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Abstract

The Healthy Eating Index (HEI) is a measure of diet quality that can be used to examine alignment
of dietary patterns with the Dietary Guidelines for Americans. The HEI is made up of multiple
adequacy and moderation components, most of which are expressed relative to energy intake (ie,
as densities) for the purpose of calculating scores. Due to these characteristics and the complexity
of dietary intake data more broadly, calculating and using HEI scores can involve unique statistical
considerations and, depending on the particular application, intensive computational methods. The
objective of this article is to review potential applications of the HEI, including those relevant to
surveillance, epidemiology, and intervention research, and to summarize available guidance for
appropriate analysis and interpretation. Steps in calculating HEI scores are reviewed and statistical
methods described. Consideration of salient issues in the calculation and interpretation of scores
can help researchers avoid common pitfalls and reviewers ensure that articles reporting on the use
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of the HEI include sufficient details such that the work is comprehensible and replicable, with the
overall goal of contributing to knowledge on dietary patterns and health among Americans.
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ALTHOUGH MUCH NUTRITION RESEARCH HAS taken a reductionist approach with a
focus on particular nutrients, food groups, or other dietary constituents, the complexity of
the overall diet and its relations with health and disease outcomes are increasingly being
recognized and embraced. For example, the 2015-2020 Dietary Guidelines for Americans
(DGA) focused on eating patterns, noting that such patterns represent the totality of the
foods and drinks habitually consumed by individuals and that these dietary components may
act in synergistic and cumulative ways to predict health status and disease risk.! The
development of the DGA was informed by a review of the growing evidence on eating
patterns and health outcomes, including cardiovascular disease, diabetes, cancer, and
overweight and obesity.23

Various indexes have been developed to characterize dietary patterns and diet quality.*®
Such measures use criteria established a priori according to recognized principles of a
healthy diet.5 Commonly used indexes include those based on the Dietary Approaches to
Stop Hypertension and Mediterranean diet patterns, as well as the Healthy Eating Index
(HEI) and Alternate HEI.”14 The HEI in particular is a tool that measures alignment with
the DGA.”10 The most recent iteration of the HEI1> measures alignment with the 2015-
2020 DGA. Prior versions corresponding to the 2005 and 2010 DGA have been widely used
in nutrition research.18 For example, an article published during spring 2017 reported that
the 2005 version has been used in studies described in more than 185 scientific publications
since its release in 2008, whereas the 2010 version, released in 2013, has been used in
studies described in more than 100 articles.18 The HEI has been used for varying purposes,
including documenting the diet quality of the US population and assessing differences in
diet quality among population subgroups (eg, Guenther and colleagues® and Wilson and
colleagues!?), elucidating influences on diet quality (eg, Savoca and colleagues'8),
evaluating associations between diet quality and disease risk and mortality (eg, Liese and
colleagues,® George and colleagues,1® Harmon and colleagues,2? and Reedy and
colleagues?t), and examining the effect of interventions on diet quality (eg, Nansel and
colleagues??).

The HEI is made of up multiple adequacy and moderation components, most of which are
expressed relative to energy intake (ie, as densities) and then scored according to standards.
7.9.15 Dye to the scoring of multiple components, as well as characteristics of dietary intake
data more broadly, calculating and using HEI scores can involve unique statistical
considerations and, depending on the particular purpose, intensive computational methods.
10.23-25 The objectives of this article are to review potential applications of the HEI and to
summarize available guidance for appropriate analysis and interpretation of scores. Both
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analytic methods for which code has been developed as well as potential approaches that
require further development are described.

Although the HEI can be used to assess the food supply and menu offerings within various
food environments (eg, fast-food restaurants),26-29 the focus of the current article is on the
use of the HEI for assessing and analyzing diet quality in surveillance, epidemiologic, and
intervention research (ie, cases in which dietary intake data for the purpose of characterizing
diet quality are available for groups of individuals sampled from the population). The use of
the HEI with individuals in clinical settings for the purpose of nutrition advising or
counseling is also briefly described.

As noted, the HEI measures alignment with the DGA, allowing examination of overall diet
quality in relation to federal dietary guidance, as well as patterns in terms of balance among
multiple components.”-9:15 Since the 2005 iteration, the HEI has employed scoring that
operates on a density basis (eg, amount per 1,000 kcal, ratio of fatty acids)”-%15 (Table). As a
result of this density feature, the HEI can be used to examine diet quality from the
perspective of the relative mix of foods and drinks consumed and in terms of how calories
are allocated; in other words, diet quality is assessed independent of quantity.® This density-
basis used in the 2005, 2010, and 2015 versions of the HEI represents a departure from the
earlier HEI developed by the US Department of Agriculture (USDA) Center for Nutrition
Policy and Promotion in 1995,30 which is not addressed in this article. The HEI addressed
here is also distinct from similarly named indexes employed in other countries (eg, Woodruff
and colleagues?). The abbreviation HEI as used in this article thus refers to the three
density-based versions of the index developed in partnership by researchers from the Center
for Nutrition Policy and Promotion and the National Cancer Institute (NCI) and known as
the HEI-2005, HEI-2010, and HEI-2015.7-10.15 These versions share a common foundation,
with nuances (Table) to reflect the evolution of dietary guidance, as expressed by the DGA,
between 2005 and 2015.1:32:33

The HEI-2005, HEI-2010, and HEI-2015 have each been shown to capture diet quality
independently of energy intake and to distinguish among subgroups with known differences
in diet quality.8.19:34 Further, associations have been observed between higher HEI scores
and lower risk of death from all causes, cancer, and cardiovascular disease.>1%-21 The HEI is
appropriate for the assessment of diet quality among populations to which the USDA Food
Patterns3® apply. It is not applicable to children younger than age 2 years or those
consuming breastmilk or infant formula.®

THE HEI SCORING ALGORITHM

The crux of each version of the HEI is a scoring algorithm that identifies the components
along with their weights (ie, the maximum score allocated to a given component) and
scoring standards (ie, the levels of intake used to assign scores to each component). For each
version, both adequacy and moderation components are considered. The specifics of each
iteration’s algorithm are summarized in the Table and detailed elsewhere.”-%15 The most
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recent version, the HEI-2015, includes 13 components: nine adequacy components and four
moderation components!® (Table). The prior two versions each included 12 components.”-?
Changes across the versions are briefly noted in the next section and described in detail
elsewhere. 915

