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ABSTRACT
Background: Few low-burden indicators of diet quality exist to track trends over time at low cost and with low technical expertise requirements.
Objective: The aim was to develop and validate a suite of low-burden indicators to reflect adherence to global dietary recommendations.
Methods: Using nationally representative, cross-sectional, quantitative dietary intake datasets from Brazil and the United States, we tested the
association of food-group scores with quantitative consumption aligned with 11 global dietary recommendations. We updated the Healthy Diet
Indicator (HDI) to include current quantifiable recommendations of the WHO (HDI-2020). We developed 3 food-group–based scores—an overall
Global Dietary Recommendations (GDR) score as an indicator of all 11 recommendations composed of 2 subcomponents: GDR-Healthy, an
indicator of the recommendations on “healthy” foods, and GDR-Limit, an indicator of the recommendations on dietary components to limit. We
tested associations between these scores and the HDI-2020 and its respective subcomponents. We developed 9 dichotomous food-group–based
indicators to reflect adherence to the global recommendations for fruits and vegetables, dietary fiber, free sugars, saturated fat, total fat, legumes,
nuts and seeds, whole grains, and processed meats. We conducted receiver operating characteristic and sensitivity-specificity analyses to
determine whether the dichotomous indicators were valid to predict adherence to the recommendations in both countries.
Results: The GDR score and its subcomponents were moderately to strongly associated with the HDI-2020 and its respective subcomponents
(absolute values of rank correlation coefficients ranged from 0.55 to 0.66). Of the 9 dichotomous indicators, 8 largely met the criteria for predicting
individual global dietary recommendations in both countries; 1 indicator (total fat) did not perform satisfactorily.
Conclusions: Food-group consumption data can be used to indicate adherence to quantitative global dietary recommendations at population
level. These indicators may be used to track progress of countries and populations toward meeting WHO guidance on healthy diets. Curr Dev
Nutr 2020;4:nzaa168.
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Introduction

Diet quality is a multifaceted construct. According to the WHO, a
healthy diet “helps protect against malnutrition in all its forms, as well as
noncommunicable diseases (NCDs), including diabetes, heart disease,
stroke and cancer” (1). Metrics of diet quality are important to monitor
one of the largest public health risk factors and should reflect protection
of health against diet-related NCDs, as well as nutrient adequacy.

Low-burden metrics to measure diet quality are critical to en-
able monitoring of diet quality, as many governments and survey and
research efforts do not have financial and/or technical capacity for
quantitative dietary intake surveys. Low-burden metrics can be easily
calculated using minimal data needs, such as food-group-level data.
Currently, there is only 1 low-burden diet-quality indicator with
widespread use, the Minimum Dietary Diversity indicator for Women
(MDD-W) (2, 3). The MDD-W is useful for the micronutrient

1

D
ow

nloaded from
 https://academ

ic.oup.com
/cdn/article/4/12/nzaa168/6006263 by FM

R
P/U

SP/BIBLIO
TEC

A C
EN

TR
AL user on 06 August 2021

http://orcid.org/0000-0002-6079-9374
http://orcid.org/0000-0001-6151-5460
http://orcid.org/0000-0002-2907-3153
http://orcid.org/0000-0002-1901-3093
http://orcid.org/0000-0002-3777-1533
http://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com
https://academic.oup.com/cdn/
mailto:aherforth@hsph.harvard.edu


2 Herforth et al.

adequacy facet of diet quality, suggested for global use in low- and
middle-income countries, but it is not strongly correlated with NCD
risk (4) and therefore is insufficient as an indicator of total diet qual-
ity. Previous research has shown that it is possible to identify specific
foods that are associated with healthy or unhealthy diet patterns overall
(5).

Many diet-quality indicators have been created to summarize
diet quality; however, most require quantitative dietary intake data
as an input. Those that have been used most extensively include
the Diet Quality Index (DQI) (6, 7) and DQI-International (8), the
Healthy Eating Index (HEI; HEI-2005, HEI-2015) (9–11) and Al-
ternative HEI (12), the Mediterranean Diet Score (13, 14), and the
Healthy Diet Indicator (HDI) (15–17). All of these indicators are
based on quantitative intakes of foods and/or nutrients. All have un-
dergone 1 or more revisions to incorporate updated dietary guid-
ance. The latter, the HDI, was originally created to reflect WHO
1990 dietary recommendations (18), updated to reflect WHO 2003
(19) and 2015 dietary recommendations, and validated as an indica-
tor predictive of morbidity and mortality in prospective cohort studies
(15, 17, 20) and also associated with micronutrient intake (16).

We sought to develop a suite of low-burden, food-group–based indi-
cators to reflect healthy diets that could be used globally. WHO dietary
recommendations are expressly intended for global application among
all member states, and therefore form an appropriate basis for construc-
tion of a suite of diet-quality indicators for use across countries. Current
WHO guidance (1) includes recommendations to consume fruits and
vegetables, legumes, nuts and seeds, and whole grains, and to limit con-
sumption of salt, free sugars, saturated and trans fats, and total fat (1). A
previous recommendation on fiber intake remains in line with the cur-
rent guidance (19). Additionally, the World Cancer Research Fund has
made recommendations on limiting red meat and avoiding processed
meat based on evidence published by the WHO International Agency
for Research on Cancer (21, 22). These global recommendations are
generally based on evidence related to risk of diet-related NCDs (19,
21, 23–26). We aimed to develop indicators to reflect each global recom-
mendation individually and also to reflect all global recommendations
together in a combined score, using an updated HDI as the quantitative
diet-quality standard.

Similar to the MDD-W, the suite of diet indicators developed here
uses food-group consumption data based on a low-burden survey ques-
tionnaire asking about foods consumed in the previous day, with “yes”
or “no” questions for the intake of relevant food groups. The indicators
were developed simultaneously with a Diet Quality Questionnaire mod-
ule (DQ-Q) designed for incorporation into multitopic surveys such as
the Gallup World Poll (27, 28). The intent is that the resulting suite of in-
dicators will be highly feasible to collect and calculate and can be used to
monitor adherence to dietary recommendations at the population level
to provide information about the nature of diet quality in a population
and change over time.

Methods

We developed 12 food-group based proxy indicators and tested their
validity at population level against outcome indicators of diet quality:

1) A Global Dietary Recommendations (GDR) score, which was
tested against an updated HDI (HDI-2020) that reflects 11 global
dietary recommendations.

2) GDR-Healthy, a subcomponent of the GDR score that reflects
5 global recommendations on “healthy” foods; we tested it against
the respective subindex of the HDI-2020.

3) GDR-Limit, a subcomponent of the GDR score that reflects
6 global recommendations on dietary components to limit; we
tested it against the respective subindex of the HDI-2020.

4) Nine food-group-based indicators to reflect adherence to individ-
ual global recommendations for 1) fruits and vegetables, 2) di-
etary fiber, 3) free sugars, 4) saturated fat, 5) total fat, 6) legumes,
7) nuts and seeds, 8) whole grains, and 9) processed meats; each
of these 9 food-group–based indicators was tested against the re-
spective individual global recommendation.

The methodology for updating the HDI, food-group indicator con-
struction, the datasets, analytical strategy and statistical methods are de-
scribed in detail in the following sections.

