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The United  States, and many modern nations, represent assemblies of many 
cultural groups. Such groups are often influenced, sometimes profoundly, by the 
culinary traditions of their countries of origin, resulting in a diversity of cultural 
dietary patterns. Such patterns all derive key elements of nutritional quality from 
essential food groups—such as vegetables and fruits—but vary in their inclusion 
of “discretionary” food groups, such as dairy. The application of robust, validated, 
and standardized diet quality scoring is important in nutrition research, and 
in the food-as-medicine movement at large if what is being “managed” is to 
be measured. While robustly validated, the Healthy Eating Index is closely aligned 
with the Dietary Guidelines for Americans, and thus may not readily account for 
all multicultural dietary variations. Other diet quality metrics account for deviation 
from the prevailing American dietary pattern, but none does so in a way that 
expressly adapts to food components included or excluded so that “credit” for 
nutritional quality is appropriately assigned in all cases using a standard metric. In 
this context, we introduce and explain Adaptive Component Scoring as applied to 
the Healthy Eating Index in the service of advancing fair and universal diet quality 
scoring. Implications for nutrition research and food-as-medicine initiatives are 
briefly enumerated.

KEYWORDS

diet quality, dietary index, diet score, Healthy Eating Index, dietary patterns, 
multicultural diets, nutrition, food groups

Introduction

The Healthy Eating Index (HEI) (1) and the related Alternative Healthy Eating Index (2) 
are among the most widely used and robustly validated measures of overall diet quality in the 
United States. These measures have been correlated directly with all-cause mortality and total 
chronic disease risk in large cohorts (3). Overall diet quality measured accordingly is now 
recognized as the single leading predictor variable for premature death in the United States 
(4), and much of the world (5).

Despite these strengths, there are important limitations to the HEI. The metric is closely 
aligned with the Dietary Guidelines for Americans (6), and accordingly confers credit for food 
groups that prevail in the American diet, including dairy, meat, poultry, fish, seafood, and 
grains. Whereas meat, poultry, and fish are assigned to a “protein” category in the HEI scoring 
construct, for which legumes may substitute, the omission of dairy or grains from a dietary 
pattern reduces the total, achievable HEI score.

Of note, an array of traditional East and Southeast Asian diets—including one associated 
with a Blue Zone population (7, 8) omit dairy (9). While categorizable as an omission relative 
to the HEI construct, these diets in fact never included dairy historically, and only 
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occasionally do so now as elements of the Western diet are 
globalized. The long-standing inclusion of dairy by select 
populations, and its exclusion by others, has resulted in marked, 
demographic variation in the prevalence of lactose tolerance (10). 
The native, mammalian condition is lactose intolerance after 
infancy/weaning, and persistence of lactose tolerance throughout the 
lifespan represents an adaptation by certain human populations 
(10, 11).

Along with select, traditional Asian diets, vegan diets also exclude 
dairy. The traditional Paleo diet excludes dairy, and in many 
applications excludes grains as well (12, 13). Other diet types, whether 
for disease management, food intolerance, or personal preference, 
may exclude select food groups such as meat, poultry, fish, dairy 
products, and/or grain products. While not all of this impact HEI 
scores, some of them do.

Across a vast expanse of relevant evidence, there is no indication 
that health outcomes, including the most definitive—vitality and 
longevity—are adversely affected by the exclusion of dairy when the 
overall balance of the diet is sound (14). This is certainly true of meat 
as well, and the same is likely true for the exclusion of grains, although 
less evidence and fewer real-world examples pertain here. High quality 
versions of select Asian diets, vegan diets, and potentially Paleo diets 
are reasonable contenders when dietary patterns “best” for health are 
under consideration (15–17).

The USA is a multicultural society with a wide range of dietary 
practices, many based on heritage (18, 19), and others based on 
alternative nutrition principles and emphasis (e.g., restricting total 
carbohydrate intake). While routinely applied in this context, the 
standard application of the HEI may be ill-suited to score diets fairly 
across this expanse of practices. To address this limitation, and 
generalize the utility of routine diet quality scoring with a common 
metric, we introduce a simple adaptation of the HEI.

