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Context: Dietary intake research has increasingly focused on improving diet quality
in low- and middle-income countries (LMICs). Accompanying this is the need for
sound metrics to assess diet quality. Objective: This systematic literature review
aims to describe existing diet quality indices for general populations and highlights
recommendations for developing such indices for food system research in LMICs.
Data sources: Three electronic databases were searched for papers published be-
tween January 2008 and December 2017. Data extraction: Articles published in
English and describing the development of an index to measure overall diet quality,
irrespective of whether they were for high-income countries or LMICs, were in-
cluded. Data analysis: Eighty-one indices were identified, over two thirds were
based on national dietary guidelines from high-income countries. Of the 3 key diet
quality dimensions, “diversity” was included in all 18 indices developed for LMICs,
“moderation” was captured by most, and “nutrient adequacy” was included 4
times. Conclusions: Indices need to be developed that include all dimensions, in-
clude foods and/or food groups rather than nutrients, use an optimal range for in-
dividual components in the score, and express the intake of healthy and unhealthy
components separately. Importantly, validation of the index should be part of its
development.

INTRODUCTION

Food systems should provide year-round access to
foods that cover people’s nutrient needs and promote
healthy dietary practices.' However, they are increas-
ingly under pressure to improve and accelerate impacts
on nutritional outcomes,” especially in low- and
middle-income countries (LMICs). Diets of poor qual-
ity are the main contributors to the multiple burdens
of malnutrition (stunting, wasting, micronutrient

deficiencies, overweight, obesity, and nutrition-related
noncommunicable diseases [NCDs]),>* and promoting
healthy diets can help prevent undernutrition and mi-
cronutrient deficiencies and mitigate the rise of overnu-
trition and diet-related noncommunicable diseases
among poor and vulnerable populations.” Food sys-
tems, including all components and activities related to
production, processing, distribution, preparation, and
consumption, and the outputs of these activities,"® have
a key role in delivering high-quality diets but are
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presently failing to deliver healthy diets to people in
LMICs. It is generally recognized that food systems
need to be repositioned away from a strong focus on in-
creasing food quantity toward more diversified systems
capable of supplying the essential dietary components
that can reduce the high prevalence of micronutrient
deficiencies among women and children and high
stunting rates (growth retardation) of children.” At the
same time, food systems should provide dietary options
that can diminish the growing burden of overweight,
obesity, and diet-related NCDs, such as diabetes, can-
cer, and cardiovascular diseases (CVD).*

Although a universal definition of the concept of
diet quality is lacking, there is general agreement that it
comprises 3 main dimensions: 1) nutrient adequacy, 2)
food variety or food diversity, and 3) moderation of
foods, food groups, or energy and nutrients.®’
Adequacy refers to the provision of levels of dietary en-
ergy and macro- and micronutrients appropriate to age,
sex, disease status, and physical activity for a healthy
life. Diversity refers to the consumption of a variety of
desirable foods or food groups (eg, whole grains, fruits,
vegetables, fish, meat, nuts and seeds, beans and
legumes, milk and eggs).” Moderation refers to the
avoidance or limited consumption of foods, food
groups, and nutrients that can be unhealthy if con-
sumed in excess, such as food high in fats (especially
saturated and trans fat), sugar, (including sugar-
sweetened beverages [SSBs]), and sodium.®'° Food
safety is another important dimension of high-quality
diets but will not be addressed in this paper.
Monotonous staple-based diets and lack of dietary di-
versity, both often observed in dietary surveys in
LMICs, are strongly associated with inadequate intake
and risks of deficiencies of essential micronutrients."!
In addition, many LMICs are currently undergoing a
nutrition transition, which is marked by an increased
intake of unhealthy fats, refined carbohydrates, added
sugar, animal source foods, and low consumption of
legumes, fruits, and vegetables.'* '*

