusting for confounding variables, BHEI-R was inversely
associated with EBW in ISA-Nutrition and AHEI was
inversely associated with EBW in SOL-Youth. This evi-
dence reinforces the importance of using indices relevant
to each specific population. Frequently, indices developed
for a population (e.g. HEI or AHEI in the USA) have been
applied to other populations without adapting it to the scor-
ing algorithm, but despite being considered culturally neu-
tral due to the use of food groups and nutrients(30), slight
differences in dietary habits may be important and
may reduce the strength of the association between diet
quality measured with other non-population-specific indi-
ces and disease outcomes. Preferably, previous indices
could be used as templates for a local diet quality index,
adapted to each country scenario, and validated for each
population(31).

Other studies have shown health benefits by consuming
an overall high diet quality (measured using various defini-
tions)(32,33). In youth, despite the importance of a high diet
quality, the evidence linking a priori dietary patterns with
metabolicmarkers is sparse. A systematic review investigat-
ing these associations in paediatric populations showed
that weight status was the most commonly assessed
health-related measure, with most of the studies being
conducted in developed countries(12). However, the evi-
dence was inconsistent, with studies finding both negative
and positive associations, which may be the result of
differences in study design, adjustment for confounding
factors, or wide variation in scoring methodology.
Nevertheless, results from prior investigations support that

Diet quality & cardiometabolic risk in youth 4095

https://doi.org/10.1017/S1368980020002736 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020002736
https://doi.org/10.1017/S1368980020002736
https://doi.org/10.1017/S1368980020002736


Table 2 Dietary variables of adolescents in Health Survey of São Paulo (ISA-Nutrition) and in the Hispanic Community Health Study/Study of
Latinos Youth (HCHS/SOL-Youth) studies according to excess body weight (EBW) status*

Total adolescents† Without EBW‡,† With EBW‡,†

Dietary variables§ Mean 95 % CI Mean 95 % CI Mean 95 % CI P‖

ISA-Nutrition
Energy (kJ/d) 8387·2 8187·7, 8586·4 8423·2 8166·7, 8679·7 8297·3 7962·6, 8632·0 0·587
Total grams 2308·8 2246·1, 2371·4 2302·2 2227, 2377·4 2325·1 2223·2, 2426·9 0·713
Energy density (kJ/g) 3·68 3·56, 3·77 3·68 3·56, 3·81 3·60 3·43, 3·77 0·467
Protein (g/d) 79·1 77·6, 80·6 79·4 77·8, 81·0 78·4 75·1, 81·7 0·593
Protein (%kJ) 16·2 16·0, 16·4 16·3 16·1, 16·5 16·1 15·8, 16·5 0·509
Carbohydrates (g/d) 254·1 251·6, 256·5 253·9 251·4, 256·3 254·6 249·9, 259·3 0·768
Carbohydrates (%kJ) 51·3 51·1, 51·5 51·3 51·1, 51·5 51·4 51·2, 51·6 0·660
Total fat (g/d) 72·9 72·2, 73·6 72·9 72·0, 73·8 73·0 71·3, 74·7 0·911
Total fat (%kJ) 32·1 31·9, 32·3 32·1 31·9, 32·3 32·1 31·8, 32·4 0·967
SFA (%kJ) 10·1 10·0, 10·2 10·1 10·0, 10·2 10·1 9·97, 10·3 0·941
Trans FA (%kJ) 1·29 1·27, 1·31 1·30 1·27, 1·32 1·28 1·24, 1·31 0·380
PUFA (%kJ) 8·45 8·38, 8·52 8·46 8·36, 8·54 8·43 8·29, 8·57 0·728
n-3 fats (EPAþDHA) (g) 42·6 40·5, 44·7 42·6 40·3, 44·8 42·5 37·4, 47·6 0·974
Total fibre (g/d) 14·3 13·9, 14·8 14·6 14·1, 15·0 13·8 13·1, 14·5 0·081
Total sugar (%kJ) 18·6 18·2, 19·1 18·5 18·0, 19·0 18·9 18·0, 19·9 0·430
Added sugar (%kJ) 13·1 12·9, 13·3 13·0 12·8, 13·2 13·2 12·7, 13·6 0·583
Cholesterol (mg/d) 238·0 231·2, 244·8 237·2 230·7, 243·6 240·1 224·6, 255·5 0·757
Na (mg/d) 3229·9 3177·0, 3282·7 3223·7 3164·4, 3282·9 3245·3 3139·5, 3351·1 0·738
Ca (mg/d) 622·9 604·0, 641·8 623·2 601·1, 645·2 622·2 590·3, 654·1 0·959
P (mg/d) 970·1 955·3, 984·9 974·6 956·6, 992·5 959·0 929·9, 988 0·393
Fe (mg/d) 17·1 16·9, 17·4 17·2 16·8, 17·5 17·1 16·7, 17·5 0·780
Zn (mg/d) 11·2 10·9, 11·5 11·2 10·9, 11·5 11·1 10·6, 11·7 0·811
K (mg/d) 1925·3 1873, 1977·6 1955·9 1891·6, 2020·3 1849·1 1751·5, 1946·7 0·076
Vitamin A (RAE) (mcg) 583·1 554·1, 612·1 600·8 569·4, 632·1 539·3 485·1, 593·5 0·041
Vitamin D (mcg/d) 3·33 3·13, 3·52 3·28 3·08, 3·48 3·44 3·08, 3·79 0·420
Vitamin C (mg/d) 57·8 55·1, 60·5 59·0 55·7, 62·2 54·9 49·0, 60·8 0·258

