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Abstract

Objective: To develop and test a scale for healthy eating practices measurement
according to the Dietary Guidelines for the Brazilian Population
recommendations.

Design: Methodological study. The current Brazilian food-based dietary guideline
highlights the importance of choosing foods, combining foods to create meals and
modes of eating. These recommendations formed the main domains of the scale
and served as a basis for the development of ninety-six items, each with a 4-point
Likert response option. Content and face validity were tested. Exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA) were performed to
determine construct validity. Internal consistency was determined using a and @
coefficients, and reproducibility was tested using test—retest.

Setting: Brazil.

Participants: A ten-member expert panel was used to assess content validity.
Adults aged 18-60 years were included in the face validity (72 20), EFA (1 352),
CFA and reliability tests (72 900).

Results: Of the ninety-six initial items, twenty-four were excluded and fifty-five
were reworded following the content and face validations. EFA detected a four-
domain structure (Food choices, Modes of eating, Planning and Domestic
organization), which explained 41 % of the variance. CFA led to a final twenty-
four-item model with acceptable goodness-of-fit indices and good reliability
measures (@ =0-77; @ =0-83). Intraclass correlation coefficient for the total score

(0-82) and analysis of the Bland-Altman plot suggested good reproducibility of Keywords
the scale. Dietary guidelines
Conclusions: The scale presents good evidence of validity and reliability. This Food policy
innovative study created a useful tool for evaluation of the impact of the Dietary Nutrition survey
Guidelines for the Brazilian Population. Psychometrics

Dietary guidelines are instruments through which coun-
tries establish recommendations for healthy eating and
are aimed at promoting autonomy of healthy food
choices by individuals and communities'”. In addition to
their applicability in health communication, dietary
guidelines also aim to support public policies to promote
adequate and healthy diets in different sectors of gov-
ernment, including health, education, industry and
agriculture™? .

The construction of the second edition of the Dietary
Guidelines for the Brazilian Population (called the
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‘Guide’ hereafter) published by the Brazilian Ministry of
Health in 2014 was based on an expanded paradigm of
diet and its relationship with health®”. Beyond the bio-
logical dimension, this document also includes cultural,
social and environmental aspects as determinants of an
adequate and healthy diet”. In addition, its recom-
mendations are based on the logic of foods and food
groups rather than isolated nutrients; this approach is
considered more appropriate for understanding the
relationship between diet and current epidemiological
scenarios*>. The adoption of systemic perspectives in
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dietary guidelines has also been observed recently in
other countries, including Germany, Qatar and
Sweden .

An innovative aspect of the Guide is the incorporation
of the food processing perspective”’. The main recom-
mendations were based on the NOVA groups; NOVA is a
classification system that groups foods according to the
nature, extent and purpose of the processing to which
they have been subjected®. The adoption of NOVA was
motivated by population-based studies conducted over
the last decade that evidenced the growing tendency for
consumption of ultra-processed foods by the Brazilian

population®'®” and the negative impact of these foods on

the nutritional quality of the diet and health
outcomes 171
Unlike commonly adopted dietary guideline

approaches(()), the Guide recommendations are not

presented in terms of the frequency or number of food
portions but instead use terms such as ‘prefer’, ‘avoid’
and ‘always when possible’. In addition, illustrations of
healthy meal options based on the diet of one-fifth of
the Brazilian population with the lowest share of ultra-
processed foods according to data from a national
survey are shown®'®. These characteristics are
intended to facilitate dialogue with the population,
public managers and health professionals (other than
nutritionists).

With a view towards implementing dietary guidelines,
the FAO recommends that countries develop strategies to
disseminate their messages”’. However, the diversity of
formats and approaches adopted in these documents
imply that there is no universal recommendation for their
implementation and that this process should be defined by
each country according to its local reality. Additionally,
countries should institute mechanisms for monitoring and
evaluating both the implementation process and the
impact of these instruments on food practices of their
populations; this step has been reinforced in technical
documents from the FAO#19,

Although innovative, the expanded approach to heal-
thy eating proposed by the Guide presents a challenge
for the evaluation of its impact on the Brazilian popula-
tion. Unlike the recommendations of its first edition,
which were based on portions of food groups and
therefore evaluable through traditional food consump-
tion tools such as 24 h recall, as conducted in a study by
Verly et al.'”, the challenge of the new edition lies in the
selection and use of appropriate tools in line with the
content of its recommendations. Because the importance
of using validated tools for the evaluation of dietary
guidelines is recognized'®| the present study aimed to
develop and test the validity and reliability a scale for
measuring healthy eating practices according to the
recommendations of the current Brazilian food-based
dietary guidelines.
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Materials and methods

The current study is a methodological study based on
knowledge of psychometry, which is a science that studies
the measurement of non-directly observable phenomena
(i.e. psychological phenomena) that can be characterized
using a set of other attributes”. This feature can be useful
for the construction of instruments for diet measurement in
relation to the adoption of paradigms that consider diet a
result of complex relationships among different determi-
nants. A self-administered scale is proposed for the Bra-
zilian adult population (18-60 years old).