With this transformation of food systems to a focus
on healthy diets comes the need for sound metrics to
measure the quality of such diets in LMICs. The quality
of a diet depends on the existing dietary patterns, and in
general, 2 approaches to assessing dietary patterns are
used: a priori, based on prior nutrition knowledge trans-
lated into dietary guidelines; and a posteriori, where pat-
terns are defined once the dietary intake data are
collected." A priori assessed dietary patterns are used to
construct diet quality indices that quantify the healthi-
ness of the dietary pattern based on existing scientific
knowledge and, when international dietary guidelines
are used, allow for cross-country comparisons. In LMIC
settings the use of dietary diversity scores is common
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because they are relatively easy to administer with limited
resources,'® but the scores presently used do not capture
the 3 important dimensions of diet quality (see above); in
particular, the moderation dimension is often missing.
Therefore, additional diet quality indices need to be iden-
tified for use in LMICs to complement dietary diversity
scores. This systematic review aims to present a state-of-
the-art inventory of diet quality indices developed for
both LMICs and high-income countries by systematically
searching the literature for articles listing the diet quality
indices published since a previous review was published
in 2009 by Wirt and Collins."” Furthermore, the authors
highlight priorities and recommendations on the applica-
bility and further development of such indices for food
system research in LMICs.

METHODS
Literature search strategy

A systematic search of English-language articles pub-
lished in peer-reviewed journals between January 2008
and December 2017 and review articles from before 2008
was performed using the electronic databases Scopus,
CAB abstracts, and MEDLINE. These 3 databases are the
most relevant in nutrition research, and therefore the
authors feel confident that this search provided compre-
hensive coverage of the published literature. The starting
date of this systematic review was chosen based on the
timeframe of the most recent systematic review on diet
quality indices in all age groups by Wirt and Collins."”
Title-abstract-keywords were included in three different
search strings: 1) (Diet* OR food* OR nutrient* OR
meal* OR nutrition*), 2) (index OR determinant* OR in-
dicator* OR score* OR indices OR measure* OR asses*
OR approach), and 3) (quality OR adequacy OR variety
OR diversity OR health*) using an adjacency operator
when combining the 3 searches. Relevant studies might
have been missed when the words used in the search
were not mentioned in the title, abstract, or keywords.
Therefore, the literature list of the included publications
was checked, and the gray literature was searched in or-
der to be as comprehensive as possible. Another limita-
tion inherent to systematic literature review is
publication bias, which refers to the possibility that newly
developed indices have not been published and could
therefore not be included in this review.

Some diet quality indices are more extensively eval-
uated and described in additional publications (eg, the
Healthy Eating Index [HEI] 2005'®'® and 2010°>*' and
the World Health Organization’s Infant and Young
Children Feeding Indicators [IYCFI]*®); however this
review focuses on articles that describe the development
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Records excluded

(n=3717)

Full-text articles excluded
(n=34)

Excluded based on:

Use existing index (20)

Not evaluating dietary quality
(14)

Figure 1 Flow diagram of the literature search process.

of indices, thus additional articles that describe the vali-
dation of a certain index are not included in this
review.

Selection of studies and data synthesis

The database search resulted in 7178 articles. An addi-
tional 14 publications were included from the gray liter-
ature and by screening the references of eligible articles.
After removal of the duplicates, 3844 articles were left.
The initial title-abstract screening resulted in 127 eligi-
ble articles, and after reading the full texts an additional
34 articles were excluded, resulting in 78 original
articles and 15 review articles included in this review
(see Figure 1 for the flow diagram).

The PICOS criteria for inclusion and exclusion are
described in Table 1. Inclusion criteria for title, abstract,
and full-text screening were articles describing the de-
velopment of an index (or a new index that was adapted
from a former index) to measure diet quality in all pop-
ulation groups. Exclusion criteria were nonhuman stud-
ies or studies using an existing diet quality index or
associating such an existing index to a health outcome
or biomarker. Also, articles not evaluating dietary qual-
ity (eg, indices assessing environmental impacts, food
labeling, and advertisement influences or indices
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Table 1 PICOS criteria for inclusion and exclusion of
studies

