Dietary quality varies according to data
collection instrument: a comparison between a
food frequency questionnaire and 24-hour recall

A qualidade da dieta varia de acordo com o
instrumento de obtencao de dados: comparacéo
entre questionario de frequéncia alimentar e
recordatério de 24 horas

La calidad de la dieta varia de acuerdo a lo
instrumento de obtencién de datos: comparacion
de cuestionario de frecuencia alimentaria y
recordatorio de 24 horas

Abstract

The objective of this study was to assess the agreement between the Bra-
zilian Healthy Eating Index - Revised (BHEI-R), estimated by a food fre-
quency questionnaire (FFQ) and multiple 24-hour recalls (24h-R). The
Wilcoxon paired test, partial correlations (PC), intraclass correlation coeffi-
cient (ICC), and Bland-Altman method were used. The total BHEI-R scores
and its components (“total fruits’, “whole fruits’, “total vegetables’, “integral
cereals’, “saturated fat’, “sodium’, and “energy intake derived from solid fat,
added sugar, and alcoholic beverages”) were statistically different, with the
ICC and PC indicating poor concordance and correlation. The mean con-
cordance estimated for the total BHEI-R and its components varied from
68% for “integral cereals” to 147% for “whole fruits”. The suitable concor-
dance limits were violated for most of the components of the BHEI-R. Poor
concordance was observed between the BHEI-R estimated by the FFQ and
by multiple 24h-R, which indicated a strong reliability of the BHEI-R on
the instrument used to collect information on food consumption.
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Introduction

Given the complexity of individual food con-
sumption, different methods have been pro-
posed to assess dietary quality, with the aim of
providing more efficient analyses of the correla-
tion between diet and health outcomes 123. One
of the methods proposed is to estimate dietary
indices elaborated from dietary guideline recom-
mendations. The aim of these indices is to char-
acterize food consumption, estimate overall di-
etary quality, and represent adherence to dietary
recommendations 24.

The Brazilian Healthy Eating Index — Revised
(BHEI-R) for the Brazilian population 5 charac-
terizes dietary quality based on components
related to food and nutrient groups, consider-
ing the recommendations regarding nutritional
aspects affording protection against non-com-
municable chronic diseases. This index was de-
veloped according to the Dietary Guidelines for
the Brazilian Population 6 and the recommen-
dations of the Brazilian Society of Cardiology 7
and U.S. Institute of Medicine 8 for saturated
fat and sodium consumption, respectively. The
BHEI-R is also based on the method proposed by
Guenther et al. 9 for the Healthy Eating Index 10,
which takes into consideration dietary guidelines
for Americans in 2005 and emphasizes aspects
such as the consumption of whole grains, veg-
etables, good quality fats, and energy intake de-
rived from solid fat, added sugar, and alcoholic
beverages (SoFAS). Furthermore, Andrade et al. 11
found that the BHEI-R is a reliable instrument
and structurally valid to assess and monitor the
quality of Brazilian diets.

However, few studies evaluated the concor-
dance of dietary indices by comparing the results
obtained by different instruments used to assess
food consumption. According to Moeller et al. 12,
the reproducibility and validity of dietary indices
rely on the dietary assessment instrument and
the objective evaluation of the diet. Thus, the
quality of information on food consumption is
essential for the success of epidemiological stud-
ies aimed at estimating the relationship between
diet quality and health outcomes, and may be en-
sured by studies evaluating the concordance be-
tween dietary data estimated from two different
instruments 13. A reasonable concordance and a
high correlation coefficient was observed for di-
etary quality index obtained from food frequency
questionnaires (FFQ) and from food records 14,15
Therefore, the aim of this study was to assess the
concordance between BHEI-R estimated from
an FFQ and from adjusted means of multiple
24-hour recalls (24h-R).
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Methods

This study used data from a study designed to
validate an FFQ (applied with the support of food
photographs elaborated to assist the application
of the FFQ) developed for adolescents. The study
was performed in a public elementary school lo-
cated in the municipality of Niterdi, Rio de Ja-
neiro, Brazil. The study was approved by the Eth-
ics Research Committee of the Institute of Social
Medicine at the State University of Rio de Janeiro,
and participation was dependent on the respon-
sible adult or individual, aged 18 years or older,
who provided informed consent. In addition, au-
thorization to develop the study in this teaching
unit was obtained from the State Department of
Education and the School Director.

Study design and participant selection

The original study was conducted in 2009 to vali-
date an FFQ, with supporting food photographs.
For the study, 120 adolescents of both sexes (60
boys and 60 girls) between 12 and 18 years old
were selected. The sample size met the recom-
mendations of Cade et al. 16 for FFQ validation
studies of at least 50 individuals and preferably
100 or more when the Bland-Altman method is
used for the analyses 17, and a sample of between
100 and 200 individuals for the correlation co-
efficient. A list of students, including informa-
tion on their sex and age, from the sixth grade
of elementary school up to the third year of high
school, was obtained for the random selection of
the adolescents.

Food consumption assessment

Data collection was performed by applying a
semi-quantitative FFQ developed for adoles-
cents of Rio de Janeiro, which consisted of 93
food items and was properly analyzed for repro-
ducibility 18 and validity 19. The detailed descrip-
tion of the FFQ elaboration used in this study
can be found in the study by Aratjo et al. 20. The
FFQ was applied in personal interviews held by
trained nutritionists, with the support of food
photographs validated for FFQ application in
adolescents 21.