Each component is typically scored to a maximum of 10 points; for components divided into
two (eg, Total Fruits and Whole Fruits), each subcomponent is allocated 5 points. Standards
for assigning maximum points for a component are based on the least-restrictive
recommendations (ie, those that are easiest to achieve) among those varying by energy level,
sex, and age.® The standards utilized may be lower (for adequacy components) and higher
(for moderation components) than the recommendation for any given individual due to the
use of the least-restrictive recommendations. For the 2015 version of the HEI, only the 1,200
to 2,400 kcal patterns were used (compared with the range of 1,000 to 3,200 kcal, used for
some components in prior versions),3® lending to a more consistent rationale for maximum
standards across components and avoiding standards based on energy levels at the higher
end of needs.1> Minimum scores for the adequacy components are based on zero
consumption per 1,000 kcal.X® For sodium (a moderation component), the standard is based
on the approach used for the Dietary Reference Intakes Tolerable Upper Intake Level,’36
with zero points corresponding to =2.0 g/1,000 kcal. The standards allow for the application
of points for each component such that the total HEI score can range from zero to 100. A
score of zero on particular components is possible for a given individual, although a total
score of zero is unlikely.

The application of the scoring algorithm allows the computation of scores for each HEI
iteration at the level of an individual person (eg, based on data from 24-hour recalls [24HR],
food records [or diaries], or a food frequency questionnaire [FFQ]). However, as discussed
below, depending on the application, alternative computational methods may be preferred to
better reflect true usual diet quality among groups of persons.

Evolution of the HEI

Here, consistency across the versions of the HEI and key differences are reviewed briefly to
inform a subsequent illustration of how scores may be expected to change with the
application of different versions due to nuances in the components and their scores and
scoring standards. As can be seen in the Table, there are many common components across
the three versions, with differences reflecting refinements in guidance from 2005 through
2015.

Beginning with the most recent iterations, changes between the 2010 and 2015 versions are
modest and relate mainly to how sources of empty calories (for the purposes of the HEI,
defined as calories from added sugars, solid fats, and alcohol) are captured. In each of the
2005 and 2010 versions, a moderation component capturing multiple sources of empty
calories was allocated 20 points.”9 In the HEI-2015, there are two separate components
capturing sources of empty calories (Added Sugars and Saturated Fats, each scored to a
maximum of 10 points), reflecting key recommendations of the DGA to limit intake of each
of these dietary factors to <10% of total calorie intake.! The HEI-2015 reintroduced
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Saturated Fats, which appears in the 2005 version (while also maintaining the Fatty Acids
component introduced in the 2010 version). Furthermore, in the 2005 and 2010 versions,
calories from alcohol consumed above a level considered moderate (ie, >2 drinks/day for
men and 1 drink/day for women) were captured by the respective empty calories component.
In contrast, a component that accounts for alcohol is not included in the HEI-2015. However,
in all three versions of the HEI, the caloric energy in alcohol/alcoholic beverages is captured
through its contribution to total calories, which is the denominator for most components.
When alcohol is consumed, calories from alcohol in the denominator will result in lower
component scores for those adequacy components expressed relative to energy and higher
component scores for moderation components compared with diets with no calories from
alcohol. Specific considerations related to alcohol are described in an article detailing the
HEI-2015.15

An additional change pertinent to the HEI-2015 relates to the treatment of legumes (beans
and peas) in the calculation of amounts of each relevant dietary constituent considered in
arriving at HEI scores. The vegetable and protein groups and their corresponding maximum
points and scoring standards are unchanged from 2010 to 2015. However, in the earlier
versions of the HEI, legumes were counted as protein foods only in the case that the
standard was otherwise not met (any legumes counted toward the Total Protein Foods
standard were also counted toward the Seafood and Plant Proteins component), and counted
toward the two vegetable subgroups only after the protein foods standard had been met. This
was done to be consistent with the USDA Food Patterns,3® which note that legumes are
considered both protein foods and vegetables but count them as only one or the other. For
the HEI-2015, legumes are counted toward all four of the relevant vegetable and protein
groups, for reasons described in detail elsewhere.1®

Differences between the 2005 version and the more recent iterations of the index are more
extensive. Four adequacy components (Total Fruits, Whole Fruits, Total Vegetables, and
Whole Grains) appear in all three iterations, with one additional adequacy component
remaining the same aside from a change in name (Milk vs Dairy). Of these, the maximum
score has changed only for Whole Grains (from 5 points in the 2005 version to 10 points in
2010 and 2015). To round out grains, the 2005 version includes Total Grains (an adequacy
component), whereas the 2010 and 2015 versions include Refined Grains (a moderation
component). Vegetable subgroups changed from the 2005 (Dark Green and Orange
Vegetables and Legumes) to the 2010 version, which introduced Greens and Beans,
reflecting the two vegetable subgroups for which observed intakes were farthest from the
recommendations.3” The 2005 version included Meat and Beans, whereas the 2010 and
2015 versions include Total Protein Foods as well as Seafood and Plant Proteins to capture
specific choices from the protein foods group. Refined Grains (a moderation component)
was new to the 2010 version, replacing the adequacy component Total Grains and addressing
high levels of consumption of refined grains compared with recommended levels.3” The
2015 version carries forward the Refined Grains component, as well as Sodium, which is
common to all three iterations, though the standard for maximum points changed from the
HEI-2005 to HEI-2010. Finally, Fatty Acids (the ratio of unsaturated to saturated fats) was
introduced in the 2010 version and replaced the Qils (adequacy) and Saturated Fats
(moderation) components in the HEI-2005 version. This change reflected the
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recommendation in the 2010 DGA32 to replace saturated fatty acids with unsaturated fatty
acids.

In determining the version of the HEI that is most suitable for a particular research initiative,
in cross-sectional analyses it may be appropriate to use that which reflects the dietary
guidance in place at the time the data were collected, depending on the research questions.
In studies using prospectively collected data (eg, assessing associations between baseline
dietary intake and subsequent health outcomes) or assessing trends in HEI scores over time,
it may be prudent to use the most recent iteration to capture refinements related to the most
recent dietary guidance, which is based on evolving evidence on diet and health. Using
different versions within a given study is not recommended (unless a comparison of the
versions is an explicit part of the study objectives) because changes to the index are likely to
result in different scores, as described further below.