Methods

To adapt the HEI to dietary patterns that exclude select food 
groups, an initial determination needed to be made about food groups 
that could reasonably be  deemed “discretionary” in balanced, 
complete, and sustaining dietary patterns. The determination of 
“discretionary” versus universal food components was made by 
consensus of the authors, two registered dietitian nutritionists, and 
one physician expert in nutrition. That consensus was in turn 
predicated on: (1) work related to mapping the range of dietary 
patterns currently prevailing in the U.S.A., and to some extent other 
regions around the world (20); (2) the range of eating patterns 
represented in worldwide dietary guidelines (21) and clinical practice 
guidelines (22); (3) the range of dietary patterns saliently associated 
with longevity and health span (14, 15, 18, 23); and (4) the range of 
natively adapted human dietary practices (24). Across this breadth of 
considerations, fruits, vegetables, nuts and seeds were universal; meat, 
seafood, dairy, grains, and legumes were discretionary. Of note, the 
characterization of a given food group as discretionary depends partly 
on other elements in a given dietary pattern. As an example, legumes 
may be discretionary in a Paleolithic diet that includes meat, seafood, 
and/or fish, but would not be discretionary in a vegan diet excluding 
these alternative protein sources. Adaptations were made to the 
standard HEI scoring construct (1) as shown in Table 1.

The approach to Adaptive Component Scoring was developed to 
adjust the HEI denominator based on the food groups available to 
contribute “credit” to the numerator. To create the adapted formula, 
terms and categories were established as shown in Table 2.

For any given diet, the adjusted scores may be established based 
on the a priori exclusion of discretionary components, e.g., Asian diets 
may exclude dairy; Paleo diets may exclude dairy, grains and legumes. 
See Figure 1 for the adapted formula.

Results

In practice, HEI scoring allows for full protein credit from a range 
of sources not excluded collectively from any balanced diet, namely: 
meat, poultry, fish and seafood, and plants (i.e., legumes). Thus, no diet 
identified required adjustment in this area. A number of diets defined 
by both cultural parameters and nutritional parameters require 
adjustment for dairy. See examples in Table 3. Select expressions of 
certain diets, notably Paleo and low-carb, require adjustment for 
grains. The maximum HEI score that can be achieved is 90 due to no 
credit for whole grains. See Table 3 for sample score adjustments.

When stratifying dietary patterns into 10 evenly spaced tiers 
(deciles) using the HEI-2020, application of Adaptive Component 
Scoring elevated the scores of the higher tiers for diets excluding dairy 
and/or grains (see Table  3). This enabled the formulation of an 
“optimal” diet quality tier for various East Asian diets, and high-
fidelity versions of the Paleolithic diet, comparable to scores for 
dietary patterns with all food groups represented. Absent use of 
Adaptive Component Scoring, a range of cultural diets, some expressly 
associated with optimal health outcomes, could not achieve optimal 
HEI scores.

TABLE 1 Scoring components: HEI-2020 vs. ACS.

Component HEI1 2020 
(maximum 

points)

ACS2 
(maximum 

points)

Adequacy

Total fruits 5 5

Whole fruits 5 5

Total vegetables 5 5

Greens and beans 5 5

Whole grains 10 10 (optional)

Dairy3 10 10 (optional)

Total protein foods 5 5

Seafood and plant proteins 5 5

Fatty acids 10 10

Moderation

Refined grains 10 10 (optional)

Sodium 10 10

Added sugars 10 10

Fatty acids 10 10

1Healthy Eating Index.
2Adaptive Component Scoring.
3Includes fortified soy beverages.
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Discussion

The quality of a given dietary pattern derives from the quality of 
health effects it imparts: disease prevention; health promotion; 
contributions to vitality and longevity. (N.B. Contributions to 
planetary health are of noteworthy importance, but beyond the scope 
of the current focus) Invoking such considerations, there is more than 
one way to achieve a “high quality” diet (15, 19, 25), and no one 
culture owns a monopoly on the formula. A universally applicable 
standard for high diet quality predicated on key health outcomes must 
allow for cultural variations, including the exclusion of a food group 
that has a traditional place in some cultures, but not others. Adaptive 
Component Scoring respects the fundamental construct of the 
Healthy Eating Index, while making this crucial accommodation for 
cultural variations.

Some food groups are clearly discretionary. There are entire 
human populations that have no long-standing tradition of dairying, 
for instance, in which lactose intolerance and the exclusion of dairy 
from the cultural diet both prevail. There are other populations with 
long exposure to dairy, and obvious adaptation to it as indicated by 
widespread lactose tolerance, courtesy of a genetic mutation (26). Of 
note, both of these groups are represented among the world’s Blue 
Zones, famous for their healthy life span (25, 27). This salient example 
illustrates the potential to achieve the same high quality of overall 
dietary pattern with, and without, dairy. The simple adaptation of the 

HEI introduced here serves as a quantitative translation of that 
important principle.

While there are food groups that may be deemed “discretionary” 
based on modern science, evolutionary biology, and the range of 
cultural practices, there are clearly food groups that are not. While 
short-term adjustments might allow for the exclusion of vegetables, 
fruits, or legumes from the diet, there is no discernible signal across 
the expanse of evidence sources noted above that such patterns are 
conducive to optimal health outcomes across the human lifespan. 
Adaptive Component Scoring was thus directed at those components 
of an overall dietary pattern that both (a) actually do come and go 
across an expanse of cultural diversity and prevailing behavior; and 
(b) can reliably be associated with the same set of health outcomes, 
summarized as years in life (i.e., longevity), and life in years (i.e., 
vitality). In practice, this directs the adjustments preferentially to 
dairy and grains. There is no need to make adjustments for the 
exclusion of meat, poultry, fish, or seafood, not because these do not 
occur, but because the HEI already accounts for this by allowing for 
full credit from plant-derived protein sufficient in quantity and 
quality (17).

