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Diet quality indicators (DQIns) are tools that aim to assess an individual’s overall diet quality. Previous reviews focused mainly on health-
related outcomes but did not provide detailed information about components, assessment variables, or important methodological issues for the
development and application of DQIns in the pediatric age. The current mapping review aims to provide comprehensive guidance regarding DQIns
developed through a priori methodology in children aged <14y that have been applied worldwide. A mapping review was conducted, whereby
1665 original articles describing the development, modifications, and updates of DQIns, published up to June 26, 2020, in English and Spanish,
were retrieved. A total of 139 articles were identified and classified into 13 subgroups. There were 10 overall DQIns: Healthy Eating Indexes (n = 25),
Dietary Diversity Scores (n = 20), Diet Quality Indexes (n = 16), Food Variety Scores (n = 11), Healthy and Unhealthy Scores (n = 11), Feeding and
Eating Indexes (n = 10), Diet Quality Scores (n = 5), Nutritional Adequacy and Micronutrients Indexes (n = 5), Dietary Guidelines Indexes (n = 5), and
Other Healthy Diet Indexes (n = 13). Three additional subgroups of dietary and lifestyle indicators found were Mediterranean Diet Indexes (n = 10),
Diet-Lifestyle Indexes (n = 5), and Breakfast Quality Indexes (n = 3). This compilation of DQIns will help researchers select the most appropriate tool
for future epidemiological studies by considering a careful selection of information about the assessment components, scoring methods, and key
methodological issues. The main limitations of this review are that, due to its nature, a risk-of-bias assessment was not performed and the article
screening was completed in 2 databases (PubMed/MEDLINE and Scopus). More research is needed to identify health-related outcomes associated
with DQIns in the pediatric population, using clearer and more standardized methodological criteria. Adv Nutr 2021;12:2435-2494.
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Introduction

Nutrition is an essential factor for growth and development
during childhood and adolescence (1). In the first years of
life, infant feeding practices and dietary patterns transition
from breast milk or formula to semisolid food intake and,
later, to the adult diet (2). Feeding skills, dietary habits,
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food preferences, and nutritional knowledge are learned
during pediatric age and carried through into adulthood
(3).

Recent systematic reviews (SRs), which included dietary
patterns, have examined the timing, types, and amounts
of foods and beverages during infancy and toddlerhood
in relation to growth and developmental outcomes into
adulthood (4, 5), but only moderate or limited conclusions
were drawn primarily from a lack of available evidence on
diet quality (DQ) early in life. Dietary patterns represent a
broader picture of food and nutrient consumption, and they
may thus be more predictive of disease risk compared with
individual foods or nutrients (6).

There can be concerning changes in the dietary pattern
and lifestyle during childhood and adolescence, leading
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to overweight and obesity. Indeed, the risk factors that
contribute to the gaining of body weight are the reduced
consumption of fruits, vegetables, and legumes; the increased
consumption of ultra-processed foods, unhealthy fats, added
sugars, and refined carbohydrates; and sedentary habits
(7). According to WHO (8), >340 million children and
adolescents aged 5-19 y were overweight or obese in 2016,
and 38 million children aged <5 y were overweight or obese
in 2019. The prevention and treatment of obesity in the
pediatric population can reduce long-term comorbidities
in adulthood (e.g., arterial hypertension, dyslipidemia, dia-
betes, and cardiovascular diseases) (7).

An overall dietary assessment is necessary to identify
consumption patterns in the pediatric population. In epi-
demiological research, diet assessment includes valid dietary
methods such as diet history, FFQs, 24-h dietary recalls (24h-
DRs), and food records. These methods are associated with a
high respondent burden; they are time-consuming and need
additional analysis (9). However, there are blunt instruments,
apriori diet quality indicators (DQIns), that describe an over-
all dietary pattern based on current nutritional knowledge
(10). These tools can represent the combined effects of all
foods and evaluate dietary guidelines and recommendations
(10).

DQIns use mathematical algorithms to quantify the
degree of food and nutrient adequacy (11). DQIns are
designed for a specific purpose and population, and they are
used to evaluate the overall DQ and to categorize chronic
disease risks according to eating behaviors (12). DQIns
measure nutrient adequacy, food variety or food diversity,
and the moderation of food consumption and nutrients
(13). The advantages of DQIns include the possibility of
extended use in epidemiological studies because of their
rapid assessment and simple interpretation (14).

Although single-nutrient analyses are valuable to nutri-
tion epidemiology, a more recent and informative approach
is dietary pattern analysis, which addresses the combined
effects that multiple nutrients may have when consumed as
foods in the overall diet over time (15). Dietary patterns have
also become a foundational core component of the Dietary
Guidelines for Americans (DGAs) (16, 17).

Nutritional recommendations refer to the nutrient
amount expressed as dietary reference intake—for instance,
the RDA, Adequate Intake, or estimated mean requirement
(18). Regarding food intake, national nutritional guidelines
encourage healthy dietary patterns in the population (19).
DQIns have been assessed using those approaches, initially
at the population level (20). Later, DQIns were developed or
adapted to evaluate consumption patterns in the pediatric
population. Some of these instruments were short tools
considered according to their reliability and validity for later
use as dietary indexes (21).

Compared with the pediatric population, DQIn research
is widely extended in the adult population (22). Hence,
DQIns play an essential role in identifying modifiable dietary
factors that can improve health and nutrition by preventing
chronic diseases.
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Several SRs on DQIns in the pediatric population have
been published since various indexes have been developed.
In 2011, an SR that compiled 40 DQIns by identifying
a priori methods to assess dietary patterns in children
aged 1-5 y and their association with sociodemographic
characteristics in high-income countries was published (23).
Another SR in low-income countries grouped 90 DQIns by
their intended use, such as assessing dietary quality, dietary
habits, and association with health-related outcomes (24).
Moreover, an SR made an inventory of 119 DQIns and
identified applications in low- and high-income countries
(25). An update of this SR has been published describing 128
DQIns from 33 countries; the SR focused on the associations
between DQIns and health-related outcomes (IQ, quality
of life, blood pressure, body composition, and metabolic
syndrome) and on the evaluation of validity and reliability
of these tools (26).