PICOS criteria Inclusion Exclusion

Population All population Nonhuman studies
groups

Intervention ~ Measure of diet Articles not evaluating
quality dietary quality (eg,

assessing environ-
mental impacts,
food labeling, influ-
ence of advertise-
ments, or food
safety issues)

Comparator ~ No comparator, de-
scriptive system-
atic review

Outcome New or updated diet ~ Studies using an exist-
quality index ing index

Setting All settings

dealing with food safety issues) were not included.
Indices solely describing the meal intake pattern (eg,
number of meals, frequency of eating pattern, or snack
intake) or the quality of a single meal, which are exten-
sively described in a review done by Gorgulho et al,*?
were not included in this review. Likewise, scores for
single nutrient quality (including protein quality and
the glycemic load and index)** or nutrient profiling of
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single foods (where single foods are profiled according
to their nutrient content [eg, the Nutrient Rich Foods
{NRF} 9.3])*7® are beyond the scope of this review.

Title-abstract eligibility assessment of the articles
for inclusion in the systematic review was performed by
1 reviewer and afterwards checked, in an unblinded
manner, by another reviewer. Disagreements between
reviewers were resolved by consensus. Subsequently 1
reviewer extracted the data from the included studies
(n =127 articles) and discussed it with the second re-
viewer, leading to the exclusion of another 34 articles,
resulting in a total of 93 studies (78 original articles and
15 review articles) included in the analysis. Information
was extracted from each study on the developed index
(age group for whom the index is intended, guideline(s)
used to develop the index, components of the index,
scoring system), the pilot/evaluation study (country,
sample size, study type, objective), dietary assessment
method used, and the initial evaluation method used to
validate the index.

The authors evaluated the different indices on a
qualitative and descriptive basis rather than a quantita-
tive basis because the development, assessment, and
evaluation of the listed diet quality indices show a great
deal of variety.

RESULTS

Of the 93 included articles, a total of 78 original articles
listing 81 different diet quality indices were identified in
this systematic literature review. Additionally, 15
reviews of such indices were found.'”****"*! These
reviews were used as background reading and to check
the completeness of the list of diet quality indices but
are not discussed in the article. The 81 diet quality indi-
ces identified are listed in Table 2 (indices developed
for global/multiple region use, n=5),'"***® Table 3
(indices developed for LMICs, n = 14),Y75% and Table 4
(indices developed for high-income countries,
n=62).""" Sixty-one of the diet quality indices have
been developed for countries in Europe (n=33),
Australia and New Zealand (n=15), and North
America (n=13) (Tables 3 and 4). This review identi-
fied 14 indices developed for countries classified as
LMICs*~>® (Table 3, based on the World Bank country
classification by income). Another 5 indices were devel-
oped for cross-regional comparison (Table 2), of which
3 have global applicability,***** and the other 2 have
been applied on 2 different continents, the PANDiet
score* in high income countries and the Food Group
Diversity Indicators (FGD'" in LMICs in Africa and
Asia. Research on the development of the FGI was used
for the development of the Minimum Dietary Diversity
for Women (MDD-W).** Thus various forms of diet
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quality indices have been tested for LMICs, although
the question remains whether these country-specific
and cross-regional indices capture all dimensions of
diet quality.