HCHS/SOL-Youth
Energy (kJ/d) 7401·9 7277·6, 7526·2 7595·6 7429·5, 7762·2 7140·0 6976·4, 7303·2 0·0003
Total grams 1995·1 1970·4, 2019·7 1971·4 1940·7, 2002·1 2027·2 1989·9, 2064·5 0·026
Energy density (kJ/g) 3·72 3·68, 3·77 3·77 3·68, 3·85 3·64 3·56, 3·68 0·002
Protein (g/d) 69·9 69·2, 70·5 68·7 67·9, 69·6 71·4 70·6, 72·2 <0·0001
Protein (%kJ) 16·4 16·3, 16·5 16·3 16·1, 16·4 16·6 16·5, 16·8 0·0003
Carbohydrates (g/d) 228·9 227·3, 230·5 229·8 228·0, 231·6 227·7 225·2, 230·1 0·151
Carbohydrates (%kJ) 52·3 52·1, 52·5 52·4 52·2, 52·7 52·2 51·9, 52·4 0·162
Total fat (g/d) 63·3 62·8, 63·8 63·2 62·6, 63·8 63·4 62·7, 64·2 0·657
Total fat (%kJ) 31·3 31·1, 31·5 31·3 31·1, 31·6 31·3 30·9, 31·6 0·640
SFA (%kJ) 11·0 10·9, 11·1 11·0 10·9, 11·1 10·9 10·8, 11·1 0·454
Trans FA (%kJ) 0·99 0·98, 1·00 0·99 0·98, 1·00 0·99 0·98, 1·01 0·495
PUFA (%kJ) 6·90 6·84, 6·96 6·90 6·83, 6·98 6·89 6·80, 6·98 0·816
n-3 fats (EPAþDHA) (g) 75·9 73·5, 78·3 72·5 69·1, 75·9 80·4 77·2, 83·6 0·003
Total fibre (g/d) 13·4 13·1, 13·7 13·4 13·0, 13·8 13·5 13·2, 13·8 0·820
Total sugar (%kJ) 24·6 24·4, 24·8 24·7 24·5, 25·0 24·4 24·1, 24·7 0·090
Added sugar (%kJ) 16·3 16·0, 16·5 16·3 15·9, 16·7 16·2 15·8, 16·5 0·561
Cholesterol (mg/d) 228·0 224·6, 231·4 223·4 219·4, 227·5 234·2 229·0, 239·5 0·002
Na (mg/d) 2887·3 2857·0, 2917·7 2838·1 2800·3, 2875·9 2954·0 2913·4, 2994·6 <0·0001
Ca (mg/d) 925·3 909·8, 940·9 917·5 895·3, 939·7 935·8 916·9, 954·8 0·223
P (mg/d) 1116·2 1102·5, 1130·0 1101·5 1082·1, 1120·8 1136·2 1119·6, 1152·9 0·008
Fe (mg/d) 14·2 14·0, 14·3 14·1 13·9, 14·3 14·2 14·0, 14·5 0·394
Zn (mg/d) 10·0 9·87, 10·1 9·88 9·7, 10·0 10·1 9·95, 10·3 0·037
K (mg/d) 1984·3 1955·3, 2013·2 1984·6 1940·6, 2028·5 1983·9 1951·7, 2016·0 0·981
Vitamin A (RAE) (mcg) 570·6 556·9, 584·2 569·2 549·3, 589·1 572·4 553·0, 591·9 0·830
Vitamin D (mcg/d) 6·07 5·95, 6·20 6·03 5·8, 6·2 6·13 5·99, 6·28 0·413
Vitamin C (mg/d) 85·5 82·2, 88·7 86·3 82·1, 90·5 84·3 80·9, 87·8 0·401

*All the analyses take into account the sampling design of each survey. Sample size= 189 in 2015 ISA-Nutrition (n 135 without EBW, n 54 with EBW). Sample size= 787 in
HCHS/SOL-Youth (n 426 without EBW, n 361 with EBW).
†The numbers presented are absolute frequency. The percentages and 95 % CI are weighted according to the sampling design of each survey.
‡Bodyweight status was defined according to the sex- and age-specificWorld Obesity Federation cut-offs for BMI (kg/m2)(21); with excess bodyweight: overweight and obesity.
§Usual intake of each dietary variable was estimated using the NCI method (adjusted by sex, age, centre, weekend, self-report intake amount –more, same or less than usual
amount – and sequence – first or second 24HR).
‖P-values comparing least squares means (LS-means) of fixed effects for the usual intake of each nutrient, adjusted for total energy intake (except for energy and energy
density), sex and age.
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a high-quality diet in adolescence and young and middle
adulthood is important for the maintenance of cardio-
vascular health and prevention of CVD later in life(8,34).