Previous reviews of DQIns focused essentially on health-
related outcomes. Despite their completeness, insufficient
detail has been reported about the components, the scoring
methods, and the main methodological issues that have been
taken into consideration for the development and applica-
tion of DQIns. Considering that the differences in these
methodological features (types of components and scoring
methods) are fundamental, it has been necessary to perform
a review emphasizing these issues. The current mapping
review approach provides the methodological criteria on
which a priori DQIns have been developed in children. This
compilation aims to be a comprehensive reference to future
epidemiological studies conducted in children aged <14 y by
facilitating the selection of indicators (previously developed,
updated, or modified) that assess DQ.

Methods

We conducted a mapping review of DQIns including
observational (mainly cross-sectional and cohort studies)
and intervention studies (randomized controlled trials) in
childhood. The protocol was registered on PROSPERO
(International Prospective Register of Systematic Reviews) as
CRD42020201571. The review processes were documented
following a pre-established protocol for reviews about the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (except the assessment of the
risk of bias) (27). It was decided not to assess the risk of bias
of selected articles because of the methodological approach
of the review that is describing the DQIns main features
as instruments of the evaluation of the DQ. The steps are
described in more detail later.

Literature search strategy
The research was performed on 2 electronic databases of
MEDLINE (PubMed) and Scopus. The literature search
included documents published up to June 26, 2020. The years
covered by this review were not limited. The search was
conducted in articles published in English and Spanish.

We selected keywords that are similar and related to
DQIns. We included the following in the research statement:
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Meta-Analyses.

(diet OR dietary OR food OR meal) and (quality OR diversity
OR variety) and (index OR score OR indices). Medical sub-
ject heading (MeSH) terms were also identified and included
in the search query: (diet OR diet healthy OR diet survey OR
nutrition surveys). The search was limited to human studies
on infants, preschoolers, children, or adolescents. Excluded
health conditions were food hypersensitivity, celiac disease,
cognitive dysfunction, diabetes mellitus type 1, depression,
severity of illness, irritable bowel, mental disorder, neoplasm,
and pregnancy. These were excluded using the appropriate
MeSH terms. The search strategy utilized (a combination of
MeSH terms, keywords, and Boolean operators) is shown in
Supplemental Table 1. In addition to the literature search
strategy, previous systematic and narrative reviews about
DQIns were collected, and their references were checked in
order to include them in our mapping review if they did not
appear in our original search.

Study eligibility criteria and data synthesis

The inclusion and exclusion criteria were established by
the PICOS criteria (population/patient, intervention ex-
posure, comparison, outcome, and setting) (28) and are
summarized in Supplemental Appendix 1. Inclusion criteria
for participants were children and adolescents aged <14
y from throughout the world. Publications that evaluated
the population level were also included. The outcome of
interest included articles that described the development,

PRISMA flow diagram for the selection of studies. PRISMA, Preferred Reporting Items for Systematic Reviews and

update, or modification of a DQIn. The selected articles
described the scoring system according to the food groups
or foods, nutrients, or lifestyle-related factors that were part
of the tools. The DQIns had to evaluate >1 d of food
consumption.

Exclusion criteria were studies that included a health
condition, such as a primary disability, or behavioral or
learning difficulties. Studies using an existing DQIn without
any modification, articles that analyzed mealtimes (except
breakfast), or studies that scored for single nutrients such
as protein quality index or glycemic index were excluded.
Articles with no full text available and no response after
contacting the authors were also excluded.

Data collection
The screening process included the review of titles and
abstracts first to identify eligible articles. Duplicates were
removed. Then, full-text articles were screened to confirm
eligibility. Studies were first screened by title and abstract by
a first reviewer (LAD-]); the screening was supervised by a
second reviewer (AH-R). A reverse search was performed
by manually checking the references of previously published
reviews (AH-R). The final study selection was performed
based on a full-text review. Any discrepancies were resolved
by consulting a third reviewer (M]JS-M).

For data extraction, if several tools were developed in the
same article, only the most complete DQIn was selected. If 2
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FIGURE 2 Proposed classification of the indicator approaches for assessing diet quality indicators in children and adolescents.

developed DQIns were similarly complex (components and
scoring systems), data from both were extracted. If several
indicators were applied in a publication, the novel DQIn
developed in the manuscript or the indicator with greater
modifications was selected. Hence, articles were classified
only in a specific subgroup. The initial references of the rest
of the instruments used in those articles were retrieved and
used in their original version.

Data extraction and management

Data extraction was conducted by 2 reviewers (LAD-J and
AH-R) through a predefined standardized form to collect
the information required: 1) author, publication year (refer-
ence), indicator (abbreviation), indicator subgroup, country,
population, year of recruitment, age, sex, study name, study
design, main objective, and results; 2) food and food group,
nutrient, and lifestyle-related factor components included
in each DQIn; 3) component information (n, and type of
component), and global scoring method; 4) cutoft values,
overall score, and methodological issues. If the publication
was a population-based study, only the results for children
and adolescents were extracted. At this stage, articles that
failed to provide all the necessary information to make them
applicable were excluded. The references were managed by
Mendeley software (29) and checked by data extraction to
avoid citation mistakes.

Results

The research strategy resulted in 2269 articles. An additional
17 articles were included by screening the references of
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previous reviews and eligible articles. After the removal
of 621 duplicates, 1665 references were left. The initial
title—abstract screening resulted in 639 eligible articles.
After reading the methodology, we proceeded to verify
whether they were the identical versions of the original
articles, modified versions excluding any of the original
components, or modified versions adding new information.
Five hundred additional articles were excluded, resulting in
139 articles. Figure 1 shows the PRISMA flow diagram for
the selection of studies.