Unadjusted, the HEI can present challenges when applied to 
dietary patterns that exclude dairy (and/or fortified soy products, 
which also allow quality points in the HEI) or minimize grain 
consumption, even if those diets are otherwise nutrient-dense and 
aligned with health outcomes. While it offers a robust framework for 

TABLE 2 Established terms and categories for ACS.

Term Categories

Total components (foods and nutrients) in the HEI score Whole fruits; total fruits; total proteins; seafood & plant protein; greens/beans & total vegetables; 

nutrient entries (i.e., sat fat; added sugar; sodium; fatty acid ratio [(PUFA+MUFA)/SFA]); dairy1; whole 

grains; refined grains; total protein

Universal (required) components in the adapted HEI score whole fruits; total fruits; seafood & plant protein; greens/beans & total vegetables; nutrient entries (i.e., 

sat fat; added sugar; sodium; fatty acid ratio [(PUFA+MUFA)/SFA])

Discretionary (optional) components in the adapted HEI score dairy1; whole grains; refined grains; (total protein—seafood & plant protein)

1Includes fortified soy beverages.

FIGURE 1

Formula for Adaptive Component Scoring.
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TABLE 3 A representative sampling of Healthy Eating Index 2020 scores, with and without Adaptive Component Scoring applied, for optimized versions 
(i.e., highest achievable HEI score) of select dietary patterns that exclude one or more discretionary food groups.

Dietary 
Pattern

Components Excluded 
Food 
Groups

HEI-2020 score 
for optimized 

version, 
unadjusted  
(Top Tier)

HEI-2020 score 
for optimized 

version, Adaptive 
Component 

Scoring applied

Keto Total Fruit, Whole Fruit, Total Protein Foods, Total Vegetables, Greens 

and Beans, Dairy, Seafood and Plant Proteins, Fatty Acids, Refined 

Grains, Sodium, Added Sugars, Saturated Fat

Whole Grains

74 85

Low-Carb Total Fruit, Whole Fruit, Total Protein Foods, Total Vegetables, Greens 

and Beans, Dairy, Seafood and Plant Proteins, Fatty Acids, Refined 

Grains, Sodium, Added Sugars, Saturated Fat

Whole Grains

89 99

Paleo, with limited 

non-dairy

Total Fruit, Whole Fruit, Total Protein Foods, Total Vegetables, Greens 

and Beans, Dairy, Seafood and Plant Proteins, Fatty Acids, Refined 

Grains, Sodium, Added Sugars, Saturated Fat

Whole Grains

88 97

Paleo, without dairy 

or dairy alternatives

Total Fruit, Whole Fruit, Total Protein Foods, Total Vegetables, Greens 

and Beans, Seafood and Plant Proteins, Fatty Acids, Refined Grains, 

Sodium, Added Sugars, Saturated Fat

Dairy, Whole 

Grains 80 100

Vegan Total Fruit, Whole Fruit, Total Protein Foods, Total Vegetables, Greens 

and Beans, Whole Grains, Seafood and Plant Proteins, Fatty Acids, 

Refined Grains, Sodium, Added Sugars, Saturated Fat

Dairy

90 100

Vietnamese Total Fruit, Whole Fruit, Total Protein Foods, Total Vegetables, Greens 

and Beans, Whole Grains, Seafood and Plant Proteins, Fatty Acids, 

Refined Grains, Sodium, Added Sugars, Saturated Fat

Dairy

89 99

assessing diet quality, it may not fully account for dietary variations 
that limit these food groups, despite evidence that such diets can still 
promote optimal health and reduce disease risk. Several alternative 
scoring systems, including the Mediterranean Diet Score [MDS] (28), 
Alternative Healthy Eating Index [AHEI] (2), and Plant-Based Diet 
Index [PDI] (29), allow for reduced or absent intake of dairy or grains 
while still achieving high scores. These systems acknowledge that diets 
rich in vegetables, fruits, legumes, nuts, and healthy fats—without 
necessarily relying on grains or dairy—can still reduce the risk of 
chronic diseases such as cardiovascular disease and cancer (30, 31). 
However, each of these metrics is ‘fixed’ rather than adaptive in 
response to intrinsic dietary variation. The signature distinction of 
Adaptive Component Scoring is that it is, indeed, “adaptive,” giving 
credit as it’s due for those food components contributing to overall 
diet quality. As an example, whole grains are an important contributor 
to high-quality flexitarian diets, but may be omitted entirely from 
select expressions of a high-quality Paleolithic diet. Dairy is a signature 
element in the DASH diet, but is absent from the traditional 
Okinawan diet.

