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ABSTRACT: The evolution of dietary guidelines from isolated nutrients to broader dietary pattern recommendations results 
from growing knowledge of the synergy between nutrients and their food sources as they influence health. Macronutrient 
and micronutrient needs can be met by consuming various dietary patterns, but guidance is often required to facilitate 
population-wide adherence to wise food choices to achieve a healthy dietary pattern. This is particularly true in this era with 
the proliferation of nutrition misinformation and misplaced emphasis. In 2021, the American Heart Association issued a 
scientific statement outlining key principles of a heart-healthy dietary pattern that could be operationalized in various ways. 
The objective of this scientific statement is to assess alignment of commonly practiced US dietary patterns with the recently 
published American Heart Association criteria, to determine clinical and cultural factors that affect long-term adherence, and 
to propose approaches for adoption of healthy dietary patterns. This scientific statement is intended to serve as a tool for 
clinicians and consumers to evaluate whether these popular dietary pattern(s) promote cardiometabolic health and suggests 
factors to consider when adopting any pattern to improve alignment with the 2021 American Heart Association Dietary 
Guidance. Numerous patterns strongly aligned with 2021 American Heart Association Dietary Guidance (ie, Mediterranean, 
DASH [Dietary Approaches to Stop Hypertension], pescetarian, vegetarian) can be adapted to reflect personal and cultural 
preferences and budgetary constraints. Thus, optimal cardiovascular health would be best supported by developing a food 
environment that supports adherence to these patterns wherever food is prepared or consumed.
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Over the past 30 years, American Heart Association 
(AHA) dietary guidelines have expanded beyond 
nutrients to foods and dietary patterns.1–4 The sys-

tematic development of the Dietary Guidelines for Ameri-
cans includes scientific reviews of the nutrition literature 
provided by the US Dietary Guideline Advisory Committees 
every 5 years, and the guidelines provide recommenda-
tions on the relevant foods and eating patterns that will 
help Americans achieve nutrient adequacy and overall 
diet quality associated with better health and prevention 
of disease.5–8 Dietary patterns encompass long-standing 

cultural traditions, and the transition to dietary patterns 
and food-based recommendations aligns with the notion 
that implementation is facilitated when recommendations 
align with behaviors (ie, people eat foods, not nutrients, and 
food choice is influenced by the broader social context). 
The recommendations on dietary patterns are intended 
to be flexible, but because of the somewhat nonspecific 
nature, there is risk of potential misunderstanding or unin-
tended food choices. One area of flexibility includes rela-
tive proportions of the 3 major macronutrient categories 
that provide calories: carbohydrates, fats, and proteins. 

 

Supplemental material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000001146.
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The Dietary Reference Intakes, established by the Institute 
of Medicine, include an Acceptable Macronutrient Distri-
bution Range9 recommendation that constitutes a broad 
range of these macronutrients that could support healthy 
nutritional intake: carbohydrate, 45% to 65%; fat, 20% to 
35%; and protein, 10% to 35%. Several of the popularized 
dietary patterns are outside of the Acceptable Macronutri-
ent Distribution Range ranges (eg, very low-fat diet is lower 
in fat and higher in carbohydrates; Mediterranean diet is 
higher in fat specifically from extra-virgin olive oil; keto-
genic diet is lower in carbohydrates). Other sources of con-
fusion can come from the recommendations of popularized 
dietary patterns for the exclusion of major food groups. For 
example, the Paleolithic (Paleo) diet excludes dairy; vegan 
diet excludes animal-sourced foods; and ketogenic diet 
excludes most food sources of carbohydrates. Further con-
tributing to consumer misunderstanding is the proliferation 
of popular diet books, blogs, as well as clinicians with lim-
ited understanding of what the dietary patterns entail and 
the evidence base for promoting cardiometabolic health. 
The most recent 2021 AHA Dietary Guidance provides a 
set of criteria for heart-healthy diets that promote cardio-
metabolic health and includes 10 features that pertain to 
food group guidance4 (Table 1). The objective of this sci-
entific statement is to compare prevailing dietary patterns 
with the 2021 AHA Dietary Guidance and rank them from 
the most to the least alignment. This scientific statement 
also clarifies the intended implementation of prevailing 
dietary patterns and summarizes strengths, facilitators, 
challenges, opportunities, and priorities for future dietary 
pattern research that incorporates historically underrepre-
sented cultural patterns.

METHODS: SELECTION OF DIETARY 
PATTERNS AND DEFINITIONS
A review was conducted to identify popular dietary patterns 
practiced in the United States with the use of publicly avail-
able information about diet trends.10,11 To characterize the 
defining features of these dietary patterns, 3 members of 
the writing group (K.S.P., C.D.G., and M.V.) prioritized ran-
domized controlled trials when available and in some cases 
used descriptions from US federal agencies or health orga-
nizations or from large prospective cohort studies. Dietary 
patterns aimed at managing noncardiometabolic condi-
tions (eg, gastrointestinal conditions/diseases, allergies, 
or intolerances), diets designed to be followed for <12 
weeks (eg, Whole 30), commercial programs (eg, Noom, 
Weight Watchers), and diets with unclear definitions were 
excluded. Similarly, dietary practices (eg, intermittent fast-
ing or time-restricted eating) were considered distinct from 
dietary patterns and were excluded. Last, modifications to 
selected dietary patterns due to underlying diseases (eg, 
celiac), allergies, or intolerances were beyond the scope of 
this scientific statement.

Three members (K.S.P., C.D.G., and M.V.) of the writing 
group reviewed available evidence to determine the defin-
ing features of each popular dietary pattern (Supplemental 
Tables 1–12). The identified dietary patterns were grouped 
into 10 overarching categories based on the degree of 
similarity in the macronutrient profile, food groups, or both 
that were emphasized or limited/restricted. Although 
there is variability among some of the diets within each 
of these overarching pattern categories, grouping allows 
increased ease of comparison with the 2021 AHA Dietary 
Guidance.4 Dietary patterns identified and summarized in 
Table 2 include (1) DASH (Dietary Approaches to Stop 
Hypertension)-style, (2) Mediterranean-style, (3) pescetar-
ian, (4) ovo/lacto-vegetarian, (5) vegan, (6) low-fat, (7) 
very low-fat, (8) low-carbohydrate, (9) Paleolithic (Paleo), 
and (10) very low-carbohydrate/ketogenic patterns.

The writing group then evaluated how closely each of 
the 10 dietary pattern categories aligned with the criteria 
identified in the 2021 AHA Dietary Guidance. For ease of 
interpretation, we developed a scoring system to evaluate 
how closely each dietary pattern addressed 9 of the fea-
tures described in the 2021 AHA Dietary Guidance. An 
important underlying assumption for this step was to treat 
the pattern component definitions “as intended” as much 
as possible (ie, in a manner consistent with ideal imple-
mentation of the diet). We allocated 1 point for a specific 
component of a dietary pattern if it matched the 2021 
statement guidance for that feature. If the com ponent 
somewhat met the recommendation, we allocated 2 dif-
ferent levels: 0.75 points for mostly and 0.5 for partially.  
If the component was contrary to 2021 AHA Dietary 
Guidance, we allocated 0 points for that criterion.

For each of the methodological steps described, 
extensive discussions were held at the onset of the 

Table 1. Evidence-Based Dietary Guidance to Promote CVH 

Adjust energy intake and expenditure to achieve and maintain a healthy 
body weight 

Eat plenty of vegetables and fruits; choose a wide variety

Choose foods made mostly with whole grains rather than refined grains

Choose healthy sources of protein

  Mostly from plants (legumes and nuts)

  Fish and seafood

  Low-fat or fat-free dairy products instead of full-fat dairy products

  If meat or poultry are desired, choose lean cuts and avoid processed forms

Use liquid plant oils (olive, safflower, corn) rather than animal fats (butter 
and lard) and tropical oils (eg, coconut, palm kernel)

Choose minimally processed foods instead of ultraprocessed foods*

Minimize intake of beverages and foods with added sugars

Choose and prepare foods with little or no salt

If you do not drink alcohol, do not start; if you choose to drink alcohol, limit intake

Adhere to this guidance regardless of where food is prepared or consumed

CVH indicates cardiovascular health.
*There is no commonly accepted definition for ultraprocessed foods, and 

some healthy foods may exist within the ultraprocessed food category.
Reprinted from Lichtenstein et al.4 Copyright © 2021 American Heart As-

sociation, Inc.
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drafting of the scientific statement until consensus was 
first reached among 3 writing group members (C.D.G., 
M.V., and K.S.P.) for (1) the set of overall diets to be 
included, (2) the 10 overarching categories of patterns, 
and (3) the assignment of points. These decisions were 
then shared with the other 7 experts in the writing group 
for further discussion. Consensus was reached in this 
manner for all points.

The original 2021 AHA Dietary Guidance includes 10 
primary features (Table 1). For the first feature, “achiev-
ing energy balance,” we determined that this could not be 
clearly or meaningfully used to differentiate dietary pat-
terns, so this is addressed separately from the primary pat-
tern scoring. The fourth feature, “choosing healthy sources 
of protein,” has 4 subcategories. These 4 subcategories 
were evaluated individually and then used to yield just a 
single score for the protein feature overall. Therefore, the 
theoretical range of the subjective score is between 0 and 
9 points (also presented as a percentage of criteria met), 
with higher scores reflecting greater alignment with the 
criteria in the 2021 AHA Dietary Guidance.

DIETARY PATTERN CATEGORIES
For each diet category, 3 writing group members (C.D.G., 
M.V., K.S.P) tried to identify up to 5 or 6 examples of pub-
lished scientific studies that included descriptions of the 
individual components of the diet to emphasize, include, 
and limit/avoid. The categories of dietary components were 
selected to be those that matched the AHA 2021 Dietary 
Guidance. These examples are included in the Supplemen-
tal Material (Supplemental Tables 1–12). As for the number 
of examples selected, a saturation approach was used such 
that identifying additional references was not expected to 
change the defining features (summarized in Table 2).

The DASH pattern is focused on increasing the intake 
of plant and lean meat/fish/dairy micronutrients associ-
ated with lowering blood pressure (potassium, calcium, and 
magnesium) and limiting macronutrients and micronutri-
ents associated with increased blood pressure (saturated 
fat, added sugars, and sodium).12–18 DASH-style patterns 
are well aligned with AHA criteria. Other dietary patterns 
included in this category include the Baltic and the Nordic 

Table 2. Dietary Pattern Categories, Their Common/Popular Names, and Their Defining Features

Diet categories 
Common/popular diet 
names 

Defining features

Emphasize Include Limit/avoid 

DASH style12–18 DASH, Nordic, Baltic Vegetables, fruits, whole grains,  
legumes, nuts and seeds, low-fat dairy

Lean meats and poultry, 
fish, nontropical oils

Limit: saturated fat, sodium, fatty meats, 
refined grains, added sugars, alcohol

Mediterranean 
style19–24

Mediterranean diet Vegetables, fruits, whole grains,  
legumes, nuts and seeds, poultry, fish 
and seafood (fatty), extra-virgin olive oil

Red wine (moderation)* Limit: dairy, meat, sugar-sweetened 
beverages, commercial bakery goods, 
sweets, and pastries

Vegetarian 
style25–28

Pescetarian26 Vegetables, fruits, whole grains,  
legumes, nuts and seeds

Fish and seafood, dairy, 
eggs

Limit: added sugars, refined grains, solid 
fats, alcohol
Avoid: meat and poultry

Lacto/ovo/lacto-ovo-
vegetarian8,25–27

Dairy (lacto/lacto-ovo only)
Eggs (ovo/lacto-ovo only)

Limit: refined grains, solid fats, alcohol
Avoid: meat, poultry, fish and seafood
dairy (ovo only), eggs (lacto only)

Vegan25,28  Limit: added sugars, refined grains, solid 
fats, alcohol
Avoid: meat, poultry, fish and seafood, 
dairy, eggs

Low fat20,29–36 Low fat, TLC,  
volumetrics

Vegetables, fruits, whole grains, le-
gumes

Low-fat dairy, lean 
meats, poultry, and fish

Limit: fat <30% kcal, nuts, oils, fatty 
meat, poultry, fish, alcohol

Very low fat37–41 Ornish, Esselstyn,  
Pritikin, McDougal, 
PCRM

Vegetables, fruits, whole grains, le-
gumes

 Limit: fat <10% kcal, sodium, refined 
grains, alcohol
Avoid: oils, nuts and seeds, meats,  
poultry, fish, dairy, eggs

Low carbohydra
te29,35,36,42,43

Zone, South Beach, low 
glycemic load

Vegetables, fruits (nonstarchy), nuts 
and seeds, fish and seafood, nontropi-
cal oils

 Limit: carbohydrate 30%–40% kcal, 
whole and refined grains, legumes, dairy, 
alcohol
Avoid: added sugars, fatty meat

Paleolithic44–48 Paleo Vegetables, fruits, nuts, lean meat, fish Eggs Limit: sodium
Avoid: added sugars, whole and refined 
grains, legumes, oils, dairy, alcohol

Very Low  
Carbohydrate29,49–53

Atkins, ketogenic,  
well-formulated  
ketogenic diet

Nuts and seeds, red meat, poultry, fish 
and seafood, eggs, full-fat dairy, oils

Vegetables (nonstarchy),  
berries
Ketogenic: 3000–5000 
mg/d sodium54

Limit: carbohydrate <10% kcal, alcohol
Avoid: fruits (except berries), grains,  
legumes, added sugars

DASH indicates Dietary Approaches to Stop Hypertension; Paleo, Paleolithic; PCRM, Physicians Committee for Responsible Medicine; and TLC, therapeutic 
lifestyle changes. 