Three nonconsecutive 24h-R (two weekdays,
one weekend day) were obtained between three
weeks and one month after the FFQ administra-
tion. The multiple-pass method was used to ap-
ply 24h-R 22. Photographs of common tools and
containers were presented to support the esti-
mate of quantities reported by the 24h-R. The
application sequence of the methods used fol-
lowed Nelson’s guidelines 23, in which the FFQ is



applied before the reference method to maintain
independence in the questionnaire responses.

Energy and nutrient consumptions were as-
sessed by using the NutWin software (Sao Paulo
Federal University, Sao Paulo, Brazil). When foods
were not available on the NutWin software list,
the information was obtained from the Brazil-
ian Food Composition Table 24 and the Nutrition
Data System for Research (Nutrition Coordinat-
ing Center, University of Minnesota, Minneapo-
lis, USA). Foods were classified according to the
groups presented in the Dietary Guidelines for the
Brazilian Population 6. The ingredients of prepa-
rations involving more than one food group, such
as sandwiches and pizzas, were segregated into
their ingredients, which were classified into their
respective groups. Standardized recipes, pro-
posed by Fisberg & Villa 25 and Novaes 26, were
used for this procedure.

The intra- and inter-individual variabilities
were estimated for the set of three 24h-R and
means of energy and nutrients were deattenu-
ated for intra-individual variability, according to
the method proposed by the Iowa State Universi-
ty 27,28, by using the Software for Intake Distribu-
tion Estimation (PC-Side version 1.0, Iowa State
University, Ames, USA) 29.

Diet quality

Dietary quality was evaluated by using the BHEI-
R for Brazilians 5, assessed by attributing a score
to 12 components belonging to groups of foods,
nutrients, and the concomitant presence of nu-
trients and foods, which characterize different
aspects of the diet.

The score assigned to each component is
expressed in three levels (maximum, intermedi-
ate, and minimum), and the method of calcula-
tion is based on nutrient or food group density
per 1,000kcal. The score is attributed to different
food groups according to the Brazilian dietary
guidelines recommendations 6 which consider
a 2,000kcal diet and corresponding number of
portions per 1,000kcal, to which the highest score
was assigned. According to the recommendations
of the Brazilian Society of Cardiology 7, the maxi-
mum score for “saturated fat” corresponds to a
maximum consumption of 7% of the total energy
intake. For “sodium,” the maximum score corre-
sponds to diets with less than 0.75g/1,000kcal, as
recommended by the U.S. Institute of Medicine 8.
Finally, for SoFAS, the limits (maximum and
minimum) were based on results related to the
consumption of these components, obtained in
a population-based survey that was conducted
in 2003 in the city of Sao Paulo 30. The maximum
score for this component was assigned to diets
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in which solid fats, alcohol, and added sugar
provided less than 10% of the total energy con-
sumption, corresponding to the 85th distribution
percentile for the consumption of these compo-
nents by the population of Sao Paulo. Detailed
descriptions of the criteria for minimum, inter-
mediate, and maximum scores of each compo-
nent can be found in Previdelli et al. 5.

Moreover, it is important to highlight that
Previdelli et al. 5 chose to include legumes in the
“vegetables” and “meat, eggs, and legumes” com-
ponents to develop the BHEI-R due to their sig-
nificant contribution to Brazilian dietary habits,
as they are an important source of protein, fibers,
and minerals. Hence, the amount of energy pro-
vided by the food group of legumes (consisting of
beans, peas, chickpeas, fava beans, and lentils),
after having contributed to reach the maximum
score for “meat, eggs, and legumes,” was com-
puted along with “total vegetables” and “DGOVL”
(dark green and orange vegetables and legumes),
arousing the interest to evaluate the real contri-
bution of this group to each component, accord-
ing to the collection method.

Weight status

The weight profile was evaluated by using elec-
tronic scales with a capacity of up to 150kg, in
increments of 100g (Plenna Sport, Sao Paulo, Bra-
zil). Height was measured in duplicate by using
a portable stadiometer, in increments of 0.1cm
(Altura Exata, Belo Horizonte, Brazil), and as-
suming a maximum variation of 0.5cm between
two measures and then using their mean value.
To measure weight and height, adolescents were
asked to wear light clothes, and to remain bare-
foot and in a standing position 31. Weight status
was evaluated by calculating body mass index
(BMI = weight/height?), classified according to
cutoff points proposed by the World Health Orga-
nization 32 and depending on sex and age.

Data analyses

Statistical analyses were performed by using
the Statistical Package for Social Science soft-
ware version 19.0 (IBM Corp., Armonk, USA).
Continuous variables were analyzed for normal
distributions by performing the Kolmogorov-
Smirnov test. Differences in the distribution, ob-
served according to age group and weight status
between boys and girls, were evaluated by using
the chi-square test. To assess differences (mean
and standard deviation) in total energy and nu-
trient consumption, estimated by using the FFQ
and multiple 24h-R, the paired Student t test
was used.
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Five methods were used to assess the rela-
tive agreement between dietary quality esti-
mated with the FFQ in comparison with the use
of multiple 24h-R. The total mean BHEI-R and
its components of BHEI-R for the total popula-
tion were compared according to the collection
instrument, sex, and weight status by using the
paired Wilcoxon test and paired Student t test.
Another indicator, which refers to the total mean
BHEI-R and its components, was the mean dif-
ference (FFQ - 24h-R) and its corresponding 95%
confidence interval (95%CI), in which a differ-
ence was considered significant when the 95%CI
did not include the zero.

