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Nutrition security - access to food that promotes well-being and prevents or treats
disease, particularly among racial and ethnic minority populations, lower income
populations, and rural and remote populations - is a national priority. Leading causes
of death and disability in America, such as heart disease, stroke, cancer, and diabetes
that disproportionately affect minorities are linked to preventable diet-related risk
factors. Mounting evidence indicates that adherence to a lower-carbohydrate dietary
pattern is associated with weight maintenance, improved blood glucose and insulin
control, lower blood pressure, reduced markers of inflammation, and a more favorable
lipid profile. Additionally, prior concerns regarding the higher fat and cholesterol
content of this dietary pattern are less founded in modern research. The inclusion of
a lower-carbohydrate option that meets all essential nutrient requirements aligns with
the contemporary movement toward more flexibility and precision nutrition. Most
important, a lower-carbohydrate option positions the Dietary Guidelines for Americans
to more accurately reflect the current scientific evidence and more effectively address
the metabolic health of the nation. Further, it has the potential to improve nutrition
security by addressing metabolic diseases that disproportionately affect people from
historically marginalized racial, ethnic, socioeconomic, and cultural backgrounds.
Given that most American adults are living with at least one diet-related chronic
metabolic disease, updating the Dietary Guidelines for Americans to recognize and
reflect the poor health status of the general population is prudent and urgent.

nutrition security, metabolic health, low-carbohydrate diet, dietary guidance, dietary
patterns

Introduction

The USDA defines nutrition security as, “consistent access, availability, and affordability of foods
and beverages that promote well-being, prevent disease, and if needed, treat disease, particularly
among racial/ethnic minority populations, lower income populations, and rural and remote
populations including Tribal communities and insular areas (1).” One avenue to achieving nutrition
security is to shift current nutrition guidance from a broad focus on meeting recommendations for
adequate calories, nutrients, or foods to a more precise approach that effectively addresses the most
prevalent diet-related challenges with which Americans currently live (2, 3).

Several of the leading causes of death and disability in the U.S., such as heart disease, stroke,
cancer, and diabetes are associated with diet-related risk factors, including obesity, hypertension
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and dyslipidemia (3). A cross-sectional study of U.S. adults conducted
from 1999-2018 found that food insecurity increased over time among
patients with cardiovascular disease (CVD) and cardiometabolic risk
factors, and was more frequent among those with CVD (4). In this
study, disparities in food insecurity persisted across racial and ethnic
groups (4). Another study found that CVD, cancer, and diabetes
accounted for half of annual deaths in the U.S., with people living in
southern states, men, and African Americans having disproportionately
higher mortality rates than people living in other regions, women, and
other races, respectively (5). Within population subgroups in 2017-
2018, prevalence of optimal metabolic health was 50% lower in adults
with lower education compared with adults with higher education, and
38% lower in Mexican Americans compared with non-Hispanic White
adults, indicating a need for national public health interventions aimed
at improving cardiometabolic health equity (6).

The cost of poor cardiometabolic health in America is staggering.
In the last 50 years, federal health care spending has risen from 5 to
28% of the federal budget, with U.S. business (inflation-adjusted)
spending on health care increasing from $79 billion to $1,180 billion
(7). According to data from the Government Accountability Office
(GAO), in 2018, treating diet-related diseases accounted for more than
half of total federal healthcare spending (5). Furthermore, the
American Diabetes Association (ADA) reported that having a diet-
related disease drove up individual healthcare costs, with people with
diagnosed diabetes incurring medical expenditures that were over
twice what the medical expenditures would have been if the person
did not have diabetes (8).

The 2022 White House National Strategy on Hunger, Nutrition,
and Health stated that the Dietary Guidelines Advisory Committee
(DGAC) will review all the Dietary Guidelines for Americans’ (DGA)
scientific questions with a health equity lens to ensure that the 2025-
2030 DGA is inclusive of people from diverse racial, ethnic,
socioeconomic, and cultural backgrounds (9). The DGAC will also
explore whether additional examples of healthy dietary patterns
should be developed and proposed based on population norms,
preferences, and needs of the diverse individuals and cultural
foodways within the U.S. population (9). Given that a majority of
Americans are currently living with at least one diet-related chronic
metabolic disease (10) updating the DGA to recognize and reflect the
poor health status of the general population, and the even more dire
health status of historically marginalized populations, is prudent at
this time. This shift can be facilitated by expanding the current three
USDA Food Patterns included in the DGA - Healthy U.S. Style
Pattern, Healthy Vegetarian Pattern, and Healthy Mediterranean-Style
Pattern - to demonstrate how they can be followed as part of a lower
carbohydrate lifestyle that can improve the health of Americans.