Findings from 16 220 children aged 2–9 years from
study centres in eight European countries suggest that a
Mediterranean diet score was inversely associated with
EBW, but not clearly associated with fat distribution
itself(35). In the study, the cross-sectional association
between waist circumference and the score was non-
significant when the analyses were adjusted for parental
income and education. Likewise, in the present study,
CAwas not associatedwith either AHEI or BHEI-R for either
population. This observation could suggest the influence of
factors other than diet quality in how body fat deposits in
this age group, such as sex hormones(36), ethnic back-
ground(37), gut microbiota(38) and in utero and early child-
hood environment(39).

In the present study, CVDR was inversely associated
with diet quality in ISA-Nutrition, but not in SOL-Youth
population. In parallel, while a study on a nationally repre-
sentative sample of US adolescents observed lower preva-
lence of metabolic syndrome with higher overall diet
quality, measured using the Healthy Eating Index
2005(40), another study showed an inverse association

between Dietary Approaches to Stop Hypertension score
with systolic blood pressure among 11–13 and 14–18-
year-olds, but did not detect significant associations
between Dietary Approaches to Stop Hypertension-style
diet and weight status, waist circumference or diastolic
blood pressure(41). On the other hand, another study in
youth aged 6–18 years from Tehran found an inverse rela-
tionship between adherence to Dietary Approaches to Stop
Hypertension score and metabolic syndrome and inci-
dence of hypertension, high fasting plasma glucose and
abdominal obesity(42). This evidence illustrates diversity
in the association between diet quality and metabolic out-
comes in youth across populations. Despite the observed
variations, in both ISA-Nutrition and SOL-Youth, those with
EBW presented more CVDR than those without EBW, in
accordance with the broad evidence showing this
association(43).

Studies suggest that diet quality seems to be important
even in adolescents who are already classifiedwith obesity.
In a nationally representative US sample, metabolically
healthy obese adolescents had better dietary compliance
to the US guidelines when compared with metabolically
abnormal obese, with higher total HEI-2005 score, higher
milk scores and higher scores from energies from solid fats,
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Fig. 1 Comparison of means of components and Revised Brazilian Healthy Eating Index (BHEI-R) and Alternate Healthy Eating
Index-2010 (AHEI) scores of adolescents from ISA-Nutrition and Hispanic Community Health Study/Study of Latinos Youth
(HCHS/SOL-Youth), according to excess body weight status. EBW, excess body weight; SSB, sugar-sweetened beverages;
DGOV&L, dark-green and orange vegetables and legumes; meats, meats, eggs and legumes; oils, vegetable oils, seed oils and oily
fish; SoFAS, total energies from solid fat and added sugar. The maximum score for each component is provided in parenthesis.
Total Adolescents; Without EBW; With EBW
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alcohol beverages and added sugars(44). Also, in a Turkish
study with 164 children (aged 9–13 years) with overweight
or obesity, there was a negative correlation between diet
quality and body mass, waist circumference and body fat
mass(45).

Evaluating the components of the diet quality indices
allowed us to compare the diet of ISA-Nutrition and SOL-
Youth populations and the AHEI and BHEI-R scores. For
example, the score of SOL-Youth onwhole grains using both
scores was higher than that in ISA-Nutrition. This difference
may have occurred from higher acculturation of this popu-
lation to USA diet(46) that have a higher intake of whole
grains among adolescents, from ready-to-eat cereals, yeast
breads/rolls, and crackers and salty grain snacks(47). These
foods are not very popular in the Brazilian adolescent
diet(48). On the other hand, beans are frequently consumed,
play an important role in their diet and represent the food
group with the highest total fibre contribution in
Brazil(11,49), which is reflected in the higher score in ISA-
Nutrition population compared with SOL-Youth for nuts

and legumes using AHEI, and for the components total veg-
etables and dark-green and orange vegetables and legumes
using BHEI-R. The difference in the total vegetables score
(higher in SOL-Youth using AHEI and higher in ISA-
Nutrition using BHEI-R) may be due to the high intake of
beans among the Brazilians. While the AHEI included only
vegetables, the scoring for BHEI-R followed the method
from HEI-2005(50), in which the score for the component
‘Meat and Beans’ was estimated initially as the sum of the
energetic value of the ‘Meat and Eggs’ group, to which the
energetic value of ‘Legumes’ was added until the maximum
score for the ‘Meat and Beans’ component was met
(794·96 kJ= 1 portion= 10 points). Any excess energy from
legumes was, therefore, added simultaneously to the ‘Dark
Green and Orange Vegetables’ and ‘Total Vegetables’
groups(29). This was the main difference observed in the
overlapping components between the scores. The other
components were consistent, such as the higher score for
whole fruits and for whole grains in SOL-Youth using both
scores.