Theoretical basis of the index

The majority of the indices are based on national die-
tary recommendations (n=>54) originating from the
country where the index was developed. These national
guidelines are often established by an expert group
based on scientific literature. For some indices, such as
the Bone Mineral Density (BMD) Diet score’® and the
Diet-Lifestyle Index” the authors of the paper per-
formed a scientific literature search. Nine of the 14 indi-
ces developed for LMICs wuse national dietary
guidelines**>***~7; 3 use recommendations by inter-
nationally oriented organizations®®*®; the Infant and
Young Child Feeding Index (ICFI)*” is based on scien-
tific literature; and Hardiansyah et al do not mention
their source.” Indices based on national dietary recom-
mendations might be useful for in-country comparison
and trend analysis, and they take into consideration the
availability of foods and cultural dietary preferences.
However, such indices should be used carefully for
cross-country comparisons because their generalizabil-
ity might be limited, especially regarding the foods or
food groups included in the index. Indices that can be
applied globally, allowing for cross-country compari-
son, include those based on assessing the adherence to a
specific  health-improving  diet, such as the
Mediterranean  diet,*>*>'%*  the DASH (Dietary
Approaches to Stop Hypertension) diet,*” or the Nordic
diet,/>¥>1%% but these are specific for a region or
based on a Western diet (DASH diet). Other indices are
based on international guidelines—for example, the
Healthy Diet Indicator (HDI),”® based on the 2003
WHO dietary guidelines for elderly; the Diet Quality
Score (DQS),*! based on the WHO/FAO Diet,
Nutrition and the Prevention of Chronic Diseases
Expert Consultation (2003); and the Infant and Young
Child Feeding (IYCF) index,”® applied in the context of
Mexico but based on WHO best practices for comple-
mentary feeding guidelines for infants and young chil-
dren.*” The HDI and DQS, both applied in the
Netherlands, and the IYCF, applied in Mexico, could al-
low for comparison of food system diet quality associa-
tions in different LMIC settings. However, these 3 diet
quality indicators have only been tested in 1 country,
with the Netherlands being a high-income country;
thus additional research regarding their multi-LMIC
applicability is needed.
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Evaluation®
/specificity

g

markers, nutrient
United States Agency for International Development; WHO, World Health Organization

tive validity, bio-
intake

Reproducibility, rela-
Prepregnancy BMI

sis, sensitivit

Scoring system

17 components, % of
recommended (en-
ergy) intake or gram,
range 0-100

4 components, score
based on consump-
tion, range 0-10

Components
sweetened and carbonated bev-

cium, fiber, water, protein, lip-
ids, carbohydrates, vegetables
and fruits, cereals, legumes and
animal products, food variety
legumes and animal product),
SFA, PUFA, sodium, alcohol
Breastfeeding, use of bottles,
erages, dietary diversity score
bles, legumes/nuts, egg, flesh

foods, dairy)
Eating Index; PUFA, polyunsaturated fatty acid; se/sp analy:

(vegetables and fruits, cereals,
(grains/tubers, fruits, vegeta-

Energy requirements, iron, cal-

B,

2Some diet quality indices are more extensively evaluated and described in additional publications; however, our review search was not specifically set up for such validation studies, and

thus articles describing such validation studies are not included in our review.

Health

1

Country and target
group
unsaturated fatty acid; USAI

Mexico; adults
Mexico; infants
percentage of energy; HEI

Theoretical basis
food and nutrient in-
take issued by
Mexican experts

mass index; E%,

WHO dietary diversity
indicator

Recommendations for

BMI, body

analysis; SFA, saturated fatty acid; SSB, sugar-sweetened beverage; UFA,

of the United Nations.

Index
Feeding (IYCF) index

Mexican Diet Quality
Index (ICDMx)
Infant and Young Child

et al (2016)°*’

et al (2015)°8
Abbreviations: BDI, Balanced Diet Index;

Table 3 Continued
NORTH AMERICA
Macedo-Ojeda

Reference
Monterrosa

Target group

The reviewed diet quality indices were developed for
various age groups, from toddlers to the elderly, al-
though most were developed for the general adult pop-
ulation (without specification of age range, n=28),
young children (infants, toddlers, or preschool chil-
dren, n=14), or children (n=12). Furthermore, spe-
cific indices were developed for women (n=7),
children and adolescents (n=6), adolescents (n=>5),
children and adolescents and adults (n=15), adoles-
cents and adults (n=1), and the elderly (n=3).
Indices tailored to the needs of a specific population
group are, for example, the Mediterranean Diet Index
for pregnant women (MDS-P)**> and the Adolescent
Micronutrient Quality Index (AMQI),* although the
latter is, according to the authors of the index, easily
adjustable for other population groups. There are also
scores, such as the HEI-2010,”" that have been devel-
oped for a wide population group (children, adoles-
cents, and adults). All diet quality scores list the target
group for which it is intended to be used. Different age
and sex groups have different requirements (due to, for
example, differences in physiological needs or different
food preferences during the life course), and therefore
1 index may not fit all target groups equally well.