The correlation between the scores attributed
to the total BHEI-R and its components was eval-
uated according to the collection instrument, by
using the command of partial correlations, ad-
justed for age.

The concordance between the scores refer-
ring to the total BHEI-R and its components, ac-
cording to the collection instrument, was evalu-
ated as follows: (1) by the intraclass correlation
coefficient (ICC) and (2) the Bland-Altman meth-
od 17. The ICC and its respective 95%IC estimate
of the total proportion can be attributable to the
variability between individuals and is considered
adequate when higher than 0.75 33.

The scores referring to the total BHEI-R and
its components, obtained by using the two instru-
ments, were transformed into natural logarithms
and applied to the method proposed by Bland
and Altman 17, estimating the mean concordance
and its respective 95% limits of agreement (LOA).
To apply this method, the difference (FFQ - 24h-
R) and the mean (FFQ + 24h-R/2) between the
two instruments were calculated. LOA provides
the range containing 95% of individual differ-
ences in scores referring to the total BHEI-R and
its components between the two instruments,
as well as the dissemination of the total sample
concordance. Lower and higher LOAs were es-
timated as follows: [mean difference + (1.96 x
standard deviation of the differences between
instruments)]. As data were analyzed upon their
logarithmic transformation, the mean concor-
dance and LOA were expressed in percentages,
as the exponential of a difference is aratio (x 100).

A mean concordance of 100% indicates a per-
fect agreement between the two instruments. A
concordance of 110%, for example, indicates that
on average, the FFQ overestimates the value ob-
tained by multiple 24h-R by 1.1 times. Therefore,
LOAs between 50% and 200% indicate that 95%
of estimates for all the individuals were from 0.5
to 2.0 times the value estimated by using mul-
tiple 24h-R. In this study, LOAs between 50% and
200% were considered as adequate 34. Moreover,
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simple models of linear regression were devel-
oped between the measurement differences as
the dependent variable and measurement mean
as the independent variable 35. In this analysis,
the B regression coefficient was expected to be
close to zero and not statistically significant,
demonstrating that the concordance between
the two measurements is not influenced by their
magnitude (Hy: 8 =0.00 o= 0.05).

Results

Of the 120 adolescents invited to participate in
the study, 110 (92%) provided informed consent.
Of these adolescents, 106 (89%) participated in
the FFQ validation with supporting photographs
and were included in this study. The mean (SD)
age of the subjects was 14.5 (1.75) years, and 57%
of them were female. Regarding age distribution,
56% of the adolescents were between 12 and 14
years old. Regarding sex, no statistically signifi-
cant difference was observed (p = 0.35). Excess
weight was detected in 25% of the adolescents
and was more common among the girls than
the boys (32% vs. 15%, p = 0.05) (data not shown
in tables).

Table 1 shows the lack of agreement for all
the parameters evaluated in scores referring to
“total fruits,” “whole fruits,” “whole cereal,” “so-
dium,” and “SoFAS” when the FFQ and multiple
24h-R were compared. No significant difference
was observed in scores referring to “dark green
and orange vegetables & legumes” (DGOVL) and
“total grains,” although poor agreement (ICC =
0.29 and 0.08, respectively) and a low correla-
tion coefficient (r = 0.16 and 0.05, respectively)
were observed. Better agreement (ICC=0.54) and
correlation (r = 0.37, p < 0.01) were observed for
“milk and derivatives,” however, a significant dif-
ference was observed between the scores esti-
mated by using the two instruments (p < 0.01).
Scores referring to the total BHEI-R, “total veg-
etables,” and “saturated fat” were statistically
different (p < 0.01), with an ICC and a correla-
tion coefficient showing poor agreement (ICC =
0.35, 0.39, and 0.15, respectively) and correlation
(r = 0.21, 0.24, and 0.08). Finally, no differences
were observed between the estimated scores for
“meat, eggs, and legumes” and “oils, oilseeds,
and fat fish content” [oils]) (p > 0.05). However,
these were less discriminated with limitations to
estimate ICC and the correlation coefficient; it
was not possible to calculate the p value, as the
estimates were the same for all the individuals.

According to the Bland-Altman method, the
mean agreement estimated for the total BHEI-R
and its components varied from 68% for “whole

” o«



Table 1

DIETARY QUALITY VARIES ACCORDING TO DATA COLLECTION INSTRUMENT

Description of scores, mean difference, intraclass correlation coefficient (ICC), and correlation (r) between the Brazilian Healthy Eating Index — Revised (BHEI-R)

and its components, obtained by food frequency questionnaire (FFQ) and multiple 24-hour recall (24h-R). Adolescents (n = 106), Niteréi, Rio de Janeiro,

Brazil, 2009.