The adopted route is composed of three phases, which
are described below.

Pbhase 1: Structuring the theoretical basis of the
scale and elaboration of the items

The Guide is systematized into a document with five
chapters. The first chapter presents the principles that
guide its elaboration. The following chapters present
recommendations for food choices (Chapter 2), how to
combine foods in the form of meals (Chapter 3) and
modes of eating (Chapter 4). The last chapter exposes
possible obstacles to adherence to the recommendations
and suggests ways to overcome them™. Because they
deal specifically with recommendations, Chapters 2, 3 and
4 of the Guide were selected to compose the domain
content of the scale. Following systematic reading of the
three selected chapters, all of their recommendations were
extracted regardless of whether they were made explicit in
the form of sentences or illustrations.

Based on these recommendations, a pool of sentences
(items) illustrating eating practices either in line with or in
opposition to the Guide contents was created. For these
items, the respondents indicated whether they were
represented in their daily eating practices through a
4-point Likert scale (‘strongly agree’, ‘agree’, ‘disagree’,
‘strongly disagree’). An even number of response options
was adopted with the purpose of avoiding not only the
central tendency bias but also a possible variability in the
participants’ interpretations of a midpoint in Likert scales
(such as ‘no opinion’, ‘unsure’ or ‘neutral)®?. Therefore,
the respondents were encouraged to analyse the sentence
with greater care and then decide on a positive or negative
stance'”.

Pbhase 2: Validity tests

Content validity

This step aimed to identify whether the items adequately
contemplated the contents of the scale domain“*". Ten
experts in the field of nutritional epidemiology and/or
food consumption were invited to participate in a panel.
Researchers affiliated with educational institutions (public
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universities across the country) who had recent scientific
publications related to the Guide’s content at the time of
panel selection, as well as public managers who partici-
pated in the Guide’s elaboration process, identified in a
name list published within the Guide, were selected >,

Through an electronic form, the judges assigned a score
from 1 to 4 for the clarity, relevance and pertinence of
each item. From the answers obtained, the content validity
index of the items (CVI,) was calculated based on the
averages between the percentages of scores 3 and 4 for
each of its three attributes, and the total CVI (CVI) was
obtained from the mean of the CVI values of the items. A
CVI>0-8 was considered adequate”®”. During the panel,
the judges were also able to comment on each item or
suggest the inclusion of new items in open fields intended
for that purpose.

Face validity

This step aimed to assess whether the instrument was
adequate and understandable for its target audience".
The instrument was pre-tested with twenty adult users of a
public primary health care (PHC) service located in the
city of Sao Paulo, SP, Brazil, because this type of service in
Brazil attends a wider and heterogenic audience®”. Indi-
viduals were selected through a purposive approach® in
order to guarantee the representativeness of people from
different educational levels and age groups. The applica-
tion of the instrument was followed by a brief interview
with each individual to verify his/her level of under-
standing about the instrument.

Construct validity

This step aimed to identify the structural components of
the construct ‘healthy eating practices according to the
Guide’ and the extent to which the set of items was cor-
related with these components'***®, Based on the the-
oretical basis (delimited in phase 1), construct validity was
performed through factor analysis in two steps: explora-
tory factor analysis (EFA) and confirmatory factor analysis
(CFA). R-Studio software version 3.4.3 was used to analyse
the data®”.