Updating the HDI (HDI-2020)
To validate low-burden proxy indicators against a standard of diet qual-
ity, we used the HDI, which is an index of WHO global dietary recom-
mendations for the prevention of chronic disease from 1990 (15, 18),
2003 (17, 19), and 2015 (16), and updated it to include current WHO
recommendations (1) and 2 other current global recommendations on
red and processed meat based on the WHO International Agency for
Research on Cancer (21, 22, 23), as shown in Table 1. The resulting up-
dated HDI, which we call HDI-2020, is shown in Table 2. The recom-
mendations shown in Table 1 are included in the index, except for the
recommendation on industrial trans fats. It is difficult to estimate in-
dustrial trans fat consumption using dietary data due to differences in
food composition; it is not contained in the datasets used in this paper.
It is more appropriately monitored via presence of national policy/bans
(29). Every dietary component is equally weighted and expressed as a
simple dichotomous score (0/1) for whether each dietary recommenda-
tion was met, as was done in the original HDI (15). We initially created
and tested an index with continuous components for the plant foods
and fiber, where scoring was continuous between 0 and 1 [following
the method of (17)]; the results of all analyses were similar to the 0/1
scoring, so we retained the simple scoring. It is unknown whether the
individual recommendations are equally important for health; in the ab-
sence of a strong and consistent evidence base for unequal weights, we
used equal weights by default. We also created 2 HDI-2020 subindexes:
one for meeting the recommendations for healthy dietary components
(1–5 in Table 2) and one for meeting the recommendations for dietary
components to limit (6–11 in Table 2). The HDI-2020 and subindexes
for adherence to global dietary recommendations provide a standard
against which to test our candidate indicators for the GDR score, GDR-
Healthy, and GDR-Limit.

Indicator construction
We constructed a number of candidate indicators to reflect 9 out of
11 recommendations individually, and also to reflect all 11 global
recommendations together in a combined score (the GDR score) and
2 subcomponents (GDR-Healthy for healthy foods and GDR-Limit
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Introducing a suite of low-burden diet quality indicators 3

TABLE 1 Dietary elements included in global recommendations on healthy diets

Dietary element
Global recommendation (quoted from the WHO Healthy

Diet Fact Sheet 2018, except where noted)

1 Fruits and vegetables ≥400 g/d
2 Beans and other legumes “A healthy diet contains fruits, vegetables, legumes (e.g.,

lentils, beans),…
3 Nuts and seeds … nuts…
4 Whole grains … and whole grains (e.g., unprocessed maize, millet, oats,

wheat, brown rice).”
5 Dietary fiber >25 g/d (or 12.5 g/1000 kcal, considering the

recommendation of 2000 kcal/d for adults) (19)
6 Total fat <30% total energy
7 Saturated fat <10% total energy

Unsaturated fats Replacing saturated fats and trans fats with unsaturated fats
8 Salt <5 g/d (<2000 mg sodium/d)
9 Free sugars <10% total energy

[Limit] the consumption of foods and drinks containing high
amounts of sugars (e.g., sugar-sweetened beverages,
sugary snacks, and candies)

10 Processed meat Consume very little, if any, processed meat: 0 g/d (22)
11 Unprocessed red meat ≤350–500 g/wk [(22), supported by (21, 23)]

trans Fats <1% total energy; eliminate industrially produced trans fats

for foods to limit) (Table 2). We validated this set of healthy diet
indicators against quantitative intakes aligned with global dietary
recommendations for 11 different foods and nutrients (Table 2). Each
indicator candidate is a variant including 1 or more food groups related
to the recommendation(s) of interest, where some food groups may
be combined and/or others dropped, according to 1) normative con-
siderations and 2) analysis of the associations of each food group with
the outcome of interest (see Supplemental Box 1 for details). Within
the candidate indicators for the GDR score, the food groups with the
highest positive and negative correlations with the HDI-2020 were
prioritized (see the highlighted coefficients for correlations
of food groups with the HDI-2020 in Supplemental Table
A1). The same strategy was followed for constructing scores
that are supposed to reflect individual global dietary recom-
mendations (correlations of food groups with each individ-

ual dietary recommendation can be found in Supplemental
Table A2).

We also experimented with complex weighting schemes, such as
fractional or integer weights based on the strength of association of each
food group with the outcome indicator of interest (for examples, see
Supplemental Table A3). We found that using such weights generally
increased the strength of association of the food-group scores with the
respective outcome indicators, but by only a small margin. Weighted
food-group scores also provided more finely graduated scales that made
it easier to find suitable cutoff points for dichotomizing proxy indicators.
However, we concluded that these potential advantages did not justify
the use of complex weighting schemes in simple food-group–based in-
dicators. To preserve simplicity while reaping some benefits of weight-
ing, we opted for a simpler approach: We tested candidate indicators
with double weights for food groups that were, on average, most highly

TABLE 2 Healthy Diet Indicator 2020 (HDI-2020)1

Dietary element
Criteria for scoring (quantitative

intake in one day) Scoring2

1 Fruits, vegetables ≥400 g 0/1
2 Beans and other legumes >0 g 0/1
3 Nuts and seeds >0 g 0/1
4 Whole grains >0 g 0/1
5 Dietary fiber >25 g 0/1
6 Total fat <30% total energy 0/1
7 Saturated fat <10% total energy 0/1
8 Dietary sodium <2g sodium 0/1
9 Free sugars <10% total energy 0/1
10 Processed meat 0 g 0/1
11 Unprocessed red meat ≤71 g3 0/1
1Elements 1–5 are used in an HDI-2020 subindex for healthy dietary components (maximum score, 5), and elements 6–10 are
used in an HDI-2020 subindex for dietary components to limit (maximum score, 6).
2Total index score: minimum, 0; maximum, 11.
3Upper end of the recommendation to consume no more than 350–500 g/wk (22), divided by 7 d.
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4 Herforth et al.

correlated with the outcome of interest if we expected to find similar
associations in other countries (Supplemental Table A3).

Indicators of individual recommendations
We constructed dichotomous indicators for each of 9 individual global
dietary recommendations designed to track population adherence
to specific WHO dietary recommendations. Four of the individual
recommendations can be assessed directly from food-group consump-
tion (dietary elements 2–4, and 9 below), and the others may be pre-
dicted from multiple food groups (candidates for each indicator are
listed in Supplemental Tables A4–A8):

1) WHO-Fruits and Vegetables (WHO-FV) indicator: based on the
intake of up to 7 groups of fruits and vegetables, to create a di-
chotomous score that predicts consumption of ≥400 g of fruits
and vegetables (Supplemental Table A4).

2) Consumption of any legumes.
3) Consumption of any nuts/seeds.
4) Consumption of any whole grains.
5) WHO-Fiber indicator: based on the intake of foods rich in fiber

(e.g., legumes, whole grains, fruits, vegetables), to create a di-
chotomous score that predicts consumption of >25 g of dietary
fiber (Supplemental Table A5).

6) WHO-Fat indicator: based on the intake of foods rich in fat (e.g.,
processed meat, red meat, deep-fried food, fast food, baked sweets
and other sweets, and possibly other food groups), to create a di-
chotomous score that predicts consumption of <30% dietary en-
ergy from fat (Supplemental Table A6).

7) WHO-Saturated Fat (WHO-SatFat) indicator: based on the in-
take of foods rich in saturated fat (e.g., processed meat, red meat,
cheese, baked sweets and other sweets, fast food, and possibly
other food groups), to create a dichotomous score that predicts
consumption of <10% of energy from saturated fat (Supplemen-
tal Table A7).

8) WHO-Sugar indicator: based on the intake of up to 6 groups of
sugary foods, to create a dichotomous score that predicts con-
sumption of <10% of energy from free sugars (Supplemental Ta-
ble A8).

9) Consumption of any processed meat.