Features of the HEI Influencing Statistical Approaches

Regardless of the iteration, the HEI and the dietary data used to calculate component and
total scores are characterized by several features that must be considered in scoring and
integrating scores into statistical analyses. First, the HEI is multidimensional, requiring the
simultaneous consideration of several dietary constituents. Second, the dietary constituents
of interest include those consumed regularly (ie, on most days) by most persons (eg, added
sugars) and others consumed on a more episodic basis by most persons (eg, whole grains) in
the population.25:38 The need to account for both types of dietary components, as well as
skewness in distributions of intake among a group, complicates the estimation of usual
intake. Third, the density basis means that for each component, a ratio is invoked (eg,
amount of fruits consumed relative to calories). Ratios expressing the amounts of one
component relative to another (usually energy) can be derived at the level of individuals or
groups, leading to different results.3° Further, the components within the HEI may be
correlated with one another. Finally, as with any analysis of self-report dietary intake data
whether applying the HEI or not, measurement error must be considered and addressed to
the extent possible.# Although measurement error is a complicated topic that is beyond the
scope of this article, general concepts to consider here are that random error influences
whether HEI scores calculated using a particular set of data can be used to represent usual
diet quality, whereas systematic error or bias relates to how well HEI scores based on self-
report data reflect true diet quality.°

Calculating HEI Scores

Below, basic steps in calculating HEI scores are described and the evidence on preferred
methods for arriving at scores for different applications is summarized. Methods for some
applications are quite well established, whereas other areas require development; thus, areas
that could benefit from further methods evolution are highlighted. Also noted are
considerations that should be borne in mind in interpreting HEI scores regardless of the
particular application. An accompanying checklist (Figure 1) can be utilized by researchers
using the HEI, as well as reviewers of relevant articles to help ensure that key issues and
details are addressed and adequately reported. This checklist might be useful in combination
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with the Strengthening the Reporting of Observational Studies in Epidemiology-nutritional
epidemiology guidelines,*! an extension to the Strengthening the Reporting of Observational
Studies in Epidemiology statement intended to help authors improve quality and
completeness of reporting of aspects of nutritional epidemiology research, including details
of dietary assessment methods. Although targeted to nutritional epidemiology, the guidelines
may have application to additional types of research considered here, such as surveillance
and intervention studies.

Steps in the Application of the HEI

For any application, the basic steps involved in calculating HEI scores include identifying
the set of foods under consideration (in this case, the foods and beverages consumed by
individuals), determining the amount of each relevant dietary constituent, and deriving the
pertinent ratios and scoring each HEI component using the relevant standard.27:42

Identifying the Set of Foods under Consideration.

The calculation of HEI scores at the level of groups of persons requires the availability of
intake data capturing the total diet. Such data are often collected using self-report tools,
including 24HRs, food records, and FFQs. A full review of the characteristics of these
methods and their advantages and disadvantages is beyond the scope of this article and
available elsewhere.4344 However, before calculating HEI scores, it is critical to consider the
quality of the available data. This pertains to the extent to which the data reflect true intake
(ie, requiring consideration of degree of bias) and also to which they represent usual, or
long-term average, dietary intake (ie, consideration of degree of random error, which is
driven primarily by day-to-day variation in intakes measured for a day or a few days). In
most situations, the HEI should be calculated on the basis of usual dietary intake given that
eating patterns and thus diet quality can vary from day to day and the DGA are intended to
be met on average over time, not each and every day. An exception is alcohol, which is
calculated on a per-day basis in the HEI-2005 and HEI-2010 (the two versions of the index
that include a component capturing alcohol). An important distinction between diet
assessment methods typically used to collect data amenable to the calculation of HEI scores
is that 24HRs and food records capture short-term intake, whereas FFQs attempt to directly
measure usual intake at the level of an individual person.#4 Other salient points related to
specific methods of collecting dietary data are noted below in the section on approaches for
calculating HEI scores for different applications.

Determining the Amount of Each Relevant Dietary Constituent.

To enable the calculation of component and total scores, it is necessary to link intake data to
databases that allow quantification of each of the dietary constituents of interest within the
HEI. In addition to providing nutrient composition details, the databases must provide
information on amounts of constituents such as fruits, vegetables, oils, and added sugars in
units consistent with dietary guidance. Examples of databases used for these purposes are
the USDA Food Patterns Equivalents Database (https://www.ars.usda.gov/northeast-area/
beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/
docs/fped-overview/) and its predecessor, the MyPyramid Equivalents Database (https://
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www.ars.usda.gov/ARSUserFiles/80400530/pdf/mped/mped2_doc.pdf#TitlePage), which
disaggregate each food or beverage consumed into ingredients that are then sorted into
groups relevant to dietary guidance. These databases can each be readily linked to National
Health and Nutrition Examination Survey (NHANES) data and other sources of intake data
coded using the Food and Nutrient Database for Dietary Surveys (https://www.ars.usda.gov/
northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-
research-group/docs/fndds/), which provides information on nutrient composition. The
Nutrition Data System for Research has also been used to quantify each of the dietary
constituents included in the HEI based on 24HR data.*> The capacity to calculate HEI scores
also exists for FFQ data that are linked to the requisite composition data. For example, in the
Dietary Patterns Methods Project, HEI scores were calculated from frequency data collected
in the National Institutes of Health-AARP (formerly known as the American Association of
Retired Persons) Diet and Health Study, the Multiethnic Cohort, and the Women’s Health
Initiative Observational Study.>19-21

With any database, it is important to consider the quality of the available information,
including its currency and completeness. This may be particularly salient for certain dietary
constituents because changes are made to the food supply; for example, to reduce sodium or
added sugars. Other issues related to databases may include the lack of information on
branded items and reliance on composite nutrient and food group data. Such factors should
be borne in mind in the interpretation of HEI scores, as with any analysis of self-report
dietary intake data. Further, it should be considered that the use of different databases with
varying sources of information on food composition to determine the amount of each
relevant dietary constituent might influence results.

Deriving the Pertinent Ratios and Scoring Each HEI Component using the Relevant

Standards.

The next step is to derive the pertinent ratios from the estimated quantities of each dietary
constituent and apply the scoring standards to arrive at scores for each component.
Component scores are summed to arrive at the total score. The intermediate outputs in this
process are ratios (eg, cup equivalents of fruit per 1,000 kcal), referred to as densities. In
some cases, researchers may be interested in these densities3® (eg, energy-adjusted fruit
intake) in their own right; for example, for use in regression models. However, given that
this article is focused on applications of the HEI, which involves the use of the standards to
arrive at scores, the focus here is on applications making use of scores rather than the
intermediate density variables.