*Alcohol intake ≤2 drinks/d for men and ≤1 drink/d women.8
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diets because there is substantial overlap with the DASH-
type diets in terms of food groups emphasized (ie, vegeta-
bles, fruits, whole grains, legumes, nuts and seeds, and dairy).

Mediterranean-style diets refer to patterns originally 
derived from Mediterranean regions of the world but not 
a specific macronutrient or micronutrient approach.19–24 
Operationalization of these patterns differs in some of 
their specific food group recommendations but shares 
commonalities in the areas of the diet they emphasize and 
the areas of the diet they restrict (Table 2). They tend to 
be relatively high in unsaturated fat, particularly from extra-
virgin olive oil. Guidance on sodium varies across different 
sources and includes both implicit and explicit recommen-
dations (ie, many Mediterranean patterns implicitly limit 
sodium by restricting the consumption of commercial food, 
which is a primary contributor of sodium). Dairy foods are 
another source of variability across different sources, with 
some recommendations to limit and some to include both 
yogurt and cheese and limited focus on differentiating 
low-fat from whole-fat food. This dietary pattern is unique 
in its inclusion of alcohol, although this is specifically quali-
fied as alcohol in moderation. The 2020 to 2025 Dietary 
Guidelines for Americans state that for adults choosing to 
drink alcohol, intake should be limited to ≤2 drinks/d for 
men and ≤1 drink/d for women.8

Vegetarian-style dietary patterns include some degree 
of restriction of animal products. Although there are many 
vegetarian-style patterns, including plant based and flexitar-
ian, we focused on 3 patterns with the clearest definitions:

 •   Pescetarian (excludes meat and poultry but 
includes fish; also usually includes dairy and eggs), 

 •  Lacto-ovo-vegetarian (excludes meat, poultry, 
and fish; this subcategory also includes lacto-
vegetarian [includes dairy but not eggs] and ovo-
vegetarian [includes eggs but not dairy]), and

 •  Vegan (excludes meat, poultry, fish, dairy, eggs, 
and, in some cases, honey).25–27

Although it is possible to adhere to any animal-
restricted dietary pattern and consume unhealthy foods 
(eg, refined grains, foods high in added sugars, solid fats), 
for the purposes of this evaluation, here we consider 
optimal versions of these patterns (ie, patterns that oth-
erwise align with the US Dietary Guidelines). A healthy 
vegetarian dietary pattern is recommended in the Dietary 
Guidelines for Americans, and most of the features of 
this pattern align with 2021 AHA Dietary Guidance.

Low-fat patterns generally target total fat intake 
between 20% and 30% of kilocalories alongside other 
healthy dietary guidelines.20,29–36 Low-fat patterns gener-
ally align with 2021 AHA Dietary Guidance for vegeta-
bles, fruits, whole grains, low-fat dairy, and lean protein 
but are less likely to meet recommendations for nuts and 
healthy oils. Other dietary patterns that fit in this category 
include therapeutic lifestyle changes55 and volumetrics.56

Very low-fat patterns are characterized predominantly 
by having ≤10% energy from fat.37,39–41,57,58 This approach 

is promoted and described in publications by Drs Ornish, 
Barnard, Esselstyn, McDougal, Campbell, and Pritikin. 
These diets are often referred to as vegan (or low-fat 
vegan) because almost all animal products are excluded, 
although both the Ornish and Pritikin diets provide some 
allowance for low-fat dairy. Very low-fat patterns differ 
from vegan patterns by strictly limiting nontropical plant 
sources of fat. Therefore, the most defining feature of 
this pattern is its severe restriction of dietary fat, that is, 
limiting or avoiding high-fat plant foods such as nuts, 
seeds, avocados, and liquid plant oils, which are currently 
viewed as important characteristics to consider when 
evaluating overall nutrient adequacy and alignment with 
features of the 2021 AHA Dietary Guidance.

Low-carbohydrate patterns generally refer to patterns 
with total carbohydrate targets between 20% and 40% 
of kilocalaroies.20,29–36 A distinguishing characteristic of 
low-kilocalories patterns is the restriction of whole grains, 
legumes, and, in some cases, total and whole fruit. More-
over, because low-carbohydrate patterns are higher in fat 
and protein, they are often higher in animal-sourced foods 
and saturated fat as a result. Other dietary patterns that fit 
in this category are the Zone, South Beach, and low-gly-
cemic-load diets. The glycemic index refers to how much 
carbohydrate-containing foods raise blood glucose levels 
after consumption, with low-glycemic-index foods lead-
ing to smaller increases in blood glucose levels compared 
with high-glycemic-index foods. Glycemic load takes into 
consideration how much carbohydrate is consumed; low-
glycemic-load diets have a lower carbohydrate load and 
contain mostly low-glycemic-index foods.

The Paleo diet is specific about food groups to 
avoid.44–48 Foods to avoid include many that are featured 
in the 2021 AHA Dietary Guidance such as whole grains, 
legumes, oils, and dairy (regardless of the fat content of 
the dairy foods). The Paleo diet emphasizes meat, poul-
try, and fish (and tends to be high in saturated fat as a 
result), as well as vegetables, fruits, and nuts.

Very low-carbohydrate diet (VLCD) patterns restrict 
total carbohydrates to 5% to 10% of kilocalories.29,49–53 
To achieve this, total avoidance of all grains and legumes, 
almost all fruits (except for some berries), and starchy veg-
etables (sometimes characterized as “below ground,” eg, 
potatoes, carrots) is required. To avoid the lactose contri-
bution of most dairy products, the only dairy permitted is 
the highest-fat versions such as heavy cream. Because of 
these restrictions and recommendations, the VLCD is high 
in animal-sourced foods and saturated fat and therefore 
raises concerns about nutrient adequacy. The diet patterns 
that fit this category include Atkins59 and ketogenic.60

ALIGNMENT SCORING
The selected 10 dietary pattern categories are scored 
in the Figure for alignment with 9 of the 10 features 
from the 2021 AHA Dietary Guidance. The 1 feature 
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Figure. Alignment of dietary pattern with 2021 AHA Dietary Guidance.
AHA indicates American Heart Association; DASH, Dietary Approaches to Stop Hypertension; TLC, therapeutic lifestyle changes; and WFKD, 
well-formulated ketogenic diet.
*Each component is worth up to 1 point: 1, 0.75, 0.5, and 0 points for fully, mostly, partially, and not meeting each recommendation, respectively. Of the 10 
initial criteria, 9 have been included in the score with 1 criterion (ie, achieving energy balance) discussed separately. Some subjectivity was required in scoring.
†Full points are awarded for patterns that emphasize both vegetables and fruits. Patterns that do not encourage whole fruit and encourage only 
nonstarchy vegetables because of carbohydrate content received partial credit (0.5 points).
‡As intended, dietary patterns that do not restrict carbohydrate intake recommend choosing whole grains rather than refined grains because 
whole-grain foods have health benefits. Thus, full points were awarded to patterns that, as intended, emphasize whole grains in place of refined 
grains. Patterns that limited both whole grains and refined grains received partial credit (ie, low carbohydrate [low carb]) and patterns in which all 
grains were explicitly avoided (ie, Paleolithic [Paleo] and very low carb/ketogenic) received 0 points. (Continued)
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not included in scoring was the energy balance needed 
to maintain a healthy weight. Energy balance is affect-
ed by various factors. Low-energy-dense foods such as 
vegetables and fruits are associated with greater sati-
ety, and some evidence suggests that higher intakes of 
fiber and protein promote satiety.62,63 Energy balance 
may also be influenced by dietary restraint: Highly re-
strictive diets can support short-term energy restriction 
and weight loss but have been associated with higher 
food cravings and attrition over time, although that may 
be modulated by individual characteristics.64 In addition, 
food availability and exposure to highly palatable, often 
ultraprocessed foods may affect energy balance.65,66 
Given the variability of influences from these different 
dietary features on energy balance and the variability 
of the selected 10 dietary pattern categories, it was 
determined that this feature was difficult to include 
meaningfully in the scoring process; alternatively, it is 
described here in general as it applies to all the dietary 
pattern categories.

FACILITATORS AND CHALLENGES FOR 
IMPLEMENTATION: PRACTICAL TIPS FOR 
CLINICIANS AND OTHER MEMBERS OF 
THE HEALTH CARE TEAM

Clinicians and other members of the health care team 
are trusted sources of dietary advice and thus play 
an important role in providing evidence-based dietary 
advice for primary prevention.67–69 Yet, many clinicians 
cite insufficient time and inadequate nutrition training 
as barriers to providing nutrition advice or counsel-
ing. Therefore, the objectives of this section are (1) 
to highlight the strengths or favorable attributes of 
the 10 identified dietary patterns if implemented as 
intended, (2) to discuss facilitators to adopting each 
pattern, (3) to identify challenges and misconceptions 
that should be addressed by clinicians and other mem-
bers of the health care team to ensure that the pattern 
is adopted appropriately, and (4) to provide actionable 