Two global recommendations for which we did not attempt to
construct dichotomous indicators are those on sodium intake and
red meat intake. We did not construct a metric for the WHO tar-
get for sodium (25) because sodium content of food is not well pre-
dicted by quantitative dietary intake data, due to variations in prod-
ucts, limitations in food-composition data, and additions “to taste”
during cooking or at the table, which is variable by culinary/cultural
context (30, 31). We did not construct a metric to reflect the max-
imum weekly range for red meat because the exposure information
is insufficient: a simple yes/no answer about red meat consumption
does not give adequate information to determine whether the amount
consumed was below or within the maximum recommended range of
350–500 g/wk.

Indicators of the combined global dietary recommendations
We constructed several candidates for a proxy indicator (the GDR
score), a continuous score designed to reflect global dietary recommen-

dations altogether. The GDR score is composed of 2 subscales, as fol-
lows:

1) The GDR-Healthy score: based on 5 global recommendations on
nutritious foods for healthy diets (when used on its own, this indi-
cator is also called FLAVOURS: Fruits, Legumes and Vegetables;
Orange produce; Un-Refined grains; Seeds and nuts). These in-
clude fruits and vegetables, whole grains, legumes, and nuts and
seeds. The main consideration for GDR-Healthy indicator can-
didates was whether predictive power was improved by grouping
some of the 7 fruit and vegetable groups together or keeping them
all separate (Supplemental Table A9).

2) The GDR-Limit score: based on 6 global recommendations on
dietary components to limit [when used on its own, this indica-
tor is also called FAD (Foods to Avoid or limit)]. These included
foods that are directly named in the global recommendations
(processed meat, red meat) and other food groups that are high in
sugar, salt, total fat, or saturated fat (such as sugar-sweetened bev-
erages, baked or other sweets, salty packaged snacks, deep-fried
food, instant noodles/soup, and fast food). The main considera-
tion for the GDR-Limit indicator variants was whether predictive
power was improved from including, excluding, or combining
food groups (Supplemental Table A10). In addition, we tested an
indicator where processed meats received a double weight, based
on the following considerations: 1) among the food groups in-
cluded in the candidate indicators for the GDR score, processed
meat has the highest average correlation coefficient with the HDI-
2020 (Supplemental Table A3); 2) in both Brazil and the United
States, the relatively strong association of processed meat with the
HDI-2020 can be traced back to correlations of processed meat
with individual global recommendations for total fat, saturated
fat, and sodium intake (and, of course, processed meat) (Supple-
mental Table A2); we expect to find similar patterns in other coun-
tries; 3) considering the difficulty to measure sodium intake in di-
etary intake studies, processed meat may contribute more to high
sodium intakes than our results imply.

In the absence of a strong and consistent evidence base for unequal
weights, we used simple subtraction of GDR-Healthy minus GDR-Limit
to compute the GDR score. The GDR score candidates tested were com-
posed of the most promising 2 to 3 GDR-Healthy and GDR-Limit candi-
dates (Supplemental Table A11). The “GDR-Healthy 9e − GDR-Limit
8aW” candidate indicator, for example, has a theoretical minimum of
−9 and a theoretical maximum of +9. The theoretical maximum would
be achieved by consumption of each of 9 food groups (dark-green leafy
vegetables, vitamin A–rich orange-colored vegetables, other vegetables,
vitamin A–rich fruits, citrus fruits, other fruits, legumes, nuts and seeds,
whole grains) and by no consumption of each of 8 food groups [sugar-
sweetened beverages, grain-based sweets, other sweets, unprocessed red
meat, processed meat (double weighted), deep-fried foods, fast food or
instant noodles, packaged salty snacks].

Exploring a dichotomous GDR score
Dichotomous indicators allow the calculation of population preva-
lence rates and can be helpful for advocacy purposes. We explored
whether it was possible to construct a dichotomous GDR score that
was meaningful against cutoffs of the HDI-2020. Before we could test a
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Introducing a suite of low-burden diet quality indicators 5

dichotomous indicator derived from the GDR score, we needed to de-
cide how to dichotomize the HDI-2020. To our knowledge, no cutoffs
that are associated with morbidity and mortality have been established,
although the associations of the HDI and other diet quality indexes with
NCDs have been extensively studied (32). The cutoffs of the HDI-2020
that we tested should therefore be regarded as experimental and are
based on the distributions of the index in the study countries. These
considerations are described in the Results section.

Datasets
The indicators were validated by analyses of cross-sectional, nation-
ally representative quantitative dietary data from the US NHANES
(pooled data from the NHANES cycles 2009–2010, 2011–2012, and
2013–2014) and the Brazil National Dietary Survey (2008–2009). Food-
group consumption (yes/no) and quantities of food groups and nutri-
ents consumed were determined using quantitative 24-h recall data in
the United States and quantitative self-reported food record data in the
Brazil dataset (33) (see Supplemental Box 2 for further information on
the data collection, data quality control, and the food-composition ta-
bles that were used). Ages <15 y were excluded, resulting in total sample
sizes of 17,887 individuals in the United States and 30,062 individuals
in Brazil. These datasets are freely available.

Analytical strategy and statistical methods
We analyzed the performance of metrics against the HDI-2020 and indi-
vidual WHO recommendations, using rank correlations, ORs, receiver
operating characteristic (ROC) analysis, and sensitivity-specificity anal-
ysis. In line with the approach in the WDDP (34), sampling weights were
not applied when examining the associations of indicators (correlations,
ORs, ROC, and sensitivity-specificity analysis), but they were used when
generating descriptive statistics, such as prevalence rates and mean val-
ues. All analyses were performed using Stata version 13 (StataCorp). For
any statistical test, a P value <0.05 was considered significant.

In addition, we examined the associations of the GDR score, the
GDR-Healthy, and GDR-Limit with other measures of diet quality, in-
cluding the Food Group Diversity Score (FGDS), which is the contin-
uous score that is used to derive the dichotomous MDD-W, and per-
centage of energy from ultra-processed foods (UPFs), as well as dietary
energy intakes and BMI. We also determined the association of the
FGDS with the HDI-2020 and its subindexes. In doing so, we sought
to answer the following questions:

1) How strongly do the GDR score, GDR-Healthy, and GDR-Limit
correlate with the FGDS? How large is the difference between the
correlation of the FGDS with the HDI-2020, and the correlation
of the GDR score with the HDI-2020?

2) How well do the GDR score, GDR-Healthy, and GDR-Limit reflect
the presence of UPFs in the diet?

3) Does the GDR score have a positive correlation with energy in-
takes and BMI?

We expect that the GDR score correlates more strongly with the
HDI-2020 than the FGDS because the FGDS was validated as a measure
of micronutrient adequacy (34, 35) and is not meant to reflect global di-
etary recommendations. Yet, since both the FGDS and the GDR score
are simple, food-group–based measures that include many of the same
food groups, we need to answer the question of redundancy: Do the

GDR score, GDR-Healthy, and GDR-Limit provide enough added value
to justify their introduction as new measures of diet quality that would
complement (but not replace) the FGDS and MDD-W?

UPFs are defined as industrial formulations that, in addition to salt,
sugar, oils, and fats, include substances that are not used in culinary
preparations, especially additives used to imitate sensorial qualities of
minimally processed foods and their culinary preparations (36, 37). The
percentage of energy from UPFs is not the yardstick against which we
validate the GDR score, but a robust negative association of our score
with this measure would be desirable because high UPF consumption
indicates poor-quality diets (31, 38, 39). In contrast to constructing sim-
ple food-group–based measures, computing the percentage of energy
from UPFs requires detailed data on quantitative dietary intakes.

Dietary energy intakes tend to be positively associated with dietary
diversity (34, 35). Considering the health risks of excessive energy in-
takes, overweight, and obesity, we would prefer to find no association,
or a negative association, of the GDR score with energy intakes. In the
same vein, we investigated the association of the GDR score with BMI.