Other types of scoring systems, such as the Dietary Inflammatory 
Index [DII] (32) and NOVA classification [NOVA] (33), focus on the 
processing and inflammatory potential of foods rather than specific 
food groups, reflecting a more global, multi-cultural perspective. 
These approaches, too, are fixed, and not directly responsive to 
variation in the sources of key dietary inputs. This highlights the value 
of developing adaptive scoring methods that better accommodate 
diverse dietary patterns, including those that exclude or minimize 
dairy or grains, without compromising the ability to measure diet 
quality across various cultural and nutritional styles. Such flexibility 
can enhance inclusivity while maintaining the strengths of established 
tools like the HEI.

Attention to the diverse means of elevating overall dietary quality 
for a multicultural society is increasing, but has historically been 
limited (34). Among the important implications of this focus is the 
opportunity to standardize diet quality without standardizing diet 
type in intervention studies and food-as-medicine initiatives.  
The food-as-medicine movement (35) is directed to the level  
of population, and in particular, to population groups that are  
most food—and nutrition-insecure. Such groups are particularly 
multicultural. Familiarity is well established as a key driver of dietary 
preference, and adherence to prescribed diets predicated on a 
“one-size-fits-all” approach for a diverse population is known to 
be rate-limiting in their impacts; long-term adherence is a particular 
limitation (36).

An adaptation of the HEI for multicultural deployments offers the 
promise of innovations in nutrition research and service that could 
reduce attrition, enhance adherence, improve satisfaction, and generalize 
far more readily. In the food-as-medicine movement, efforts directed at 
the improvement of health outcomes by means of improved diet quality 
call for routine and standardized measurement of what is being managed. 
For diet quality assessment to be practiced fairly across such an expanse, 
it must be adapted to diverse, cultural patterns of dietary intake.

As an example of application of ACS under real-world conditions, 
our work involves both assessing current diet (habitual intake, rather 
than per-day intake), and providing guidance toward a personalized 
goal diet. The “improvement” in diet both intended, and achieved, is 
measured by change in HEI score—both for individuals, and the 
population. This, in turn, requires the attachment of HEI scores to 
goal diets. As our work involves culturally diverse populations, the 
personalization of goal diets also involves a multicultural array of 
dietary patterns. Empirically, we observed that optimized versions of 
select culturally diets, such as various Asian diets that omit dairy, 
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garnered lower HEI scores than comparably, wholesome dietary 
patterns in other cultural lanes, inclusive of all food groups. We apply 
ACS when exclusion of a given HEI food group pertains because of 
high-fidelity adherence to a dietary type that omits that food group, 
generally at the higher levels (e.g., top 3 deciles) of the HEI scoring 
range. Application of ACS in this context serves as intended to “level 
the playing field,” generating comparable quality (HEI) scores for 
multicultural goal diets satisfying comparable nutritional parameters, 
while varying slightly in the food groups from which such nutrients 
are derived. The application of ACS to current dietary intake, along 
with dietary goal-setting, correspondingly pertains when (a) 
measurement is of habitual, not per-day, intake; and (b) that same 
high-fidelity adherence to optimized (i.e., upper HEI deciles) has 
been achieved.

We note that the generation of HEI scores predicated on dietary 
intake assessment presupposes, and indeed requires, that the dietary 
intake assessment methods applied are reliable, valid, and pertain to 
habitual rather than episodic intake. The same constraints pertain to 
the application of ACS, for which the generation of HEI scores 
is prerequisite.

Objective measures of diet quality are useful at both the individual 
and population level in risk stratification (2); in translating risk into 
projected costs (37); and in gauging the progress achieved in any given 
clinical nutrition or food-as-medicine intervention (38). Diet quality, 
measured objectively, has been cited as the single leading predictor 
variable for total chronic disease risk and premature death in 
developed countries around the world (5), with notable attention to 
that association in the United  States (39). Change in overall diet 
quality, using a standard measure, is a useful outcome measure in 
nutrition research (40). Finally, overall diet quality is an important 
parameter to consider for both individuals and populations when 
establishing dietary goals. The application of ACS expands the array of 
dietary patterns that can meet or achieve a given quality threshold, 
thus expanding opportunities to tailor nutrition prescriptions to 
culture and native preference and measure diet quality improvement 
in both individuals and populations across an expanse of 
cultural diversity.

The introduction of Adaptive Component Scoring is intended to 
advance such objectives. The utility of this innovation will best 
be tested and affirmed in just such context.
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