Presentation of the main results

Because all indicators assess the DQ, but from different
approaches, a classification of these tools was proposed to
improve the understanding of these diverse perspectives.
This classification is based on the main subgroups recognized
by the scientific literature and additional subgroups whose
indicators have common characteristics. In addition, several
subgroups of Other Dietary and Lifestyle Indicators have
been included that, although not assessing overall DQ
in the strict sense, evaluate dietary characteristics asso-
ciated with a better dietary profile and improved health.
Figure 2 shows this proposed classification of the DQIns
or their modifications that were retrieved in this mapping
review. The results of all studies included in this mapping
review are presented by types of components, scoring
methods, and other relevant methodological issues applied
to the DQIns. Subsequently, a brief description is given in
narrative and tabular forms by the subgroup of key indicators
of the most noteworthy aspects.



Supplemental Table 2 shows an overview of all relevant
DQIns, including the main indicators’ subgroups, ordered
according to the number of articles found in each category.
The original version and the first modified version were
included and placed in chronological order in each DQIns
subgroup. A total of 139 original DQIns or their modi-
fications were retrieved; they are mainly classified in the
following 10 subgroups: Healthy Eating Indexes (n = 25)
(30-54); Dietary Diversity Scores (n = 20) (55-74); Diet
Quality Indexes (n = 16) (75-90); Food Variety Scores
(n = 11) (91-101); Healthy and Unhealthy Scores (n = 11)
(102-112); Feeding and Eating Indexes (n = 10) (113-122);
Diet Quality Scores (n = 5) (123-127); Nutritional Adequacy
and Micronutrients Indexes (n = 5) (128-132); Dietary
Guidelines Indexes (n = 5) (133-137); and Other Healthy
Diet Indexes (n = 13) (138-150). Indicators classified as
Other Dietary and Lifestyle Indicators were Mediterranean
Diet Indexes (n = 10) (151-160), Diet-Lifestyle Indexes
(n = 5) (161-165), and Breakfast Quality Indexes (n = 3)
(166-168).

Table 1 shows a summary of the main features of
the studies retrieved in this mapping review, in which a
DQIn was developed or updated through modifications
(to components or to scoring methods), chronologically
organized according to previously defined subgroups.

Key methodological issues: components and scoring
method of the DQIns

Tables 2a-j and 3a-g describe the components found in the
DQIns reviewed. All the components were classified into 3
types: food groups and food, nutrients, and lifestyle-related
factors (Supplemental Table 2).

The number of components in each DQIns varied from
3 to 20. Healthy Eating Indexes, Diet Quality Indexes,
Healthy and Unhealthy Indexes, and Dietary Guidelines
Indexes included all 3 types of components. Feeding and
Eating Indexes, Diet-Lifestyle Indexes, and Nutritional
Adequacy and Micronutrients used 2 types of compo-
nents, where the food groups were present in the possi-
ble combinations with the other 2 types of components.
Last, Dietary Diversity Scores, Food Variety Scores, and
Breakfast Quality Indexes evaluated only food group
components.

The scoring system included 3 major issues that need
to be considered. First is the scaling procedure between
dichotomous (2 categories) or polytomous (>2 categories).
Second is the appraisal of cutoff values, which can be cal-
culated through fixed criteria (predefined) or by distribution
(population-dependent). Finally, the weighting system is an
issue that is not usually considered because in the majority
of the indicators, all components contribute the same weight
to the overall score. The sum of all the scores of each
component of DQIns provided the overall score, which
is usually interpreted as the higher the score, the better
the DQ.

Types of components included in each DQIn

The food groups, foods, nutrients, and lifestyle-related
factor components are shown in Tables 2a-j and 3a-g and
Supplemental Tables 3-5. These components were part of
the countries’ dietary national guidelines or public health
recommendations.

Food groups and food components

The most prevalent food components found were fruits, milk
and dairy products, and vegetables; they were mentioned
in 116, 104, and 100 DQIns, respectively (Tables 2a-j,
Supplemental Table 3). In order of frequency, additional food
components found included the following: legumes, fish,
eggs, water, and nuts.

Regarding the fruit component, some DQIns included
fruit and fruit juices or consider fruit and vegetables
in the same component. In the vegetable component, it
is noteworthy that most of the indicators also included
potatoes; however, many other DQIns included potatoes in
the cereal component.

Concerning the dairy component, it is noteworthy that
most of the DQIns valued total consumption, without
distinction by product type or fat content. Regarding
the dairy component, it is notable that in children, it is
considered positive in the majority of the DQIns without
distinction by product type or fat content. In reference
to the components concerning protein-rich foods (meat,
fish, eggs, and legumes), some authors have considered all
these foods in the same component. However, most of the
DQIns considered them individually due to their different
effects on health. Most indicators contemplated total meat
consumption (including all types of meat and processed
meat) as a negative component. Nevertheless, other DQIns
included red and white meat or only white meat and value
them as positive or negative.

Moreover, food components that required moderation in
their consumption were identified; the most prevalent were
meat, sweets and confectionery items, and sugar-sweetened
beverages. These components were mentioned in 91, 49,
and 46 indicators, respectively. Other food components that
required moderation, in order of frequency, were fats and
oils, snacks, juices, fast food, coffee, and alcoholic drinks.

The sweets component sometimes also included bak-
ery products, which at other times are classified in the
cereals component. It is noteworthy that in some DQIns,
the sweets and snacks components are combined. In
numerous cases, the snacks component refers to salty
snack products. In other cases, it also includes sweet
products.

Nutrient components

Tables 3a-g and Supplemental Table 4 show the nutrient
components. This type of component was less frequently
used in comparison to the food groups component. The
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TABLE 2h Food group components included in the Nutritional Adequacy and Micronutrients Indexes diet quality indicator’

50%
legumes,
micronutri-

50%

Authors,

Fermented Tea/coffee

foods/salads

Fried
foods

ent
dense

whole

publication year

(Ref)

with meals

Variety Sugar

Fats

Dairy

Fruits Cereals grains Legumes

Vegetables

Indicator

Adolescent

Chiplonkar and

Micronutrient

Tupe, 2010 (130)

Quality Index
(AMQI)

Check symbol denotes that a component is included in the indicator. 4, the component is scored positively or as improving the DQ; —, the component is scored negatively or as decreasing the DQ; dot, the component gets the higher score

when it fits within a specific range or the score is unspecified. DQ, diet quality.