Rank correlations
The rank correlation analysis helps to construct candidate indicators
(see Supplemental Box 1) and identify the candidate indicators that are
most strongly associated with the outcomes of interest. No threshold has
been specified for an acceptable minimum size of rank correlation co-
efficients of candidate and outcome indicators for this type of analysis.
Based on the precedent in the WDDP (3), we were looking for correla-
tion coefficients of ≥0.40 for the relation between the GDR score and
HDI-2020. For the associations of GDR-Healthy and GDR-Limit with
the HDI-2020, and for the associations of additional submetrics with in-
dividual global recommendations, we expected that the size of the cor-
relation coefficients would reach absolute values of at least 0.30, based
on our own preliminary analyses of data from the United States and
Brazil. Rank correlation analysis was also used to examine the associa-
tions of the GDR score and its components with the FGDS, percentage
of energy from UPFs, dietary energy intakes, and BMI.

Odds ratios
We compute ORs for the food groups and candidate indicators, in order
to corroborate the direction and strength of their associations with the
outcomes of interest that were found in the rank correlation analysis. As
in rank correlation analysis, there are no thresholds for ORs that indicate
an acceptable performance of candidate indicators.

ROC analysis and sensitivity-specificity analysis
ROC analysis was performed to evaluate overall indicator performance
and derive the AUC, a test statistic that summarizes the predictive power
of each metric across all of its cutoffs. The AUC should be signifi-
cantly different from 0.50 (a neutral value with no predictive power)
and amount to at least 0.70 to indicate some promise for the metric (34,
35, 40). With regard to sensitivity-specificity analysis, we applied largely
the same criteria and definitions that have been used in the WDDP (35),
adapting them to our analysis (see Supplemental Box 3 for details). We
aimed for a balance of sensitivity and specificity when selecting cutoffs,
with both measures at 60% or higher, and considered a level of misclas-
sification of up to 30% (i.e., the sum of false negatives and false posi-
tives expressed as a proportion of all observations) acceptable (34, 35).
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6 Herforth et al.

TABLE 3 Percentage of the population aged ≥15 y consuming each food group in Brazil and
the United States, based on analysis of national survey data

Food group Brazil United States

1 Foods made from grains 99 97
2 Whole grains 19 38
3 White roots and tubers/plantains 28 40
4 Beans and other legumes 79 20
5 Nuts and seeds <1 20
6 Vitamin A–rich orange-colored vegetables, roots, and tubers 5 17
7 Dark-green leafy vegetables 3 16
8 Other vegetables 40 51
9 Vitamin A–rich fruits 6 5
10 Citrus 9 6
11 Red/purple/blue fruits 3 13
12 Other fruits 25 33
13 Milk 55 41
14 Cheese and yogurt 19 58
15 Eggs 16 24
16 Poultry 30 46
17 Fish and seafood 9 17
18 Unprocessed red meat 57 47
19 Processed meats (sausages, luncheon meats, etc.) 24 39
20 Packaged salty snacks 3 30
21 Instant dry soup/noodles <1 <1
22 Deep-fried foods 11 19
23 Food from a fast-food restaurant1 3 34
24 Baked/grain-based sweets 24 33
25 Other sweets 14 38
26 Sodas/sugar-sweetened beverages 29 38
27 Fruit drinks/juice 33 17
28 Sweetened coffee/tea/milk 81 28
1For Brazil, the consumption of pizza and hamburgers was used as a proxy for “fast food” consumption, because those items
are rarely consumed outside of a fast-food restaurant/delivery. Other types of fast foods were not captured.

Following the example of the WDDP, we relaxed our requirements
somewhat if no cutoffs could be found for the candidate indicator where
both sensitivity and specificity are at 60% or higher: we also accepted
combinations of 50% sensitivity and 60% specificity and of 60% sensi-
tivity and 50% specificity (34). These criteria seem appropriate for in-
dicators that are developed for population-level assessments and have
lower requirements than indicators designed for individual targeting or
screening (35).

Results

Descriptive statistics
Descriptive statistics show the results of the analysis of national survey
data. We present descriptive statistics for food groups consumed, the
HDI-2020, the individual global dietary recommendations, the FGDS,
MDD-W, percentage of energy from UPFs, dietary energy intakes, BMI,
overweight, and obesity to characterize the diets and nutritional status
of the population in the 2 study countries.

The most commonly consumed food groups in Brazil are foods
made from grains (99% consumed), sweetened coffee/tea/milk (81%),
beans and other legumes (79%), unprocessed red meat (57%), milk
(55%), and other vegetables (40%); the most commonly consumed food
groups in the United States are foods made from grains (97%), cheese
and yogurt (58%), other vegetables (51%), unprocessed red meat (47%),

poultry (46%), and milk (41%) (Table 3). Mean values of FGDS, which
can also be applied to the general population, were <5 for the adult pop-
ulation in both countries (mean ± SD: 4.32 ± 1.22 in Brazil and 4.58
± 1.51 in the United States), and 42% and 47% of women achieved the
MDD-W in Brazil and the United States, respectively (Table 4).

Table 5 shows which global dietary recommendations are met. In
both countries, diets are low in fruits and vegetables and high in salt.
Adequate fruit and vegetable consumption is very low (8% in Brazil,
12% in United States), and few meet the recommendation on dietary
sodium (21% in Brazil, 16% in the United States). Only 1 out of 5 Amer-
icans include legumes in the diet, and nuts and seeds in the diet, and
less consume adequate dietary fiber; in Brazil, the vast majority do not
include nuts in the diet. On the positive side, the majority of Brazil-
ians consume legumes (79%), over half of Americans consume some
whole grains (58%), and in both countries, over half of the population
meets the recommendations on avoiding processed meat and limiting
red meat to <71 g/d. Altogether, most people in both countries meet be-
tween 3 and 6 of the 11 global dietary recommendations (Table 6). On
average, adults in Brazil meet 4.6 global dietary recommendations and
adults in the United States meet 4.0 global dietary recommendations
(Table 4). It is notable that no individuals in Brazil and only 2 individu-
als in the United States met all 11 dietary recommendations.

The percentage of energy from UPFs is very high in the United States
(57% of dietary energy; total mean energy intake: 2160 kcal) and also
quite high in Brazil (19% of dietary energy; total mean energy intake:
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Introducing a suite of low-burden diet quality indicators 7

TABLE 4 Descriptive statistics for the HDI-2020 and other measures1

Brazil United States

HDI-2020 (0–11, mean score) 4.56 ± 1.67 4.04 ± 1.87
FGDS (0–10, mean score) 4.32 ± 1.22 4.58 ± 1.51
Percentage of women aged 15–49 y achieving MDD-W 41.5 46.6
Total dietary energy, mean kcal 1896 ± 828 2160 ± 988
Percentage of energy from UPFs, mean % 19.0 ± 18.5 56.9 ± 21.2
BMI, mean kg/m2 25.1 ± 4.7 28.6 ± 6.9
Percentage of the population aged ≥15 y who are overweight or

obese2
46.0 66.7

1Values are means ± SD or %. Number of observations: 30,062 for Brazil and 17,887 for the United States for all indicators
except for BMI, percentage overweight or obese, and MDD-W. For BMI and percentage overweight or obese, the number
of observations was 29,675 for Brazil and 17,703 for the United States. For MDD-W, statistics were computed for women of
reproductive age only, and the number of observations was 11,978 for Brazil and 5311 for the United States. FGDS, Food Group
Diversity Score; HDI-2020, Healthy Diet Indicator 2020; MDD-W, Minimum Dietary Diversity for Women of reproductive age;
UPF, ultra-processed food.
2Adults aged ≥20 y with a BMI (kg/m2) >25 and adolescents aged 15–19 y with a BMI-for-age z score >1 SD according to the
WHO growth reference (41) were defined as overweight or obese.