Exploratory step. An EFA was used to identify the pos-
sible dimensions underlying the data (latent variables) and
to reduce the number of items*#**”  The data were
collected from a convenience sample of users of two PHC
services of Sdo Paulo, SP, Brazil. People were invited by
an interviewer to respond to the scale during their time in
the PHC service waiting room. The recruitment aimed to
achieve similar proportions of gender and age groups. An
estimated sample size of 350 was calculated based on at
least five to ten observations per variable®**® . The ade-
quacy of the sample was tested using the Kaiser—-Meyer—
Olkin (KMO) indicator (range 0 to 1, values >0-5 were
considered acceptable) and Bartlett’s sphericity test
(P<0-05 was considered acceptable)®*3”. To determine
the number of factors to be extracted, the Kaiser—-Guttman
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criterion (eigenvalue >1-00) was adopted. To support the
decision regarding the number of factors to be maintained
after extraction and interpretation, the theoretical and
practical plausibility of the obtained results were
considered®®*”,

The EFA was executed through the R package
Psych’®V. A polychoric correlation matrix was created
that was suitable for ordinal categorical variables, such as
Likert scales'®?%. The factors were extracted using the
principal axis as a factor method and rotation of the
OBLIMIN type. Items with non-significant factor loadings
(less than [0-4]) and those with significant loadings for
more than one factor (cross-loading) were excluded®®.
The item analysis and exclusion processes were repeated
successively until a stable factorial structure was obtained
(i.e. all items had factorial loads greater than |0-4| in only
one factor). The generated solutions were analysed from
the theoretical significance perspective, which supported
determination of the best model.

Confirmatory step. CFA was used to test the hypothesis
that the predefined model was adequate to measure the
construct in question, in this case the healthy eating
practices according to the Guide recommendations. The
sample consisted of 900 (more than ten observations per
variable, thus a sufficiently large sample size) adults living
in the Brazilian territory. The data collection was per-
formed using an online platform by a company specialized
in Internet research that has a panel of more than 500 000
respondents from all five Brazilian macro-regions with
different socio-economic statuses and age groups. The
questionnaire was programmed on the company’s plat-
form by the researchers, and the recruitment was ran-
domly performed from the panel of respondents. Internal
controls were used to guarantee the data consistency (we
excluded answers that were provided quicker than the
time necessary for 95 % of the respondents to complete the
questionnaire and those in which the respondents did not
meet the age criteria).

The CFA was executed through the R package
lavaan®®. The diagonally weighted least-squares estima-
tor was used, which is appropriate for categorical
variables®”*_ The evaluation of model quality was
based on the following aspects suggested by Brown®”:
(D inspection of the goodness-of-fit indices; (i) the
presence of tension points, which were evaluated using
the modification indices (MD in the present study; and
(iiD) the interpretability and statistical significance of the
factor loadings. The following goodness-of-fit indicators
were considered: root-mean-square error of approxima-
tion (RMSEA); standardized root-mean-square residual
(SRMR); comparative fit index (CFD; and Tucker-Lewis
index (TLD. The RMSEA was evaluated according to the
criteria of Browne and Cudeck®®, in which values <0-08
indicated an adequate fit, values between 0-08 and 0-10
indicated a mediocre fit and values >0-10 indicated a
poor fit. For the CFI, TLI and SRMR analyses, the
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following cut-off points were used: CFI > 0-95; TLI > 0-90;
and SRMR < 0-80°%.

Total information curves were generated for the full
scale and its subscales. These curves indicate the precision
with which the scale and its subscales is able to
discriminate between individuals as a function of the
score distribution (in the Z-score scale)®”.

Phase 3: Reliability tests
The reliability of the instrument was evaluated based on
two aspects: internal consistency and reproducibility.

For the internal consistency evaluation, Cronbach’s a
coefficients were calculated for the scale and its four
subscales. Because the interpretability of Cronbach’s @ can
be restricted in multidimensional scales, McDonald’s @
was also calculated for the total scale since it is considered
a reliability index with a lower risk of over- or under-
estimation of reliability in these cases®®®. For both
measures, values equal to or greater than 0-7 were con-
sidered satisfactory(Z(’) .

A random sub-sample was obtained from individuals
who participated in the confirmatory step of construct
validation and responded again to the scale 30 d after the
first data collection. The intraclass correlation coefficient
(ICC; single-measurement, absolute agreement, two-way
mixed-effect model) was calculated to assess test-retest
reliability both for the total score and for each single item.
ICC values less than 0-4 were interpreted as poor relia-
bility; 0-4 to 0-75 as fair to good; and greater than 0-75 as
excellent®#? . The Bland-Altman plot was used to test
the absence of systematic errors between the total score of
the two time point measures

Results

When structuring the theoretical basis and elaboration of
the items, fifty-one recommendations were identified
between Chapters 2, 3 and 4 of the Guide. From these
recommendations, ninety-six items were formulated.
During the content validity step, twenty-three redundant
items were excluded and a new item was added (resulting
in a subtotal of seventy-four items); additionally, the
wording of fifty-five other items was changed. The CVI,
was 0-93. In the face validity step, two redundant items
were excluded (new subtotal of seventy-two items) and
fifteen items were changed. The fifty-one recommenda-
tions and the set of seventy-two items kept after these
steps can be consulted in the online supplementary
material.