2Green leafy, roots and tubers, and other vegetables.

3Micronutrient-dense legumes (e.q., chick peas, moth beans, or lentils).

“Food variety based on all subgroups and weekly variety in vegetables and fruits.

nutrient components were selected by their health-related
outcomes. In order of frequency of appearance, the nutrient
components found were calcium, iron, fiber, vitamin C,
vitamin A, protein, thiamin, folate, zinc, and niacin. More-
over, the most frequently identified nutrients that required
moderation to prevent chronic diseases were sodium, total
fat, saturated fat, sugar, cholesterol, and trans fats. Fat-related
components warrant special note because they are the most
frequently negatively scored.

One issue to be noted is that when DQIns use food
components, the majority of food groups or items included
are those to be scored as positive (e.g., fruits, vegetables);
on the contrary, when DQIns considered nutrients as
components, the majority listed are those to be scored as
negative.

Finally, Supplemental Table 5 shows lifestyle-related factor
components. These were less frequently used in comparison
with the other types of components (food groups and
nutrients).

Scoring methods applied to the DQIns

Supplemental Table 6 shows the essential methodological
issues identified in each indicator. Scoring methods for each
component regarding the type of cutoft values, the interpre-
tation of the overall score, and other relevant methodological
considerations (e.g., description of the dietary assessment
instrument used to evaluate the indicator) are described in-
depth.

Cutoff values

The cutoff values were classified as predefined (fixed crite-
ria) or population-dependent (by distribution) (169). The
cutoft values were established beforehand according to fixed
amounts of dietary intake described by several criteria. For
food groups and foods, these cutoft points are defined by
servings per day (or week) or grams (or milliliters) per day (or
week), by the percentage of the frequency of consumption,
or by the score according to adherence to dietary guidelines.
For nutrients, the percentage of the energy intake per day or
the nutritional recommendations—milligrams (nutrient) per
day or nutrient density (per 1000 kcal)—were used. Some
DQIns considered cutoff values fixed through a variety of
components per day or the number of different food items
eaten during the registration period.

The population-dependent cutoff values vary based on the
distribution of the dietary intake in the studied population,
using quantiles. The cutoft points most frequently applied
in this approach were medians (or sex- and age-specific
medians), tertiles, quartiles, quintiles, or deciles. Other
indicator components were calculated as algorithms based on
multiple criteria or as the individual harmonic mean of the
individual intake.

Dietary assessment methods

The dietary assessment instrument most frequently used was
the 24h-DR, followed by the FFQ, the diet record, the weight
record, and nutritional surveys. The 24h-DR was used in
more than half of the articles reviewed and assessed a single
day or multiple days. The FFQ considered different periods
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TABLE 3¢  Nutrient components included in the Healthy and Unhealthy Scores diet quality indicator’

Macronutrients Minerals

Authors, publication year Saturated
(Ref) Indicator Fiber Sugar Alcohol Total fat fat Trans fat Sodium
Sluik et al,, 2016 (109) Dutch Healthy Diet index v v v v v v

(DHD-index)
Arvidsson et al, 2017 (110) Healthy Dietary Adherence v v

Score (HDAS)
No. of studies using this component in this indicators 1 2 1 1 1 1 1

subgroup

'Check symbol denotes that a component is included in the indicator.

(more frequently past month or year), the more frequent
are those of a qualitative or semiquantitative approach with
between 120 and 170 items. The diet records evaluated at
least 3-4 d of dietary intake. Moreover, only 2 articles used
a nutritional survey, and 1 article used a weighed dietary
record. In addition, in some studies, researchers used 2
dietary assessment methods, usually the 24h-DR and the
FFQ.

Other relevant considerations found in the methodology
were as follows: the energy adjustment, a trained interviewer
or the dietitian’s participation in the face-to-face interview
or by phone, if the dietary assessment was self-administered,
the use of paper or electronic-based tools (computer or
smartphone), and the possibility of asking and resolving
questions during the evaluation.

A synthesis of the main issues analyzed in this mapping
review in terms of components, scoring and statistical meth-
ods, and other relevant considerations is shown in Figure 3.

Main features of the subgroups of the DQIns
Overall DQIns.

Indicator subgroup: Healthy Eating Indexes. A total of
25 DQIns based on the concept of Healthy Eating Indexes
were classified in this subgroup with different modifications
(30-54). For this subgroup, 6 population-based studies were
found. In general, this group of DQIns was developed based
on the most important recommendations of the DGAs (170).
These guidelines and the indexes account for the population
older >2 y and have been updated every 5 y. Originally,
the components included were food groups, nutrients, and
variety (30). The score was based on adequacy, modera-
tion, and frequency of consumption. For the food group,
higher scores represented higher adequacy. The score for
the moderation component is reversed: lower consumption
accounted for a higher score. Since 2005, the adequacy
and moderation components have been expressed based
on energy density, allowing the evaluation of mixed dishes

(35). Modifications and updates in the food components
have been made from the original Healthy Eating Index to
evaluate food and dietary intakes of children and adolescents.
This process included evaluating whole cereals, snack foods,
sugar-sweetened drinks (31, 43), and fish (47). Moreover,
adjustments in food components to assess diet in different
settings were found. For instance, in Brazil, the researchers
included the beans food group component (45).

Indicator subgroup: Dietary Diversity Scores. Twenty-one
indicators were collected to assess DQ from a dietary diver-
sity approach (55-74). Diversity is one of the dimensions
of DQ and is the desirable consumption of foods or food
groups; these indicators are usually used in low-income
countries (13). The components of these indicators were
the food groups. The scoring system is dichotomous, and
it accounted for each item consumed with or without the
number of servings or cutoft limits during a given time
(171). The food groups selected in each index considered
the nutritional aspects and the local food culture (60). For
instance, the group of fruits and vegetables were classified
as sources of vitamin A, or the meat group included other
food sources of protein such as fish or eggs. The primary
reference for Dietary Diversity Scores is that proposed by
WHO, the minimum dietary diversity with 7 food groups:
1) grains, roots, and tubers; 2) legumes and nuts; 3) dairy
(milk, yogurt, and cheese); 4) flesh foods (meat, fish,
poultry, and liver/organ meats); 5) eggs; 6) vitamin A-rich
fruits and vegetables; and 7) other fruits and vegetables
(172).