1896 kcal) (Table 4). Mean BMI (in kg/m2) in this national sample is
28.6 in the United States and 25.1 in Brazil; nearly half of the popula-
tion in Brazil and two-thirds of the population in the United States are
overweight or obese (Table 4).

Results informing construction of indicators
In order to construct candidate indicators, we used a combination of
normative considerations and quantitative findings on the associations
of food groups with the outcome indicators (Supplemental Table A1).
We noted that many of the same food groups most highly correlated
with the HDI-2020 and its subindexes are also more strongly correlated
with UPF consumption. Several food groups that were negatively as-
sociated with the HDI-2020 subindex of meeting the recommendations
for “dietary components to limit” were positively associated with dietary
energy intake. No food groups were strongly correlated with BMI.

To inform construction of a dichotomous GDR score, we used the
descriptive results. There were either no individuals meeting all WHO
recommendations or the proportion was very small (<0.1%) (Table 6).
The distributions of the HDI-2020 in the US and Brazil datasets (Sup-
plemental Figure 1) suggest that cutoffs of 4, 5, and 6 out of 11 WHO
dietary recommendations would be adequate for ROC and sensitivity-

specificity analysis. [The lower than desirable number of dietary recom-
mendations typically achieved in these populations presented a similar
challenge as the distribution of mean probability of adequacy (MPA)
of micronutrients in the study sites of the WDDP, where none of the
women in the sample—or only a very small proportion of the women—
achieved an MPA of 90% (let alone 100%), so that lower levels of MPA
that were reached by nonnegligible proportions of women had to be se-
lected for the analysis (34).] A cutoff of 6 has the advantage of being easy
to communicate as “meeting more than half the global dietary recom-
mendations.” We therefore tested indicator candidates to predict ≥6 of
the recommendations.

Validation results
Table 7 shows the main results for the best variants of the new indica-
tors; all following correlation coefficients cited are highly significant (P
< 0.001). The correlation between the GDR score and the HDI-2020
(our overall quantitative standard for meeting dietary recommenda-
tions) is 0.55 in Brazil and 0.66 in the United States. The correlations
of GDR-Healthy with the HDI-2020 subindex on healthy foods and
of GDR-Limit with the HDI-2020 subindex on dietary components to
limit are of a similar magnitude.

TABLE 5 Percentage of the population aged ≥15 y meeting each global dietary
recommendation

Dietary element Brazil United States

1 Fruits, vegetables (≥400 g/d) 8.4 11.5
2 Beans and other legumes (>0 g/d) 78.6 19.9
3 Nuts and seeds (>0 g/d) 0.4 20.2
4 Whole grains (>0 g/d) 18.5 57.8
5 Dietary fiber (>25 g/d) 27.7 18.1
6 Total fat (<30% of total energy) 69.7 36.2
7 Saturated fat (<10% of total energy) 63.4 45.8
8 Dietary sodium (<2 g/d) 20.6 16.1
9 Free sugars (<10% of total energy)1 35.1 43.4
10 Processed meat (0 g/d) 75.8 61.0
11 Unprocessed red meat (≤71 g/d)2 57.3 74.0
1For the United States, added sugars are used as a proxy for free sugars.
2Amount per day corresponds to the upper end of the recommendation to consume ≤300–500 g/wk.
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8 Herforth et al.

TABLE 6 Percentage of the population aged ≥15 y meeting a specified number of global dietary recommendations

Brazil United States

Number of
recommendations n1

Percentage
meeting × number

Percentage
meeting × number

or more n1
Percentage

meeting × number

Percentage
meeting × number

or more

0 159.8 0.5 100.0 191.9 1.1 100.0
1 953.3 3.2 99.5 1159.4 6.5 98.9
2 2466.1 8.2 96.3 2587.3 14.5 92.4
3 4456.8 14.8 88.1 3449.5 19.3 78.0
42 5966.1 19.8 73.3 3675.9 20.6 58.7
52 6876.3 22.9 53.4 2914.0 16.3 38.1
62 5728.7 19.1 30.5 2008.8 11.2 21.9
7 2677.6 8.9 11.5 1162.3 6.5 10.6
8 677.4 2.3 2.6 545.9 3.1 4.1
9 93.3 0.3 0.3 151.4 0.8 1.1
10 6.6 0.0 0.0 38.4 0.2 0.2
11 0.0 0.0 0.0 2.3 0.0 0.0
Total 30,062 100.0 17,887 100.0
1The number of observations is survey-weighted.
2Potential cutoffs for a dichotomous indicator that are based on the distribution of the number of recommendations being met, in the absence of a normative value for
a cutoff.

We examined other associations of interest. The GDR score is nega-
tively correlated with percentage of energy from UPFs (−0.40 in Brazil,
−0.49 in the United States), while GDR-Limit is positively correlated
(0.50 in Brazil, 0.42 in the United States); and in the United States, GDR-
Healthy is also negatively correlated with UPFs (−0.33). The GDR score
has a low negative association with energy intake and GDR-Limit has a
moderate positive association with energy intake. None of the indica-
tors are strongly correlated with BMI. The FGDS, in contrast, has a low
positive correlation with total energy intake and is less strongly associ-
ated with UPF intake than GDR-Limit and the GDR score.

The combined GDR score has a much stronger correlation than
the FGDS with the HDI-2020 (0.55 vs. 0.04 in Brazil, 0.66 vs. 0.25

in the United States), GDR-Healthy has a much stronger correlation
than the FGDS with the HDI-2020 subindex on healthy foods (0.58 vs.
0.35 in Brazil, 0.66 vs. 0.51 in the United States), and GDR-Limit has a
much stronger negative correlation than the FGDS with the HDI-2020
subindex on dietary components to limit (−0.57 vs. −0.18 in Brazil,
−0.61 vs. −0.04 in the United States).

The results of validity tests of continuous and dichotomous indica-
tors to predict quantitative outcomes are shown in Tables 8 and 9, re-
spectively. Tables 8 and 9 show the best-performing variant of each in-
dicator; Supplemental Tables A12–A25 show the performance of all
candidate indicators, from which the preferred indicator variant was
selected. The ORs show strong relations between the indicators and

TABLE 7 Associations between food-group–based diet-quality scores and quantitative indexes of global dietary
recommendations, UPF intake, energy intake, and BMI1

HDI-2020 subindexes

HDI-20202
Healthy
foods3

Dietary
components

to limit4

Percentage
of energy
from UPFs

Total dietary
energy
intake BMI FGDS

Brazil
GDR-Healthy 0.29∗∗∗ 0.58∗∗∗ − 0.03∗∗∗ 0.00 0.14∗∗∗ 0.05∗∗∗ 0.75∗∗∗
GDR-Limit − 0.45∗∗∗ 0.02∗∗∗ − 0.57∗∗∗ 0.50∗∗∗ 0.30∗∗∗ − 0.03∗∗∗ 0.16∗∗∗
GDR score 0.55∗∗∗ 0.36∗∗∗ 0.43∗∗∗ − 0.40∗∗∗ − 0.15∗∗∗ 0.06∗∗∗ 0.35∗∗∗
FGDS 0.04∗∗∗ 0.35∗∗∗ − 0.18∗∗∗ 0.06∗∗∗ 0.24∗∗∗ 0.05∗∗∗ 1.00∗∗∗