Components Maximum FFQ Multiple 24h-R p-value *

score Mean 95%CI Mean 95%Cl
BHEI-R total 100 76.5 75.2;77.7 68.4 67.1; 69.7 <0.01
Total fruits 5 3.5 3.1;3.8 2.8 24;3.2 0.01
Whole fruits 5 2.8 2.5; 3.1 1.5 1.1;1.8 <0.01
Total vegetables 5 3.7 3.4,4.0 4.2 4.0,4.5 <0.01
Dark green and orange vegetables & legumes 5 3.1 2.7;35 3.5 3.1;3.9 0.10
Total grains 5 4.9 49:5.0 49 4.8;5.0 0.15
Whole cereals 5 0.07 0.05; 0.10 0.06 0.01; 0.10 < 0.01
Meat, eggs & legumes ** 10 9.9 9.9;10.0 10.0 10.0; 10.0 0.1
Milk & dairy 10 5.4 4.9;5.8 3.1 2.7;3.5 <0.01
Oilg **, *** 10 10.0 10.0; 10.0 10.0 10.0; 10.0 1.00
Saturated fat 10 6.8 6.3;7.2 7.3 6.7;7.8 0.02
Sodium 10 7.1 6.5;7.8 4.3 3.8;4.7 <0.01
SoFAS 20 19.2 18.9,19.5 17.0 16.3;17.6 <0.01

Difference between FFQ ICC Correlation

and Multiple 24h-R

Mean 95%Cl Value 95%Cl r# p-value
BHEI-R total 8.05 6.45; 9.65 0.35 0.04; 0.56 0.21 0.03
Total fruits 0.68 0.23;1.13 0.23 -0.13; 0.48 0.14 0.17
Whole fruits 1.35 0.92;1.78 0.27 -0.07; 0.50 0.16 0.11
Total vegetables -0.52 -0.84; -0.20 0.39 0.11; 0.59 0.24 0.01
Dark green and orange vegetables & legumes -0.45 -0.95; 0.07 0.29 -0.04; 0.52 0.16 0.11
Total grains 0.08 -0.03;0.18 0.08 -0.36; 0.37 0.05 0.61
Whole cereals 0.02 -0.03; 0.07 0.20 -0.18; 0.45 0.14 0.16
Meat, eggs & legumes ** -0.07 -0.15; 0.02 0.00 -0.47,0.32 1.00 -
Milk & dairy 2.31 1.84;2.78 0.54 0.32;0.68 0.37 <0.01
Oilg **, *** - - - - 1.00 -
Saturated fat -0.51 -1.17;0.16 0.15 -0.26; 0.42 0.08 0.43
Sodium 2.89 2.10; 3.67 0.1 -0.32;0.39 0.06 0.57
SoFAS 2.27 1.55;2.98 0.05 -0.55; 0.28 -0.03 0.77

95%Cl: 95% confidence interval; SoFAS: calories from solid fats, alcoholic beverages, and added sugars.

* p-value using the Wilcoxon paired test, except for the total BHEI-R rated by paired Student t test;

** Could not calculate the p-value, since the estimates are the same for all individuals ;

*** Qils includes mono and polyunsaturated fats, oils from oleaginous vegetables and fish oils.

# Correlation coefficient adjusted for age.

cereals” to 147% for “whole fruits,” as the esti-
mated concordance between the two instru-
ments varied according to the intake of almost
all the components, except for the total BHEI-R,
“total vegetables,” and “total grains” (p > 0.05).
According to the LOA, for most FFQ components,
they could underestimate or overestimate scores
estimated by using multiple 24h-R by approxi-

mately 50%. For example, a 95% LOA for “total
vegetables” was 58% and 152%, which means
that for 95% of the adolescents evaluated in this
study, the estimate of this component provided
by the FFQ was underestimated by 42% and
overestimated by 52% when compared with mul-
tiple 24h-R. Large LOAs were observed for “total
fruits,” “whole fruits,” “DGOVL,” “whole cereals,”
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“milk and derivatives,” “saturated fat,” and “so- evaluated also before adding calories from the
dium” (Table 2). legume group. In this analysis, the contributions
Differences between scores referring to the  from this component were 134.8kcal/1,000kcal
total BHEI-R and its components, according to  (95%CI: 126.4; 143.1) and 167.0kcal/1,000kcal
the collection instrument, presented a significant ~ (95%CI: 155.9; 178.2) for data obtained by the
relationship with sex and weight status ofadoles- ~ FFQ and multiple 24h-R, respectively, with a sig-
cents, except for “DGOVL,” “meat, eggs, and le-  nificant difference between the instruments (p <
gumes,” and “oils,” as these components showed  0.01; paired Wilcoxon test). Therefore, the con-
no significant difference between the instru-  sumption of meat and eggs estimated by using
ments in any of the groups evaluated (Table 3). multiple 24h-R was higher than that estimated
For data from the FFQ, the contribution of  byusingthe FFQ, reducing the contribution ofle-
the legume group by “meat, eggs, and legumes”  gumes by “meat, eggs, and legumes” when BHEI-
was 40.6kcal/1,000kcal and by “total vegetables” R was evaluated based on multiple 24h-R esti-
and “DGOVL” was 21.2kcal/1,000kcal. Mean- mates. Subsequently, the contribution by “total
while, data from multiple 24h-R revealed the vegetables” and “DGOVL” was higher. Hence, the
contrary, that is, a contribution by “meat, eggs,  score referring to “total vegetables” and “DGOVL”
and legumes” of 24.0kcal/1,000kcal, and by “total by multiple 24h-R was higher than that by the
vegetables” and “DGOVL” of 36.9kcal/1,000kcal. = FFQ (data not shown in tables).
The differences observed for the contribution
from the legume group by “meat, eggs, and le-
gumes,” “total vegetables,” and “DGOVL” were  Discussion
statistically significant (p < 0.01 between the
two instruments; paired Wilcoxon test). To bet- The results obtained in this study indicate that
ter understand these differences, the content the BHEI-R was strongly dependent on the in-
(kcal/1,000kcal) of “meat, eggs, and legumes”  strument used to obtain the information on
(a component formed by all kinds of beef, pork, food consumption and showed poor agreement
lamb, of hunting’ poultry' ﬁsh’ and eggs) was between the BHEI-R estimated by the FFQ or
Table 2