Methods for Calculating HEI Scores Based on the Application and Available

Data

The HEI can be used to describe diet quality among groups of persons, examine associations
between diet quality and other factors such as health or disease outcomes, and assess the
effects of interventions on diet quality. Thus, researchers are often interested in estimating
HEI scores for describing diet quality for a group of persons, comparing diet quality among
groups, or for use as dependent or independent variables within regression models. The key
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methods recommended for calculating scores for these varying purposes include the
population ratio method (which involves calculating ratios and scores at the level of
populations or subpopulations rather than individuals),2 the bivariate method (which allows
simultaneous modeling of two dietary components),24 and the multivariate method (which
allows simultaneous modeling of multiple dietary components).19:23 Code that can be used
with SAS statistical software is available for each of the three highlighted methods,
although to differing degrees for particular applications.*2

To apply the population ratio method, which is applicable to 24HR and food record data,
total intakes of the dietary constituents among the group of persons of interest are calculated
(ie, intake of the relevant constituents, including energy, is summed for the total sample of
interest). The relevant ratio of the totals for each HEI component is then derived and
compared with the applicable standards for scoring. For example, total intakes of fruits and
of energy for the group and the ratio of these two values are calculated, and the respective
scoring standard applied. An alternate approach to the population ratio involves the
application of the HEI scoring algorithm to data at the level of each individual person. The
resulting person-level scores are then averaged to arrive at a mean score for the group.2® It is
also possible to estimate scores of the mean ratio by deriving the pertinent ratios for each
individual person, averaging these across individuals, and applying the scoring standards to
arrive at scores for a group.2> Prior analyses have shown that the population ratio method
provides a less biased estimate of mean HEI scores for a population compared with either
the mean score or scores of the mean ratio.2> Although the population ratio method can
theoretically be applied to a group as small as two individuals, the choice of the most
appropriate approach to calculating HEI scores should be based on the research question.
Approaches when interest is in a specific individual are described briefly below.

The bivariate and multivariate methods are extensions of the NCI Method for estimating
usual intake distributions using 24HR (or record) data3847 when at least a subset of the
population have replicate 24HRs (or records). These methods, which are applicable to
dietary components that are consumed most days by most persons as well as those that are
consumed episodically, account for day-to-day or within-person variation in intakes, as well
as skewness. They are unique from the methods discussed above in allowing estimation of
percentiles of the distribution of usual HEI scores at the level of a group. Although the more
complex methods for estimating distributions of HEI scores have primarily been applied to
and tested with 24HR rather than food record data, they are amenable to use with replicates
of food records completed on nonconsecutive days (eg, two 4-day food records 2 weeks
apart). Approaches are needed to integrate FFQ data into methods developed for 24HR and
record data, as elaborated upon below.

Drawing on these methods, recommended approaches for different research questions
involving the HEI are described in the following sections. Figure 2 provides a summary of
the possible statistical approaches, including outputs, considerations, and caveats for both
24HR/record and FFQ data. Figure 3 provides a complementary summary of potential
research purposes with corresponding recommended methods.
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Describing Diet Quality among Groups or Subgroups of Persons

HEI component and total scores can be used to describe diet quality among a population
group or subgroups differentiated by factors such as age, sex, or socioeconomic status. For
such purposes, dietary intake data collected using 24HR or food records are recommended.
Generally, the use of FFQs to describe diet quality is not recommended given that such data
are known to be affected to a greater extent by systematic bias.#849 The focus below is thus
on 24HRs and records as the source of the dietary intake data.

Estimating Mean HEI Total and Component Scores.

In studies in which data from at least one 24HR or administration of a food record are
available, mean HEI and mean component scores can be calculated (Figure 2). As noted, one
approach for estimating mean HEI total and component scores (and for which code is
publicly available) is the population ratio method (Figure 2).2% This approach results in the
generation of scores for a group of persons (not an individual person) that can be used to
make inferences at the group level regarding alignment of diet quality with dietary guidance.
With stratification, scores can be used to compare diet quality among subgroups; for
example, based on age. In cases in which data from repeat administrations of 24HRs are
available, it is possible to use either the first recall or to sum data from all recalls. The use of
additional recalls can better reflect usual intake by accounting for variation across days. For
food records, one can also calculate mean intakes and derive ratios across all days in the
total sample (eg, mean intakes of fruit and energy are based on all days of data for all
persons in the group). Decisions regarding the data to be used should consider whether there
is any reason to believe that reporting quality might differ across days, for example, due to
training effects or recording fatigue.

In situations in which repeat 24HRs are available for at least a subsample, mean component
and total scores can be calculated using the NCI bivariate method to simultaneously model
two food groups or nutrients, resulting in predicted ratios to which the scoring standards are
applied (Figure 2). The bivariate method is more computationally intensive than the
population ratio method and may not be necessary for applications in which only mean HEI
scores (vs distributions of scores) are desired. However, it may offer greater precision than
the population ratio method, as well as accounting for skewness in the dietary intake data.
The multivariate method can also be used for arriving at mean scores, but this approach is
computationally intensive and may not be the preferred approach for situations in which
interest is only in means rather than distributions of HEI scores. Predicted scores yielded by
the bivariate and multivariate modeling approaches do not represent the true usual HEI
scores of individuals in the sample and they cannot be linked back to particular individual
persons—this is because scores are based on prediction and do not reflect the variability of
the population.

Estimating Distributions of HEI Total and Component Scores.

In situations in which data for a second recall or record are available for all or some persons
in a sample, it is possible to estimate distributions of usual HEI scores,24 which can provide
additional information to inform policies and programs or evaluate interventions. For
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example, the estimation of distributions of HEI scores undertaken as part of the evaluation of
the HEI1-201534 showed that the 99th percentile of total HEI scores for individuals aged 2
years and older from NHANES 2011-2012 was 81.2 (out of a maximum 100 points),
suggesting that almost all of the population requires improvements to their eating patterns to
align more closely with the DGA.