Indicator subgroup: Diet Quality Indexes. The Diet Qual-
ity Indexes subgroup had the third most prevalent indicators
found in this mapping review. We found 16 indexes (75-
90). All evaluated food group components, excluding 1 pub-
lication that evaluated only the nutrient components (75).

TABLE 3d Nutrient components included in the Feeding and Eating Indexes diet quality indicator’

Authors, publication year (Ref)

Indicator Protein

Golley et al,, 2012 (118)

Complementary Feeding Utility Index (CFUI) v

Check symbol denotes that a component is included in the indicator.
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TABLE 3e Nutrient components included in the Nutritional Adequacy and Micronutrients Indexes diet quality indicator’

Minerals

Vitamins

Macronutrients

Authors,

Added
sugar

publication
year (Ref)

Potassium Magnesium Phosphorus Sodium

Zinc

Calcium Iron

BIZ

SFA

MUFA

Fiber

Protein

Indicator

Nutrient-Rich Foods

Fulgonietal,

Index
Nutrient-based

2009 (128)
Libuda etal,,

Nutritional Quality

Score (NQI)

Alexy etal, 2011 Nutrient Quality Index

2009 (129)

(NQI)
Index of Nutritional

(131)

Lee and Park,

Quality (INQ)

No. of studies using this component in

this indicators subgroup

2015 (132)

MUFA, Monounsaturated Fatty Acids; SFA, Saturated Fatty Acids.

!Check symbol denotes that a component is included in the indicator.

Different from previous subgroups, Diet Quality Indexes
included the assessment of water, fruit juices, and alcohol.
Five publications also considered the nutrient components
in addition to food (77, 82, 86, 87, 173), and only 3 evaluated
the lifestyles component (77, 87, 173). The scoring method
varied per component, and each component was weighted. In
4 publications, the score per component considered diversity,
quality, equilibrium, and adequacy for each food group (79,
80, 83, 84).

Indicator subgroup: Food Variety Scores. In this mapping
review, 11 studies were found in which different indicators
were developed or updated to assess DQ by Food Variety
Scores (91-101). Dietary variety has been considered a
desirable feature of most dietary patterns because a greater
variety of foods means a greater likelihood of meeting nutri-
tional requirements (1). For this reason, the development of
indicators from the perspective of variety is a fundamental
issue for children and adolescents. Variety can be defined
from several approaches; one of the most frequent is the
number of different food items eaten during the registration
period, most often between 60 and 75 items (92, 95, 99). The
main foods to assess the DQ according to variety belong to
cereals, vegetables, fruits, milk and dairy products, meat, and
fish.

Indicator subgroup: Healthy and Unhealthy Scores. A total
of 11 indicators were classified in this group, assessing
different aspects considered healthy or unhealthy (102-
112). The Healthy and Unhealthy Scores are presented
independently of each other or in combination. Independent
scores are compared to each other by showing their per-
centage of consumption. In combination, higher scores can
indicate better DQ or adherence to dietary guidelines. The
components were food groups. The healthy index included
food groups such as fruits and vegetables that are considered
beneficial for health. The Unhealthy Scores included food
groups such as sugar-sweetened drinks that are considered
risky for human health. The scores were based on the
frequency of consumption of the food groups. DQIns were
used to evaluate health-related outcomes such as blood
pressure (104), mineral density (105), and mental health
(103), or they were used to compare food intake patterns in
populations (111).

Indicator subgroup: Feeding and Eating Indexes. In this
indicator subgroup, 10 tools were classified that assessed
different aspects related to feeding and eating practices (113-
122). The Feeding and Eating Indexes assess the DQ through
a combination of indicators composed by independent ele-
ments. These combinations included food groups that assess
diet diversity; diet variety; frequency of consumption; and
lifestyle feeding practices such as breastfeeding, baby-bottle
use, and food consistency (solid food). Therefore, the scoring
system was more complicated. First, each component was
scored separately according to its criteria and cutoff points.
Then, the score was added together or transformed into a
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Mineral
Cholesterol Sodium

Trans fatty
acids

SFA

Macronutrients

Low-fat
choices

Fat

Added
sugar

Fiber

Indicator

TABLE 3f Nutrient components included in the Dietary Guidelines Indexes diet quality indicator’

Authors, publication year

(Ref)
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Dietary Guidelines for Americans Adherence

Mohseni-Takalloo et al., 2016

Index (DGAI)
Diet Quality Index based on the Danish

(135)
Rohde et al,, 2017 (136)

national guidelines (DQI-Danish national

guidelines)

No. of studies using this component in this indicators subgroup

SFA, Saturated Fatty Acids.

'Check symbol denotes that a component is included in the indicator.

probability function to derive a unit-free component (118).
Moreover, the score for each component was dependent on
the infants” age. For instance, breastfeeding had a higher score
at 6-12 mo, and food frequency of consumption evaluated
the consumption of fruits and vegetables separately after 12
mo (122).

Indicator subgroup: Diet Quality Scores. In this mapping
review, 5 DQIns were recovered and classified in this
subgroup (123-127). The main components of the Diet
Quality Scores were the food groups, which were assessed
by an FFQ. All the Diet Quality Scores represented different
national nutritional guidelines; consequently, the scores had
cutoft points dependent on each population under study.
The scores account for a positive total. Three indicators had
a dichotomous score (123, 124, 126). One indicator scored
according to the consumption level of food groups, and if the
food group required moderation, a higher score was given
with less consumption (127). In the last indicator, the food
groups were added or subtracted from the score if they were
considered healthy or unhealthy, respectively (125).