Components of diet quality indices

Components included in diet quality indices are
nutrients, foods, and/or food groups; occasionally they
incorporate lifestyle factors. The diet-related compo-
nents are either recommended to be limited (un-
healthy) or enhanced (healthy), and both limiting and
enhancing components are sometimes included in 1 in-
dex. Fifty-four indices, such as the Diet Quality Scores
of Voortman et al''> and Perry et al,”® consist exclu-
sively of foods and/or food groups; 24 indices, such as
the Index of Diet Quality,*® consist of foods, food
groups, and nutrients; and 3**°>''* include nutrients
only. Foods and/or food groups that are mostly in-
cluded (on different aggregation levels) are fruits, vege-
tables, staple foods, sugar, dairy products, and other
protein sources like meat, eggs, and plant-based protein
foods. Nutrients frequently included are sodium, cho-
lesterol, trans fatty acids, unsaturated fatty acids, and
n-3 fatty acids. Some indices include other lifestyle fac-
tors, like physical activity or time spent watching TV or
playing computer games (screen time).**”*%>%~%! For
7 indices, meal pattern (eg, consumption of breakfast
yes or no) was included as 1 of the compo-
nents.47,70,74,79,85,99,1 14 Eight43,48,51,59,100,101,108,1 10 dlet
quality scores separately calculate a healthy (adequacy)
and unhealthy (limiting) part, such as the score from
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Anderson et al.>® The number and type of components

included and the level of aggregation differed broadly
for the listed indices, mainly depending on the target
group, the intended association between the index and
specific health outcome(s), and the detail of food intake
data available (depending on the detail of the question-
naire used). Indices including nutrients are generally
based on extensive dietary intake data collection and
need valid food composition tables, which are often of
limited availability in LMICs.

Scoring system

Components are individually scored, and the scoring
could be based on medians, tertiles/quartiles/quintiles
of the study population, consumption (yes or no), or on
recommended amounts consumed, which were either
estimated in portions, servings, or weights and some-
times corrected for energy intake. For all indices, the
scoring of the individual components is summed into 1
total score and the range of the total score varies highly
for the different indices. Not all indices have continuous
total scoring; for 3 indices (US Healthy Food Diversity
[HFD] index,'® Complementary Feeding Utility Index
[CFUI”® and the WHO’s indicators for infant and
young child feeding®) the total score is dichotomized.
Scoring components based on amounts, rather than
consumption yes or no, seems preferable because it
allows for refining the scoring system, increasing the
possibility of variation in the score and thus improving
association with diseases. However, this requires obtain-
ing information about amounts or portion sizes con-
sumed during data collection, which is challenging in
LMICs."*® Also, to the best of the authors’ knowledge,
no research has been done on which scoring system is
preferable in which situation. There are indices (such as
the HEI 200572 and 2010”!) that score the individual
components on a density basis because many recom-
mendations are similar across energy levels; this coun-
teracts a higher intake of foods or food groups caused
by a higher energy intake.

Evaluation

The listed diet quality indices have been evaluated in
numerous ways. Evaluation strategies include assessing
its reproducibility (whether the index yields similar out-
comes when assessed on 2 different occasions), reliabil-
ity (internal consistency), relative validity (whether the
index generates similar results when dietary intake data
collected by 2 different methods are used), sensitivity/
specificity analysis, its ability to discriminate according
to sociodemographic factors, and its association with
relevant nutrients, foods, and/or food groups intakes
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(construct validity). An example of an extensively evalu-
ated diet quality score is the New Zealand Diet Quality
Index for Adolescents (NZDQI-A)''®; it showed an av-
erage reliability (Crohnbach’s « =0.51) and a low over-
all relative validity (r=0.39). The construct validity
showed that in the highest tertile of the NZDQI-A
higher intakes of iron and lower intakes of total fat, sat-
urated fatty acids, and monounsaturated fatty acids
(MUFASs) were observed.''®