The bivariate method can be used to arrive at distributions of scores for the components
(Figure 2). To estimate distributions of HEI component and total scores, the multivariate
extension to the NCI Method, which employs a computational modeling method known as
Markov Chain Monte Carlo, has been developed to simultaneously model the multiple
dietary constituents in the HEI, including components consumed most days by most persons
as well as those consumed more episodically by most persons in the population.23 The
application of the multivariate method to estimate distributions of HEI scores has been
illustrated through the evaluation of the HEI-2005 and HEI-2010,10 as well as the
HEI-2015.34

Diet Quality per the HEI as an Independent Variable

Epidemiologic examinations of associations between diet quality and a dependent variable
(eg, chronic disease mortality) have often relied upon data from FFQs because these are the
tools traditionally used in prospective cohort studies.*3 As it becomes possible with
technology advances to collect 24HR and food record data in large prospective studies,3:50
it is increasingly feasible to use these data to characterize diet quality and assess associations
with markers of health and disease. Such investigations require that assumptions regarding
temporality are met; that is, in most cases, the measurement period to which the dietary
exposure pertains should precede the development of the marker of health or disease, unless
it is hypothesized that the dietary exposure and other variables of interest are related
contemporaneously.

In analyses using 24HRs or records and that require person-level scores, such as regression
modeling, the population ratio method is not applicable because it generates scores for a
group of persons, not an individual person. It is possible to apply the HEI algorithm to 24HR
or record data to arrive at person-level scores. These are unlikely to reflect usual intake but
may be acceptable in situations in which interest is in a specific day or days. The bivariate
method can be used to obtain predicted scores that can be included in regression models (eg,
for studies examining dietary fat as a proportion of calories relative to a disease outcome),
but the method has not yet been extended to applications of the HEI. Methods development
is thus needed to expand the possibilities for examining associations between diet quality per
the HEI based on 24HR and food record data and other variables using regression modeling
because the most feasible approach at the current time relies on the calculation of person-
level scores for a day or limited number of days. In such cases, there should be theoretical
grounds that diet quality based on a single day (or small number of consecutive days in the
case of a record) is related to the outcome of interest.

For FFQ data, the currently available method is the application of the HEI scoring algorithm
at the person level. In using such scores, biases associated with reporting error and
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characteristics of the FFQ should be considered. Future methodologic research may identify
approaches for mitigating measurement errors that may influence estimated HEI scores, for

example, using 24HR data to reduce bias in the FFQ data, as well as incorporating FFQ data
into the bivariate and multivariate methods making use of recall or record data.

In examining associations between diet quality per the HEI and health or disease outcomes,
the total score can be used, or particular component scores can be used in cases in which
specific aspects are of interest (although the overarching focus of the HEI is to enable
examination of diet quality broadly). In addition, it is usually necessary to account for
potential confounders. For example, prior analyses of associations with all-cause mortality
have included adjustment for alcohol intake.> Considering associations between alcohol and
health or disease outcomes is complex.1® Thus, whether and how alcohol intake is accounted
for in a model requires careful consideration, including taking into account how alcohol is
treated in the version of the HEI used (eg, in contrast to the HEI-2005 and HEI-2010, the
HEI-2015 does not include a component that captures alcohol, although calories from
alcohol are considered in all versions of the HEI). It may be relevant to also consider
markers of energy balance, such as anthropometric measures.® Although energy balance is a
focus of the respective DGA, it is not considered within the HEI given the index’s focus on
diet quality rather than quantity. In addition, as discussed elsewhere,>1:52 even when density
variables are used in regression models, including self-reported energy can improve the
estimation of diet-disease associations.

Diet Quality per the HEI as a Dependent Variable

For the purposes of examining how factors such as age, sex, and socioeconomic status are
associated with diet quality, considerations for calculating HEI scores as dependent variables
are similar to those outlined in the section on describing diet quality among groups or
subgroups. These also pertain to studies to examine the influence of interventions on diet
quality. To compare across groups (eg, differentiated by sex or intervention group), the
population ratio method, bivariate, or multivariate methods can be used with stratification by
group. In cases in which statistical tests, such as regression modeling, that draw on
variability within the study sample are employed, person-level scores are needed. As noted
previously, it is possible that the bivariate method can be used to generate predicted scores
for inclusion in regression models, and this is also true of the multivariate method; however,
these methods have not yet been extended to such applications specific to the HEI.

In studies in which diet quality is the dependent variable relative to an intervention, it is
important to consider that those exposed to the intervention may misreport diet differently
over time or in comparison to control groups,*C creating differential error among groups or
across time points. In other words, those in a group that have been counseled or encouraged
in other ways to follow a particular dietary pattern may be more likely to report dietary
intakes that align with that pattern. Such differential error can lead to a loss of statistical
power and spurious effects. In cases in which randomization has been employed and/or the
intervention is targeted at the environment rather than individual behavior, this source of bias
may be less of a concern. In the case that differential error is likely to be significant, it is
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recommended that self-report intake data not be used as the sole means of evaluating
interventions.40

Describing Diet Quality for an Individual within a Clinical Setting

Approaches for describing diet quality at the group-level are generally not applicable to a
given individual. For instance, the population ratio approach pools data across the population
to reflect usual intake and results in component and total scores for a group of individuals,
not a given individual. The bivariate and multivariate methods are also not applicable to
clinical use with a specific individual.

The application of the HEI scoring algorithm occurs at the level of individual persons and
results in component and total scores for each person. Alternately, a ratio of means can be
employed to calculate scores for a single person using multiple days of data. However, an
individual’s HEI score based on intake on a given day or even over several nonconsecutive
days is unlikely to reflect usual diet quality relative to the DGA. This is noteworthy because
the HEI standards and the underlying USDA Food Patterns,3° as well as nutrient
requirements where they are used (eg, sodium), are meant to be met over time, not
necessarily every day. In cases in which data are collected for the individual using an FFQ,
the HEI scoring algorithm could be applied, with recognition of likely biases in the intake
data. In addition, any interpretation of HEI scores for a given individual should account for
the fact that the scoring standards do not reflect a given person’s individual requirements,
but rather are based on population-level recommendations and the least-restrictive standards,
as noted previously.