Figure Continued. §The protein recommendation within the 2021 AHA Dietary Guidance has 4 subfeatures: (1) mostly protein from nuts 
and legumes; (2) fish and seafood; (3) if choosing dairy, low-fat or fat-free dairy products instead of full-fat dairy products; and (4) if consuming 
meat or poultry, lean cuts. The 4 subcategories of protein-related features were all addressed individually but were used to yield just a single 
score for that overall feature, operationalized as follows. Given the emphasis on plant-based proteins from whole foods, only patterns that 
aligned with the first protein subcomponent and emphasized consumption of both legumes and nuts could receive the full 1 point for the 
healthy protein recommendation. Furthermore, if legumes and nuts were emphasized, there was no penalty if the patterns excluded the other 3 
subcomponents, and no further points were awarded for additionally incorporating fish and seafood, although fish and seafood are considered 
sources of healthy protein, However, because 2021 AHA Dietary Guidance recommends fish and seafood intake as a healthy source of protein 
because of the omega-3 fatty acid content, patterns not awarded the full point for emphasizing plant-based proteins received more credit (ie, 
0.75) if they emphasized seafood and fish relative to other animal-source foods such as nonfat or low-fat dairy, lean meat, or poultry. For the 
remaining 2 protein subcategories, if a pattern included dairy and explicitly emphasized fat-free or low-fat dairy, it was considered to align with 
AHA criteria; patterns that were not clear about full-fat vs low-fat dairy (ie, lacto-ovo-vegetarian) received most but not full credit. Similarly, if 
a pattern included meat and poultry and explicitly emphasized lean sources of meat and poultry, it was considered to align with AHA criteria; 
if guidance focused on limiting high-fat cuts of meat and poultry, partial points were awarded, and if higher-fat cuts of meat and poultry were 
advised, no points were awarded.
║Choosing liquid vegetable oils rather than tropical oils and solid fats was emphasized in heart-healthy dietary patterns. Patterns received 
full points if they emphasized intake of nontropical oils, including olive, canola, or other vegetable oils. Patterns received most of the credit (ie, 
0.75) if they focused on limiting solid fats but did not explicitly emphasize the importance of liquid vegetable oils (ie, pescetarian, vegetarian, 
and vegan). Patterns that limited oils (ie, low fat) received partial credit, and patterns that avoided oils (ie, very low-fat vegan and Paleo) 
received 0 points.
¶As intended, all patterns recommend restricting foods and beverages with added sugars; the wide availability of foods and beverages high in 
added sugars and marketed toward specific dietary patterns is addressed under the ultraprocessed food criteria.
#Excess sodium intake is a potent cardiovascular risk factor, and choosing and preparing foods with little or no salt is a key recommendation in 
the 2021 AHA Dietary Guidance. Although many patterns, as intended, focus on choosing foods (eg, vegetables, fruits, legumes) that are naturally 
low in sodium, if explicit guidance was not provided on added salt, only partial credit was given.
**Patterns that advise avoiding or limiting alcohol received full points; patterns that advised moderate alcohol consumption (ie, Mediterranean) 
received partial credit.
††Patterns that focus on whole foods and have few processed foods marketed for that dietary pattern received full credit; patterns that have 
many processed foods marketed toward the dietary pattern but for which patterns, as intended, would be met through consumption of minimally 
processed foods were designated as mostly meeting the recommendation (ie, lacto-ovo-vegetarian, vegan, low fat, low carbohydrate, Paleo, very 
low carb/ketogenic).
‡‡Adherence to guidelines regardless of where foods are prepared or consumed reflects the evolution of eating behavior in the United States 
and acknowledges that many people consume more than one-third of calories outside the home.61 Thus, this implementation criterion was scored 
on the basis of the relative ease of adhering to a given dietary pattern within the broader food environment. Although cost may always be a factor 
that shapes food choice, the scoring criteria were based on how many of the healthy dietary features emphasized in the 2021 AHA Dietary 
Guidance individuals are asked to limit or restrict. The foods emphasized include vegetables, fruits, whole grains, legumes, nuts, seafood and fish, 
and vegetable oils, with low-fat dairy and lean meat consumption allowed as desired. Patterns that do not limit any of these food groups receive a 
full point for ease of adherence; patterns that limit ≤2 food groups receive 0.5 points (ie, lacto/ovo-vegetarian and low fat); and patterns that limit 
>2 food groups (ie, vegan, very low fat, low carb, Paleo, and very low carb/ketogenic) receive 0 points, indicating that, although possible, it is more 
challenging to adhere to this pattern because of the restrictions.
§§Tiers were created by the writing group to delineate the general levels of alignment with the AHA 2021 Dietary Guidelines: tier 1, strongly in 
alignment; tier 2, mostly in alignment; tier 3, low to moderate in alignment; and tier 4, least in alignment.
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opportunities to improve adherence or enhance the 
health-promoting aspects of the pattern. Optimal nu-
trition counseling and lifestyle interventions are best 
accomplished by team-based care and may be par-
ticularly facilitated by referral to a registered dietitian. 
Such referrals may be especially important for patients 
with food allergies, intolerances, or sensitivities who 
may require modifications to dietary patterns based on 
an underlying health condition.

The evaluated patterns are organized into 4 tiers, 
roughly quartiles, for the practical purpose of organi-
zational efficiency in presentation and discussion. The 
first tier of 4 patterns (ie, Mediterranean, DASH style, 
pescetarian, and ovo-lacto-vegetarian), if implemented 
as intended, align best with the recent 2021 AHA 
Dietary Guidance4 and can be adapted to respect cul-
tural practices, food preferences, and budget to promote 
long-term adherence. The second group of patterns (ie, 
vegan and low fat), as intended, mostly align with AHA 
criteria. The third group of patterns (ie, low carbohydrate 
and very low fat), with careful guidance from a registered 
dietitian and some known inherent limitations, have low 
to moderate alignment with AHA criteria, and the fourth 
group of patterns (ie, Paleo, and VLCD) align poorly with 
AHA Dietary Guidance, even if implemented as intended.

Tier 1: Mediterranean, DASH-Style, Pescetarian, 
and Ovo/Lacto-Vegetarian Diets
When implemented as intended, these 4 patterns are 
rich in vegetables, fruits, whole grains, and plant-protein 
sources. Key differentiating factors are that Mediterra-
nean-style diets more explicitly emphasize plant-based 
oils, especially extra-virgin olive oil, and moderate alcohol 
consumption. DASH patterns are differentiated by their 
greater focus on limiting sodium intake and emphasizing 
low-fat dairy. Pescetarian and ovo/lacto-vegetarian pat-
terns remain differentiated by the degree to which they 
restrict animal-sourced foods.

Facilitators
These 4 dietary patterns are flexible, providing a broad 
array of healthy foods from which to choose. For patients 
preferring some animal-sourced protein, the Mediter-
ranean, pescetarian, and DASH-style patterns may be 
easier to adopt because protein from both plant and 
animal sources is included such as low-fat dairy, eggs, 
and fish (specifically fatty fish for Mediterranean and 
including lean meat and poultry in the DASH-style pat-
tern). Fatty fish such as salmon, herring, and sardines 
are rich in long-chain omega-3 fatty acids, which have 
many cardiovascular benefits. These patterns emphasize 
familiar healthful foods, and recipes are widely available. 
Moreover, with few restricted foods and food groups, it is 
relatively easy to adhere to this guidance wherever food 
is prepared or consumed.

Challenges
With all patterns, there is the potential for oversimplifica-
tion and misinterpretation of the defining features. With the 
Mediterranean pattern, some patients may focus solely on 
olive oil consumption, increasing total calorie intake and 
missing out on many of the other important features of the 
diet. Similarly, pescetarian and ovo/lacto-vegetarian diets 
are not inherently health promoting if made up of primar-
ily fried fish or unhealthy plant-sourced foods (ie, refined 
grains, sweets, tropical oils). Patients should be coun-
seled on the need to incorporate the full variety of healthy 
features of these patterns (ie, vegetables, fruits, nuts, 
legumes, and whole grains). Patients who consume vari-
ous processed foods may find it challenging to adhere to 
sodium limits, particularly in DASH-style patterns. Notably, 
in the PREMIER trial (PREMIER: Lifestyle Interventions 
for Blood Pressure Control), only 28% of participants met 
sodium targets (eg, <1500 mg/d) at 6 months, although it 
was relatively feasible to meet the target of <2300 mg/d 
by avoiding processed foods.14,70 Last, higher intake of 
low-fat dairy products advised in the DASH pattern can be 
challenging for individuals with lactose intolerance.

Opportunities
Adopting these patterns may increase cost related to vege-
tables and fruits (ie, 8–10 servings/d are recommended71), 
nuts, fish, and oils. However, reduced red meat, refined 
grains, and sweets and reduced health care costs due to 
a healthier diet can make these patterns more cost-effec-
tive.72 Clinicians can also advise patients to consume more 
frozen or low-sodium/no-sugar-added canned produce, 
which can be just as nutrient dense as fresh varieties, and 
to shop seasonally.4 Herring, rainbow trout, and some forms 
of tuna (versus salmon) are more cost-effective fatty fish 
options, and higher consumption of legumes should be en-
couraged because they are excellent sources of relatively 
low-cost protein and fiber. Patients can also be assured 
that the benefits of consuming either farmed or wild-caught 
seafood and fish outweigh the health risks associated with 
contaminants.73,74 The most recent US Dietary Guidelines 
continue to advise consuming ≥2 servings of seafood or 
fish per week, with preference given to higher omega-3 
sources that have low mercury levels, following federal 
and local fish and seafood advisories. The budgetary sav-
ings and environmental benefits of ovo/lacto-vegetarian 
diets relative to animal flesh–containing diets may be a 
desirable feature for some patients. It is easier to achieve 
sodium targets when preparing foods from scratch, so pro-
viding access to DASH-style recipes that use herbs to fla-
vor food can promote adherence.75 Similarly, encouraging 
consumption of plant-based milks fortified with calcium or 
low-lactose yogurts and low-fat hard cheeses can facilitate 
meeting low-fat dairy recommendations for patients with 
lactose intolerance. Last, patients should be encouraged to 
adopt dietary changes gradually if not already consuming 
a pattern rich in vegetables, fruits, whole grains, nuts, and  
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legumes because higher intake of these fiber-rich foods 
can be associated with bloating and cramping if the in-
crease is sudden.76

Tier 2: Vegan Diets and Low-Fat Diets
Strengths of these 2 dietary patterns include an emphasis 
on vegetables, fruits, whole grains, legumes, and, in the case 
of vegan diets, nuts. Moreover, they also emphasize low in-
take of foods and beverages with added sugar and limited 
alcohol, which align with the features of a heart-healthy diet.

Facilitators 
Many patients are interested in vegan dietary patterns for 
animal welfare reasons or because of environmental con-
cerns alongside documented health benefits, which may be 
a useful impetus to promote behavioral change.25,77,78 Low-
fat diets, widely popularized in the 1970s, continue to have 
proponents because of their familiarity, plentiful low-fat op-
tions in prepared food products, and relative simplicity of 
recommendations. In addition, although it is not necessary 
to restrict total dietary fat to promote heart health, low-fat 
diets may appeal to those with high blood cholesterol levels 
because studies have consistently demonstrated improve-
ments in low-density lipoprotein cholesterol when dietary 
saturated fat is replaced with unsaturated fats.79,80

Challenges
A key challenge for the vegan pattern is its restrictive na-
ture, making it infeasible and an impediment for long-term 
adherence for most patients. In addition, restricted intake 
of foods emphasized in the 2021 AHA Dietary Guidance, 
which was intended to help adults meet their nutrient 
needs through foods, places adults following vegan pat-
terns at risk for macronutrient and micronutrient deficien-
cies, particularly vitamin B12 deficiency.25 Low-fat diets are 
often implemented by increasing intake of less healthful 
sources of carbohydrate, which tend to raise triglycerides 
and lower high-density lipoprotein cholesterol.81 For both 
patterns, the proliferation of highly processed foods that 
are low fat or vegan but sources of refined grains, added 
sugars, and sodium can often lead to implementation of 
the pattern not as intended but rather through higher 
consumption of unhealthy convenience foods.

Opportunities 
Patients interested in low-fat diets should be encour-
aged to focus on replacing sources of saturated fat with 
healthier fats sources such as monounsaturated and 
polyunsaturated fats, which are often curtailed by pa-
tients who equate all fats as being the same.82 Data from 
low-fat dietary trials suggest that few people adhere to 
total dietary fat limits, and because dietary fats are of-
ten replaced by sugar and refined grain, encouraging 
patients to focus on type of fat more than total fat while 
managing total energy intake may help with adherence 
to a heart-healthy pattern. Individuals interested in vegan 

diets should be counseled to consider taking a vitamin 
B12 supplement or to choose foods fortified with vitamin 
B12 (eg, plant-based alternative milks), which may be lim-
ited in the vegan diet. Referral to a registered dietitian or 
other qualified health professional is encouraged.

Tier 3: Very Low-Fat Diets and Low-
Carbohydrate Diets
These 2 dietary patterns have low to moderate alignment 
with AHA Dietary Guidance. Strengths for these patterns 
include an emphasis on nonstarchy vegetables, fruits, 
and legumes (very low fat); intake of nuts and fish (low 
carbohydrate only); minimal intake of foods and bever-
ages with added sugar; limited alcohol consumption; and 
often lower sodium consumption.