Mean agreement and 95% limits of agreement (LOA) between the score of Brazilian Healthy Eating Index — Revised (BHEI-R) and its components,
obtained by food frequency questionnaire (FFQ) and multiple 24-hour recall (24h-R). Adolescents (n = 106), Niteréi, Rio de Janeiro, Brazil, 2009.

Components * Mean agreement (%) LOA ** P rr* p-value #
BHEI-R total 105 95,116 -0.20 0.21
Total fruits 113 34; 381 -1.08 <0.01
Whole fruits 147 24, 901 -1.49 <0.01
Total vegetables 93 58; 152 0.18 0.24
Dark green and orange vegetables & legumes 96 13,707 -0.55 0.01
Total grains 101 87,118 -1.66 < 0.01
Whole cereals 68 19; 239 -0.36 0.92
Meat, eggs & legumes 100 95; 104 1.00 -
Milk & dairy 132 64; 274 -0.61 <0.01
Oils ## 100 100; 100 - -
Saturated fat 98 42; 229 -0.73 < 0.01
Sodium 122 50; 299 0.54 <0.01
SoFAS 107 85; 133 -1.47 <0.01

SoFAS: calories from solid fats, alcoholic beverages, and added sugars.

* Analysis was performed for the data transformed into logarithm;

** Mean difference + 1.96 x standard deviation of the distribution of the differences;

*** Coefficients obtained in linear regression analysis between the means (independent variable) and differences (dependent variable) of the measurements
obtained with the FFQ and the multiple 24h-R;

# Statistical significance of the .

## Qils includes mono and polyunsaturated fats, oils from oleaginous vegetables and fish oils.
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Table 3

DIETARY QUALITY VARIES ACCORDING TO DATA COLLECTION INSTRUMENT

Comparison of the scores of Brazilian Healthy Eating Index — Revised (BHEI-R) and its components, obtained by food frequency questionnaire (FFQ) and

multiple 24-hour recall (24h-R) [mean (SD) scores and their differences] according to sex and weight status. Adolescents (n = 106), Niteroi, Rio de Janeiro,

Brazil, 2009.
Components Sex [mean (SD)] Weight status [mean (SD)]
Girls Boys Normal weight * Excess weight **
(n = 60) (n = 46) (n = 80) (n = 26)
BHEI-R total
FFQ 75.5(7.2) 77.8 (5.4) 76.5 (6.4) 76.3(7.2)
24h-R 68.8 (6.6) 68.0 (6.8) 68.7 (6.3) 67.8 (7.8)
Difference between FFQ and 24h-R 6.7 (8.2) 9.8 (8.1) 7.9 (8.1) 8.5(8.9)
p-value *** <0.01 <0.01 <0.01 <0.01
Total fruits
FFQ 3.5(1.6) 3.4(1.6) 3.4(1.6) 3.7 (1.6)
24h-R 3.12.1) 2.4(1.7) 2.7 (2.0) 3.0(2.0
Difference between FFQ and 24h-R 0.4 (2.5) 1.12.2) 0.7 (2.3) 0.7 (2.6)
p-value 0.30 <0.01 0.01 0.26
Whole fruits
FFQ 2.9(01.7) 2.6(1.4) 2.7 (1.5) 3.2(1.8)
24h-R 1.7 (2.0) 1.2(1.6) 1.4(1.8) 1.7 (2.0)
Difference between FFQ and 24h-R 1.3(2.4) 1.5(2.1) 1.3(2.0) 1.6 (2.8)
p-value <0.01 <0.01 <0.01 0.02
Total vegetables
FFQ 3.5(1.5) 4.0(1.3) 3.8(1.4) 3.6 (1.5
24h-R 4.1(1.3) 4.4(1.2) 4.2(1.3) 4.3(1.3)
Difference between FFQ and 24h-R -0.6 (1.8) -0.5(1.5) -0.5(1.7) -0.7 (1.5)
p-value 0.02 0.04 0.02 0.03
Dark green and orange vegetables & legumes
FFQ 2.8(2.1) 3.4(1.8) 3.2(1.9 2.7 (2.1)
24h-R 3.3(2.2 3.8(1.9 3.5(2.1) 3.7 (2.1)
Difference between FFQ and 24h-R -0.5(2.9) -0.4 (2.3) -0.3(2.6) -1.0 (2.6)
p-value 0.30 0.21 0.38 0.10
Total grains
FFQ 5.0(0.2) 4.9 (0.3 4.9 (0.2) 4.9(0.2)
24h-R 4.8 (0.6) 5.0(0.1) 4.9 (0.3) 4.7 (0.9
Difference between FFQ and 24h-R 0.2 (0.6) -0.1 (0.3) 0.01 (0.3) 0.3 (0.9
p-value 0.02 0.25 0.46 0.16
Whole cereals
FFQ 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.1(0.2)
24h-R 0.1(0.3) 0.02 (0.1) 0.1(0.2) 0.1(0.4)
Difference between FFQ and 24h-R -0.01 (0.3) 0.1 (0.1) 0.02 (0.2) 0.0 (0.4)
p-value 0.11 <0.01 0.01 0.06
Meat, eggs & legumes
FFQ 9.9 (0.6) 10.0(0.2) 9.9 (0.6) 9.9 (0.4)
24h-R 10.0 (0.0) 10.0 (0.0) 10.0 (0.0) 10.0 (0.0)
Difference between FFQ and 24h-R -0.1 (0.6) -0.03(0.2) -0.1 (0.5) -0.1(0.4)
p-value 0.18 0.32 0.18 0.32