Indicator subgroup: Nutritional Adequacy and Micronu-
trients Indexes. To evaluate DQ from the perspective of
nutritional adequacy, 5 indicators were found (128-132).
Intake of certain nutrients, especially some micronutrients,
is critical in some periods of childhood and adolescence
for adequate growth and development. Therefore, one way
of assessing the quality of the diet is to consider dietary
components in the form of nutrients rather than foods,
as it is more common in most indicator subgroups. The
indicators that assess nutritional adequacy are characterized
by micronutrient components, with the most common being
vitamins A, C, E, thiamine, and riboflavin, and the most
common minerals being calcium, iron, zinc, and potassium.
The least frequent vitamins were vitamins D, K, pantothenic
acid, and B¢. Among the minerals, sodium and phosphorus
were the least frequent.

Indicator subgroup: Dietary Guidelines Indexes. In this
subgroup, 5 publications were collected (133-137). These
indicators are based on dietary guidelines from different
countries. For instance, the Australian guidelines and the
DGA Adherence Index (174) are remarkable references for
many countries and institutions globally. Regarding the food
or nutrient components, those related to the lipid profile are
highlighted. This subgroup excludes indicators based on the
recommendations of DGA within the concept of Healthy
Eating Indexes, which, in this mapping review, constitute an
independent subgroup.

Indicator subgroup: Other Healthy Diet Indexes. In this
subgroup, indicators that evaluate certain aspects of healthy
patterns or characteristics of the diet and that have not been
studied much in the scientific literature in this population
group have been compiled, obtaining 13 tools (138-150). In
this classification, the indexes were developed or modified



TABLE 3g Nutrient components included in the Other Healthy Diet Indexes diet quality indicator’

Minerals

Vitamins

Macronutrients

Authors,

Copper lodine

Phosphorus

Iron

Folate Calcium Zinc Sodium

D

B2

Unsaturated

Total

publication year

(Ref)

PUFA:SFA A

fat SFA

Sugar fat

Protein Carbohydrates Fiber

Indicator

Baltic Sea Diet Score

(BSDS)

Haapala et al,

4)
yah etal,
145)

14

Balanced Diet Index

(BDI)

2015
Hardian

2015
Chengetal,

Chinese Children

Dietary Index (CCDI)

Diet Quality Index

46)

2016 (
Verger et al,,

Based on the

2016/ (147)

Probability of

Adequate Nutrient
Intake (PANDiet)

American Heart

Liuetal,

Association Score

(AHAS)

No. of studies using this component in this

2020 (150)

indicators subgroup

°
S
<
I
2
o
i
o
5
3
S
=N
)
&
<
£
s
=
©
S
<
2
2
o
L
o
5
=
3
g
%

2
5
Y]
S
o
£
°
o
©
3
o

1 Check symbol denotes that a componen

2Vitamin B: thiamin, riboflavin, niacin, B, and B,

according to the studies’ needs by adapting characteristics
of the previous described indexes. The components were
food groups, nutrients, or lifestyles. The Baltic Sea Diet Score
(175), American Heart Association Score (176), the PAN diet
(177), and the Dietary Approaches to Stop Hypertension-
DASH score (178) were developed initially for adults with the
purpose of measuring the adherence to dietary guidelines or
the associations with health conditions.

Other dietary and lifestyle indicators.

A detailed description of the types of components of other
dietary and lifestyle indicators (Mediterranean Diet Indexes,
Diet-Lifestyle Indexes, and Breakfast Quality Indexes) is
shown in Supplemental Tables 3-5.

Indicator subgroup: Mediterranean Diet Indexes. In this
mapping review, 11 studies were retrieved in which Mediter-
ranean Diet Indexes were developed or applied in children
(151-160). The indexes based on the adherence to the
Mediterranean diet pattern have been developed with the
concept of assessing adherence to an established healthy
dietary pattern and with scientific evidence of its association
with the prevention of chronic diseases, especially in the adult
population (169). Numerous indexes of this subgroup have
been developed, presenting concepts such as those applied
to the adult population. However, it is necessary to highlight
the main controversies and differences in these indexes
when applied to children and adolescents. Many authors
have eliminated the alcohol component or have included it
as negative because its consumption is not recommended
in children and adolescents. Regarding dairy products,
although many authors do not consider it a traditional
characteristic component of the Mediterranean diet pattern,
and therefore it is usually included as a negative component
in the indexes, other authors have modified their assessment,
considering it a positive component because of its richness
in nutrients, especially in critical nutrients in the pediatric
population (179).

Indicator subgroup: Diet-Lifestyle Indexes. Five studies
assessing DQ in conjunction with lifestyle characteristics
have been included in the current mapping review (161-
165). Lifestyle characteristics have been included less as
components in the DQIns. This subgroup is characterized
by the inclusion of components related to lifestyles in
conjunction with dietary components. The beneficial one
is the practice of moderate to vigorous physical activity,
and the harmful one is watching television. Most of these
indicators were characterized by the inclusion of food and
food groups (vegetables, fruits, and cereals most frequently)
and the importance of valuing sweets, added sugars, and soft
drinks.

Discussion

The current mapping review provides a practical compilation
of 139 overall DQIns developed through a priori method-
ology in the pediatric population and classified into 13
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Characteristics of the development system and main methodological issues

Indicator dimensions
» Adequacy
» Balance
* Moderation
* Variety

Dietary assessment instrument
e 24h Dietary Record (24h-DR)
»  Food Frequency Questionnaire (FFQ)
*  Diet or weighed records
*  Nutritional surveys

. Nutrients

Selection of component types
*  Food groups and foods

»  Lifestyle-related factors

I Scoring method [

Scaling procedure
» Dichotomous °
» Polytomous °

Cutoff values
Predefined (fixed criteria)
Population-dependent (by distribution)

Weighting
*  Weighted scores
*  Unweighted scores

*  Trained interviewer (e.g., dietitian)

Other relevant considerations

* Interview with the children or adolescents, their parents or carers
» + Dietary assessment was self-administered (paper or web-based) <
»  Use of electronic-based tools or phone interviews

»  Possibility of asking and resolving questions during the assessment
*  Energy adjustment (by component or energy density)

FIGURE 3 Synthesis of the main issues analyzed in terms of components and scoring methods.

subgroups: Healthy Eating Indexes, Dietary Diversity Scores,
Diet Quality Indexes, Food Variety Scores, Healthy and
Unhealthy Scores, Mediterranean Diet Indexes, Feeding and
Eating Indexes, Diet Quality Scores, Nutritional Adequacy
and Micronutrients Indexes, Dietary Guideline Indexes,
Diet-Lifestyle Indexes, Breakfast Quality Indexes, and Other
Healthy Diet Indexes. We have also included a description of
the DQIns according to the components information, scoring
method, and key methodological issues. This compilation
of DQIns will facilitate the researcher in selecting the
most appropriate tool for future epidemiological studies,
considering, in a special way, the main methodological
aspects collected in this mapping review.