United States
GDR-Healthy 0.45∗∗∗ 0.66∗∗∗ 0.12∗∗∗ − 0.33∗∗∗ 0.04∗∗∗ − 0.03∗∗∗ 0.83∗∗∗
GDR-Limit − 0.54∗∗∗ − 0.12∗∗∗ − 0.61∗∗∗ 0.42∗∗∗ 0.38∗∗∗ 0.02∗∗ − 0.01
GDR score 0.66∗∗∗ 0.47∗∗∗ 0.51∗∗∗ − 0.49∗∗∗ − 0.25∗∗∗ − 0.03∗∗∗ 0.49∗∗∗
FGDS 0.25∗∗∗ 0.51∗∗∗ − 0.04∗∗∗ − 0.29∗∗∗ 0.14∗∗∗ − 0.02∗ 1.00∗∗∗

1Values are Spearman rank correlation coefficients. ∗Significant at P < 0.05; ∗∗significant at P < 0.01; ∗∗∗significant at P < 0.001. FGDS, Food Group Diversity Score; GDR,
Global Dietary Recommendations; HDI-2020, Healthy Diet Indicator 2020; UPF, ultra-processed food.
2Index of all 11 global dietary recommendations.
3Index of 5 global dietary recommendations encouraging consumption of 1) fruits and vegetables, 2) beans and other legumes, 3) nuts and seeds, 4) whole grains, and
5) dietary fiber.
4Index of 6 global dietary recommendations about limiting consumption of 1) total fat, 2) saturated fat, 3) dietary sodium, 4) free sugars, 5) processed meat, and 6)
unprocessed red meat.
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Introducing a suite of low-burden diet quality indicators 9

TABLE 8 Measures of association of best indicator candidates for each of 9 individual
recommendations and for a dichotomous GDR score1

Candidate indicator

Spearman rank
correlation

(continuous)

Spearman rank
correlation

(dichotomous)
OR2

(dichotomous)
AUC

(dichotomous)

Brazil
1) WHO-FV 0.92 0.40 6.04 0.88
2) WHO-Fiber 0.42 0.25 1.65 0.66
3) WHO-Sugar3 0.62 − 0.54 0.26 0.81
4) WHO-SatFat3 0.48 − 0.37 0.50 0.72
5) WHO-Fat3 0.29 − 0.19 0.65 0.62
6) Legumes 0.72 1.00 N/A 1.00
7) Nuts and seeds 1.00 1.00 N/A 1.00
8) Whole grains 0.99 1.00 N/A 1.00
9) Processed meat3 0.99 − 1.00 N/A 1.00
GDR score4 0.55 0.45 2.09 0.77

United States
1) WHO-FV 0.85 0.39 3.50 0.86
2) WHO-Fiber 0.55 0.35 1.79 0.77
3) WHO-Sugar3,5 0.62 − 0.55 0.33 0.81
4) WHO-SatFat3 0.40 − 0.34 0.59 0.69
5) WHO-Fat3 0.26 − 0.24 0.63 0.64
6) Legumes 0.99 1.00 N/A 1.00
7) Nuts and seeds 0.99 1.00 N/A 1.00
8) Whole grains6 0.72 0.70 1.00 0.84
9) Processed meat3 0.96 − 1.00 N/A 1.00
GDR score4 0.66 0.51 2.03 0.86

1Values are Spearman rank correlation coefficients, ORs, or AUCs. The amount of the food group or nutrient consumed (grams
of fruits and vegetables, fiber, legumes, nuts and seeds, whole grains, and processed meat, respectively; and percentage
of free sugars, saturated fat, and fat in total dietary energy intake, respectively) or the HDI-2020 was used as a continuous
outcome variable. The variable for meeting the respective recommendation (1 = recommendation met, 0 = recommendation
not met) was used as a dichotomous outcome variable. All associations are significant at P < 0.001. GDR, Global Dietary
Recommendations; HDI-2020, Healthy Diet Indicator 2020; WHO-FV, WHO-Fruits and Vegetables (score); WHO-SatFat, WHO-
Saturated Fat (score).
2ORs cannot be computed if 2 variables are perfectly (negatively or positively) associated. These cases are denoted as not
applicable (N/A).
3Higher scores for this candidate indicator indicate a lower probability that the respective recommendation will be met; there-
fore, the variable for meeting the recommendation was inverted in order to obtain test statistics that are comparable across all
candidate indicators.
4For the GDR score, the dichotomized HDI-2020 (1 = 6–11 global dietary recommendations met, 0 = 0–5 global dietary
recommendations met) was used as the outcome variable.
5For the United States, added sugars were used as a proxy for free sugars.
6Intake of whole grains is calculated differently in the United States than in Brazil survey data; in the United States, the definition
of whole-grain foods excludes some foods that may contain a small amount of whole grain, such as unspecified breads, cereals,
chips, crackers, and muffins. This explains why whole-grain consumption >0 based on the quantitative intake data does not
match perfectly with the yes/no determination based on consumption of “whole grain foods."

outcomes, with the exception of the WHO-Fat indicator. For example,
in Brazil, every unit increase in the WHO-FV indicator was associ-
ated with 6 times the odds of meeting the quantitative fruit and veg-
etable recommendation (of ≥400 g/d), and every unit increase in the
saturated fat indicator is associated with reduced odds of meeting the
quantitative saturated fat recommendation (<10% of dietary energy)
(Table 8). The Spearman rank correlations also show that the indicators
are moderately to strongly associated with the continuous and dichoto-
mous outcomes in the expected directions, except for the WHO-Fat in-
dicator in both countries and the WHO-Fiber indicator in Brazil (Table
8). The AUC is acceptable (>0.70) for all indicators except for WHO-
Fat (0.62 in Brazil, 0.64 in the United States); WHO-Fiber in Brazil,
which is slightly below the desired AUC (0.66); and WHO-SatFat in the
United States, which has a borderline AUC (0.69) (Table 8). All indica-

tors except for WHO-Fat had acceptable specificity, and most of them
also met the criteria for acceptable sensitivity for the selected cutoffs
(Table 9). The WHO-FV indicator has lower sensitivity than desired in
Brazil, but very high specificity in both Brazil and the United States,
which is the favored measure for a valid indicator in this case, because
WHO-FV correlates positively with the outcome measure. (For scores
that correlate positively with the outcome measure, specificity is pre-
ferred over sensitivity, and vice versa for scores that correlate negatively
with the outcome measure; see Supplemental Box 3 for detailed ex-
planations.) All indicators result in an acceptable percentage misclassi-
fied (<30%), except for WHO-SatFat and WHO-Fat. All indicators met
our criterion for closely matching actual population prevalence (<10
percentage points difference)—except for the whole-grains food group
in the United States—with most indicators (WHO-FV, WHO-Fiber,
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10 Herforth et al.

TABLE 9 Sensitivity and specificity results for the best indicator candidates for each of 9 individual recommendations, and for a
dichotomous GDR score1

Candidate
indicator Cutoff

Percentage
of observa-

tions ≥
cutoff Sensitivity Specificity

Estimated
minus actual
population
prevalence

Percentage
of false

positives

Percentage
of false

negatives

Total
percentage
misclassi-

fied

Brazil
WHO-FV ≥3 5.2 38.42 97.9 − 3.3 1.9 5.2 7.2
WHO-Fiber ≥4 23.0 67.8 81.1 − 4.7 17.3 2.7 20.0
WHO-Sugar3 ≥2 59.1 79.7 75.1 − 3.4 9.4 12.7 22.1
WHO-SatFat3 ≥2 42.1 64.0 69.1 8.2 20.4 12.2 32.62

WHO-Fat3 ≥2 36.3 47.52 68.1 7.9 22.8 14.9 37.72

Legumes ≥1 78.5 100.0 100.0 0.0 0.0 0.0 0.0
Nuts and seeds ≥1 0.3 100.0 100.0 0.0 0.0 0.0 0.0
Whole grains ≥1 21.7 100.0 100.0 0.0 0.0 0.0 0.0
Processed meat3 ≥1 21.8 100.0 100.0 0.0 0.0 0.0 0.0
GDR score4 ≥1 42.1 69.4 71.3 9.1 19.2 10.1 29.3