Considerations in Interpreting HEI Scores

In interpreting HEI scores, it is important to bear in mind several factors, including
leveraging the multivariate nature of the index to gain a full understanding of diet quality
and patterns, as well as issues related to comparing scores between HEI versions and over
time, and limitations due to measurement error (Figure 1). Appropriate interpretation of HEI
scores includes assessment of total scores indicative of overall diet quality, as well as
component scores to examine the quality of the mix of foods consumed. Particularly for
scores in the midrange, total scores may be based on middling scores on all components or
high scores on some and low scores on others. Examining scores for the individual
components in addition to total scores!? is recommended to maximize one’s understanding
of diet quality and patterns.

It is possible to use a graded approach to describe diet quality, as outlined in an article
describing the HEI-2015.15 The grades provide an indication of the degree to which diets
conform with guidance as operationalized by the HEI. Briefly, grades range from A (90
points or above) to F (0 to 59 points), with points in between graded accordingly. Grades do
not reflect the degree to which nutrient requirements are met nor the appropriateness of
energy intake, but rather the quality of the mix of foods. Further, it is emphasized that grades
should be used in combination with numerical scores, not alone. As well, numerical scores
rather than grades should be used in further analyses making use of the HEI (eg, regression
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modeling to examine associations with other variables) because categorizing results in a loss
of information and may result in misclassification of scores at or near cut points used for
differentiating grade levels.15

In utilizing the HEI to monitor trends in diet quality over time or assess the effects of
interventions, it is necessary to consider what constitutes meaningful differences between
groups or change over time. This may also be salient to epidemiologic analyses in
interpreting the magnitude of differences in HEI scores that are associated with differences
in risk of disease. Previous analyses of HEI scores have shown that the standard deviation of
the usual distribution of HEI scores is approximately 10 among children and 11 to 12 among
adults (data not shown). Applying an effect size of 0.5 (which may denote a moderate
effect), a difference between independent groups of 5 to 6 points might be considered
meaningful. However, it is possible that the standard deviation may differ by population and
assessment tool, suggesting that researchers need to carefully evaluate differences over time
or across groups in the context of the range of scores observed in the study and/or similar
studies. Other factors that might have contributed to changes in scores over time, such as
intervention-related biases or changes to the food supply, should also be considered. Further,
depending on the assessment tool used, the degree of within-person or day-to-day variation,
43 and the scoring method used, scores based on data for a given day may be different than
those computed using data for another day. Analyses of repeat measures may also need to
account for correlation across time points.

Due to changes across the iterations of the HEI described previously, changes in scores may
be observed when different versions of the HEI are applied to the same dataset. For the most
part, the shifts in scores represent desired refinements of HEI scores to better reflect
evolving dietary guidance, but these nonetheless need to be addressed when comparing
research findings based on different HEI iterations. Based on internal analyses of NHANES
data from 1999-2000 through 2011-2012, the application of the HEI-2010 vs the HEI-2005
using the population ratio method tends to result in lower total scores of a magnitude of
about 6 points on average (data not shown). In the 2005 version, Meat and Beans was
weighted at 10 points (the mean score in all years from 1999-2000 through 2011-2012 was
10), whereas in the 2010 version, that component was subdivided into two subgroups. Total
Protein Foods is akin to Meat and Beans conceptually and receives the maximum points
across all years. Seafood and Plant Proteins is also scored to a maximum of 5 points;
however, scores are below 5 across the years, resulting in lower scores overall for the 2010
index. As well, comparing the 2010 to the 2005 index, mean scores for Fatty Acids (vs
Oils); Greens and Beans (vs Dark Green and Orange Vegetables); Sodium; and Solid Fats,
Alcohol, and Added Sugars (vs Empty Calories) tend to be lower.

Analysis using NHANES 2011-2012 and the population ratio approach results in total
scores for the HEI-2015 that are higher by ~1 point compared with the HEI-2010.34
Contributors to this difference include higher component scores due to counting legumes
toward all vegetable and protein components in the HEI-2015, the influence of which is
attenuated by slightly lower points for components capturing empty calories in the 2015 vs
the 2010 index.
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In comparing the effect of changes between versions of the index on scores, it is possible
that particular dietary patterns may be more or less affected. For example, large shifts in
scores may be seen for some diets, particularly when a large proportion of the calories
comes from dietary components captured differentially across different versions of the HEI.
For example, the change in counting of legumes from 2010 to 2015 will have a larger effect
on scores when examining diets in which intake of these is high.

In addition to considering changes across versions of the HEI, researchers may find it
desirable to make modifications to the index for their own purposes. In the event of adapted
versions of the index, the resulting scores do not represent those yielded by the standardized
metric known as the HEI. Such changes should be carefully documented, along with a
discussion of potential implications for comparing the results with other studies making use
of the HEI.

Finally, as noted above, in applications of self-report dietary intake data, it is important to
consider the influence of measurement error in the interpretation of HEI scores. Different
dietary components appear to be misreported to different degrees.#8:49 To the extent that less
healthy foods may be underreported and more healthy foods may be overreported, HEI
scores based on self-report intake data may be overly optimistic.

CONCLUSIONS

The HEI is a diet quality index measuring alignment with federal dietary guidance that can
be used to address various research questions, with techniques for different applications
continuing to evolve. The statistical methods required for some applications can be complex
and computationally intensive. Researchers are encouraged to consult a statistician early in
the planning stages of projects making use of the HEI to ensure that the appropriate data are
collected and analytic techniques are well matched to the research question. Researchers are
also encouraged to use the checklist (Figure 1) to ensure that salient considerations are
attended to and scientific articles include the necessary details so that research making use of
the HEI can be interpreted appropriately and replicated, helping to build a cohesive body of
evidence pertaining to dietary quality in accordance with federal dietary guidance.
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Is the HEI an appropriate tool to address the research question?

* s the research question relevant to diet quality and/or dietary patterns?
e Is the research question particularly relevant to diet quality and/or dietary patterns from the perspective of alignment
with the Dietary Guidelines for Americans?

Is the HEI and its application clearly described?

Description of the HEI
e Is the HEI described as a tool that allows assessment of alignment of dietary intakes with the Dietary Guidelines for
Americans?
* s the density basis of the HEI accurately described?
e Are the components of the HEI, including adequacy and moderation components, accurately described?
® Are the scoring standards and procedures for arriving at HEI components and total scores accurately described?