Another example of difference across both populations
is the higher score of milk and dairy using BHEI-R for SOL-
Youth adolescents. It has been reported that the average
intake of milk in Brazil is 54·5 g (53 ml)(51), whereas it is
266 ml/d (274 g) in the Central Latin America region(52).
The high intake of milk and dairy could have been a tradi-
tional dietary habit maintained by the Hispanic/Latino pop-
ulation residing in the USA. Besides cultural differences,
other possible explanation for the observed contrasts
may be factors related to food choices (such as access,
taste, nutrition knowledge, cost, convenience), health per-
ceptions, marketing and social modelling(53). Since
differences in culture and food environment between pop-
ulations may influence food choices and, consequently,
affect dietary aspects involved in the aetiology of EBW
and cardiometabolic risk factors(1), future research should
deeply investigate these aspects.

Despite the contrasts, there are also similarities that
should be highlighted, such as the very low score of both
populations for sugar-sweetened beverages and fruit jui-
ces, indicating a high intake of these beverages, as
observed in previous studies with adolescents(52). Sugar-
sweetened beverages and fruit juice have a high sugar
and energy content and have been consistently related to
obesity and weight gain(54). These beverages represent a
key component for interventions intending to improve diet
quality in adolescents of diverse populations.

Even with the observed differences and similarities of
components, significant discrepancies exist between the
overall diet quality and the recommendations for both stud-
ied populations. In spite of adolescence been a critical
period regarding nutritional status, this life stage is market
by poor diet quality in several populations. In the USA, for
example, >80 % of adolescents were classified as having a
poor diet(55). In diverse studies, adolescents presented
the poorest diet quality in comparison with both older(56,57)

HCHS/SOL-Youth
AHEI-2010

0·6 0·8 1·0 1·2

HCHS/SOL-Youth
BHEI-R

ISA-Nutrition
AHEI-2010

ISA-Nutrition
BHEI-R

Fig. 2 OR (95 % CI) of the presence of excess body weight
(EBW), central adiposity (CA) and cardiovascular risk factors
(CVDR) for a 1-unit increment of Brazilian (BHEI-R) and
Alternate (AHEI) Healthy Eating Indices in adolescents from
the ISA-Nutrition and the Hispanic Community Health Study/
Study of Latinos Youth (HCHS/SOL-Youth). The logistic regres-
sion models for ISA-Nutrition were adjusted for age, gender and
income. For HCHS/SOL-Youth, they were adjusted for gender,
age, income and Hispanic background. For both populations,
they were also adjusted for total energy intake in the AHEI mod-
els, but not for BHEI-R, since it is estimated for 4184 kJ
(1000 kcal). EBW; CA; CVDR
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and younger(58,59) age groups. Nonetheless, Brazilian ado-
lescents presented better diet quality than Hispanics/
Latinos living in the USA using both scores. Even though
Brazilian adolescents had less EBW than Hispanic/Latino
adolescents from the USA, they had higher prevalence of
high systolic blood pressure and dyslipidaemia. These
differences may be result of several factors such as
differences in lifestyle aspects that were not evaluated in
this study, such as physical activity, sedentary behaviour,
access to health services, psychosocial factors, in utero
environment, media and marketing exposure, and the
physical environment(1,60), besides individual genetic varia-
tions or variations between ethnic backgrounds that may
produce different interplays between genes and dietary
patterns, resulting different phenotypes(61).

A limitation of this study is that, we did not account for
individual ethnic differences that may occur in diet intake
and diet–disease associations in the SOL-Youth cohort due
to sample size limitation(20). The results may reflect those
from the predominant Mexican heritage group (48 %),
despite adjusting the models for ethnic background. The
study with the adult Hispanic/Latino population from
HCHS/SOL (n 12 406) observed that the AHEI and its com-
ponents differed by ethnic background, with mean values
ranging from 43·0 for Puerto Ricans to 52·6 for Mexicans(20).
Also, AHEI was inversely associated with waist circumfer-
ence, blood pressure and glucose among Mexicans and
Puerto Ricans and with TAG among Mexicans only, and
positively associated with HDL-cholesterol among Puerto
Ricans and Central Americans(20).

Another limitation is that the diet quality scores applied
in the analysis were not developed specifically for adoles-
cents. However, the basic food groups used in both scores
are considered culturally neutral, which accounts for indi-
vidual preferences within food groups, and are considered
appropriate for this age group(30). Moreover, moderate
alcohol intake, consistently associated with lower risk of
CVD in adults(8), was not included in the AHEI score for this
population. Future studies investigating diet quality in ado-
lescents could utilise tools developed specifically for this
age group, especially if they are supported by validation
studies.