In some papers an association analysis of the index
with a health outcome, such as nutrient adequacy, pre-
disease state biomarker, obesity or overweight, disease,
or overall mortality, was performed. This is less fre-
quently described in papers where the development of
the index is discussed because such an analysis is often
a next step in the evaluation of a diet quality index. An
example from this review of a diet quality index associ-
ated with a health outcome is the Aussie Diet Quality
Index!'8; its outcome is related to cancer mortality,
overweight, and obesity. Note that diet quality indices
comprised of components related to diseases (like so-
dium intake and coronary heart disease) generally show
a higher predictive accuracy, whereas including general
and not disease-specific components could lead to dilu-
tion of the index-disease association.'”’ Which health
or nutrition outcome to use for validation depends on
the aim underlying the development of the index (eg,
the DASH index was developed to be associated with
hypertension and the Bone Mineral Density [BMD] in-
dex with BMD).

When a diet quality index is validated with nutrient
intakes or nutrient adequacies obtained by the same di-
etary assessment method in the same study population
as the one used to assess the components of the diet
quality index correlated errors could cause higher cor-
relations.”’ Biomarkers of exposure (eg, urinary so-
dium for sodium intake) are a preferred reference
method because of their assumed independent error
structure with reported intake measurements. Also, in-
cluding a dietary diversity score or food variety score in
the total diet quality index, while similar food groups
are included as a separate component in the index,
could introduce correlation among the different com-
ponents of the index, which is the case for the Mexican
Diet Quality Index (ICDMx).”” Furthermore, it causes
these twice-included food groups to have a higher
weight in the index; they thus have a higher importance
in the overall score. Correlation among the different
components could cause a reduction in the accuracy of
the diet quality index."?'

Validation of an index is of utmost importance be-
fore starting to use it in food system research projects.
A food system entails the full process of feeding the
population and includes all stages from growing to
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consumption. In general, validation should be done re-
gardless of the use of a diet quality index in a food sys-
tem project or not. It is recommended that the index be
evaluated by assessing its reproducibility, reliability (in-
ternal consistency), relative validity, and construct va-
lidity, and by performing a sensitivity/specificity
analysis; additionally an assessment of the association of
the index with the health outcome(s) of interest, prefer-
ably in the intended target population, and when aim-
ing to develop an index for global use, in different
countries, should be completed. Furthermore, it is im-
portant to avoid correlated errors by using 2 indepen-
dent datasets for validation purposes.

Dietary assessment method and use of screeners

The methods used to measure the dietary components
of the diet quality indices deserve attention. For most of
the components, the traditional dietary intake assess-
ment methods—24-hour recall (24hR), food frequency
questionnaire (FFQ), (weighed) food record, and diet
history—were used. In the last decade, diet quality
index-specific tools, developed to measure the compo-
nents of that diet quality index, also known as screeners,
have been increasingly used.'**”'** Short screeners col-
lect only the necessary data to estimate the components
of a diet quality index. Development of such a screener
takes place after the development of the diet quality
score. Leppala et al evaluated such a tool against the in-
dex outcome obtained with a 7-day food record and
concluded that this screener is a useful tool to measure
the individual components of their diet quality index.*

Screeners measuring the relevant foods and prod-
ucts to assess the diet quality index could be useful in
LMICs because they are relatively short and easy to ad-
minister compared with the traditional dietary intake
methods, although some information regarding food in-
take is lost. Such a tool should undergo extensive valida-
tion before it can be widely used. When validated tools
are not available, repeated 24hRs are a sound alterna-
tive. The repeated 24hR allows for adjustment of day-
to-day variation of the individual dietary intake,
provides a detailed list of the foods eaten, and is easiest,
although time consuming, to administer in an LMIC
setting.'*

The 14 country-specific indices developed for
LMICs and the 4 international indices developed for
cross-country comparisons in LMICs are described
according to their adherence to the 7 recommended
points (Box 1) to be taken into account for the develop-
ment of a diet quality index for LMICs (Table 5). The
majority of the indices (n=8) focus on the risk factors
for NCDs and meeting the nutritional needs of the tar-
get group, whereas the child and infant indices (n=16)

Nutrition Reviews® Vol. 77(8):515-540



Box 1 Suggested recommendations for developing a diet quality index in low- and middle-income countries

Food systems research is often multidisciplinary and includes a wide range of indicators to be collected (social, agricultural, pro-
duction, nutrition). It is therefore of utmost importance that a diet quality index used in such a setting be easy to administer with-
out compromising its validity and quality. The following 7 recommendations should be taken into account in developing such an
index in the food system context.