Version and modifications
e Which version of the HEl is used? Is the version clearly specified and differentiated from other iterations of the HEI?

o Does the review of prior research using the HEI appropriately differentiate between studies using varying versions of
the HEI? In particular, are the HEI-2005, -2010, and -2015 discriminated from each other and from earlier iterations of
the HEI and versions of the HEI developed in other countries?

e Is the version used appropriate to the research question and data?

e Are any modifications to the HEI articulated, along with the rationale and implications for interpretation and comparison
to other research using the HEI? Are modifications so extensive that the index can no longer be considered comparable
to the HEI?

Identifying the set of foods under consideration
e s the source of and method used to collect the dietary data utilized to calculate HEI scores clearly identified?
¢ Do the dietary data provide sufficient information for calculation of scores for all components of the HEI?
* Are any comparisons over time appropriate in terms of the use of consistent methodology for collecting dietary intake
data?

Determining the amounts of each relevant dietary constituent
* Are the database(s) used to calculate amounts of each relevant dietary constituent clearly identified and described?
* What is the source of the databases? Are the databases current? Are recent changes in product formulation (eg, with
respect to sugars or sodium) likely to be captured? If not, what are the potential implications for interpretation?
* Are the databases used appropriate for converting the dietary intake data into amounts of each dietary constituent in
units consistent with those used in the HEI (e.g., cup or ounce equivalents)?
* Are the databases appropriate to the context/setting within which the research is being conducted?

Deriving the pertinent ratios and scoring each HEI component using the relevant standard

* Are the statistical methods utilized to calculate HEI scores described clearly and in sufficient detail to enable replication?

* Is the method used to score the HEI components and obtain total scores:
o Appropriate to the intended application of the HEI?
o Appropriate to the available dietary data?

¢ If data are available for multiple days, are they used appropriately and is this use clearly described?

¢ If publicly available code was used to score the HEI components, is it adequately referenced? Are any modifications to the
code clearly described?

Are HEI total and component scores interpreted appropriately?

Are total scores used to provide an indication of total diet quality whereas component scores are used to shed insights
into patterns?

If grades are used, are they applied appropriately and in combination with numerical scores? Note that grades should not
be used in subsequent analyses, such as regressions to examine associations with other variables.

Are comparisons with prior studies appropriate? Are differences in the version of the HEI and methods (eg, databases
used to quantify dietary constituents and statistical methods) used to calculate scores considered and discussed?

Is there a consideration of the potential effects of measurement error in dietary intake data on HEI scores? Are particular
influences on reporting of dietary data in relation to the study design considered; for example, intervention-related
biases or changes to the food supply (eg, reformulation that might influence examinations of trends over time)?

Are HEI total and component scores used appropriately in regression modeling?

¢ Do methods used to examine associations between HEI scores and other variables reflect the best possible methods
based on current guidance?
e In cases in which the scores for one or a few components are used, is there a recognition that these do not reflect overall
diet quality and/or diet patterns?
e Have covariates of potential relevance been considered; for example, body mass index or alcohol intake?
Figure 1.

Considerations in the application of the Healthy Eating Index (HEI) for surveillance,

epidemiology, and intervention research. NOTE: Information from this figure is available at

www.jandonline.org as part of a PowerPoint presentation.
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scoring algorithm
at the level of
individual persons
(HEI scoring
algorithm applied
to calculate scores
using computed

quality for an indi-
vidual person on a
particular day/days

* Describe mean
diet quality for a
group of persons
on a particular

of mean total and
component scores
*  Scores may be
based on a single
recall or averaged
over multiple
recalls per person

small number of days do
not reflect usual diet
quality at the level of
individual-persons

Biases, including reporting
errors, should be
considered in interpreting
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Statistical
Method Dietary data Potential outputs considerations Caveats Practical considerations
Application of the 24-h recall’ *  Describe diet * Allows estimation * Scores based on 1 or a e Code” is available

for HEI-2005, HEI-
2010, and HEI-
2015

* Sample
applications
include NHANES®
and ASA24%, but

not been devel-
oped for use with
FFQ data

amounts of each day/days *  When multiple scores code can be
component in the * Estimate recalls are * Alternative methods are modified for any
HEI at the level of individual person- available per available and data that permit
persons) level total and person, person- recommended for calculation of
component scores level means estimating mean HE| amounts
for use as should be scores for a group of consumed of each
independent or calculated before persons and for of the HEI
dependent constructing ratios generating predicted components
variables in a scores that better reflect
regression model usual intake for use in
regression models
Food frequency * Estimate individual * Allows estimation * FFQs are intended to * Code is available
questionnaire person-level total of mean total and capture usual intake but for HEI-2005, HEI-
and comp c scores do so with bias 2010, and HEI-
scores for use as *  Scores may be * Biases, including reporting 2015
independent or based on a single errors, should be e Sample
dependent FFQ® (reflecting considered in interpreting applications
variables in a intake over a scores include NIH-AARP',
regression model specified period of * Alternative methods but code can be
time) for a person (beyond the application of modified for any
or group the scoring algorithm to data that permits
person-level data) for the calculation of
generation of scores for amounts
use in regression models consumed of each
are under development of the HEI
components
Statistical
Method Dietary data Potential outputs considerations Caveats Practical considerations
Population ratio 24-h recall’ * Estimate mean * Recommended for * Provides a less biased * Code is available
method total and generation of estimate of usual mean for HEI-2005, HEI-
(Mean intakes of component scores mean total and HEI scores compared with 2010, and HEI-
dietary to describe mean component scores approaches that average 2015
constituents diet quality among at the group level across person-level scores e Sample
among the group a group or groups * Does not generate (ie, mean scores) or applications
are first e Compare mean distributions of average scores applied to include NHANES
computed, ratios total and scores person-level ratios (ie, and ASA24, but
of means are component scores *  Provides scores for scores of mean ratios) code can be
calculated, and among groups a group, not for * Biases, including reporting modified for any
scoring standards through individual persons errors, should be consid- data that permit
are applied to stratification (ie, cannot be used ered in interpreting scores calculation of
arrive at scores at to generate scores amounts
the level of a for inclusion in a consumed of each
group of persons) regression model of the HEI
that requires a components
value for each
individual);
however, scores
can be used to
compare groups
* Asingle day of
recall (or food
record) data can
be used
FFQ * This method has
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Statistical
Method Dietary data Potential outputs considerations Caveats Practical considerations
Bivariate method 24-h recalls”, * Describe diet * Requires the * The bivariate method does * Code for the
(A computational with replicate quality of a group availability of not provide distributions bivariate method
modeling recalls on at through genera- replicate recall for the total score (see is available (eg, for
approach is used least a tion of predicted data on at least a multivariate method energy and fat)
to simultaneously subsample mean total score portion of the below) and does not but is not custom-
model 2 dietary and means/ sample of interest account for ized to the HEI
components, distributions of * More intensive interrelationships among
allowing the component scores C i I
generation of for a group than the * Biases, including reporting
predicted ratios * Compare mean population ratio errors, should be
and the component and method and less considered in interpreting
application of total scores and intensive than the scores
scoring standards distributions of multivariate
to predict component scores method
component and among groups ¢ Generated scores
total scores and through represent
distributions of stratification predicted values
component e Predict that cannot be
scores) component scores linked back to
for use in specific individual
regression persons in the
modeling sample
® Test the influence * Predicted
of a covariate (eg, component scores
age or sex) on can be used in
distributions of regression
component scores modeling but do
not account for
interrelationships
among HEI
components
e Can incorporate
food frequency
data (see next
row)
Statistical
Method Dietary data Potential outputs considerations Caveats Practical considerations
FFQ * FFQ data may be * Code not yet