Facilitators
A motivator for some patients to follow the more restric-
tive very low-fat (often vegan) diet may be the availabil-
ity of observational studies and smaller randomized trials 
demonstrating stabilization and potential reversal of ath-
erosclerotic cardiovascular disease.37 In addition, a healthy 
low-carbohydrate diet has been shown to beneficially 
influence weight loss and cardiometabolic risk factors 
equivalently to a healthy low-fat pattern.35

Challenges
Both patterns restrict some food groups emphasized for 
inclusion in the AHA Dietary Guidance. Nuts and plant 
oils are restricted in very low-fat diets, and some legumes, 
grains, and fruits are restricted in low-carbohydrate diets. 
Macronutrient and micronutrient deficiencies (particularly 
vitamin B12 but also essential fatty acid and protein) should 
be monitored in very low-fat diets. For those following low-
carbohydrate diets, meats and animal-sourced foods tend 
to be overemphasized, leading to inappropriate restriction 
of fiber and increased saturated fat intake.29,35,36,42,43

Opportunities 
Counseling patients to choose the most nutrient-dense 
forms of the food groups allowed within the pattern will 
increase the benefits of either dietary pattern. Medical su-
pervision of more restrictive very low-fat patterns is advised 
to reduce the likelihood of micronutrient deficiency or, in 
the cases of very low-fat vegan patterns, deficiencies in 
protein and essential fatty acids. Research suggests that 
few people adhere to strict macronutrient targets83; thus, 
some liberalization around restricted food groups such 
fruits, whole grains, legumes, and nuts and seeds (depend-
ing on the pattern) may promote long-term adherence and 
align more closely with the 2021 AHA Dietary Guidance.

Tier 4: Paleo Diets and VLDC/Ketogenic Diets
These 2 dietary patterns align poorly with AHA Dietary 
Guidance. Strengths for these patterns include an emphasis  
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on nonstarchy vegetables, nuts, and fish and minimal intake 
of foods and beverages with added sugar, with limited alco-
hol consumption.

Facilitators
Studies of various lengths have shown improvements 
in weight and measures of glycemia with these pat-
terns.46,84–87 Similarly, VLCD/ketogenic diets have been 
shown to improve cardiovascular risk factors, including 
blood glucose, body weight, triglycerides, and high-den-
sity lipoprotein cholesterol, in studies up to 6 months. 
However, in a 2019 review of available data, most of 
those improvements relative to a comparison diet were 
no longer significant after 12 months.88

Challenges 
Restrictions on whole fruit (VLCD/ketogenic), legumes, 
and whole grains and inclusion of more animal-sourced 
foods make it challenging for these 2 patterns to align 
with AHA guidance and may lead to nutritional defi-
ciencies and loss of beneficial phytochemicals found in 
plant-based foods consistently associated with reduced 
morbidity and mortality.49,89 Although a balanced VLCD/
ketogenic or Paleo diet can have healthy attributes, pa-
tients should be counseled that overconsuming fatty 
meats and sodium may be detrimental to health. In ad-
dition, VCLD/ketogenic diets are high in fat without lim-
iting saturated fat, leading to increases in low-density 
lipoprotein cholesterol.89–92 Many individuals experience 
“keto flu” with a constellation of symptoms, including 
headache, fatigue, difficulty sleeping, irritability, nausea, 
and constipation, at the beginning of the diet, which may 
be a deterrent for continuation. These symptoms im-
prove over time with continuation on the diet. However, 
the highly restrictive nature of both of these diets, par-
ticularly the VLCD/ketogenic diets, likely limits long-term 
adherence rates.49,93

Opportunities
Counseling patients to ensure high intake of vegetables, 
fruits, and nuts may increase the benefits of Paleo and 
VLCD/ketogenic diets. Despite the low alignment with 
AHA criteria, patients interested in consuming a keto-
genic diet short term should be counseled that using 
VLCD/ketogenic diets may limit hunger while leading to 
weight loss. Clinicians should work closely with patients 
to formulate ketogenic diets as healthfully as possible 
by focusing on healthier, plant-based fats (such as oils) 
and nuts while limiting saturated fats. Individuals should 
also consider a multivitamin/mineral supplement includ-
ing potassium and magnesium, which may be limited in 
the VLCD/ketogenic diet. Last, individuals interested 
in consuming a pattern better aligned with 2021 AHA 
Dietary Guidance should be encouraged to try patterns 
in higher tiers, including low-carbohydrate patterns, that 
may better reflect their preferences and contain more 
favorable attributes.

OPPORTUNITIES TO ADVANCE 
DIETARY PATTERN RESEARCH AND 
INTERVENTIONS WHILE PROMOTING 
HEALTH EQUITY
Disparities in cardiovascular health (CVH) metrics and 
cardiovascular disease have been persistent, and the 
burden of mortality is particularly high for non-Hispanic 
Black individuals.94–96 Efficacy studies of healthy dietary 
patterns have resulted in a significant reduction of risk 
factors.12,13,19,26,97,98 Furthermore, healthful dietary patterns 
have been positively associated with CVH in observation-
al epidemiological studies.99–104 To promote health equity, 
we must ensure the equitable and systematic uptake of a 
substantial body of research findings about healthful di-
etary patterns, and we must create pathways for equitably 
improving diet, especially in populations in the greatest 
need of CVH promotion.105,106 More specifically, evidence-
based interventions to improve dietary patterns that are 
effectively executed with cultural humility107,108 could 
lower sodium, added sugar, and saturated fat intake and 
improve CVH across racial and ethnic groups who bear 
the burden of cardiovascular disease and its risk factors.

Moving forward, we recommend interventions that are 
research based and foster structural changes in food sys-
tems to promote equity in CVH outcomes The strategies 
given here are examples that are anchored in the socio-
ecological model109 and address factors that operate at the 
individual, relationship, community, and society/policy levels.

1. Individual: Educate individuals about and facili-
tate their access to culturally relevant and healthy 
dietary patterns. Educational efforts should have 
cultural considerations to boost the effectiveness 
of these efforts in underrepresented racial and 
ethnic groups.110 Recent publications recognize 
Oldways111 (a nonprofit organization) for designing 
educational resources (eg, food pyramids, cooking 
recipes) with respect to heritage (eg, African, Asian, 
and Latin American) that have led to positive dietary 
changes in non-Hispanic Black individuals.110,112,113 
These dietary patterns have healthful aspects and 
are characterized by fiber-rich plant-based foods, 
lean meat and fish, and herbs, some of which are 
derived from ancient medicinal practices.114–116 
Future studies that improve data collection modali-
ties and examine dietary patterns from the African, 
Asian, and Latin American cultures could prove 
helpful in creating the knowledge base for these 
types of educational efforts.117 Anchoring strate-
gies that address the challenges of individuals in 
the socioecological model allows the incorporation 
of reasons that might explain disparities in dietary 
patterns by race and ethnicity. These include rac-
ism, social determinants of health such as healthy 
food access, and related aspects such as cost, 
convenience, and the built food environment.
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2. Relationships and networks: Foster networks for 
social support to improve dietary intake and pat-
terns. Families, friends, and traditions are key deter-
minants of dietary intake and health behaviors. 
Programs and interventions are needed to promote 
relationships that support and facilitate healthy eat-
ing across a diverse range of population groups. 
Leveraging the family structure as a means of social 
support could positively augment health promotion 
and prevention efforts.118 This approach may help to 
restore a healthy food culture in populations nega-
tively affected by historical injustices and forced 
acculturation.119,120

3. Society: Address structural racism as a contributing 
factor to disparities in social determinants of health 
and diet-related disease outcomes. To this end, 
community-based participatory research approaches 
and implementation science methods can be used 
to conduct nutrition interventions at multiple levels 
of influence. These methods require the inclusion of  
historically marginalized populations in all phases 
of research and in the development of programs 
and interventions. Recent publications that focus 
on reducing cardiovascular disease–related dis-
parities underscore the importance of considering 
resilience strategies in addition to unique historical 
barriers faced by underrepresented racial and ethnic 
groups.121–126 According to Churchwell et al,96 racist 
policies (eg, the Black code, the Indian Removal Act 
of 1830, the anti-Hispanic/Latino immigration policy, 
the Chinese Exclusion Act of 1882, and the 1924 
Immigration Act) “established the notion that anyone 
who is not White is inferior and can be devalued and 
dehumanized.” The behavioral research field is not 
immune to this historical context127; thus, policies are 
needed to facilitate the inclusion of researchers and 
community stakeholders from historically marginal-
ized groups in nutrition research at all levels. Policies 
should be monitored and evaluated for their impact 
on community-, family-, and individual level eating 
patterns.128,129 Health equity through dietary pattern 
research will require profound cultural humility from 
the majority of health researchers and professionals, 
including the redressing of perceived power imbal-
ances, lifelong learning, and constant self-reflection, 
if progress is to be achieved.129,130 Otherwise, diet 
disparities may continue to widen.130,131

4. Policy: Develop policies targeting ways to improve 
systems and structures and dismantle racist and 
unjust historical and sociopolitical practices. 
Policies and laws that are initiated at the local, 
national, and global levels provide broad support 
for healthful eating. They affect large numbers of 
people, can be long term, incentivize many sectors 
of society toward positive change, and can shape 
more equitable and healthy societies.

CONCLUSIONS
This scientific statement identified popular dietary pat-
terns commonly consumed in the United States and 
evaluated their alignment with the 2021 AHA Dietary 
Guidance. Recognizing the many popular dietary pat-
terns characterizing the US dietary intake is challenging 
for both consumers and health professionals. To enhance 
interpretation and implementation, these popular dietary 
patterns were categorized together on the basis of simi-
larities in recommendations of what to emphasize, in-
clude, limit, or avoid, resulting in 10 categories. The 2021 
AHA Dietary Guidance builds on past AHA reports, takes 
into consideration the latest research findings, and pro-
vides a set of dietary features that are best supported by 
scientific evidence for promoting CVH. The writing group 
scored the 10 selected dietary patterns on the basis of 
alignment with 2021 AHA Dietary Guidance. The scoring 
approach considered the dietary patterns on an as-in-
tended basis; the scientific statement addresses poten-
tial consumer confusion about dietary patterns separate 
from the scoring. This yielded 4 tiers of alignment.

The tier 1 patterns (scores of >85) are well aligned 
with the 2021 AHA Dietary Guidance and included DASH, 
Mediterranean, pescetarian, and vegetarian (ovo, lacto, ovo/
lacto). It is notable that high-scoring tiers (tiers 1 and 2), 
reflective of alignment with the 2021 Dietary Guidance, also 
have lower environmental impact and are more supportive 
of planetary health because of reduced meat intake.4

The next tier (scores 75–85) includes vegan and 
low-fat diets. Although tier 2 patterns can support opti-
mal CVH, special attention is warranted to ensure that 
vegan patterns are rich in healthy plant-based protein 
sources, especially when eating in restaurants, and that 
low-fat patterns adequately incorporate healthy sources 
of unsaturated fat, particularly because of the cardiomet-
abolic risks associated with replacing unsaturated fats 
with refined carbohydrates and added sugars.

The tier 3 patterns, with scores in the ≈55 to 74 range, 
do not align optimally with the 2021 AHA Dietary Guid-
ance even if they are followed optimally. The additional 
avoidance of nuts and liquid plant oils in very low-fat pat-
terns is out of alignment with AHA’s emphasis on includ-
ing healthy fats. Similarly, low-carbohydrate patterns are 
problematic for limiting healthy grains, legumes, and some 
whole fruits, which are all AHA priority features. However, 
in general, a well-designed lower-carbohydrate approach 
may help encourage avoidance of unhealthy carbohy-
drate sources such as added sugars and refined grains.

The bottom tier, scoring <55, includes patterns of 
strong concern: Paleo diet and VLCD. These bottom-tier 
patterns, even when followed optimally, promote restriction 
of food groups that are considered essential features of a 
heart-healthy diet (legumes, whole grains) and allow high-
saturated-fat sources that are strongly discouraged (from 
meats for both Paleo and VLCD and dairy for VLCD).

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2023;147:00–00. DOI: 10.1161/CIR.0000000000001146 TBD TBD, 2023 e11

Gardner et al Popular Diets: Alignment With AHA 2021 Dietary Guidance

For all identified dietary patterns, there are healthier and 
less healthy ways to follow them, and nutrition misinforma-
tion, misplaced emphasis, or oversimplification may lead to 
adoption of patterns not as intended. Given the poor over-
all diet quality among US adults, it is critical for health care 
professionals to query patients or consumers about how 
they implement a given pattern to identify potential mis-
understanding and opportunities for modifications where 
room for improvement exists to better align with the AHA 
guidance features. Providing resources, including nutrition 
education, to improve consumer efficacy around planning 
and preparing meals132,133 and cooking and storing food 
may increase adoption of patterns as intended. For those 
adopting tier 1 and 2 patterns, clarification of key facets 
of each dietary pattern may suffice, whereas tier 3 dietary 
patterns may require referral for more in-depth nutritional 
counseling. For tier 4 patterns, there is strong concern of 
misalignment with AHA guidance, and efforts to consider 
dietary modifications are encouraged.