Table 1 presents the sociodemographic characteristics
of the participants of the exploratory (n 352) and con-
firmatory (ninety-three responses were unconsidered; n
900) construct validity steps. The average age and the
proportion of women were slightly higher in the
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Table 1 Sociodemographic characteristics of the adults aged 18—
60 years who participated in the construct validity assessment,
according to step (exploratory or confirmatory), of the scale for
measuring healthy eating practices according to the Dietary
Guidelines for the Brazilian Population recommendations

Exploratory step Confirmatory step

Variable Mean SD Mean SD P value*
Age (years) 40-1 12.2 335 11-4 <0-001
n % n % P valuet
Gender <0-05
Female 206 585 470 522
Male 146 415 430 47-8
Region of origin <0-001
Midwest 3 09 81 9.0
Northeast 83 241 235 26-1
North 4 1.2 47 5.2
Southeast 240 69-8 407 45.2
South 14 41 130 14.4
Total 352 10 900 100

*From 2 test.
tFrom Student’s t test.

exploratory step than in the confirmatory step. The
samples were also different in terms of region of origin.
Both steps had a higher concentration of individuals from
the Southeast region of the country, followed by the
Northeast region. However, there were more individuals
from other regions of the country in the confirmatory
step.

In the EFA, the tests confirmed the sampling adequacy
(KMO = 0-63; Bartlett sphericity test, P<0-05). Six factors
with eigenvalues >1-00 (Fig. 1) were identified. The results
of the EFA with extraction of six factors did not present
theoretical plausibility. Therefore, analyses were also
conducted with extractions of five and four factors for
comparison and to choose the best model. The four-factor
model was chosen, because it had the most theoretical
practical significance. This solution kept thirty-four of the
seventy-two initial items and explained 41% of the var-
iance in the data set (excluded items are highlighted in the
online supplementary material).

The extracted factors were interpreted based on the
items that composed them and the recommendations of
the Guide from which they were derived. From this
interpretation, the factors were understood as dimensions
of the Guide; names were given and brief descriptions of
the hypothetical construct measured by each factor were
developed (Table 2).

We observed that the Choices dimension grouped items
which were derived almost exclusively from the recom-
mendations of the second chapter of the Guide (Choosing
foods), which justifies its name. The Modes and Organi-
zation dimensions mostly retained items related to the
fourth chapter of the Guide (Modes of eating), whereas
Planning was formed by a combination of items from the
three chapters that comprised the scale domain.
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Fig. 1 Number of factors with eigenvalue >1-00 in the exploratory factor analysis of the scale for measuring healthy eating practices
according to the Dietary Guidelines for the Brazilian Population recommendations

In the CFA, the initial model derived from the EFA returned
some empty cells in the bivariate table of correlation matrix.
This result indicated perfect correlations between two vari-
ables and thus an inadmissible factor solution. To make the
model admissible, nine items were excluded.

The model generated after the exclusion of these
items had unsatisfactory = goodness-of-fit  indices:
)(%269) =2954-180, P<0-001; RMSEA =0-105 (90 % CI 0-102,
0-109); CFI=0-879; TLI=0-860; SRMR=0-095. In this
model, one item of the Organization dimension presented a
non-significant factor loading (0-16). Exclusion of this item
improved the goodness-of-fit indices (;((2264) =2349-072,
P<0-001; RMSEA =0-103 (90 % CI 0-099, 0-107), P<0-001;
CFI=0-893; TLI =0-879; SRMR =0-091).

The MI inspection of this new model indicated that two
of the items of the Modes dimension were also correlated
with other factors (cross-loading). Supported by the the-
ory, an item related to ‘eating at the table’ (item 13)
was also attributed to the Organization dimension

(MI=562-93), and another item related to ‘eating slowly’
(item 9) was also attributed to the Planning dimension
(MI=449-8), in which higher factor loadings were
obtained. The goodness-of-fit indices of the final model
indicated good fits: )(fzzz) =1326-37; P<0-001; RMSEA =
0-074 (90% CI 0-071, 0-078), P<0-001; CFI=0-944; TLI =
0-937; SRMR=0-067. This final set of items is shown in
Table 3 both in Portuguese (original language) and English.