United States
WHO-FV ≥3 14.5 56.4 90.3 4.2 8.7 4.5 13.2
WHO-Fiber ≥4 21.8 57.6 82.4 4.8 15.8 4.4 20.2
WHO-Sugar3,5 ≥2 60.9 81.9 67.4 3.4 13.8 10.4 24.3
WHO-SatFat3 ≥2 59.1 72.7 56.0 6.6 20.9 14.3 35.22

WHO-Fat 3 ≥2 71.7 79.2 40.72 9.4 22.3 13.0 35.32

Legumes ≥1 21.4 100.0 100.0 0.0 0.0 0.0 0.0
Nuts and seeds ≥1 16.7 100.0 100.0 0.0 0.0 0.0 0.0
Whole grains6 ≥1 37.1 68.0 100.0 − 17.42 0.0 17.4 17.4
Processed meat3 ≥1 38.6 100.0 100.0 0.0 0.0 0.0 0.0
GDR score4 ≥1 29.4 72.3 82.3 8.0 13.9 5.9 19.8

1Values are percentage points for the estimated minus actual population prevalence and percentages for all other statistics. All values are based on unweighted data.
GDR, Global Dietary Recommendations; HDI-2020, Healthy Diet Indicator 2020; WHO-FV, WHO-Fruits and Vegetables (score); WHO-SatFat, WHO-Saturated Fat (score).
2Indicates results that fall outside the predefined criteria for acceptable results.
3Higher scores for this candidate indicator indicate a lower probability that the respective recommendation will be met; therefore, the variable for meeting the recom-
mendation was inverted in order to obtain test statistics that are comparable across all candidate indicators.
4For the GDR score, the dichotomized HDI-2020 (1 = 6–11 global dietary recommendations met, 0 = 0–5 global dietary recommendations met) was used as the outcome
variable.
5For the United States, added sugars were used as a proxy for free sugars.
6Intake of whole grains is calculated differently in the United States than in Brazil survey data; in the United States, the definition of whole-grain foods excludes some
foods that may contain a small amount of whole grain, such as unspecified breads, cereals, chips, crackers, and muffins. This explains why whole-grain consumption based
on the quantitative intake data does not match perfectly with the yes/no determination based on consumption of “whole grain foods.”

WHO-Sugar) showing a population prevalence <5 percentage points
different from the actual prevalence. Finally, we note that simple weights
generally improved measures of association for WHO-Sugar, WHO-
Fiber, GDR-Limit, and GDR score; for the unweighted candidate indi-
cators of WHO-Fiber and the GDR score, it was not possible to find a
cutoff in sensitivity-specificity analysis that worked well for both coun-
tries. The weighted candidate indicators did not have this limitation.

The development of questionnaires to collect the required data for
these indicators suggests that it may be most feasible to collect data
on sentinel foods rather than all foods—that is, the most commonly
consumed items that capture a majority of consumption of the food
group in each context (27). Supplemental Tables S8 and S9 show the
results corresponding to Tables 8 and 9, if only sentinel foods are in-
cluded rather than all foods in each food group. The results using sen-
tinel foods only are almost the same as those using all foods, show-
ing that the indicators are valid whether using sentinel foods or all
foods.

The indicator candidates that performed best across both countries
are described in Table 10, including how to construct the indicator from
food group data, the range of scores, and the cutoff for meeting the re-
spective recommendation(s).

Discussion

Contribution
This is the first work that attempts to translate global dietary recom-
mendations into a low-burden set of indicators. Because diet quality is
multifaceted, we have created a suite of indicators to reflect facets of diet
quality for which there is global agreement on importance to health. We
developed 12 indicators and tested their validity at population level in
2 large, diverse countries with high variability in the aspects of diets re-
lated to global recommendations.

While MDD-W is valid for predicting micronutrient intakes in some
settings, alone it is not a sufficient indicator of overall diet quality. GDR-
Healthy, GDR-Limit, and the GDR score add value as indicators of
healthy diet patterns that adhere to global dietary recommendations,
thereby reflecting another important aspect of diet quality that is not
captured by MDD-W. In our 2 study countries, the GDR score is a much
better predictor of meeting global dietary recommendations than the
FGDS (the 10-food-group continuous score from which the MDD-W is
derived), GDR-Healthy is a much better predictor of health-protective
food intake than the FGDS, and GDR-Limit introduces an entirely new
ability to predict unhealthy food intake. Measured against the yardstick
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Introducing a suite of low-burden diet quality indicators 11

TABLE 10 Definitions of dichotomous indicators predicting global dietary recommendations1

Name of
indicator

Predicted
recommendation/outcome

Selected candidate indicator composition:
food groups and weights2 Range (units)

Selected
cutoff (units)

WHO-FV ≥400 g/d of fruits and
vegetables

(1) Dark-green leafy vegetables;
(2) Vitamin A–rich orange-colored vegetables, roots,

and tubers;
(3) Other vegetables;
(4) Vitamin A-rich fruits;
(5) Citrus fruits;
(6) Other fruits (including red/purple/blue fruits)

0–6 ≥3

WHO-Fiber >25 g/d dietary fiber (1) Dark-green leafy vegetables;
(2) Vitamin A–rich orange-colored vegetables, roots,

and tubers3;
(3) Other vegetables;
(4) Vitamin A–rich fruits3;
(5) Citrus fruits;
(6) Other fruits (including red/purple/blue fruits);
(7) Legumes (double weighted);
(8) Nuts/seeds;
(9) Whole grains

0–10 ≥4

WHO-Sugar <10% of dietary energy from
free sugars4

(1) Sodas/sugar-sweetened beverages (double weight);
(2) Fruit drinks/juice;
(3) Sweetened coffee/tea/milk drinks;
(4) Baked/grain-based sweets;
(5) Other sweets

0–6 <2

WHO-SatFat <10% of dietary energy from
saturated fat

(1) Processed meat;
(2) Unprocessed red meat;
(3) Food from a fast-food restaurant;
(4) Cheese and yogurt;
(5) Milk;
(6) Other sweets; minus
(7) Fish and seafood;
(8) Poultry

−2 to 6 <2

WHO-Fat <30% of dietary energy from
total fat

(1) Processed meat;
(2) Unprocessed red meat;
(3) Deep-fried foods;
(4) Food from a fast-food restaurant;
(5) Packaged salty snacks;
(6) Baked/grain-based sweets;
(7) Other sweets

0–7 N/A

Legumes >0 g/d Legumes
Nuts and seeds >0 g/d Nuts and seeds 0–1 =1
Whole grains >0 g/d Whole grains 0–1 =1
Processed meat 0 g/d Processed meat 0–1 =0
GDR score ≥6 out of 11 global dietary

recommendations met
(1) Dark-green leafy vegetables;
(2) Vitamin A–rich orange-colored vegetables, roots,

and tubers;
(3) Other vegetables;
(4) Vitamin A–rich fruits;
(5) Citrus fruits;
(6) Other fruits (including red/purple/blue fruits);
(7) Legumes;
(8) Nuts/seeds;
(9) Whole grains
minus
(1) Sodas/sugar-sweetened beverages;
(2) Baked/grain-based sweets;
(3) Other sweets;
(4) Processed meat (double weight);
(5) Unprocessed red meat;
(6) Deep-fried foods;
(7) Food from a fast-food restaurant, or Instant noodles;
(8) Packaged salty snacks