Healthy low-carbohydrate eating patterns
reduce risk factors related to chronic
diet-related diseases

Whereas there is no universally accepted definition for
low-carbohydrate diets, it is preferred to define them by their absolute
content in grams since variation in caloric intake influences the
percent of calories derived from any macronutrient (11). The current
Recommended Daily Allowance (RDA) for carbohydrate is 130 grams
per day, thus we suggest low-carbohydrate diets be defined as those
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consisting of fewer than 130 grams per day or 26% or less of total daily
calories (assuming a diet of 2,000kcal/day). Current USDA Food
Patterns included in the DGA encourage consumption of closer to 300
grams of carbohydrate per day (assuming a diet of 2,000kcal/day).
Ketogenic diets, a subset of low-carbohydrate diets, typically consist
of less than 50 grams of carbohydrate per day with adequate protein
and varying amounts of fat (11). As reported in multiple systemic
reviews and meta-analyses (12, 13) reducing carbohydrate intake to
less than or equal to 130 g/day, or 26% or less of total daily calories, is
associated with weight management (14-16), improved blood glucose
and insulin control (17, 18), lowered blood pressure (14, 15), decreased
markers of inflammation (19), a more favorable lipid profile (14, 20),
and reduced medication requirements (21), despite associated
increases in dietary fat. Low-carbohydrate dietary patterns of up to
130g/d of total carbohydrate align with the RDA for Americans at
every life stage, except for pregnant and lactating women (22), while
improving risk factors for diet-related chronic diseases (14, 15).
African Americans and Hispanic Americans are disproportionately
affected by overweight and obesity in the U.S.; combined, these
populations make up more than 75% of overweight and obese
Americans (23). A systematic review and meta-analysis of thirty-seven
studies with varying degrees of carbohydrate restriction classified as
moderate-low carbohydrate diets of less than 45 to 40% of energy,
low-carbohydrate diets of less than 40 to 30% of energy, and very-low
carbohydrate diets of less than 30% energy, found that all three
classifications of low carbohydrate diets resulted in significant weight
loss compared to moderate-carbohydrate diets of 45-55% energy (15).
Weight loss was significantly more pronounced as participants further
restricted carbohydrate intake and was more prominent among
participants who were overweight or obese at baseline (15). The results
of this meta-analysis highlighted the potential for low-carbohydrate
dietary patterns in helping today’s predominantly overweight and
obese U.S. population manage weight and are a promising solution to
race and ethnicity-associated weight disparities. With U.S. obesity
prevalence being 41.9% as of 2017, disproportionately affecting lower
socioeconomic and historically marginalized racial and ethnic groups
(e.g., the prevalence of obesity in non-Hispanic black women in 2017
was 57%), and a primary driver of chronic diseases such as heart
disease, stroke, type 2 diabetes, certain types of cancer (24), NAFLD
and NASH (25), dietary strategies that have been demonstrated as
effective means for managing weight are necessary at this time.
Carbohydrate restriction (26) and weight control can help reduce
the risk for type 2 diabetes (27). It is estimated that nearly 50% of
American adults are living with prediabetes or diabetes (28). In 2018,
African Americans died from diabetes at a rate of 1.2 times higher
than American Indians and Alaska Natives, 1.9 times higher than
White people, and 2.3 times higher than Asians and Pacific Islanders
(5). Further, between 2011 and 2014, compared with persons with
high income, the relative percentage increase in diabetes prevalence
was 40, 74.1, and 100.4% for those classified as middle income, near-
poor, and poor, respectively (29). The ADA, the leading public health
authority on diabetes in the U.S., recognizes a low-carbohydrate
dietary pattern as a viable and preferable way of managing blood
glucose for those at risk for developing diabetes, and concluded in
their 2023 Standards of Care that, “for people with type 2 diabetes,
low-carbohydrate and very low-carbohydrate eating patterns in
particular have been found to reduce AIC and the need for

»

antihyperglycemic medications (27)
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Another diet-related chronic condition affecting Americans is
hypertension, classified as blood pressure higher than 130/80 mm Hg.
Nearly half of adults in the U.S. (49.6%) have hypertension or are taking
medication for hypertension (30). Elevated blood pressure increases
risk for heart disease, heart attack, and stroke, and in 2020, more than
half a million deaths in the U.S. were attributable to hypertension (31).
High blood pressure is more common in African American adults
(56%) compared to all other ethnic groups (30). A systematic review
and meta-analysis of twenty-nine studies found that moderate to
low-carbohydrate diets, between 40-45% of energy, resulted in
significant reductions in blood pressure (15). Even better results have
been demonstrated with lower carbohydrate intakes (32, 33). Strategies
to reduce risk for cardiovascular-related diseases are warranted, and
mounting evidence indicates low and moderate carbohydrate
restriction is associated with lowering blood pressure in adults (14, 26).

Low-carbohydrate dietary patterns have also been demonstrated to
improve lipoprotein profiles (15), thereby reducing risk for
CVD. Significant improvements in triglyceride levels among healthy
people (14, 16) or the general public-those with at least one chronic
disease - (20, 26, 34, 35) have been consistent across both observational
and controlled studies when people follow low carbohydrate dietary
patterns. Further, it's been demonstrated that as carbohydrate intake is
decreased, regardless of the LDL-cholesterol response, the distribution of
LDL-lipoproteins consistently shifts to a less atherogenic profile (19, 36).