There are several strengths of this study. It compares
data of adolescents from two large surveys in different set-
tings with high prevalence of EBW. ISA-Nutrition has a
sampling design that represents all the adolescent popula-
tion living in households in the urban area of São Paulo, the
biggest city in Brazil and one of the most populous cities in
the world, with more than 12 million habitants. SOL-Youth
is one of the largest and most comprehensive studies
on cardiometabolic health in a diverse sample of
Hispanic/Latino youth living in four areas of the USA.
Furthermore, both surveys followed an important meth-
odological rigour, with similar quality of data. Both used
two 24HR as dietary assessment, providing rich details
about foods consumed, as well as culturally neutral data,

which allowed the comparison of two culturally different
diets. In addition, our analyses assessed both specific
nutrients and overall diet quality, using indices applicable
to each population(12,30).

In conclusion, healthier diet quality was associated with
lower odds of EBW in Brazilian and USA-Hispanic/Latino
adolescents and with lower CVDR in Brazilian adolescents.
Findings from this study suggest that measuring diet
quality with indices relevant to each population may
better represent the association of their diet quality with
obesity and cardiometabolic outcomes in adolescents.
Furthermore, we highlight common food groups that
should be improved in both groups, such as sugar-
sweetened beverages, but also culturally-specific
differences that could be targeted to each particular popu-
lation, such as whole grains in ISA-Nutrition and legumes in
SOL-Youth, in order to improve overall diet quality.

Acknowledgements

Acknowledgements: The authors thank the staff and partici-
pants of ISA-Nutrition and HCHS/SOL-Youth for their
important contributions. Financial support: SOL-Youth
was supported by grant R01HL102130 from the National
Heart, Lung, and Blood Institute (NHLBI). The children
in SOL-Youth are drawn from the study of adults, The
Hispanic Community Health Study/Study of Latinos, which
is a collaborative study supported by contracts from the
National Heart, Lung, and Blood Institute (NHLBI) to the
University of North Carolina (HHSN268201300001I/N01-
HC-65233), University of Miami (HHSN268201300004I/
N01-HC-65234), Albert Einstein College of Medicine
(HHSN268201300002I/N01-HC-65235), University of
Illinois at Chicago – HHSN268201300003I/N01-HC-65236
Northwestern Univ), and San Diego State University
(HHSN268201300005I/N01-HC-65237). The following
Institutes/Centers/Offices have contributed to the HCHS/
SOL through a transfer of funds to the NHLBI: National
Institute on Minority Health and Health Disparities,
National Institute on Deafness and Other Communication
Disorders, National Institute of Dental and Craniofacial
Research, National Institute of Diabetes and Digestive
and Kidney Diseases, National Institute of Neurological
Disorders and Stroke, NIH Institution-Office of Dietary
Supplements. Additional support was provided by the
Life Course Methodology Core (LCMC) at Albert Einstein
College of Medicine and the New York Regional Center
for Diabetes Translation Research (P30 DK111022-8786
and P30 DK111022) through funds from the National
Institute of Diabetes and Digestive and Kidney Diseases.
The ISA-Nutrition Study was funded by the São Paulo
Municipal Health Department (2013–0.235.936–0)/São
Paulo Research Foundation – FAPESP (2012/22113–9)/
National Council for Scientific and Technological
Development – CNPq (472873/2012–1). Additional

Diet quality & cardiometabolic risk in youth 4099

https://doi.org/10.1017/S1368980020002736 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020002736


support was provided by São Paulo Research Foundation –

FAPESP (2017/02480–0 to J.L.P.) and a NHLBI Faculty
Diversity Mentored Career Development Award (K01-
HL120951 to J.M.). The study sponsors did not have any
role in study design; collection, analysis, and interpretation
of data; writing the report; and the decision to submit the
report for publication. The content is solely the responsibil-
ity of the authors and does not necessarily represent the
official views of the funding agencies. Conflict of interest:
None. Authorship: J.L.P., R.M.F. and J.M. designed the
research; J.L.P., R.M.F., C.R.I., L.V.H., M.C., M.D., M.J.P.,
D.S.A. and J.M. contributed to data acquisition; J.L.P. and
J.M. analysed data; J.L.P. wrote the first draft of the article.
All authors read, revised critically and approved the final
manuscript. Ethics of human subject participation: This
studywas conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures involving
study participants were approved by the Ethics Committee
on Research of the Public Health School, University of São
Paulo for 2015 ISA-Nutrition, and the institutional review
boards at each field centre for SOL-Youth.Written informed
consent was obtained from all subjects.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/S1368980020002736

References

1. World Health Organization (2016) Report of the Commission
on Ending Childhood Obesity. Report of a WHO Expert
Committee. Geneva: WHO.