There is robust evidence supporting diverse dietary 
patterns (ie, DASH, Mediterranean, pescetarian, vege-
tarian) that promote cardiometabolic health and that can 
be designed to reflect personal and cultural preferences 
and budgetary constraints. Thus, prioritizing resources 
to investigate other cultural dietary patterns (eg, Asian, 
African, and Latin American) in lieu of further research 
on highly restrictive patterns that do not align with 2021 
AHA Dietary Guidance is warranted. The guidance pro-
vided here underscores the importance of marshalling 
resources to develop food environments that support 

adherence to AHA-aligned dietary patterns to address 
the national poor diet quality crisis.

ARTICLE INFORMATION
The American Heart Association makes every effort to avoid any actual or poten-
tial conflicts of interest that may arise as a result of an outside relationship or a 
personal, professional, or business interest of a member of the writing panel. Spe-
cifically, all members of the writing group are required to complete and submit a 
Disclosure Questionnaire showing all such relationships that might be perceived 
as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science Ad-
visory and Coordinating Committee on February 15, 2023, and the American Heart 
Association Executive Committee on February 25, 2023. A copy of the document 
is available at https://professional.heart.org/statements by using either “Search for 
Guidelines & Statements” or the “Browse by Topic” area. To purchase additional 
reprints, call 215-356-2721 or email Meredith.Edelman@wolterskluwer.com

The American Heart Association requests that this document be cited as fol-
lows: Gardner CD, Vadiveloo MK, Petersen KS, Anderson CAM, Springfield S, Van 
Horn L, Khera A, Lamendola C, Mayo SM, Joseph JJ; on behalf of the American 
Heart Association Council on Lifestyle and Cardiometabolic Health; Council on Car-
diovascular and Stroke Nursing; Council on Hypertension; and Council on Periph-
eral Vascular Disease. Popular dietary patterns: alignment with AHA 2021 dietary 
guidance: a scientific statement from the American Heart Association. Circulation. 
2023;147:e•••–e•••. doi: 10.1161/CIR.0000000000001146The expert peer re-
view of AHA-commissioned documents (eg, scientific statements, clinical practice 
guidelines, systematic reviews) is conducted by the AHA Office of Science Op-
erations. For more on AHA statements and guidelines development, visit https://
professional.heart.org/statements. Select the “Guidelines & Statements” drop-down 
menu, then click “Publication Development.”Permissions: Multiple copies, modifica-
tion, alteration, enhancement, and distribution of this document are not permitted 
without the express permission of the American Heart Association. Instructions for 
obtaining permission are located at https://www.heart.org/permissions. A link to the 
“Copyright Permissions Request Form” appears in the second paragraph (https://
www.heart.org/en/about-us/statements-and-policies/copyright-request-form).

Acknowledgments
The writing group acknowledges doctoral candidate Yarisbel Melo Herrera for her 
critical assistance with citation management for the scientific statement.

Writing Group Disclosures

Writing group 
member Employment Research grant 

Other 
research 
support 

Speakers’ 
bureau/
honoraria 

Expert 
witness 

Ownership 
interest 

Consultant/advisory 
board Other 

Christopher 
D. Gardner

Stanford University 
Medicine/Stanford 
Prevention  
Research Center

None None None None None None None

Maya K.  
Vadiveloo

University of Rhode 
Island

None None None None None None None

Cheryl A.M. 
Anderson

University of California  
at San Diego

None None None None None None None

Joshua J.  
Joseph

The Ohio State Uni-
versity Wexner Medi-
cal Center

AHRQ (R01HS28822)†; 
NIH (R01DK132403)†; 
Department of Defense 
(W81XWH2210867)†; 
NIH (K23DK117041)†

None None None None None None

Amit Khera UT Southwestern 
Medical Center

NIH (PI R61 grant)† None None None None None None

Cindy  
Lamendola

Stanford Medicine–
School of Medicine

None None None None None None None

Shawyntee M. 
Mayo

Wolfson Children’s 
Hospital

None None None None None None None

Kristina S. 
Petersen

Texas Tech  
University

None None None None None None None

(Continued )

Disclosures 

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

TBD TBD, 2023 Circulation. 2023;147:00–00. DOI: 10.1161/CIR.0000000000001146e12

Gardner et al Popular Diets: Alignment With AHA 2021 Dietary Guidance

Writing group 
member Employment Research grant 

Other 
research 
support 

Speakers’ 
bureau/
honoraria 

Expert 
witness 

Ownership 
interest 

Consultant/advisory 
board Other 

Sparkle 
Springfield

Loyola University 
Chicago

None None None None None None None

Linda Van 
Horn

Northwestern Univer-
sity, Feinberg School 
of Medicine

None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the 
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person 
receives $5000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the 
entity, or owns $5000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

†Significant.

Writing Group Disclosures Continued

Reviewer Disclosures

Reviewer Employment Research grant 

Other 
research 
support 

Speakers’ 
bureau/
honoraria 

Expert 
witness 

Ownership 
interest 

Consultant/ 
advisory board Other 

George A. 
Bray

Pennington 
Biomedical 
Research 
Center

None None None None None None None

Laura Chia-
varoli

University of 
Toronto (Can-
ada)

CIHR Project Grant (I am 
a coapplicant on a suc-
cessful 2022–2027 CIHR 
project grant titled “An In-
novative Technology-Based 
Approach to Translating 
Clinical Practice Guidelines 
of Nutrition Therapy in 
Primary Care: The Cost, 
Health, and Effectiveness 
Assessment of the Portfolio 
Diet in Primary Care [CHE-
APP] program.”)†; CIHR 
operating grant (I am a 
coapplicant on a success-
ful CIHR operating grant 
titled “The Canada-Wide 
Human Nutrition Trialists’ 
Network.”)*; CIHR random-
ized controlled trials grant (I 
am a coapplicant on a suc-
cessful CIHR randomized 
controlled trials grant titled 
“The Effect of An Enhanced 
Dietary Portfolio Plus Exer-
cise on Cardiovascular Risk 
in High-Risk Individuals.”)*

None None None None None None

Brenda M. 
Davy

Virginia Poly-
technic Insti-
tute and State 
University

NIH/NIA (PI on 2 R21s: 
one is focused on ultrapro-
cessed food consumption, 
food reward, and food 
intake (MPI, NICHD); the 
other is focused on ultra-
processed food intake and 
glucose homeostasis.)†

None None None None None None

Frank B. 
Hu

Harvard T.H. 
Chan School 
of Public 
Health

None None None None None None None

Catherine 
A. McCarty

University of 
Minnesota 
School of 
Medicine

None None None None None None None

(Continued )

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2023;147:00–00. DOI: 10.1161/CIR.0000000000001146 TBD TBD, 2023 e13

Gardner et al Popular Diets: Alignment With AHA 2021 Dietary Guidance

REFERENCES
 1. Chait A, Brunzell J, Denke M, Eisenberg D, Ernst N, Franklin F Jr, Ginsberg 

H, Kotchen T, Kuller L, Mullis R, et al. Rationale of the diet-heart statement 
of the American Heart Association: report of the Nutrition Committee. Cir-
culation. 1993;88:3008–3029. doi: 10.1161/01.cir.88.6.3008

 2. Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR, Deckelbaum RJ, 
Erdman JW Jr, Kris-Etherton P, Goldberg IJ, Kotchen TA, et al. AHA dietary 
guidelines: revision 2000: a statement for healthcare professionals from 
the Nutrition Committee of the American Heart Association. Circulation. 
2000;102:2284–2299. doi: 10.1161/01.cir.102.18.2284

 3. Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch HA, 
Franklin B, Kris-Etherton P, Harris WS, Howard B; American Heart Asso-
ciation Nutrition Committee. Diet and lifestyle recommendations revision 
2006: a scientific statement from the American Heart Association Nutrition 
Committee [published corrections appear in Circulation. 2006;1114:e27 
and Circulation. 2006;114:e629]. Circulation. 2006;114:82–96. doi: 
10.1161/CIRCULATIONAHA.106.176158

 4. Lichtenstein AH, Appel LJ, Vadiveloo M, Hu FB, Kris-Etherton PM, 
Rebholz CM, Sacks FM, Thorndike AN, Van Horn L, Wylie-Rosett J; 
on behalf of the American Heart Association Council on Lifestyle and 
Cardiometabolic Health; Council on Arteriosclerosis, Thrombosis and 
Vascular Biology; Council on Cardiovascular Radiology and Interven-
tion; Council on Clinical Cardiology; and Stroke Council. 2021 Dietary 
guidance to improve cardiovascular health: a scientific statement from 
the American Heart Association. Circulation. 2021;144:e472–e487. doi: 
10.1161/CIR.0000000000001031

 5. US Department of Health and Human Services and US Department of Ag-
riculture. Dietary Guidelines for Americans, 2005. 6th ed. US Government 
Printing Office; January 2005.

 6. US Department of Agriculture and US Department of Health and Human 
Services. Dietary Guidelines for Americans, 2010. 7th ed. US Government 
Printing Office; December 2010.

 7. US Department of Health and Human Services and US Department of 
Agriculture. 2015–2020 Dietary Guidelines for Americans. 8th ed. Decem-
ber 2015. Accessed January 21, 2023. http://health.gov/dietaryguide-
lines/2015/guidelines/

 8. US Department of Agriculture and US Department of Health and Human 
Services. Dietary Guidelines for Americans, 2020-2025. 9th ed. December 
2020. Accessed January 21, 2023. https://dietaryguidelines.gov 

 9. Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, 
Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. National Acad-
emies Press; 2005.

 10. US News. Best diets overall 2022. Accessed September 1, 2022. https://
health.usnews.com/best-diet/best-diets-overall 

 11. Food Insight. 2022 Food and Health Survey. Accessed September 1, 2022. 
https://foodinsight.org/2022-food-and-health-survey/?fbclid=IwAR3KKcx_
yRaf1VVUZre8bDHP52gWNSgGh-hrDMA7DAb4nBk-E-0TZnPGC3Q#

 12. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray 
GA, Vogt TM, Cutler JA, Windhauser MM, et al. A clinical trial of the ef-

fects of dietary patterns on blood pressure. N Engl J Med. 1997;336:1117–
1124. doi: 10.1056/nejm199704173361601

 13. Svetkey LP, Sacks FM, Obarzanek E, Vollmer WM, Appel LJ, Lin P-H, 
Karanja NM, Harsha DW, Bray GA, Aickin M, et al. The DASH Diet, Sodium 
Intake and Blood Pressure Trial (DASH-Sodium): rationale and design. J Am 
Diet Assoc. 1999;99:S96–S104. doi: 10.1016/s0002-8223(99)00423-x

 14. Funk KL, Elmer PJ, Stevens VJ, Harsha DW, Craddick SR, Lin P-H, 
Young DR, Champagne CM, Brantley PJ, McCarron PB, et al. PREMIER: 
a trial of lifestyle interventions for blood pressure control: interven-
tion design and rationale. Health Promot Pract. 2008;9:271–280. doi: 
10.1177/1524839906289035

 15. National Heart, Lung, and Blood Institute. DASH eating plan. Accessed 
June 17, 2022. https://nhlbi.nih.gov/education/dash-eating-plan

 16. Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu 
FB. Adherence to a DASH-style diet and risk of coronary heart dis-
ease and stroke in women. Arch Intern Med. 2008;168:713–720. doi: 
10.1001/archinte.168.7.713

 17. Folsom AR, Parker ED, Harnack LJ. Degree of concordance with DASH diet 
guidelines and incidence of hypertension and fatal cardiovascular disease. 
Am J Hypertens. 2007;20:225–232. doi: 10.1016/j.amjhyper.2006.09.003