(continues)
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Table 3 (continued)

Components Sex [mean (SD)] Weight status [mean (SD)]
Girls Boys Normal weight * Excess weight **
(n = 60) (n = 46) (n = 80) (n = 26)
Milk & dairy
FFQ 5.5(2.5) 5.2(2.1) 5.4(2.2) 5.3(2.7)
24h-R 3.0(1.9 3.2(2.1) 3.1(1.9 2.9(2.2)
Difference between FFQ and 24h-R 2.6 (2.7) 2.0(2.1) 2.3(2.2) 2.4 (3.2)
p-value <0.01 <0.01 <0.01 <0.01
Oils #
FFQ 10.0 (0.0) 10.0 (0.0) 10.0 (0.0) 10.0 (0.0)
24h-R 10.0 (0.0) 10.0 (0.0) 10.0 (0.0) 10.0 (0.0)
Difference between FFQ and 24h-R 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
p-value ## - - - -
Saturated fat
FFQ 6.3(2.4) 7.4(1.7) 6.9 (2.1) 6.3(2.4)
24h-R 7.2(2.8) 7.3(2.9) 7.4 (2.8) 7.0(3.1)
Difference between FFQ and 24h-R -1.0 (3.5) 0.1 (3.3) -0.4 (3.4) -0.7 (3.7)
p-value 0.02 0.31 0.03 0.30
Sodium
FFQ 7.0 (3.4) 7.3(3.2) 6.9 (3.4) 7.8(3.1)
24h-R 4.8(2.8) 3.5(2.0 4.1.7) 4.7 (2.3)
Difference between FFQ and 24h-R 2.2 (4.2) 3.8(3.7) 2.8 (4.3) 3.1(3.4)
p-value <0.01 <0.01 <0.01 <0.01
SoFAS
FFQ 19.1(1.9) 19.4(1.3) 19.4(1.3) 18.8 (2.5)
24h-R 16.8(3.4) 17.1(3.2) 17.3(2.9) 15.9 (4.2)
Difference between FFQ and 24h-R 2.2 (4.1) 2.313.2) 2.1(3.1) 2.9(5.3)
p-value <0.01 <0.01 <0.01 0.01

SoFAS: calories from solid fats, alcoholic beverages, and added sugars.

* Body mass index/age < +1 Z-score;
** Body mass index/age > +1 Z-score;

*** p-value using the Wilcoxon paired test, except for the total BHEI-R rated by paired Student t test;

# Qils includes mono and polyunsaturated fats, oils from oleaginous vegetables and fish oils;

## Could not calculate the p-value, since the estimates are the same for all individuals.

multiple 24h-R. The score referring to the total
BHEI-R showed poor agreement. Greater agree-
ment was observed for the components and,
in particular, for specific items consumed with
higher frequency, such as milk and dairy. For
foods that are consumed occasionally, such as
fruits, the concordance was poor, although it
presented statistically different mean values. For
highly consumed food such as oils and meats,
the mean values were correlated, although the
concordance could not be estimated owing to
the distribution of the values. Finally, for poorly
consumed foods such as whole grains, the mean
difference was small.

Poor eating habits during adolescence, such
as excessive fat (especially saturated), cho-
lesterol, salt consumption, and poor fruit and
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vegetable intakes may predict the occurrence
of obesity and cardiovascular diseases in both
adolescence 3637 and adulthood 37.38. Therefore,
food intake evaluation is an essential tool for
monitoring health status 39. Hence, the use of
food standards, including those previously de-
fined as dietary quality indices, is considered an
alternative approach to overcome limitations to
assessing the diet-disease relationship 4, as they
aim to cover food consumption in general 1.2.3.
Indices assessing dietary quality have re-
ceived increasing attention for being method-
ological tools for simple collection and evalua-
tion, besides allowing for estimating the adher-
ence to dietary recommendations for healthy
diets, monitoring changes in food consumption
in the population studied, and investigating the



associations with health risk factors 1.240. How-
ever, although the validity of these indices has
been investigated for nutrient adequacy and risk
of developing chronic diseases 1,2,3,4041, few stud-
ies compared the results obtained by using dif-
ferent instruments such as the FFQ and multiple
24h-R 141542, Therefore, to our knowledge, this
is the first study of its kind to be conducted in a
population of Brazilian adolescents.