The DQIns in the current mapping review represent
a great variety of tools, including those that measure
adherence to dietary consumption patterns (13, 23, 180,
181). Several DQIns only contain minor adjustments of the
original ones; this is especially the case for the indicator
subgroups belonging to Healthy Eating Indexes (50), Dietary
Diversity Scores (72), Diet Quality Indexes (77), Food Variety
Scores (101), and Healthy and Unhealthy Scores (104). The
modifications from the DQIns’ original versions included
new food components such as fruit juices or lifestyle factor
components related to pediatric age; exclusion of specific
food components (i.e., alcohol); cutoff values according to
the pediatric age recommendations; and other alternatives
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concerning the scoring method, such as giving more weight
to specific components according to the study age (ie,
breastfeeding). These issues hinder comparisons across
DQIns regarding their impact on the primary endpoints of
interest in child and adolescent growth and development.
These tools for assessing eating habits and lifestyles take a
holistic perspective, considering both positive and negative
interactions (synergism and antagonism) of foods, food
groups, nutrients, and lifestyle-related factors (12).

In the current research, the most practical use of DQIns
is to associate the DQ with health-related outcomes (chronic
diseases or specific-cause mortality). The main objective in
these DQIns was to assess the diet globally by categorizing
individuals in a population according to their adherence
to the pre-established recommendations or dietary patterns.
These DQIns measure and quantify the intake of foods, food
groups, nutrients, and lifestyle-related factors concerning
specific diet recommendations or characteristics considered
beneficial or detrimental to health (182). All DQIns included
components that expressed a dimension within the indicator
and had a specific weight within the overall score. However,
the development of a weighting system dependent on the
association of each of the components with selected aspects
of the diet or with diseases is currently one of the most
controversial issues. The global computation of all the
components allowed for assessing dietary habits and other
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FIGURE 4 Overall distribution of diet quality indicators and other dietary and lifestyle indicators according to covered ages. Dark and
light gray bars show the ages covered in each publication. PL, population level.
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lifestyle aspects related to food intake—for instance, physical and anthropometric parameters (133, 135, 154, 161, 162,
activity or anthropometric parameters. 164), lifestyle-related factors (101), insulin resistance (163,

Several studies have found significant associations be-  165), growth patterns (100, 134, 137), cognition (43, 144),
tween the DQIns and health-related outcomes: adiposity —academic achievement (157, 167), mental health (103),
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overweight and obesity (125), metabolic syndrome (51),
cardiovascular risk factors (47), and levels of biomarkers
of inflammation (159). These findings support that higher
adherence to predefined dietary patterns with more nutrient-
dense foods/components is typically associated with a
healthier diet. Therefore, this approach could provide higher
protection from diet-related chronic diseases in adulthood,
mainly cardiovascular diseases, cancer, diabetes, or metabolic
syndrome (183).

Publications were in agreement regarding specific com-
ponents, despite several disagreements concerning children’s
DQIns. Among the foods and food groups, the most
frequently used were fruits, milk and dairy products, veg-
etables, cereals, legumes, and fish. Most of these components
are considered potentially beneficial to health. Regarding the
cereal component, it is notable that few DQIns emphasize
the importance of consuming preferably whole-grain cereals
because, in general, this component considers all types
of cereals and derived products, without considering their
fiber content. It is also necessary to emphasize that some
researchers name this group starchy foods, including the
cereals group, together with bakery and pastry products and
some ready-to-eat products (pizza, quiche).

Regarding the dairy component, it generates more con-
troversy because it is considered as positive or negative
depending on the indicator. This is perhaps one of the main
discrepancies regarding the adult population’s indicators; in
children, it is considered positive in many more indicators. In
the protein-rich foods components, meat is undoubtedly the
one that generates more discrepancies, and it must be noted
that most of the DQIns consider total consumption and their
evaluation is negative. Agreement is more often found when
referring to the harmful components to health frequently
included in the DQIns: processed meat, sweets, and confec-
tionery items, snacks, and sugar-sweetened beverages.

Nutrient components scored as negative required moder-
ate or limited intake. Those that appeared frequently were

Age(y) Subgroup

Mediterranean
Diet indexes

Diet-Lifestyle
Indexes

Breakfast
Quality Indexes

sodium, total fat, saturated fat, sugar, cholesterol, and trans
fats. Nevertheless, it is noteworthy that in childhood, fats are
not only a prime source of energy but also provide essential
fatty acids and PUFAs, which are critical for appropriate
growth, cognitive development, and prevention of chronic
disease in adulthood.

Nutrients considered as positive that appeared frequently
were calcium, iron, fiber, vitamin C, vitamin A, protein, thi-
amin, folate, zinc, and niacin. Some of these are antioxidant
components that can halt oxidative stress and the subsequent
development of oxidative stress-related chronic diseases
in adulthood. Moreover, some researchers have provided
evidence for a potential beneficial effect of diet quality
against the development of certain high-risk micronutrient
deficiencies in children (184).

Compared to DQIns developed for the adult population,
specific dietary components such as red wine (153) and
alcohol intake (35, 39, 49, 52, 80, 109, 160) are considered in a
few indicators. The reason is that the benefit that certain types
of alcoholic beverages could have for some segments of the
population (185) is inapplicable to children and young people
for many reasons, and their consumption is discouraged in
this population group.