2. Ng M, Fleming T, Robinson M et al. (2014) Global, regional,
and national prevalence of overweight and obesity in chil-
dren and adults during 1980–2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet 384,
766–781.

3. Skinner AC, Perrin EM & Skelton JA (2016) Prevalence of
obesity and severe obesity in US children, 1999–2014.
Obesity 24, Suppl. 5, 1116–1123.

4. Frederick CB, Snellman K & Putnam RD (2014) Increasing
socioeconomic disparities in adolescent obesity. Proc Natl
Acad Sci USA 111, Suppl. 4, 1338–1342.

5. Reilly JJ & Kelly J (2011) Long-term impact of overweight and
obesity in childhood and adolescence on morbidity and pre-
mature mortality in adulthood: systematic review. Int J Obes
35, Suppl. 7, 891–898.

6. Withrow D & Alter DA (2011) The economic burden of
obesity worldwide: a systematic review of the direct costs
of obesity. Obes Rev 12, Suppl. 2, 131–141.

7. Mikkila V, Rasanen L, Raitakari OT et al. (2007) Major dietary
patterns and cardiovascular risk factors from childhood to
adulthood. The Cardiovascular Risk in Young Finns Study.
Br J Nutr 98, 218–225.

8. Dahm CC, Chomistek AK, Jakobsen MU et al. (2016)
Adolescent diet quality and cardiovascular disease risk fac-
tors and incident cardiovascular disease in middle-aged
women. J Am Heart Assoc 5, Suppl. 12, e003583.

9. de Moura Souza A, Bezerra IN, dos Santos Barbosa F et al.
(2013) Inadequação do consumo de nutrientes entre adoles-
centes brasileiros (Inadequate nutrient intake in Brazilian
adolescents). Rev Saude Publica 47, Suppl. 1, 212S–221S.

10. Moreno LA, Rodríguez G, Fleta J et al. (2010) Trends of
dietary habits in adolescents. Crit Rev Food Sci Nutr 50,
Suppl. 2, 106–112.

11. Levy RB, Castro IRRD, Cardoso LDO et al. (2010) Consumo e
comportamento alimentar entre adolescentes brasileiros:
Pesquisa Nacional de Saúde do Escolar (PeNSE), 2009
(Food consumption and eating behavior among Brazilian
adolescents: National Adolescent School-based Health
Survey (PeNSE)). Ciênc Saúde Coletiva 15, 3085–3097.

12. Marshall S, Burrows T & Collins CE (2014) Systematic review
of diet quality indices and their associations with health-
related outcomes in children and adolescents. J Hum Nutr
Diet 27, 577–598.

13. Guenther PM, Kirkpatrick SI, Reedy J et al. (2013) The
healthy eating index-2010 is a valid and reliable measure
of diet quality according to the 2010 dietary guidelines for
Americans. J Nutr 144, Suppl. 3, 399–407.

14. Funtikova AN, Navarro E, Bawaked RA et al. (2015) Impact of
diet on cardiometabolic health in children and adolescents.
Nutrition 14, Suppl. 1, 118.

15. Moore LL, Singer MR, Bradlee ML et al. (2016) Adolescent
dietary intakes predict cardiometabolic risk clustering. Eur
J Nutr 55, Suppl. 2, 461–468.

16. Alves MCGP, Escuder MML, Goldbaum M et al. (2018)
Sampling plan in health surveys, city of São Paulo, Brazil,
2015. Rev Saude Publica 52, 81.

17. Fisberg RM, Sales CH, Fontanelli MM et al. (2018) 2015 health
survey of São Paulo with focus in nutrition: rationale, design,
and procedures. Nutrients 10, Suppl. 2, 169.

18. Sorlie PD, Aviles-Santa LM, Wassertheil-Smoller S et al.
(2010) Design and implementation of the Hispanic commu-
nity health study/study of Latinos. Ann Epidemiol 20,
629–641.

19. Isasi CR, Carnethon MR, Ayala GX et al. (2014) The Hispanic
community children’s health study/study of Latino youth
(SOL youth): design, objectives, and procedures. Ann
Epidemiol 24, 29–35.

20. Mattei J, Sotres-Alvarez D, Daviglus ML et al. (2016) Diet
quality and its association with cardiometabolic risk factors
vary by Hispanic and Latino ethnic background in the
Hispanic community health study/study of Latinos. J Nutr
146, Suppl. 10, 2035–2044.

21. Cole TJ, Bellizzi MC, Flegal KM et al. (2000) Establishing a
standard definition for child overweight and obesity world-
wide: international survey. BMJ 320, Suppl. 7244, 1240.

22. National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and
Adolescents (2004) The fourth report on the diagnosis, evalu-
ation, and treatment of high blood pressure in children and
adolescents. Pediatrics 114, Suppl. 2, 555–576.