The two studies that used a similar method-
ology to the one used in this study, estimating
the correlation between a dietary quality index
obtained by FFQ and multiple food recalls, found
correlations higher than observed among Bra-
zilian adolescents. In the Health Professionals
Follow-up Study, Newby et al. 14 used a dietary
quality index obtained by using two FFQs and
compared it to the index obtained by using two
weekly food records among men between 40 and
75 years old. They obtained a correlation of 0.66
for the first FFQ and 0.72 for the second FFQ.
Moreover, the authors observed that the similar-
ity of the index obtained by using the second FFQ
and that obtained by using food records allowed
for establishing a positive association with the in-
take of vitamins B-6 and C, fiber, folic acid, mag-
nesium, calcium, and carotene; and an inverse
correlation with total, saturated, and mono-
unsaturated fats, and cholesterol (p < 0.05) 14.
Therefore, Huybrechts et al. 15, estimated the
quality of preschool diets for children between
2.5 and 6.5 years of age, comparing the index ob-
tained by using one FFQ and that obtained by
using three food records. They observed a cor-
relation of 0.82 for the total score and, categoriz-
ing the individuals by tertiles, found that 62% of
children belonged to the same category and only
3% were classified in the extremes 15.

According to Ambrosini et al. 42, the assess-
ment of dietary indicators during childhood and
adolescence is an important approach to under-
stand how they can affect short and long-term
health. However, no study was found evaluating
the agreement between diet quality indices ob-
tained from different dietary assessment meth-
ods assessing only adolescents. Waijers et al. 40
conducted a literature review on indices com-
monly used to assess dietary quality and identi-
fied 20 indices. The authors found that arbitrary
choices and correlations between dietary com-
ponents were not properly evaluated. They also
highlighted poor associations between indices
and nutrient adequacy, and pointed out that the
indices existing so far do not predict morbidity or
mortality significantly better than the individual
evaluation of dietary components 40. Arvaniti &
Panagiotakos 41 identified 23 indices used to as-
sess dietary quality and found failures in identi-
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fying intercorrelations between its components
and estimating specific health outcomes.

However, Romdn-Vinas et al. 43 defined va-
lidity as the degree to which the index measures
exactly what it intends to measure. The authors
pointed out that the effectiveness of an instru-
ment to evaluate dietary indices should consider
the purpose for which it was developed; that is, if
an index was not created with the aim of assess-
ing nutrient adequacy, its ability to discriminate
the consumption by the individuals is compro-
mised. Therefore, it is important to note that the
reproducibility and validity analysis of a dietary
index is only the first step in developing a new
method to evaluate diet 15.

Hence, this study contributes to identify the
reliance of the BHEI-R and its components on
the estimate, according to the instrument used to
obtain information on food consumption among
adolescents. This notion should be considered
because dietary indices such as the BHEI-R are
generally estimated to better represent the com-
plexity of eating habits.

Therefore, further studies are required to op-
timize the performance of dietary quality indices
and to minimize their flaws and gaps in order to
predict conditions for which they play dominant
roles and to provide a measurement summary of
dietary quality that can be used in public policy
and scientific research. Consequently, individual
aspects should be considered in dietary evalu-
ation since dietary indices may correlate with
characteristics such as sex 444 and weight pro-
files 45,46, influencing the validity and compari-
son between dietary patterns.

In this study, different methodological ap-
proaches were used to assess the agreement be-
tween estimates obtained by using the two di-
etary assessment tools. In particular, the mean
difference and 95%CI, ICC, and Bland-Altman
method were applied to assess the validity of the
FFQ in estimating dietary quality in adolescents.
With the Bland-Altman method, it was possible
to verify that a 95% LOA for most components
of the BHEI-R violated the appropriate limits for
underestimating and overestimating FFQ when
compared with multiple 24h-R. In this analysis,
the greatest differences in food consumption,
that is, greater 95% LOA range, were observed
for “whole fruits,” “DGOVL,” and “total fruits”
and “sodium.”

This study presents several limitations that
should be considered, especially those concern-
ing the FFQ (e.g., depending on memory, food
preferences, and availability of access to food
that can compromise a retrospective consump-
tion report) 47. However, this instrument also
presents advantages for epidemiological stud-
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ies, such that it is not subjected to the effect of
intrapersonal variation, and is practical and
cost-effective with regard to data collection and
analysis 48. Moreover, although the main disad-
vantage of 24h-R is the inability to estimate usual
food consumption from a specific day during
data collection 13, in this study, multiple 24h-R
were collected, followed by the deattenuation of
data from these recalls to better control the effect
of intra-individual variability and, therefore, to
obtain estimates of the habitual consumption of
adolescents 27,2829, Alternatively, one possible ex-
planation for the differences in underestimation/
overestimation effect observed according to the
instrument used can be attributed to characteris-
tics of each instrument, i.e., the FFQ is composed
by a fixed list of food, while the 24h-R is an open
instrument. With the use of 24h-R, the omission
of consumed food items may occur, while when
applying the FFQ itis possible to observe reduced
variability in the consumption of food items and
overestimation of dietary intake 49.