The remarkable components that generate controversy in
children’s DQIns are dairy products, meat, and fats. Dairy
products are not part of specific patterns of consumption,
such as the Mediterranean diet pattern. Other authors have
described the positive components of dairy consumption,
including those related to bone growth (186). In a critical
review, the authors summarized studies that evaluate dairy
products and the development of obesity. In 9 publications, a
positive association was found between milk and other dairy
products and body fatness (187).

Regarding meat consumption, high-quality dietary pro-
tein and micronutrients can improve the diet, especially in
low-income countries (188). In contrast, their consumption
is associated with increased risk of chronic diseases, such
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as cardiovascular disease and cancer (189). The consump-
tion of oils and fats, or specific types of fats (saturated
fats, monounsaturated fats, and polyunsaturated fats), can
be considered harmful, but olive oil consumption was
considered positive in the Mediterranean Diet Indexes
(190).

The relation between DQ and certain health-related
outcomes in the pediatric population was controversial—for
instance, blood pressure levels and the risk of developing
high blood pressure (139), bone mineral density and changes
in bone mineralization (105), and the association between
DQ and metabolic risk factors (191). Other variables that
would be of particular interest to study because of their
increased prevalence in young people in recent years are
alterations in lipid profiles, insulin resistance, and diabetes
(192).

Elements that have not been estimated in the developed
tools are components related to food safety level, noncaloric
sweeteners, salt added at the table, total antioxidant capacity,
smoking, sleep, and rest. These components have additional
difficulties to be assessed in the child population. Another
way to measure the overall DQ or dietary patterns is by
estimating the dietary-lifestyle total oxidative capacity with
oxidative balance scores. To date, no oxidative balance score
has been designed specifically for the youth population
(193).

Regarding the scoring methods, some discrepancies
and issues to consider are noteworthy. The differences
between the cutoff point values hinder comparability, even
within each of the 2 approaches (predefined or population-
dependent). The fixed criteria are very different between the
DQIns (servings per day or week, grams or milliliters per day
or week, or the percentage of the frequency of consumption).
Concerning the distribution approach, differences have also
been observed in relation to the quantile applied (mainly
medians, tertiles, and quintiles), even when age- and sex-
specific. The establishment of cutoff values based on the
distribution of intake of the sample population limits the
comparability between studies. In this aspect, the majority
of the articles retrieved in this review presented predefined
cutoft point values. Consequently, the use of fixed criteria
cutoft points could be a successful strategy for comparability
between studies.

Therefore, the methodological study (components and
scoring systems) of the DQIns is a fundamental issue due
to the great heterogeneity with respect to their development,
which hinders their comparison, even when studies are
performed in similar populations and for a common outcome
variable.

Chronic diet-related diseases are a major public health
concern; their causes are the interactions between different
nutrient and nonnutrient components. Nevertheless, there
are gaps in the knowledge concerning the mechanistic effect
of nonnutritive components and their impact on health
(194).

The dietary patterns of populations can be studied from 3
different and complementary approaches: a priori (indexes or
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scores), a posteriori (exploratory analyses), and hypothesis-
driven (reduced rank regression) approaches (Figure 2)
(195). In this mapping review, the focus was the a priori
indicators because they are the most studied in the literature
(182). The a posteriori approach has been applied in other
studies to develop and evaluate dietary patterns in epidemi-
ological research on children (196, 197). This approach has
been used less often because of its poor reproducibility, the
limitations concerning its interpretation, and its application
in public health.

Limitations

This mapping review presents some significant limitations
that need to be considered. Only 2 electronic databases
were used (MEDLINE-PubMed and Scopus). However, it
is necessary to emphasize that the 2 databases selected are
the most relevant to the biomedical literature search. It is
important to mention that most of the articles identified in
this review are observational, predominantly cross-sectional
studies.

The global pediatric DQIns research is limited. Despite
the relatively high number of indicators found, Figure
4 shows the distribution of the ages covered by DQIns.
This figure shows the gaps in ages 4-8 y, the age group
with the fewest indicators. Few DQIns have been validated
with different relevant health-related outcomes, such as
overweight and obesity (125), metabolic syndrome (51),
or cardiovascular risk factors (47). However, studies with
an empirical validation have shown more or less the same
predictive capacity for the risk of chronic diseases (180).

The conclusions of DQIn studies must be interpreted with
great caution for several reasons. One of the most remarkable
is that some DQIns have not been specifically developed for
children and adolescents because they encompassed all ages
of the population (30, 32, 35, 42, 49, 52, 53, 96, 150). The
lack of validation studies in some DQIns might yield the
wrong results. It is advised to choose DQIns with validation
or reproducibility assessment. This assessment is carried out
with other instruments widely validated in the scientific
literature (associations with nutrient biomarkers and chronic
diseases). In addition, the methodological criteria for the
development and validation of DQIns were usually based on
dietary guidelines (173, 198) and predefined healthy dietary
patterns (113, 151). These dietary guidelines are limited by
the current knowledge of diet, health, and disease.

Conclusions

We have provided a practical compilation of 139 DQIns
developed through a priori methodology in the pediatric
population and classified into 13 subgroups. The subgroup
differences should be considered because the DQIns include
multiple dimensions to evaluate DQ. Some subgroups have
greater insight with regard to validity because of their ex-
tensive scientific research and scientific literature availability.
Therefore, a previous selection of validated DQIns should
be taken into account for future epidemiological studies.
If the intention is to develop a new tool, the first step



should be justifying the need for such an instrument because
there are many previously validated DQIns. In addition,
careful selection of the indicator components, the scoring
system, the applied methodology for its development, a
comparison with internationally recognized DQIns, and
potential advantages should be reported in detail.

Future research

Development of DQIns is one of the fastest-growing areas
in nutritional epidemiology; additional and more specific
research is needed in children and adolescents. More studies
in which numerous indicators of DQ are developed and
validated against instruments widely validated in the liter-
ature through the application of robust methodologies are
needed. Because of the increasing prevalence of some chronic
diseases in the child population, it would be interesting
to study the associations between DQIns and the risk of
developing risk factors related to blood pressure levels,
alterations in lipid profiles or anthropometric parameters,
and diseases such as diabetes and obesity.
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