23. Expert Panel on Integrated Guidelines for Cardiovascular
Health (2011) Risk reduction in children and adolescents,
national heart, lung, and blood institute. Expert panel on inte-
grated guidelines for cardiovascular health and risk reduction
in children and adolescents: summary report. Pediatrics 128,
Suppl. 5, S213–S256.

24. Association AD 2 (2015) Classification and diagnosis of dia-
betes. Diabetes Care 38, Suppl. 1, S8–S16.

25. Matthews DR, Hosker JP, Rudenski AS et al. (1985)
Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 28, Suppl. 7, 412–419.

26. Moshfegh AJ, Rhodes DG, Baer DJ et al. (2008) The US
Department of Agriculture automated multiple-pass method
reduces bias in the collection of energy intakes. Am J Clin
Nutr 88, 324–332.

4100 JL Pereira et al.

https://doi.org/10.1017/S1368980020002736 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020002736
https://doi.org/10.1017/S1368980020002736


27. Tooze JA, Kipnis V, Buckman DW et al. (2010) A mixed-
effects model approach for estimating the distribution of
usual intake of nutrients: the NCI method. Stat Med 29,
2857–2868.

28. Chiuve SE, Fung TT, RimmEB et al. (2012) Alternative dietary
indices both strongly predict risk of chronic disease. J Nutr
142, Suppl. 6, 1009–1018.

29. Previdelli AN, Andrade SC & Pires MM (2011) Índice de qual-
idade da dieta revisado para população brasileira (A revised
version of the Healthy Eating Index for the Brazilian popula-
tion). Rev Saude Publica 45, 794–798.

30. Schap T, Kuczynski K & Hiza H (2017) Healthy eating index:
beyond the score. J Acad Nutr Diet 117, Suppl. 4, 519–521.

31. Guenther PM, Kirkpatrick SI, Reedy J et al. (2013) The
healthy eating index-2010 is a valid and reliable measure
of diet quality according to the 2010 dietary guidelines for
Americans. J Nutr 144, Suppl. 3, 399–407.

32. Schwingshackl L, Bogensberger B &HoffmannG (2018) Diet
quality as assessed by the healthy eating index, alternate
healthy eating index, dietary approaches to stop hyperten-
sion score, and health outcomes: an updated systematic
review and meta-analysis of cohort studies. J Acad Nutr
Diet 118, Suppl. 1, 74–100.

33. Sotos-Prieto M, Bhupathiraju SN, Mattei J et al. (2017)
Association of changes in diet quality with total and cause-
specific mortality. N Engl J Med 377, Suppl. 2, 143–153.

34. Steffen LM, Van HL, Daviglus ML et al. (2014) A modified
Mediterranean diet score is associated with a lower risk of
incident metabolic syndrome over 25 years among young
adults: the CARDIA (Coronary Artery Risk Development in
Young Adults) study. Br J Nutr 112, 1654–1661.

35. Tognon G, Hebestreit A, Lanfer A et al. (2014) Mediterranean
diet, overweight and body composition in children from
eight European countries: cross-sectional and prospective
results from the IDEFICS study. Nutr Metab Cardiovasc Dis
24, Suppl. 2, 205–213.

36. Bjorntorp P, Ottosson M, Rebuffe-Scrive M et al. (1990)
Regional obesity and steroid hormone interactions in human
adipose tissue. Obes: Towards Mole Appr 34, 147–157.

37. Huang TTK, Johnson MS, Figueroa-Colon R et al. (2001)
Growth of visceral fat, subcutaneous abdominal fat, and total
body fat in children. Obes Res 9, Suppl. 5, 283–289.

38. Boulangé CL, Neves AL, Chilloux J et al. (2016) Impact of the
gut microbiota on inflammation, obesity, and metabolic dis-
ease. Genome Med 8, Suppl. 1, 42.

39. França GA, Rolfe EDL, Horta BL et al. (2016) Associations
of birth weight, linear growth and relative weight gain
throughout life with abdominal fat depots in adulthood:
the 1982 Pelotas (Brazil) birth cohort study. Int J Obes 40,
Suppl. 1, 14.

40. Pan Y & Pratt CA (2008) Metabolic syndrome and its associ-
ation with diet and physical activity in US adolescents. J Am
Diet Assoc 108, Suppl. 2, 276–286.

41. Cohen JF, Lehnerd ME, Houser RF et al. (2017) Dietary
approaches to stop hypertension diet, weight status, and
blood pressure among children and adolescents: national
health and nutrition examination surveys 2003–2012.
J Acad Nutr Diet 117, Suppl. 9, 1437–1444.

42. Asghari G, Yuzbashian E, Mirmiran P et al. (2016) Dietary
approaches to stop hypertension (DASH) dietary pattern is
associated with reduced incidence of metabolic syndrome
in children and adolescents. J Pediatr 174, 178–184.

43. Koliaki C, Liatis S & Kokkinos A (2019) Obesity and cardio-
vascular disease: revisiting an old relationship. Metabolism
92, 98–107.