Despite this, one positive aspect of the BHEI-R
is the grains segregation, that is, separately scor-
ing refined grains (included in “total grains”) and
whole cereals, as whole grains present a protec-
tive effect against cardiac diseases, whereas re-
fined grains can increase their risk 50. However,
reduced consumption of whole grains was ob-
served among the adolescents evaluated in this
study, which limited the discrimination and con-
tribution of this component to the total BHEI-R
score. In addition, Andrade et al. 11 evaluating
the validity and reliability of BHEI-R, according
to the psychometric properties, observed that,
despite some limitations, this index was reliable
and structurally valid for assessing the quality of
Brazilian diet. They also found that the content
validity was supported since the BHEI-R includes
the main recommendations of the 2006 Brazil-
ian Dietary Guidelines 6 and made it possible to
distinguish groups with known differences in
diet quality 11.
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Finally, another aspect that should be consid-
ered to evaluate previously defined dietary pat-
terns is the theoretical framework on which the
creation of each index was based. According to
Newby et al. 14, the creation of dietary quality in-
dices can limit their use when based on nutrition
policies, such as the BHEI-R being based on the
dietary guide 6. It is noteworthy that, as previous-
ly mentioned, the index evaluated in this study
was developed based on the recommendations
of the Brazilian Dietary Guidelines published in
2006. However, a new version of these guidelines
was recently published 51. In this new guidelines,
dietary recommendations were proposed in a
different way to those proposed by the 2006 Bra-
zilian Dietary Guidelines. With the advancement
of nutritional science, these indices may become
outdated and as good as the components on
which they are based, thus needing to be revised
as science and nutrition policies evolve.

Conclusion

This study showed that the BHEI-R was strongly
dependent on the instrument used to obtain in-
formation on food consumption among adoles-
cents. Thus, researchers interested in using the
BHEI-R to assess the quality of the diet of Brazil-
ian adolescents, should take into consideration
the effect of underestimation and overestimation
that may occur in BHEI-R and its components
according to the dietary assessment method
used in collecting food consumption data. More-
over, these results emphasize the need for fur-
ther evaluations to estimate the usefulness of the
BHEI-R in predicting health risk factors and its
validity to diagnose nutritional inadequacies.
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Resumo

O objetivo do estudo foi avaliar a concorddncia entre o
Indice de Qualidade da Dieta Revisado (IQD-R), esti-
mado por questiondrio de frequéncia alimentar (QFA)
e recordatorio de 24 horas (R24h). O teste de Wilcoxon,
correlagoes parciais (CP), coeficiente de correlagdo
intra-classe (CCI) e o método Bland-Altman foram
usados. Os escores totais do IQD-R e seus componen-

» o« » o«

tes (“frutas totais’, “frutas inteiras’, “vegetais totais’,
“cerais integrais’, “gordura saturada’, “sédio” e “inges-
tdo de energia derivada de gordura sélida, adiciona-
dos de acticar e bebidas alcodlicas” foram estatistica-
mente diferentes, com o CCI e as CP indicando baixa
concorddncia e correlagdo. A concorddancia média es-
timada para o IQD-R total e seus componentes variou
de 68% para “cereais integrais” e 147% para as “frutas
inteiras”. Os limites adequados de concorddncia foram
ultrapassados para a maior parte dos componen-
tes do IQD-R. Observou-se baixa concorddncia entre
0 IQD-R estimado pelo QFA e por miuiltiplos R24h,
o que indica uma forte confiabilidade do IQD-R no
instrumento usado para coletar informagoes sobre o
consumo alimentar.
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Resumen

El objetivo del estudio fue evaluar la correlacion en-
tre el Indice de Calidad de la Dieta Revisado (ICD-R),
estimado por cuestionario de frecuencia de alimentos
(CFA) y recordatorio de 24 horas (R24h). Se utilizo la
prueba de Wilcoxon, correlaciones parciales (CP), co-
eficiente de correlacion intraclase (CCI) y el método
de Bland-Altman. Las puntuaciones totales del ICD-R

” o«

y sus componentes (“total de frutas’, “frutas enteras’,
“vegetales totales”, “granos integrales”, “grasa satura-
da’, “sodio” y “consumo de energia derivada de grasa
sdlida, agregado de aziicar y alcohol”) fueron estadis-
ticamente diferentes, con el CCI y el CP indicando baja
concordancia y correlacion. La concordancia media
estimada para el ICD-R total y sus componentes va-
rio de 68% para los “granos integrales”y 147% para
las “frutas enteras”. Los limites adecuados de concor-
dancia fureon excedidos para la mayor parte de los
componentes del ICD-R. Se observo baja concordancia
entre el ICD-R estimado por el CFA y miiltiples R24h,
lo que indica una fuerte confiabilidad del ICD-R en el
instrumento que se utiliza para recopilar informacion
sobre el consumo de alimentos.
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