incorporated into
the bivariate
method along
with 24-h recall
data

* This may be
particularly useful
if the subset of the
sample with
replicate 24-h
recall data is small
and/or not
representative of
the larger sample

available

Multivariate method
(Employs
computational
modeling to

24-h recalls”,
with replicate
recalls on at
least a

model multiple
dietary
constituents and
the application of
scoring standards
to predict
component and
total scores and
distributions of
component and
total scores)

* Describe diet
quality of a group
through
generation of
predicted means
and distributions
of component and
total scores for a
group

* Compare means
and distributions
of component and
total scores
among groups
through
stratification

e Predict total and
component scores
for use in regres-
sion modeling

* Requires the
availability of
replicate recall
data on at least a
portion of the
sample of interest

* Requires intensive
modeling

* Can incorporate
food frequency
data (see next
row)

Biases, including reporting
errors, should be
considered in interpreting
scores

* Codeis available for
estimating means
and distributions
using HEI-2005, HEI-
2010, and HEI-2015

* Sample
application is
NHANES, but code
can be modified
for any data that
permits
calculation of
amounts
consumed of each
of the HEI
components
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Method

Dietary data

Potential outputs

Statistical
considerations

Caveats

Practical considerations

Test the influence
of a covariate (eg,
age or sex) on
distributions of
scores

FFQ

FFQ data may be
incorporated into
a multivariate
method along
with 24-h recall
data

This may be
particularly useful
if the subset of the
sample with
replicate 24-h
recall data is small
and/or not
representative of
the larger sample

* Code not available

| Health and Ni

“FFQ=Food frequency questionnaire.

of Health.

Survey.

9ASA24=Automated Self-Administered 24-hour Dietary Assessment Tool.

“Methods applicable to 24-hour recalls may also be applicable to data from food records/diaries.

“Code, in the form of SAS macros, available for the calculation of HEI scores can be found on the National Cancer Institute’s Healthy Eating Index website."”
“NHANES=Nati

‘NIH=National

Figure 2.

Summary of methods for the calculation of Healthy Eating Index (HEI) scores.
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Main purpose of the study

24-h recall®

FFQ"

Groups of individuals

Describing mean diet
quality among a
population

Population ratio method recommended as a
less biased measure of usual HEI scores
compared to applying the scoring algorithm
to individuals (single recall or record
administration required)

Multivariate method recommended in the
case that replicate recalls available for at
least a subsample, but more computation-
ally intensive

Means estimated using the person-level
algorithm may be acceptable in the case
that interest is in a specific day/days

* FFQ data not recommended
for this purpose due to bias

Estimating distributions of
diet quality among a
population

Multivariate method recommended for total
and component scores, accounts for in-
terrelationships among components
Bivariate method possible for distributions
of components but does not account for
interrelationships among components

* FFQ data not recommended
for this purpose due to bias

Examining associations
between diet quality and
a dependent variable

Population ratio, bivariate, or multivariate
methods can be used with stratification by
group

Methods enabling the use of bivariate and
multivariate methods to predict scores for
inclusion in regression models are not yet
available

Person-level scores may be acceptable

if interest is in a specific day/days

* Person-level score possible
but biases associated with
reporting error and charac-
teristics of the FFQ (eg,
coverage of the foods typi-
cally consumed by the indi-
vidual) should be considered

e Other methods incorporating
FFQ data require
development

Examining associations
between an
independent variable
and diet quality

Population ratio, bivariate, or multivariate
methods can be used with stratification by
group

Covariates can be included in bivariate and
multivariate methods to examine their in-
fluence on distributions of scores; methods
for generation of predicted scores for in-
clusion in multivariate regression models
require further development

* Person-level score possible
but biases associated with
reporting error and charac-
teristics of the FFQ (eg,
coverage of the foods typi-
cally consumed by the indi-
vidual) should be considered

e Other methods incorporating
FFQ data require

Person-level scores may be acceptable if development
interest is in a specific day/days
Main purpose of the study 24-h recall® FFQ"

Assessing the effects of
interventions on diet

quality

Population ratio, bivariate, or multivariate
methods can be used with stratification by
group

Covariates (such as intervention group) can
be included in bivariate and multivariate
methods to examine their influence on dis-
tributions of scores; methods for generation
of predicted scores for inclusion in multi-
variate regression models require further
development

® Person-level score possible
but biases associated with
reporting error and charac-
teristics of the FFQ (eg,
coverage of the foods typi-
cally consumed by the indi-
vidual) should be considered

e Other methods incorporating
FFQ data require
development

Individuals

Describing diet quality for
an individual within a
clinical setting

Person-level score possible; biases
associated with reporting error should be
considered; due to day-to-day variation in
intake, many recalls are needed to capture
usual diet quality; must also consider that
HEI scoring algorithm is based on the
population, not individual standards

® Person-level score possible
but biases associated with
reporting error and charac-
teristics of the FFQ (eg,
coverage of the foods typi-
cally consumed by the indi-
vidual) should be considered;
must also consider that HEI
scoring algorithm is based on
the population, not individual
standards

“Methods applicable to 24-hour recalls may also be applicable to data from food records/diaries.

PFFQ=food frequency questionnaire.
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Figure 3.
Recommended methods to calculate Healthy Eating Index (HEI) scores depending on the

main purpose of the study.
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