Figure 2 presents a diagram of the model showing the
factor loadings of the items and the correlations between
dimensions. Positive moderate correlations were found
between the Planning and Organization dimensions
(r=0-69, P<0-001) and between the Modes and Choices
dimensions (r=0-52, P<0-001). The other correlations
between dimensions were negligible.

The Planning and Organization dimensions are char-
acterized as positive dimensions, whereas the Modes and
Choices dimensions are characterized as negative (i.e.
they measure constructs opposed to the Guide

Table 2 Factors obtained in the exploratory factor analysis of the scale for measuring healthy eating practices according to the Dietary
Guidelines for the Brazilian Population recommendations and the respective measured dimensions according to the interpretation of their

item set

Factor  Dimension Short name*  Description

1 Planning Planning Meal planning in terms of occurrence and composition, including healthy options. This
dimension seems to be related to the dedication undertaken by individuals to their
diet

2 Domestic organization = Organization  Existence of a domestic organization for the supply and preparation of food in the
domicile. For those who share housing with others, collective involvement is an
important attribute in this dimension

3 Eating modes Modes Conditions in which the meals are consumed in terms of suitability of the environment
and the time and attention dedicated to the act of eating

4 Food choices Choices Inclusion of ultra-processed foods in the habitual food consumption of individuals. This

consumption is expressed in the substitution of main meals, the habit of consuming
sugary beverages and the consumption of snacks between meals

*The short name has been used throughout the text for simplification.
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Table 3 Final set of twenty-four items in both the Portuguese (original language) and English (translated)* scale for measuring healthy eating
practices according to the Dietary Guidelines for the Brazilian Population recommendations and intraclass correlation coefficient (ICC) for
each item and for the total score

Item Portuguese (original language) English (translated) ICC 95% ClI
ltem 1 Costumo comer fruta no café da manha | usually eat fruit at breakfast 0-61 047, 0-72
ltem 2 Na minha casa é comum usarmos farinha de We commonly use whole-meal wheat 0-54 0-38, 0-66
trigo integral flour at home
ltem 3 Costumo variar o consumo de feijao por ervilha, | usually vary the consumption of beans 0-55 0-39, 0-67
lentilha ou gréo de bico among peas, lentils and chickpeas
Item 4 Costumo planejar as refeigbes que farei no dia | usually plan my daily meals 0-55 0-40, 0-67
Item 5 Costumo levar algum alimento comigo para | usually carry some food with me in case 0-61 047, 0-72
caso eu sinta fome ao longo do dia | get hungry during the day
Item 6 Quando escolho frutas, lequmes e verduras, When | choose fruits and vegetables, 0-58 043, 0:70
dou preferéncia para aqueles que sdo | prefer those that are organic
orgéanicos
ltem 7 Quando escolho frutas, verduras e legumes, When | choose fruits and vegetables, 0-46 0-29, 0-60
dou preferéncia para aqueles que sao de | prefer those that come from local
produgéo local farmers
Item 8 Quando eu fago pequenos lanches ao longo do When | eat small meals during the day, 0-54 0-39, 0-67
dia, costumo comer frutas ou castanhas | usually have fruits or nuts
Item 9 Procuro realizar as refeicbes com calma | try to eat slowly 0-55 0-40, 0-67
ltem 10 Costumo comprar alimentos em feiras livres ou | usually buy foods at street market 0-52 0-36, 0-65
feiras de rua
ltem 11 Na minha casa compartilhamos as tarefas que We share tasks which involve the 0-45 0-28, 0-59
envolvem o preparo e consumo das refeicbes preparation and consumption of foods
at home
ltem 12 Costumo patrticipar do preparo dos alimentos na | usually engage in meal preparation at 0-68 0-56, 0-77
minha casa home
Item 13 Costumo fazer minhas refeicbes sentado(a) a | usually eat breakfast/lunch/dinner at the 0-53 0-37, 0-65
mesa table
Item 14 Costumo pular pelo menos uma das refeicbes | usually skip at least one of the main 0.57 042, 0-69
principais (almoco e jantar) meals (lunch or dinner)
Item 15 Costumo fazer minhas refeicbes sentado(a) no | usually eat breakfast/lunch/dinner 0-51 0-36, 0-65
sofd da sala ou na cama seated on the couch in the living room
or in bed
Item 16 Costumo fazer as refeicbes na minha mesa de | usually eat breakfast/lunch/dinner at my 0-50 0-34, 0-64
trabalho ou estudo work’s or study’s desk
Item 17 Aproveito o horario das refeicbes para resolver | deal with personal issues during meal 0-57 0-42, 0-69
outras coisas e acabo deixando de comer time, and therefore | usually end up not
eating anything
Iltem 18 Quando bebo café ou cha, costumo colocar When | drink coffee or tea, | usually add 0-67 0-55, 0-77
agucar sugar
ltem 19 Costumo trocar a comida do almogo ou jantar | usually take sandwiches, savoury 0-66 0-54, 0-76
por sanduiches, salgados ou pizza snacks or pizza for lunch or dinner
instead of freshly prepared dishes
Iltem 20 Costumo beber refrigerante | usually drink soft drinks 0-75 0-65, 0-82
Item 21 Tenho o habito de ‘beliscar’ no intervalo entre as | often snack between meals 0-49 0-33, 0-63
refeicbes
Item 22 Costumo frequentar restaurantes fast-food ou | usually go to fast-food restaurants or 0-62 048, 0-72
lanchonetes snack bars
Item 23 Costumo beber sucos industrializados, como de | usually drink industrialized juices, such 0-64 0-51, 0-75
caixinha, em pd, garrafa ou lata as those which are powdered or the
ones that are packed in boxes, bottles
or tins
Item 24 Costumo comer balas, chocolates e outras | usually eat candies, chocolates and 0-40 0-21, 0-55
guloseimas. other sweets
Total score - - 0-82 0-74, 0-87