44. Camhi SM, Evans EW, Hayman LL et al. (2015) Healthy eating
index and metabolically healthy obesity in US adolescents
and adults. Prev Med 77, 23–27.

45. Öztürk YE, Bozbulut R, Döğer E et al. (2018) The relationship
between diet quality and insulin resistance in obese
children: adaptation of the Healthy Lifestyle-Diet Index
in Turkey. J Pediatr Endocrinol Metab 31, Suppl. 4,
391–398.

46. Arandia G, Sotres-Alvarez D, Siega-Riz AM et al. (2018)
Associations between acculturation, ethnic identity, and diet
quality among US Hispanic/Latino Youth: findings from the
HCHS/SOL Youth Study. Appetite 129, 25–36.

47. McGill CR &Devareddy L (2015) Ten-year trends in fiber and
whole grain intakes and food sources for the United States
population: National Health and Nutrition Examination
Survey 2001–2010. Nutrients 7, Suppl. 2, 1119–1130.

48. Pereira JL, de Castro MA, Hopkins S et al. (2018) Prevalence
of consumption and nutritional content of breakfast meal
among adolescents from the Brazilian National Dietary
Survey. J Pediatr 94, Suppl. 6, 630–641.

49. dos Santos PVF, Sales CH, Vieira DAS et al. (2016) Family
income per capita, age, and smoking status are predictors
of low fiber intake in residents of São Paulo, Brazil. Nutr
Res 36, Suppl. 5, 478–487.

50. Guenther PM, Reedy J, Krebs-Smith SM et al. (2007)
Development and evaluation of the Healthy Eating Index-
2005: Technical report. Alexandria: Center for Nutrition
Policy and Promotion, U.S. Department of Agriculture.
https://vtechworks.lib.vt.edu/handle/10919/18682 (accessed
November 2019).

51. Possa G, Castro MA, Sichieri R et al. (2017) Dairy products
consumption in Brazil is associated with socioeconomic
and demographic factors: results from the National Dietary
Survey 2008–2009. Rev Nutr 30, 79–90.

52. Singh GM, Micha R, Khatibzadeh S et al. (2015) Global
Burden of Diseases Nutrition and Chronic Diseases Expert
Group NutriCoDE. Global, regional, and national consump-
tion of sugar-sweetened beverages, fruit juices, and milk: a
systematic assessment of beverage intake in 187 countries.
PLoS One 10, Suppl. 8, e0124845.

53. Leng G, Adan RA, Belot M et al. (2017) The determinants of
food choice. Proc Nutr Soc 76, Suppl. 3, 316–327.

54. Luger M, Lafontan M, Bes-Rastrollo M et al. (2017) Sugar-
sweetened beverages andweight gain in children and adults:
a systematic review from 2013 to 2015 and a comparisonwith
previous studies. Obes Facts 10, Suppl. 6, 674–693.

55. Shay CM, Ning H, Daniels SR et al. (2013) Status of cardio-
vascular health in US adolescents: prevalence estimates from
the National Health and Nutrition Examination Surveys
(NHANES) 2005–2010. Circulation 127, 1369–1376.

56. Hiza A, Hazel AB, Casavale KO et al. (2013) Diet quality of
Americans differs by age, sex, race/ethnicity, income, and
education level. J Acad Nutr Diet 113, 297–306.

57. Mello AV, Sarti FM, Pereira JL et al. (2018) Determinants of
inequalities in the quality of Brazilian diet: trends in 12-year
population-based study (2003–2015). Int J Equity Health 17,
Suppl. 1, 72.

58. Banfield EC, Liu Y, Davis JS et al. (2016) Poor adherence to
US Dietary Guidelines for children and adolescents in the
National Health and Nutrition Examination Survey
Population. J Acad Nutr Diet 116, 21–27.

59. Golley RK, Hendrie GA & McNaughton SA (2011) Scores on
the dietary guideline index for children and adolescents are
associated with nutrient intake and socio-economic position
but not adiposity. J Nutr 141, Suppl. 7, 1340–1347.

60. Greydanus DE, Agana M, Kamboj MK et al. (2018) Pediatric
obesity: Current concepts. Disease-a-Month 64, Suppl. 4,
98–156.

61. Frazier-Wood AC (2015) Dietary patterns, genes, and health:
challenges and obstacles to be overcome. Curr Nutr Rep 4,
Suppl. 1, 82–87.

Diet quality & cardiometabolic risk in youth 4101

https://doi.org/10.1017/S1368980020002736 Published online by Cambridge University Press

https://vtechworks.lib.vt.edu/handle/10919/18682
https://doi.org/10.1017/S1368980020002736

	Diet quality, excess body weight and cardiometabolic risk factors in adolescents living in São Paulo, Brazil and in the USA: differences and similarities
	Methods
	Study design and population
	Excess body weight and cardiometabolic risk factors
	Dietary information
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Supplementary material
	References