1.

Define the purpose of the index. For application of the diet quality score, it is important that the purpose includes the target
group, because different age and sex groups have different needs, as well as the health outcome(s) of interest. Furthermore,
the focus of the index should be not only on dietary deficiencies but also on obesity and NCDs to address the triple burden of
disease, which represents a growing public health problem in LMICs.

Use foods and food groups instead of nutrients as components in the score. Sixty-seven percent of the 81 reviewed indices used
foods and food groups only. It is important to use food and food groups instead of nutrients because of the limitations of
food composition tables, such as being incomplete, being outdated, and lacking nutrient content of processed, fortified, and
cooked foods. Thus creating an index that is based on foods and food groups would be preferred in LMICs.'?®

The index should capture the three dimensions of diet quality: nutrient adequacy, food variety or food diversity, and moderation of
foods/food groups. Individual dietary diversity may reflect nutrient adequacy fairly well.””"*' Controversy exists about dietary
diversity and the moderation dimension because a wider consumption of different foods might be related to excess energy in-
take,"*? thus violating the energy balance. In most cases, assessing whether the nutrient adequacy dimension is fulfilled for the
target group is done after assessing dietary diversity, acting as a validation step.

The limiting and enhancing foods/food groups should be included in separate scores. The recommendations include a division of
the components included in the index into healthy and unhealthy components. Some of the reviewed diet quality indices al-
ready include separate scores for the healthy and unhealthy components.*383129100.101.108 Thraa scores could be calculated,
one including all components, the second including only healthy foods/food groups, and the third including only the unhealthy
foods/food groups. Assessing the limiting and enhancing scores independently is expected to increase the ability*”® to deter-
mine the specific areas that (food system) research and policymakers need to address to improve diets through food system
innovations.

Use minimum/maximum cutoff points or a range for amounts consumed. Because the amount of a food determines whether it
will provide a protective or harmful effect on the human body, the scoring of a food or food group should be based on scien-
tifically proven cutoff points and standards (based on grams, servings, or portion sizes). Scoring should be based on the type
of component; adequacy, moderation, optimum, or ratio components as described in more detail in Looman et al."** Cutoff
points for the different components could be based on absolute or energy density (energy-adjusted) cutoff points. Absolute
amounts of intake (both nutrient and food based) could differ among sex and age groups due to differences in energy intake,
but when using an energy density approach, these differences in energy intake are taken into account. However, such energy
density approaches have not been applied to indices applicable in LMICs; thus further research on this topic in the LMIC set-
ting is necessary.

Give the same weight to the different components in the total scoring and use a dichotomous scoring system. Unless research
indicates a certain food or food group is of higher importance, give all components the same weight in the total scoring. The
simplest and recommended scoring system is based on adherence to the guidelines regarding the amounts consumed (yes or
no, minimum amount is reached or the maximum amount is not exceeded) using a dichotomous scoring of the individual
component. No consensus exists about the best scoring system to use for a diet quality index.

Diet quality indices should be evaluated before widely used. Proper evaluation of the developed diet quality index is paramount.
It is advised to evaluate the index in numerous ways, including the assessment of its reproducibility, reliability (internal consis-
tency), relative validity, and its construct validity. Additionally a sensitivity/specificity analysis an evaluation of the index by as-
sociating it with the health outcome(s) of interest should be completed.

focus on child survival as the outcome. Five indices in-
clude nutrients in addition to foods and/or food groups.
All indices capture the variety dimension of diet quality,
and 13 also mention the moderation dimension (in-
clude components that should be consumed in modera-
tion). Nutrient adequacy was only mentioned for 4
indices, but this is often done as an evaluation of a diet
quality index and not always described in the articles in-
cluded in this review. Three indices include a separate
score for unhealthy foods (eg, foods for which a maxi-
mum intake is recommended) in addition to a score for
healthy foods (eg, foods that require a minimum in-
take). Nine indices make use of cutoff points to score
the components rather than consumption yes or no.