 18. Joyce BT, Wu D, Hou L, Dai Q, Castaneda SF, Gallo LC, Talavera GA, 
Sotres-Alvarez D, Van Horn L, Beasley JM, et al. DASH diet and prevalent 
metabolic syndrome in the Hispanic Community Health Study/Study of Lati-
nos. Prev Med Rep. 2019;15:100950. doi: 10.1016/j.pmedr.2019.100950

 19. Estruch R, Ros E, Salas-Salvadó J, Covas M-I, Corella D, Arós F, 
Gómez-Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, et al; PREDIMED 
Study Investigators. Primary prevention of cardiovascular disease with a 
Mediterranean diet supplemented with extra-virgin olive oil or nuts. N Engl J 
Med. 2018;378:e34. doi: 10.1056/nejmoa1800389

 20. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I, 
Golan R, Fraser D, Bolotin A, Vardi H, et al; Dietary Intervention Random-
ized Controlled Trial (DIRECT) Group. Weight loss with a low-carbohydrate, 
Mediterranean, or low-fat diet. N Engl J Med. 2008;359:229–241. doi: 
10.1056/nejmoa0708681

 21. De Lorgeril M, Renaud S, Salen P, Monjaud I, Mamelle N, Martin J, Guidollet 
J, Touboul P, Delaye J. Mediterranean alpha-linolenic acid-rich diet in sec-
ondary prevention of coronary heart disease. Lancet. 1994;343:1454–
1459. doi: 10.1016/s0140-6736(94)92580-1

 22. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a 
Mediterranean diet and survival in a Greek population. N Engl J Med. 
2003;348:2599–2608. doi: 10.1056/nejmoa025039

 23. Buckland G, González CA, Agudo A, Vilardell M, Berenguer A, Amiano 
P, Ardanaz E, Arriola L, Barricarte A, Basterretxea M, et al. Adherence to 
the Mediterranean diet and risk of coronary heart disease in the Span-
ish EPIC Cohort Study. Am J Epidemiol. 2009;170:1518–1529. doi: 
10.1093/aje/kwp282

 24. Rumawas ME, Dwyer JT, Mckeown NM, Meigs JB, Rogers G, Jacques PF. 
The development of the Mediterranean-style dietary pattern score and its 
application to the American diet in the Framingham Offspring Cohort. J Nutr. 
2009;139:1150–1156. doi: 10.3945/jn.108.103424

Reviewer Employment Research grant 

Other 
research 
support 

Speakers’ 
bureau/
honoraria 

Expert 
witness 

Ownership 
interest 

Consultant/ 
advisory board Other 

Neil J. 
Stone

Northwestern 
University

None None None None None None Knowledge to 
Practice (created 
a PowerPoint 
educational 
presentation 
on randomized 
trials; company 
not related to the 
pharmaceutical 
industry)*

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure 
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $5,000 or more dur-
ing any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $5,000 
or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

Reviewer Disclosures Continued

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

TBD TBD, 2023 Circulation. 2023;147:00–00. DOI: 10.1161/CIR.0000000000001146e14

Gardner et al Popular Diets: Alignment With AHA 2021 Dietary Guidance

 25. Melina V, Craig W, Levin S. Position of the Academy of Nutrition and Di-
etetics: vegetarian diets. J Acad Nutr Diet. 2016;116:1970–1980. doi: 
10.1016/j.jand.2016.09.025

 26. Turner-McGrievy GM, Davidson CR, Wingard EE, Wilcox S, Frongillo EA. 
Comparative effectiveness of plant-based diets for weight loss: a random-
ized controlled trial of five different diets. Nutrition. 2015;31:350–358. doi: 
10.1016/j.nut.2014.09.002

 27. Parker HW, Vadiveloo MK. Diet quality of vegetarian diets compared with 
nonvegetarian diets: a systematic review. Nutr Rev. 2019;77:144–160. doi: 
10.1093/nutrit/nuy067

 28. Satija A, Bhupathiraju SN, Rimm EB, Spiegelman D, Chiuve SE, Borgi L, Willett 
WC, Manson JE, Sun Q, Hu FB. Plant-based dietary patterns and incidence of 
type 2 diabetes in US men and women: results from three prospective cohort 
studies. PLoS Med. 2016;13:e1002039. doi: 10.1371/journal.pmed.1002039

 29. Gardner CD, Kiazand A, Alhassan S, Kim S, Stafford RS, Balise RR, Kraemer 
HC, King AC. Comparison of the Atkins, Zone, Ornish, and LEARN diets 
for change in weight and related risk factors among overweight premeno-
pausal women: the A TO Z Weight Loss Study: a randomized trial. JAMA. 
2007;297:969–977. doi: 10.1001/jama.297.9.969

 30. National Center for Chronic Disease Prevention and Health Promotion. Na-
tional Diabetes Prevention Program: sessions 1-16. participant notebook 
for months 1-6. Accessed August 16, 2022. https://cdc.gov/diabetes/pre-
vention/pdf/handouts.pdf

 31. The Diabetes Prevention Program (DPP): description of lifestyle intervention. 
Diabetes Care. 2002;25:2165–2171. doi: 10.2337/diacare.25.12.2165

 32. Prentice RL, Aragaki AK, Howard BV, Chlebowski RT, Thomson CA, 
Van Horn L, Tinker LF, Manson JE, Anderson GL, Kuller LE, et al. Low-fat di-
etary pattern among postmenopausal women influences long-term cancer, 
cardiovascular disease, and diabetes outcomes. J Nutr. 2019;149:1565–
1574. doi: 10.1093/jn/nxz107

 33. Prentice RL, Caan B, Chlebowski RT, Patterson R, Kuller LH, Ockene JK, 
Margolis KL, Limacher MC, Manson JE, Parker LM. Low-fat dietary pattern 
and risk of invasive breast cancer: the Women’s Health Initiative Random-
ized Controlled Dietary Modification Trial. JAMA. 2006;295:629–642. doi: 
10.1001/jama.295.6.629

 34. Gardner CD, Coulston A, Chatterjee L, Rigby A, Spiller G, Farquhar JW. 
The effect of a plant-based diet on plasma lipids in hypercholesterol-
emic adults: a randomized trial. Ann Intern Med. 2005;142:725–733. doi: 
10.7326/0003-4819-142-9-200505030-00007

 35. Gardner CD, Trepanowski JF, Del Gobbo LC, Hauser ME, Rigdon J, 
Ioannidis JPA, Desai M, King AC. Effect of low-fat vs low-carbohydrate 
diet on 12-month weight loss in overweight adults and the association with 
genotype pattern or insulin secretion: the DIETFITS randomized clinical trial. 
JAMA. 2018;319:667–679. doi: 10.1001/jama.2018.0245

 36. Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, McManus K, 
Champagne CM, Bishop LM, Laranjo N, et al. Comparison of weight-loss 
diets with different compositions of fat, protein, and carbohydrates. N Engl J 
Med. 2009;360:859–873. doi: 10.1056/nejmoa0804748

 37. Ornish D, Brown SE, Billings J, Scherwitz L, Armstrong WT, Ports TA, 
McLanahan SM, Kirkeeide RL, Gould K, Brand R. Can lifestyle chang-
es reverse coronary heart disease? The Lifestyle Heart Trial. Lancet. 
1990;336:129–133. doi: 10.1016/0140-6736(90)91656-U

 38. Barnard ND, Cohen J, Jenkins DJ, Turner-McGrievy G, Gloede L, Green A, 
Ferdowsian H. A low-fat vegan diet and a conventional diabetes diet in the 
treatment of type 2 diabetes: a randomized, controlled, 74-wk clinical trial. 
Am J Clin Nutr. 2009;89:1588S–1596S. doi: 10.3945/ajcn.2009.26736H

 39. McDougall J, Thomas LE, McDougall C, Moloney G, Saul B, Finnell JS, 
Richardson K, Petersen KM. Effects of 7 days on an ad libitum low-
fat vegan diet: the McDougall Program cohort. Nutr J. 2014;13:99. doi: 
10.1186/1475-2891-13-99

 40. Esselstyn CB Jr, Gendy G, Doyle J, Golubic M, Roizen MF. A way to reverse 
CAD? J Fam Pract. 2014;63:356–364.

 41. Li Z, Heber D. The Pritikin Diet. JAMA. 2020;323:1104. doi: 
10.1001/jama.2019.21266

 42. Ebbeling CB, Leidig MM, Feldman HA, Lovesky MM, Ludwig DS. Effects of 
a low–glycemic load vs low-fat diet in obese young adults: a randomized 
trial. JAMA. 2007;297:2092–2102. doi: 10.1001/jama.297.19.2092

 43. Aude YW, Agatston AS, Lopez-Jimenez F, Lieberman EH, Almon M, Hansen 
M, Rojas G, Lamas GA, Hennekens CH. The National Cholesterol Educa-
tion Program diet vs a diet lower in carbohydrates and higher in protein and 
monounsaturated fat: a randomized trial. Arch Intern Med. 2004;164:2141–
2146. doi: 10.1001/archinte.164.19.2141

 44. Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, 
O’Keefe JH, Brand-Miller J. Origins and evolution of the Western diet: 

health implications for the 21st century. Am J Clin Nutr. 2005;81:341–354. 
doi: 10.1093/ajcn.81.2.341

 45. Jönsson T, Granfeldt Y, Ahrén B, Branell U-C, Pålsson G, Hansson A, 
Söderström M, Lindeberg S. Beneficial effects of a Paleolithic diet on cardio-
vascular risk factors in type 2 diabetes: a randomized cross-over pilot study. 
Cardiovasc Diabetol. 2009;8:351–314. doi: 10.1186/1475-2840-8-35

 46. Lindeberg S, Jönsson T, Granfeldt Y, Borgstrand E, Soffman J, Sjöström K, 
Ahrén B. A Paleolithic diet improves glucose tolerance more than a Medi-
terranean-like diet in individuals with ischaemic heart disease. Diabetologia. 
2007;50:1795–1807. doi: 10.1007/s00125-007-0716-y

 47. Boers I, Muskiet FA, Berkelaar E, Schut E, Penders R, Hoenderdos K, Wichers 
HJ, Jong MC. Favourable effects of consuming a Palaeolithic-type diet on 
characteristics of the metabolic syndrome: a randomized controlled pilot-
study. Lipids Health Dis. 2014;13:1–13. doi: 10.1186/1476-511X-13-160

 48. Mellberg C, Sandberg S, Ryberg M, Eriksson M, Brage S, Larsson C, 
Olsson T, Lindahl B. Long-term effects of a Palaeolithic-type diet in 
obese postmenopausal women: a 2-year randomized trial. Eur J Clin Nutr. 
2014;68:350–357. doi: 10.1038/ejcn.2013.290

 49. Gardner CD, Landry MJ, Perelman D, Petlura C, Durand LR, Aronica L, 
Crimarco A, Cunanan KM, Chang A, Dant CC, et al. Effect of a ketogenic 
diet versus Mediterranean diet on glycated hemoglobin in individuals with 
prediabetes and type 2 diabetes mellitus: the interventional Keto-Med 
randomized crossover trial. Am J Clin Nutr. 2022;116:640–652. doi: 
10.1093/ajcn/nqac154

 50. Hall KD, Guo J, Courville AB, Boring J, Brychta R, Chen KY, Darcey V, Forde 
CG, Gharib AM, Gallagher I, et al. Effect of a plant-based, low-fat diet ver-
sus an animal-based, ketogenic diet on ad libitum energy intake. Nat Med. 
2021;27:344–353. doi: 10.1038/s41591-020-01209-1

 51. Hallberg SJ, McKenzie AL, Williams PT, Bhanpuri NH, Peters AL, Campbell 
WW, Hazbun TL, Volk BM, McCarter JP, Phinney SD, et al. Effectiveness 
and safety of a novel care model for the management of type 2 diabetes 
at 1 year: an open-label, non-randomized, controlled study. Diabetes Ther. 
2018;9:583–612. doi: 10.1007/s13300-018-0373-9

 52. Hussain TA, Mathew TC, Dashti AA, Asfar S, Al-Zaid N, Dashti HM. Effect 
of low-calorie versus low-carbohydrate ketogenic diet in type 2 diabetes. 
Nutrition. 2012;28:1016–1021. doi: 10.1016/j.nut.2012.01.016

 53. Westman EC, Yancy WS Jr, Mavropoulos JC, Marquart M, McDuffie JR. The 
effect of a low-carbohydrate, ketogenic diet versus a low-glycemic index 
diet on glycemic control in type 2 diabetes mellitus. Nutr Metab (Lond). 
2008;5:36. doi: 10.1186/1743-7075-5-36

 54. Virta. How much sodium, potassium and magnesium should I have on a 
ketogenic diet? Accessed September 23, 2022. https://virtahealth.com/
faq/sodium-potassium-magnesium-ketogenic-diet

 55. Executive Summary of the Third Report of the National Cholesterol Edu-
cation Program (NCEP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA. 
2001;285:2486–2497. doi: 10.1001/jama.285.19.2486

 56. Rolls BJ, Drewnowski A, Ledikwe JH. Changing the energy density of the 
diet as a strategy for weight management. J Am Diet Assoc. 2005;105:98–
103. doi: 10.1016/j.jada.2005.02.033

 57. Barnard ND, Gloede L, Cohen J, Jenkins DJA, Turner-McGrievy G, Green 
AA, Ferdowsian H. A low-fat vegan diet elicits greater macronutrient chang-
es, but is comparable in adherence and acceptability, compared with a more 
conventional diabetes diet among individuals with type 2 diabetes. J Am Diet 
Assoc. 2009;109:263–272. doi: 10.1016/j.jada.2008.10.049

 58. T. Colin Campbell Center for Nutrition Studies. Fat and plant-based diets. 
2009. Accessed June 14, 2022. https://nutritionstudies.org/fat-plant-
based-diets/. 