−9 to 9 ≥1

1GDR, Global Dietary Recommendations; WHO-FV, WHO-Fruits and Vegetables (score); WHO-SatFat, WHO-Saturated Fat (score); N/A, not applicable.
2The weights are single weights unless indicated otherwise.
3The results for this indicator were almost identical if vitamin A–rich fruits and vegetables were combined into a single category.
4For the United States, added sugars are used as a proxy for free sugars.
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of the validation results for the MDD-W (3, 34), the GDR score and
8 food-group–based indicators of individual dietary recommendations
performed similarly or better in predicting the outcomes of interest in
sensitivity-specificity and correlation analyses. The observed strength
of association (0.55–0.66) is very acceptable for this type of indicator;
the rank correlation coefficients match or exceed the Pearson’s correla-
tion coefficients reported for the MDD-W and micronutrient adequacy,
which ranged from 0.25 to 0.56 across WDDP study sites (3). Addition-
ally, the associations between the GDR score and UPFs are of moderate
size (−0.40 to −0.49 for the GDR score and 0.42 to 0.50 for the GDR-
Limit) and are practically important, because UPF consumption is asso-
ciated with negative dietary quality and health outcomes (37, 42, 43). In
all, these new indicators alongside the FGDS and MDD-W create a suite
of indicators useful for monitoring diet quality holistically because they
predict healthy diet patterns that minimize NCD risk, while the MDD-
W reflects micronutrient adequacy.

Limitations
In this study, the indicators are validated in only 2 countries, 1 middle-
income country and 1 high-income country. Therefore, the main im-
portance of this work is the approach taken; the indicators cannot yet be
considered globally validated. A next step will be to replicate these re-
sults in additional nationally representative quantitative datasets from
other regions, including low-income and other middle-income coun-
tries. Our expectation is that the GDR score will be positively cor-
related with the HDI-2020 in other datasets, while the cutoffs of di-
chotomous indicators may be more vulnerable to differences in context.
Second, the indicators are valid at population level, and not at an indi-
vidual level. Like the MDD-W and any 24-h recall–based approach, they
are appropriate for use to characterize diet quality in populations and are
not meant for clinical application for assessment of an individual’s diet
quality. Third, although several of these new indicators are proxies for
quantitative intakes of the general adult population, they are not quan-
titative intake data. For information on average quantitative (grams) in-
takes of foods or nutrients in a population, other techniques of dietary
assessment are necessary (such as quantitative 24-h recalls). Fourth, the
indicators are not validated as indicators of energy intake, obesity, or
NCD morbidity or mortality. Our results show that the GDR score and
its components are not strongly correlated with energy intake or BMI.
We expect that they reflect NCD risk, because the WHO dietary rec-
ommendations were in large part developed based on the association of
each dietary risk factor with NCDs (19), and because previous versions
of the HDI were correlated with NCD risk (15, 17). It may be inappro-
priate to attempt validation of population-level indicators against indi-
vidual NCD outcomes in prospective cohort studies, but future studies
could validate the HDI-2020 against NCD outcomes within individuals,
as has been done with previous HDI versions.

Finally, like the MDD-W validation (3), our validation uses informa-
tion derived from detailed quantitative data, while, in practice, the way
food-group data are collected can influence the performance of the indi-
cators (44). While the feasibility of accurate data collection is a potential
limitation, in this case the data-collection tool for these indicators, the
DQ-Q, has undergone extensive cognitive testing in multiple languages
and cultures, validation against a reference method, and a quantitative
pilot test in the Gallup World Poll (27). Our results here show that mim-
icking sentinel food data that would be collected by the DQ-Q produces

almost exactly the same results as those using all foods (see Supplemen-
tal Tables S8 and S9).

While we report the MDD-W in our results, we suggest caution in
using or interpreting MDD-W as an indicator of micronutrient ade-
quacy in high-income or upper-middle-income countries. The MDD-
W was validated only in low- and lower-middle-income settings (3). A
majority of women aged 15–49 y in the United States and Brazil do not
achieve minimum diet diversity in the nationally representative datasets
we analyzed, which raises the question whether their level of micronu-
trient adequacy actually falls below 60% (the threshold against which
the MDD-W was validated) or whether the MDD-W underestimates it
in these countries.

Applications
The new indicators are an important advance for measuring and moni-
toring diet quality at population level. We present a suite of diet-quality
indicators that can be calculated easily from food-group–level data de-
rived from a 5-min questionnaire, the DQ-Q, which also can be used
to collect MDD-W data (27). The indicators could be used in national
surveillance systems, national multitopic surveys, or nutrition-sensitive
projects such as agricultural projects that aim to improve diet quality.
They may be particularly applicable for the Gallup World Poll, the De-
mographic and Health Surveys, and the WHO STEPwise Approach to
Noncommunicable Disease Risk-Factor Surveillance (45), as a way to
track country progress toward WHO dietary recommendations.

These indicators can be used to track dietary trends—for example,
showing the change over time in the overall GDR score, or the GDR-
Limit subcomponent versus the GDR-Healthy subcomponent, reveal-
ing dietary and nutrition transitions. Furthermore, they can help to
identify specific aspects of diets that may be public health threats: for
example, to predict the proportion of populations not consuming ade-
quate fruits and vegetables or the proportion consuming excessive free
sugars. Even the individual food groups used to construct these indica-
tors will be useful to describe trends related to the nutrition transition,
such as the proportion of the population consuming sugar-sweetened
beverages, instant noodles, fast food, and salty packaged snacks.

While recognizing the benefit of having a lens into specific aspects
of diets, we also recognize that a single metric reflecting total diet qual-
ity may be needed for policymakers and advocates. The Sustainable
Development Goals (SDGs) lack any diet-quality indicator despite the
fundamental importance of diet to several of the SDGs. Global targets
and metrics for diets should ideally reflect total diet quality for all peo-
ple, because SDG2 calls to end all forms of malnutrition. Our results
show that the MDD-W does not perform well as an indicator of meet-
ing global dietary recommendations; this is not surprising, as it was not
designed to do so. Ultimately, an indicator reflecting both nutrient ad-
equacy and protection against diet-related NCDs would be desirable as
a global yardstick of diet quality.

There is potential now to create a combined score that incorporates
both the GDR score and the MDD-W/FGDS, and to validate it against
both nutrient adequacy and the global dietary recommendations.
Such an indicator might meet the need for a single indicator captur-
ing total diet quality. Another recent effort has developed a metric
reflective of both nutrient adequacy and protection against diet-related
NCDs, the Global Diet Quality Score (46, 47). This metric is based
on food groups similar to the GDR score, but in contrast, it requires
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quantitative or semi-quantitative data. The GDR score is based
on yes/no data about consumption of 29 food groups in the
previous day, collected from the DQ-Q tool (27). The DQ-
Q is currently being adapted for over 90 countries, and will
be implemented in the Gallup World Poll beginning in 2021,
offering concrete potential for monitoring the suite of indi-
cators presented here across countries, alongside the MDD-
W/FGDS, and any subsequently developed indicators of total diet
quality.

Conclusions
Diet quality is a critical aspect of public health and sustainable devel-
opment. The GDR score and suite of indicators reflecting global di-
etary recommendations adds to the existing indicator of dietary di-
versity (MDD-W/FGDS), to enable feasible monitoring of diet quality
more holistically. It builds our toolbox so that we can understand both
healthy and unhealthy aspects of diets and target responses to the spe-
cific areas of the diet that most need improvement. The burden of diet-
related NCDs is significant in all regions of the world, and these indica-
tors can more fully reflect diet quality relevant to policies and programs.
As a suite of metrics that can be calculated simply, using low-burden
survey tools, it paves the way for monitoring diet quality globally and in
countries.
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