*The translation of the items was made by two independent translators. A third translator resolved the discrepancies between them in order to achieve the better
conceptual equivalence.

recommendations). Notably, the two items with cross-
loading present negative factor loadings in the Modes
dimension but positive factor loadings in the Organization
and Planning dimensions, which reflect the opposite
characters between dimensions. Therefore, the scores
assigned to the responses of the items in the Choices and
Modes dimensions must be reversed to ensure that the sum

of the score is determined properly, as shown in Table 4.
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Figure 3 illustrates the total information curves of the full
scale and each of the subscales. All curves have a char-
acteristic plateau format, which indicates that they are
accurate for individuals with different score ranges. The
full scale (Fig. 3(a)) and the Planning and Choices sub-
scales (Figs 3(b) and 3(e)) are accurate between indivi-
duals with scores up to 2 sp below or above the mean,
indicating a good discrimination capacity even among
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Fig. 2 Diagram representing the model of the final scale for measuring healthy eating practices according to the Dietary Guidelines
for the Brazilian Population recommendations, showing the factor loadings of the items and the correlations between dimensions

individuals who have more distal scores. The Organization
and Modes subscales have slightly shifted curves, so their
discrimination capacity is more limited for specific score
ranges (Figs 3(c) and 3(d)).

Table 4 Instructions for the sum of the individual scores for the
Choices and Modes dimensions of the scale for measuring healthy
eating practices according to the Dietary Guidelines for the Brazi-
lian Population recommendations

Response option of the Likert scale Items/score
Portuguese response  English translation 1to 13 14t024
discordo fortemente strongly disagree 0 3
discordo disagree 1 2
concordo agree 2 1
concordo fortemente strongly agree 3 0
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In the internal consistency analysis, the following values
of Cronbach’s a coefficients were found: a=0-77 (95 % CI
0-79, 0-81) for the total scale; a=0-77 (95% CI 0-75, 0-8)
for the Choices dimension; a=0-68 (95 % CI 0-64, 0-71) for
the Modes dimension; a=0-58 (95 % CI 0-53, 0-63) for the
Organization dimension; and a=0-82 (95% CI 0-8, 0-84)
for the Planning dimension. McDonald’s @ for the total
scale was equal to 0-83.

In the reproducibility analysis, the ICC for the total
score and for all items are shown in Table 3. The ICC for
the total score was 0-82 (95% CI 0-74, 0-87), which
indicates excellent reliability, and the ICC of the items
ranged from 0-40 to 0-75, which indicates fair to good
reliability. The random distribution pattern of differences
noted in the Bland-Altman plot (Fig. 4) suggests the
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Fig. 3 Test information curves corresponding to the full scale (a) and the Planning (b), Organization (c), Modes (d) and Choices (e)
subscales of the scale for measuring healthy eating practices according to the Dietary Guidelines for the Brazilian Population

recommendations

absence of possible systematic errors, such as a learning
effect in the test.