 59. Atkins RC. Dr. Atkins’ New Diet Revolution. M. Evans; 2002.
 60. Volek J, Phinney SD, Kossoff E, Eberstein JA, Moore J. The Art and Science 

of Low Carbohydrate Living: An Expert Guide to Making the Life-saving Ben-
efits of Carbohydrate Restriction Sustainable and Enjoyable. Beyond Obesity; 
2011.

 61. Saksena MJ, Okrent AM, Anekwe TD, Cho C, Dicken CE, Anne, Elitzak H, 
Guthrie J, Hamrick KS, Hyman J, et al. America’s eating habits: food away 
from home. Economic Research Service, US Department of Agriculture. 
September 2018. Accessed September 26, 2022. https://ers.usda.gov/
publications/pub-details/?pubid=90227

 62. Rebello CJ, O’Neil CE, Greenway FL. Dietary fiber and satiety: the effects of 
oats on satiety. Nutr Rev. 2016;74:131–147. doi: 10.1093/nutrit/nuv063

 63. Leidy HJ, Clifton PM, Astrup A, Wycherley TP, Westerterp-Plantenga MS, 
Luscombe-Marsh ND, Woods SC, Mattes RD. The role of protein in weight 
loss and maintenance. Am J Clin Nutr. 2015;101:1320S–1329S. doi: 
10.3945/ajcn.114.084038

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2023;147:00–00. DOI: 10.1161/CIR.0000000000001146 TBD TBD, 2023 e15

Gardner et al Popular Diets: Alignment With AHA 2021 Dietary Guidance

 64. Coelho JS, Polivy J, Herman CP. Selective carbohydrate or protein re-
striction: effects on subsequent food intake and cravings. Appetite. 
2006;47:352–360. doi: 10.1016/j.appet.2006.05.015

 65. Juul F, Vaidean G, Parekh N. Ultra-processed foods and cardiovascular dis-
eases: potential mechanisms of action. Adv Nutr. 2021;12:1673–1680. doi: 
10.1093/advances/nmab049

 66. Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis T, Chen KY, Chung 
ST, Costa E, Courville A, Darcey V, et al. Ultra-processed diets cause 
excess calorie intake and weight gain: an inpatient randomized con-
trolled trial of ad libitum food intake. Cell Metab. 2019;30:67–77.e3. doi: 
10.1016/j.cmet.2019.05.008

 67. Mullen PD, Evans D, Forster J, Gottlieb NH, Kreuter M, Moon R, O’Rourke 
T, Strecher VJ. Settings as an important dimension in health education/pro-
motion policy, programs, and research. Health Educ Q. 1995;22:329–345. 
doi: 10.1177/109019819402200306

 68. Where did you hear that? American Dietetic Association Survey reveals 
popular and credible sources of nutrition information. In: Nutrition and You: 
Trends 2008. American Dietetic Association; 2008.

 69. Vadiveloo M, Lichtenstein AH, Anderson C, Aspry K, Foraker R, Griggs S, 
Hayman LL, Johnston E, Stone NJ, Thorndike AN; on behalf of the Ameri-
can Heart Association Council on Lifestyle and Cardiometabolic Health; 
Council on Arteriosclerosis, Thrombosis and Vascular Biology; Council on 
Cardiovascular and Stroke Nursing; Council on Clinical Cardiology; and 
Stroke Council. Rapid diet assessment screening tools for cardiovascular 
disease risk reduction across healthcare settings: a scientific statement 
from the American Heart Association. Circ Cardiovasc Qual Outcomes. 
2020;13:e000094. doi: 10.1161/HCQ.0000000000000094

 70. Effects of comprehensive lifestyle modification on blood pressure control: 
main results of the PREMIER clinical trial. JAMA. 2003;289:2083–2093. 
doi: 10.1001/jama.289.16.2083

 71. Your Guide to Lowering Your Blood Pressure With DASH. National Heart, 
Lung, and Blood Institute; 2006.

 72. Saulle R, Semyonov L, La Torre G. Cost and cost-effectiveness of the 
Mediterranean diet: results of a systematic review. Nutrients. 2013;5:4566–
4586. doi: 10.3390/nu5114566

 73. Dietary Guidelines Advisory Committee. Scientific report of the 2015 Di-
etary Guidelines Advisory Committee: advisory report to the Secretary of 
Health and Human Services and the Secretary of Agriculture, Appendix 
E-2.38 evidence portfolio: part D: chapter 5: food sustainability and safety. 
2015. Accessed January 21, 2023. https://health.gov/our-work/nutrition-
physical-activity/dietary-guidelines/previous-dietary-guidelines/2015/
advisory-report/appendix-e-2/appendix-e-238

 74. Dietary Guidelines Advisory Committee. Scientific report of the 2020 Di-
etary Guidelines Advisory Committee: advisory report to the Secretary of 
Agriculture and the Secretary of Health Human Services: part D: chapter 
9: dietary fats and seafood. 2020. Accessed January 21, 2023. https://
www.dietaryguidelines.gov/sites/default/files/2020-07/PartD_Ch9_Fats-
Seafood_first-print.pdf 

 75. National Heart, Lung, and Blood Institute. Heart-healthy cooking. Accessed 
October 7, 2022. https://healthyeating.nhlbi.nih.gov/ 

 76. Harvard T.H. Chan School of Public Health. The nutrition source: fiber. Ac-
cessed September 1, 2022. https://hsph.harvard.edu/nutritionsource/car-
bohydrates/fiber/

 77. Hekler EB, Gardner CD, Robinson TN. Effects of a college course 
about food and society on students’ eating behaviors. Am J Prev Med. 
2010;38:543–547. doi: 10.1016/j.amepre.2010.01.026

 78. Malan H, Watson TD, Slusser W, Glik D, Rowat AC, Prelip M. Challenges, 
opportunities, and motivators for developing and applying food literacy in 
a university setting: a qualitative study. J Acad Nutr Diet. 2020;120:33–44. 
doi: 10.1016/j.jand.2019.06.003

 79. Grundy SM, Vega GL. Plasma cholesterol responsiveness to saturated fatty 
acids. Am J Clin Nutr. 1988;47:822–824. doi: 10.1093/ajcn/47.5.822

 80. Mensink RP, Zock PL, Kester ADM, Katan MB. Effects of dietary fatty acids 
and carbohydrates on the ratio of serum total to HDL cholesterol and on 
serum lipids and apolipoproteins: a meta-analysis of 60 controlled trials. Am 
J Clin Nutr. 2003;77:1146–1155. doi: 10.1093/ajcn/77.5.1146

 81. Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Saturated fat, carbohydrate, 
and cardiovascular disease. Am J Clin Nutr. 2010;91:502–509. doi: 
10.3945/ajcn.2008.26285

 82. Forouhi NG, Krauss RM, Taubes G, Willett W. Dietary fat and cardiometa-
bolic health: evidence, controversies, and consensus for guidance. BMJ. 
2018;361:k2139. doi: 10.1136/bmj.k2139

 83. de Souza RJ, Bray GA, Carey VJ, Hall KD, LeBoff MS, Loria CM, Laranjo 
NM, Sacks FM, Smith SR. Effects of 4 weight-loss diets differing in fat, 

protein, and carbohydrate on fat mass, lean mass, visceral adipose tis-
sue, and hepatic fat: results from the POUNDS LOST trial. Am J Clin Nutr. 
2012;95:614–625. doi: 10.3945/ajcn.111.026328

 84. de Menezes EVA, Sampaio HAC, Carioca AAF, Parente NA, Brito FO, 
Moreira TMM, de Souza ACC, Arruda SPM. Influence of Paleolithic diet on 
anthropometric markers in chronic diseases: systematic review and meta-
analysis. Nutr J. 2019;18:41. doi: 10.1186/s12937-019-0457-z

 85. Masharani U, Sherchan P, Schloetter M, Stratford S, Xiao A, Sebastian A, 
Nolte Kennedy M, Frassetto L. Metabolic and physiologic effects from con-
suming a hunter-gatherer (Paleolithic)-type diet in type 2 diabetes. Eur J 
Clin Nutr. 2015;69:944–948. doi: 10.1038/ejcn.2015.39

 86. Manheimer EW, van Zuuren EJ, Fedorowicz Z, Pijl H. Paleolithic nutrition for 
metabolic syndrome: systematic review and meta-analysis. Am J Clin Nutr. 
2015;102:922–932. doi: 10.3945/ajcn.115.113613

 87. Jamka M, Kulczyński B, Juruć A, Gramza-Michałowska A, Stokes CS, 
Walkowiak J. The effect of the Paleolithic diet vs. healthy diets on glucose 
and insulin homeostasis: a systematic review and meta-analysis of random-
ized controlled trials. J Clin Med. 2020;9:296. doi: 10.3390/jcm9020296

 88. Kirkpatrick CF, Bolick JP, Kris-Etherton PM, Sikand G, Aspry KE, Soffer 
DE, Willard KE, Maki KC. Review of current evidence and clinical recom-
mendations on the effects of low-carbohydrate and very-low-carbohydrate 
(including ketogenic) diets for the management of body weight and other 
cardiometabolic risk factors: a scientific statement from the National Lipid 
Association Nutrition and Lifestyle Task Force. J Clin Lipidol. 2019;13:689–
711.e1. doi: 10.1016/j.jacl.2019.08.003

 89. Landry MJ, Crimarco A, Perelman D, Durand LR, Petlura C, Aronica 
L, Robinson JL, Kim SH, Gardner CD. Adherence to ketogenic and 
Mediterranean study diets in a crossover trial: the Keto–Med randomized 
trial. Nutrients. 2021;13:967. doi: 10.3390/nu13030967

 90. Mansoor N, Vinknes KJ, Veierød MB, Retterstøl K. Effects of low-carbohy-
drate diets v. low-fat diets on body weight and cardiovascular risk factors: 
a meta-analysis of randomised controlled trials. Br J Nutr. 2016;115:466–
479. doi: 10.1017/S0007114515004699

 91. Gjuladin-Hellon T, Davies IG, Penson P, Amiri Baghbadorani R. Effects of 
carbohydrate-restricted diets on low-density lipoprotein cholesterol levels 
in overweight and obese adults: a systematic review and meta-analysis. 
Nutr Rev. 2019;77:161–180. doi: 10.1093/nutrit/nuy049

 92. Sacks FM, Lichtenstein AH, Wu JH, Appel LJ, Creager MA, Kris-Etherton 
PM, Miller M, Rimm EB, Rudel LL, Robinson JG; on behalf of the American 
Heart Association. Dietary fats and cardiovascular disease: a presidential 
advisory from the American Heart Association [published correction ap-
pears in Circulation. 2017;136:e195]. Circulation. 2017;136:e1–e23.