Nutrition Reviews® Vol. 77(8):515-540

For 10 of the indices, the individual components were
scored dichotomously, and only 1 index, the Chinese
Healthy Eating Index (CHEI),*® used unequal weighing
factors for the individual components.

Construct validity was by far the most described
evaluation strategy (n =13 indices), where, apart from
nutrient adequacy, as described for 4 indices,'"**">*
height-for-age and weight*’ and pre-pregnancy body
mass index”® were evaluated outcomes. Only 2 country-
specific indices include a healthy and unhealthy score
and use cutoff points to score the food/food group com-
ponents of the indices; one is the CHEI*® for children,
adolescents, and adults in China, and the other is the
Balanced Diet Index (BDI)*! for children in Indonesia.
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It is not mentioned whether the CHEI also captures the
nutrition adequacy dimension of diet quality, and the
article describing the development of the BDI does not
describe an extensive evaluation, although those assess-
ments could be planned for later for both indices.

Developing a diet quality index is complex, and
issues regarding the construction of such an index are
not yet solved (eg, what scoring system to use and
which individual components to include in the index
at what aggregation level). Reporting errors originating
from the dietary intake assessment tools used are
expected,'**'*” which in turn will affect the outcome of
the diet quality index. Furthermore, our recommenda-
tion of separating the healthy and unhealthy compo-
nents into different scores will need further research; it
seems promising given that Imamura et al*’ showed a
diluting effect when combining both healthy and un-
healthy components into 1 score. Some of the reviewed
diet quality indices already include separate scores for
the healthy and unhealthy compo-
nents,*>4$315% 100101108 enarating the scores will cre-
ate a small additional analytical burden, but it could be
of use to policymakers to understand both positive and
negative trends in intake. However, the message to pol-
icymakers could become more complicated, but, given
the additional information on where to focus, it seems
worthwhile to explore including healthy and unhealthy
components in separate scores. Indices that underwent
a thorough evaluation and have been validated against
outcomes such as disease or nutrient adequacy lend
more confidence in their results.

CONCLUSION

Of the 81 indices described, only 14 LMIC country-
specific and 4 global indices have been identified to be
potentially eligible for use in LMIC food system re-
search. However, further analysis revealed that none of
the 18 indices adhered to the 7 suggested recommenda-
tions: 16 LMIC-applicable indices did not capture all 3
dimensions of diet quality (adequacy, diversity and
moderation), included nutrients instead of foods and/
or food groups only, did not include a minimum/maxi-
mum cutoff for the individual components in the score,
or did not calculate the healthy and unhealthy compo-
nents as 2 separate scores. The 2 other indices devel-
oped were promising but unfortunately specific to a
country. Furthermore, special attention should be
given to solid validation of the index through examin-
ing the relationship with nutrient intakes, assessing re-
producibility and reliability, analyzing sensitivity/
specificity, assessing the comparability of the index be-
tween dietary assessment methods, and assessing the
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association with the intended diet-related health
outcome(s).

A diet quality index that adheres to the suggested
recommendations and is applicable in food system re-
search in LMICs could take a global or a country-based
perspective. One globally applicable diet quality index
would allow for comparison of the diet quality of vari-
ous countries, which is often an important prerequisite
of such a metric in food system research. Furthermore
country-specific indices based on native food-based di-
etary guidelines are tailored to a country’s specific dis-
ease profile and food habits and are therefore important
indicators for within-country comparison.

In conclusion, there is an urgent need for the devel-
opment of both country-specific food-based dietary
guideline-based indices and a global diet quality index,
all of which must undergo extensive evaluation.
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