Discussion

The objective of the present study was to develop a valid
tool to measure healthy eating practices according to the
Brazilian Guide recommendations, which was expected to
contribute to the evaluation of this instrument. Throughout
the elaboration of this scale, the use of the methodological
psychometric framework was appropriate for the char-
acteristics of this guide. In studies of this nature, the item
development and the content and face validity phases (in
which the items are edited) are considered fundamental
since they can influence psychometrical property out-
comes®®. Despite being an uncommon practice in scale
development studies, the review of the scales’ items by
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members of the target population, and not only experts,
enables researchers to identify and eliminate potential
problems in the scale before it is applied at large™®. In this
sense, the methods adopted in the present study to
achieve content and face validities were very important for
guaranteeing that both the items and the Likert response
options were well understood by the target population.
During construct validity, some methodological con-
siderations are important. At the exploratory step, the
sample size for the EFA was close to the minimum limit
suggested in the literature (five observations per variable).
The size of the sample is directly related to the probability
of identification of trusty correlation patterns between the
variables; the KMO value is an indicator of this (values
closer to 1 are better). In this regard, although a factor
analysis can be performed with values greater than 0-5°%,
the KMO value found in the present study (0-63) indicated
a diffuse pattern in almost 40 % of the variance between
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Fig. 4 Bland—Altman plot showing the distribution of the differences between individuals’ scores at time 1 (T1) and time 2 (T2) v.
their mean scores for T1 and T2 (30d apart) among adults aged 18-60 years (n 100) who completed the scale for measuring
healthy eating practices according to the Dietary Guidelines for the Brazilian Population recommendations. - - - - - represents the
mean difference (bias) and — - — — - represent the limits of agreement

items, likely due to random errors. For small samples, such
as this case, parsimonious interpretation of the obtained
results is suggested, since they can be ‘superadjusted’ (i.e.
to generate factors that reflect specific characteristics of the
sample) and cannot be extrapolated®®.

In the confirmatory step, both the size and the hetero-
geneity of the sample were greater than those of the
exploratory step, which are good aspects for proceeding
with factor analysis because they can increase the diversity
of characteristics inherent to the construct of interest'®”.
Considering the great cultural diversity in Brazilian terri-
tory, this sample distribution among the five Brazilian
macro-regions was crucial for results generalization. The
good fit of the final model validated the model extracted
from the EFA since it demonstrated that the same factorial
structure can also be fitted even to a heterogeneous
population.

Although no previous hypothesis on the dimensionality
was established (justifying the adoption of the exploratory
step), the multidimensionality of the scale is in line with the
complex nature of the healthy diet components recognized
by the Guide. Regarding the food and nutrition area, the
use of multidimensional approaches has grown as the
understanding of diet as a multifaceted phenomenon has
broadened. For example, Doustmohammadian e al.“*> and
Perry et al.“®
scales to measure ‘food literacy’, which is a phenomenon
known as the ability to plan, chose, prepare and consume
food based on the implication of these attributes in a
complex dietary system”. In the current study, the
dimensions emerged from the construct validity analysis
that represents the core of the three chapters of the Guide
that compose the theoretical domains of the scale.

performed studies with the aim of generating
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The Choices dimension kept items related to the con-
sumption habits of sugary beverages, ultra-processed
snacks and fast foods, which were precisely determined
to be the ultra-processed foods most consumed by the
Brazilian population, as evidenced in a population budget
survey conducted in 2008-2009 to investigate the total
energy contribution to the diet"'>. This dimension deals
specifically with the core recommendation of the Guide,
‘Always prefer natural or minimally processed foods and
freshly made dishes and meals to ultra-processed foods™?,
which refers to the tendency to replace foods from the first
group with foods from the second group, as observed by
Louzada et al.*¥ . The direction of opposition between the
NOVA groups and the presence of the verb ‘prefer’ are
consistent with the use of a latent variable for measure-
ment given adherence to this recommendation.

The Modes dimension addresses how food consump-
tion and meals occur, specifically in relation to the reg-
ularity, attention and characteristics of the environment.
Evidence regarding the influence of these factors on the
pleasure provided by eating”*® and the quantity and
quality of the food ingested® is increasing. Regarding this
latter aspect, inappropriate eating habits seem to be rela-
ted to the ingestion of ultra-processed foods"*>® which
corroborates the positive correlation found between the
Modes and Choices dimensions in the present study.