 93. Gerber S, Rogers G, Staffier K, Karlsen M, Folta S, Jacques P, Naumova E, 
McKeown N. Adherence, compliance, and diet quality among popular diet fol-
lowers. Curr Dev Nutr. 2022;6(suppl 1):364. doi: 10.1093/cdn/nzac054.019

 94. Xu JQ, Murphy SL, Kochanek KD, Arias E. Mortality in the United States, 
2018. NCHS Data Brief, No. 355. National Center for Health Statistics; 
2020.

 95. Ferdinand KC. Cardiovascular risk reduction in African Americans: current 
concepts and controversies. Glob Cardiol Sci Pract. 2016;2016:e201602. 
doi: 10.21542/gcsp.2016.2

 96. Churchwell K, Elkind MS, Benjamin RM, Carson AP, Chang EK, Lawrence 
W, Mills A, Odom TM, Rodriguez CJ, Rodriguez F; on behalf of the 
American Heart Association. Call to action: structural racism as a fun-
damental driver of health disparities: a presidential advisory from the 
American Heart Association. Circulation. 2020;142:e454–e468. doi: 
10.1161/CIR.0000000000000936

 97. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, 
Obarzanek E, Conlin PR, Miller ER, Simons-Morton DG, et al. Effects on 
blood pressure of reduced dietary sodium and the Dietary Approaches 
to Stop Hypertension (DASH) Diet. N Engl J Med. 2001;344:3–10. doi: 
10.1056/nejm200101043440101

 98. Toledo E, Hu FB, Estruch R, Buil-Cosiales P, Corella D, Salas-Salvadó J, 
Covas MI, Arós F, Gómez-Gracia E, Fiol M, et al. Effect of the Mediterranean 
diet on blood pressure in the PREDIMED trial: results from a randomized 
controlled trial. BMC Med. 2013;11:207. doi: 10.1186/1741-7015-11-207

 99. Kris‐Etherton PM, Petersen KS, Velarde G, Barnard ND, Miller M, Ros E, O’Keefe 
JH, Williams K Sr, Horn LV, Na M. Barriers, opportunities, and challenges in ad-
dressing disparities in diet‐related cardiovascular disease in the United States. 
J Am Heart Assoc. 2020;9:e014433. doi: 10.1161/JAHA.119.014433

 100. Nettleton JA, Polak JF, Tracy R, Burke GL, Jacobs DR Jr. Dietary 
patterns and incident cardiovascular disease in the Multi-Ethnic 
Study of Atherosclerosis. Am J Clin Nutr. 2009;90:647–654. doi: 
10.3945/ajcn.2009.27597

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

TBD TBD, 2023 Circulation. 2023;147:00–00. DOI: 10.1161/CIR.0000000000001146e16

Gardner et al Popular Diets: Alignment With AHA 2021 Dietary Guidance

 101. Nettleton JA, Diez-Roux A, Jenny NS, Fitzpatrick AL, Jacobs DR Jr. Dietary 
patterns, food groups, and telomere length in the Multi-Ethnic Study of 
Atherosclerosis (MESA). Am J Clin Nutr. 2008;88:1405–1412. doi: 
10.3945/ajcn.2008.26429

 102. Weng L-C, Steffen LM, Szklo M, Nettleton J, Chambless L, Folsom AR. 
A diet pattern with more dairy and nuts, but less meat is related to lower 
risk of developing hypertension in middle-aged adults: the Atherosclerosis 
Risk in Communities (ARIC) study. Nutrients. 2013;5:1719–1733. doi: 
10.3390/nu5051719

 103. Liu J, Hickson DA, Musani SK, Talegawkar SA, Carithers TC, Tucker 
KL, Fox CS, Taylor HA. Dietary patterns, abdominal visceral adipose 
tissue, and cardiometabolic risk factors in African Americans: the 
Jackson Heart Study. Obesity (Silver Spring). 2013;21:644–651. doi: 
10.1002/oby.20265

 104. Ma J, Rebholz CM, Braun KVE, Reynolds LM, Aslibekyan S, Xia R, Biligowda 
NG, Huan T, Liu C, Mendelson MM, et al. Whole blood DNA methylation 
signatures of diet are associated with cardiovascular disease risk factors 
and all-cause mortality. Circ Genom Precis Med. 2020;13:e002766. doi: 
10.1161/CIRCGEN.119.002766

 105. Singh GK, Siahpush M, Azuine RE, Williams SD. Widening socioeconomic 
and racial disparities in cardiovascular disease mortality in the United 
States, 1969-2013. Int J MCH AIDS. 2015;3:106–118.

 106. Braveman P, Arkin E, Orleans T, Proctor D, Acker J, Plough A. What is health 
equity? Behav Sci Policy. 2018;4:1–14. doi: 10.1353/bsp.2018.0000

 107. Khan S. Cultural humility vs. cultural competence–and why providers need 
both. Boston Medical Center Health System: Health City. 2021. Accessed 
October 22, 2022. https://healthcity.bmc.org/policy-and-industry/
cultural-humility-vs-cultural-competence-providers-need-both

 108. Nemec K. Cultural awareness of eating patterns in the health care setting. 
Clin Liver Dis (Hoboken). 2020;16:204–207. doi: 10.1002/cld.1019

 109. Krug EG, Mercy JA, Dahlberg LL, Zwi AB. The world report 
on violence and health. Lancet. 2002;360:1083–1088. doi: 
10.1016/S0140-6736(02)11133-0

 110. Kuehn BM. Heritage diets and culturally appropriate dietary advice 
may help combat chronic diseases. JAMA. 2019;322:2271–2273. doi: 
10.1001/jama.2019.18431

 111. Oldways. Traditional diets. Accessed October 22, 2022. https://oldway-
spt.org/

 112. Reicks M, Gold A, Tran N, LeBlanc K. Impacts of a taste of african heritage: 
a culinary heritage cooking course. J Nutr Educ Behav. 2022;54:388–396. 
doi: 10.1016/j.jneb.2021.11.008

 113. Crimarco A, Turner-McGrievy GM, Botchway M, Macauda M, Adams 
SA, Blake CE, Younginer N. “We’re Not Meat Shamers. We’re Plant 
Pushers.”: how owners of local vegan soul food restaurants promote 
healthy eating in the African American community. J Black Stud. 
2020;51:168–193.

 114. Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, Mozaffarian 
D, Global Burden of Diseases Nutrition and Chronic Diseases Expert 
Group (NutriCoDE). Dietary quality among men and women in 187 coun-
tries in 1990 and 2010: a systematic assessment. Lancet Glob Health. 
2015;3:e132–42. doi: 10.1016/S2214-109X(14)70381-X

 115. Mahomoodally MF. Traditional medicines in Africa: an appraisal of ten 
potent African medicinal plants. Evid Based Complement Alternat Med. 
2013;2013:617459. doi: 10.1155/2013/617459

 116. Van Wyk B-E. A review of commercially important African medicinal plants. 
J Ethnopharmacol. 2015;176:118–134. doi: 10.1016/j.jep.2015.10.031

 117. Burt K. The Whiteness of the Mediterranean diet: a historical, sociopolitical, 
and dietary analysis using critical race theory. Crit Diet. 2021;5:41–52. doi: 
10.32920/cd.v5i2.1329

 118. Dwyer L, Oh A, Patrick H, Hennessy E. Promoting family meals: a review of 
existing interventions and opportunities for future research. Adolesc Health 
Med Ther. 2015;6:115–131. doi: 10.2147/AHMT.S37316

 119. Hinton M. Saying grace: praying over the loss of African-American re-
ligious and food culture (and how they are related). Religious Educ. 
2008;103:469–479. doi: 10.1080/00344080802250776

 120. Airhihenbuwa CO, Kumanyika S, Agurs TD, Lowe A, Saunders D, Morssink 
CB. Cultural aspects of African American eating patterns. Ethn Health. 
1996;1:245–260. doi: 10.1080/13557858.1996.9961793

 121. Mujahid MS, Gao X, Tabb LP, Morris C, Lewis TT. Historical redlining and car-
diovascular health: the Multi-Ethnic Study of Atherosclerosis. Proc Natl Acad 
Sci U S A. 2021;118:e2110986118. doi: 10.1073/pnas.2110986118

 122. Kim JH, Islam SJ, Topel ML, Ko Y-A, Mujahid MS, Vaccarino V, Liu C, Sims 
M, Mubasher M, Searles CD, et al. Individual psychosocial resilience, neigh-
borhood context, and cardiovascular health in Black adults: a multilevel 
investigation from the Morehouse-Emory Cardiovascular Center for Health 
Equity Study. Circ Cardiovasc Qual Outcomes. 2020;13:e006638. doi: 
10.1161/CIRCOUTCOMES.120.006638

 123. Islam SJ, Kim JH, Topel M, Liu C, Ko YA, Mujahid MS, Sims M, Mubasher 
M, Ejaz K, Morgan‐Billingslea J. Cardiovascular risk and resilience among 
Black adults: rationale and design of the MECA Study. J Am Heart Assoc. 
2020;9:e015247. doi: 10.1161/JAHA.119.015247

 124. Jones N. Dying to eat? Black food geographies of slow violence and resil-
ience. ACME Int J Crit Geographies. 2019;18:1076–1099.

 125. Springfield S, Qin F, Hedlin H, Eaton CB, Rosal MC, Taylor H, Staudinger UM, 
Stefanick ML. Resilience and CVD-protective health behaviors in older women: 
examining racial and ethnic differences in a cross-sectional analysis of the 
Women’s Health Initiative. Nutrients. 2020;12:2107. doi: 10.3390/nu12072107

 126. Springfield S, Qin F, Hedlin H, Eaton CB, Rosal MC, Taylor H, Staudinger UM, 
Stefanick ML. Modifiable resources and resilience in racially and ethnically di-
verse older women: implications for health outcomes and interventions. Int J 
Environ Res Public Health. 2022;19:7089. doi: 10.3390/ijerph19127089

 127. Breland JY, Stanton MV. Anti-Black racism and behavioral medicine: con-
fronting the past to envision the future. Transl Behav Med. 2022;12:ibab090. 
doi: 10.1093/tbm/ibab090

 128. Anderson CA, Thorndike AN, Lichtenstein AH, Van Horn L, Kris-Etherton 
PM, Foraker R, Spees C. Innovation to create a healthy and sustainable food 
system: a science advisory from the American Heart Association. Circulation. 
2019;139:e1025–e1032. doi: 10.1161/CIR.0000000000000686

 129. Conrad A, Zuckerman J. Identifying and countering White supremacy 
culture in food systems. Duke Sanford World Food Policy Center. 2020. 
Accessed October 22, 2022. https://wfpc.sanford.duke.edu/reports/ 
identifying-and-countering-white-supremacy-culture-in-food-systems/

 130. Zhu JW, d’Angelo F, Miranda JJ, Yancy CW, Cupido B, Zannad F, Van Spall 
HG. Incorporating cultural competence and cultural humility in cardio-
vascular clinical trials to increase diversity among participants. J Am Coll 
Cardiol. 2022;80:89–92. doi: 10.1016/j.jacc.2022.05.001

 131. Tervalon M, Murray-Garcia J. Cultural humility versus cultural competence: 
a critical distinction in defining physician training outcomes in multicul-
tural education. J Health Care Poor Underserved. 1998;9:117–125. doi: 
10.1353/hpu.2010.0233

 132. Goh LML, Chow LM, Ng SY, Chow DWS, Lim RBT. Impact of an interactive 
health corner using the culinary education approach in promoting long-term 
dietary changes among patients who seek public primary care services. Int J 
Environ Res Public Health. 2022;19:11488. doi: 10.3390/ijerph191811488

 133. Tani Y, Fujiwara T, Kondo K. Cooking skills related to potential benefits 
for dietary behaviors and weight status among older Japanese men and 
women: a cross-sectional study from the JAGES. Int J Behav Nutr Phys Act. 
2020;17:82. doi: 10.1186/s12966-020-00986-9

D
ow

nloaded from
 http://ahajournals.org by on M

ay 4, 2023