The Organization dimension is related to the prepara-
tion and consumption of meals at home, as indicated by
the inclusion of the expression ‘in my home’ in different
items. The influence of the domestic environment on
eating habits has been corroborated in the literature; for
example, the study by Pachucki et al.°V found a direct
association between diet quality and meals prepared and
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consumed at home by men and inversely between meals
consumed outside of home by women in a sample of
diabetic individuals. The authors discuss the gender dif-
ference in the light of persistent discrepancies in house-
hold task overload. This discrepancy was also explored in
the study of Hartmann et al.°®, which discussed culinary
skills for preparing meals at home. These findings from the
literature give rise to future analyses of scores on the scale
according to gender, particularly since one of the items in
this dimension refers specifically to task sharing.

The Planning dimension is expressed in terms of the
acquisition of food, the combination of foods in the form
of meals and their consumption. Vidgen and Gallegos*”’
found similar components when defining food literacy,
which suggested affinity between the Planning dimension
and the food literacy attribute. The positive correlation
between this dimension and the Organization dimension
is plausible from the theoretical perspective, since they are
related to similar attributes, although the specificity of the
latter manifests itself within the domicile.

The reliability of the total score was satisfactory in the
internal consistency analysis for Cronbach’s a and
McDonald’s @ coefficients. Values of a were slightly lower
for Modes and Organization dimensions than for Choices
and Planning dimensions, which is likely due to the lower
number of items (four items) since the a coefficient is
sensitive to the number of variables included in the cal-
culation®. However, this did not minimize the impor-
tance and relevance of these two dimensions within the
entire scale but reinforces the fact that this scale must be
applied as a whole and its score analysed as the only
measure. In the test-retest reliability assessment, a satis-
factory agreement was observed between the scores of
two time point applications, which suggests a good sta-
bility of the instrument. Therefore, the validity and relia-
bility results from the present study raise the potential
applicability of this scale in different contexts, including
health services, management and scientific research.

In a global panorama, with some exceptions, the actions
of evaluation of dietary guidelines have been given in an
incipient manner. Surveys conducted in 2011 and 2014
reported that most experiences in this area were performed
in isolation with small groups and were directed mainly
towards the evaluation of their implementation pro-
cesses > Since then, some new experiences in the eva-
luation of dietary guidelines have been published. For
example, Bechtold et al.®> evaluated population knowl-
edge of the recommendations of the German Dietary
Guidelines, and Arentoft er al®® and Eriksen et al.®”
evaluated the relationships between adherence to the
recommendations of the dietary guidelines from Denmark
and the UK, respectively, and specific health outcomes.
Given this context, the current study will contribute in an
innovative way not only by enabling the establishment of
continuous evaluation processes for dietary guidelines, as
occurs in USA for instance®™, but also by sharing the
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experience of developing and validating a tool that mea-
sures dimensions that are not directly observable but are
part of a healthy eating paradigm.

One limitation of the present study is that convergent
validity was not assessed, which would confirm whether
the scale measures the eating practices related to the
recommendations of the Guide. These validations would be
performed, for example, by a comparison between scores
on the scale and another measure supposedly correlated
with it, such as ultra-processed food consumption, which
can be measured through a 24 h eating recall. For such
analysis, new data collection within a study with a design
differing from the present study would be necessary.
Nunally and Bernstein®® pointed out that validation is an
unending process in which new evidence may reinforce the
validity of an instrument or suggest modifications in its
composition. Although the construct validity of the scale
can be supported both by the theoretical coherence with
the Guide and the statistical evidence of model good fit,
future analyses in this regard would be very important.

Another limitation is that the sample used in the vali-
dation process was not representative of the Brazilian
population. However, regional differences were mitigated
by the fact that individuals from all Brazilian geographic
regions participated in all phases of the study. The elec-
tronic data collection for the confirmatory step of construct
validity was a decision that might represent a limitation,
since psychometric properties identified in questionnaires
applied on paper were not necessarily reproduced when
the same questionnaires were applied online®”. How-
ever, this decision was timely, because it allowed wider
participation of individuals from different regions and the
possibility of applying the scale through this route, since
the validity results were satisfactory. This decision is a
factor that can broaden the reach of the tool and therefore
its use to evaluate the impact of the Guide.

Finally, a multidimensional self-applied scale was
developed and validated that could be administered either
on paper or electronically (online). Future studies that
assess convergent validity with representative samples
from different scenarios in Brazil are important for
broadening understanding about the phenomena mea-
sured by this tool. The present study is innovative in the
context of the impact evaluation of dietary guidelines and
contributes not only to assessment of the impact of the
Brazilian Guide, but can also inspire other countries to
develop and validate instruments specific to their local
context. Movements in this regard are important for future
research on the actual potential of the dietary guidelines to
promote healthy diets patterns in a global context.
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