NAFLD is the most common cause of chronic liver disease in western
countries (37) and disproportionately affects Hispanic Americans (25).
Ketogenic diets have been demonstrated to promote metabolic benefits
in people with NAFLD (37, 38). Effects have been attributed to improved
liver fat metabolism and beneficial shifts in gut microbial composition
(37). The results of these studies indicate dietary patterns at or below130
g/d of carbohydrate help reduce chronic-disease risk among Americans.
This is of importance when considering that the majority of adults in the
US. are living with at least one diet-related chronic disease and the
disproportionate rates of diet-related metabolic diseases within racial/
ethnic minorities, lower-income, and rural populations.

There is an opportunity to include
low-carbohydrate options in the DGA
dietary patterns

Diabetes Canada acknowledged that low-or very-low carbohydrate
diets can be considered healthy eating patterns for individuals living with
diabetes for weight loss, improved glycemic control, and/or to reduce the
need for antihyperglycemic therapies, while a similar conclusion was
reached in a scientific statement from the American Heart Association
(39, 40). Data from randomized clinical trials indicate low-carbohydrate
versions of currently recommended dietary patterns are safe and effective
in reducing risk factors associated with chronic diseases. In a randomized
intervention among moderately overweight, mostly male, middle-aged
participants, it was demonstrated that a Mediterranean-style
low-carbohydrate dietary pattern that initially reduced carbohydrate
intake to less than 40g/d, and then gradually increased to 70g/d,
effectively reduced intrapericardial-fat, the accumulation of which is
associated with increased risk for CVD, more than an isocaloric standard
low-fat diet that limited total fat intake to 30% of total calories (41).
Another trial demonstrated that compared with the traditional Dietary
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Approaches to Stop Hypertension (DASH) diet, a modified version that
was lower in carbohydrate and higher in fat lowered blood pressure to
the same extent as the traditional DASH diet, and reduced plasma
triglyceride and VLDL concentrations without significantly increasing
LDL cholesterol (34). In people with type 2 diabetes, low-carbohydrate
and low-saturated fat diets that contained 14% of energy as carbohydrate,
28% as protein, and 58% as fat (<10% saturated) resulted in weight loss,
improvements in blood lipid profile and glucose stability, and reduced
requirements for diabetes medications (42). These are just a small
sampling of the extensive peer-reviewed published studies demonstrating
that low-carbohydrate eating patterns are safe and highly effective at
promoting weight loss and improving metabolic health (11). The results
of these clinical investigations demonstrated that low-carbohydrate
versions of DGA-recommended dietary patterns are an acceptable, if not
preferred, means of managing chronic disease.

Other studies have also demonstrated that low-carbohydrate diets
can fit into a variety of dietary preferences. A calorie-restricted, plant-
based, low-carbohydrate dietary pattern consisting of 26% of total
calories from carbohydrates demonstrated weight loss, favorable
changes to blood lipid profiles, and reductions in systolic and diastolic
blood pressure when compared with a conventional low-fat diet (43).
In a three-year observational study conducted among Japanese
outpatients with type 2 diabetes, a moderately low-carbohydrate diet
resulted in improved blood lipids and glucose control (44).

Table 1 shows the current DGA Healthy U.S.-Style Dietary Pattern for
Ages 2 and Older (22), with daily or weekly amounts from food groups,
subgroups, and components alongside a proposed Lower Carbohydrate,
Healthy U.S. Dietary Pattern. The proposed Lower-Carbohydrate Pattern
maintains the 1,800-kilocalorie level of the eating pattern, with a decrease
from six to one ounce equivalent per day from grains and 3 to 1.5 cup
equivalents per day from dairy; and an increase from 2.5 to 5 cup
equivalents per day from vegetables, five to twelve-ounce equivalents per
day from protein foods, and twenty-four to forty-two grams per day from
oils, with a limit on calories for other uses for oils set at one-hundred-forty
kilocalories per day. This lower carbohydrate dietary pattern provides
adequate fiber, potassium, calcium and vitamin D while reducing
carbohydrates to 126g (25% of calories), compared to 289g (53% of
calories) in the existing Healthy US Style Dietary Pattern. The proposed
Lower-Carbohydrate Pattern could help Americans achieve a lower-
carbohydrate lifestyle that fits within the RDA for carbohydrate, fits into
the USDA Thrifty Food Plan, and is associated with weight management
(14-16), improved blood glucose and insulin control (17, 18), lowered
blood pressure (14, 15), and a more favorable lipid profile (14, 20).

Discussion

The Government Accountability Office, tasked with providing
Congress, the heads of executive agencies, and the public with
timely, fact-based, non-partisan information that can be used to
improve government and save taxpayers billions of dollars,
published a report to Congressional requesters in 2021 that
reviewed two-hundred efforts to improve diet quality and reduce
the risk of chronic diseases from twenty-one government agencies
and stated, “The increase in certain diet-related conditions over
time indicates further potential threats to Americans’ health (5)”
The USDA and HHS have an opportunity to recognize this public
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TABLE 1 Healthy U.S.-Style Dietary Pattern for Ages 2 and Older, With Daily or Weekly Amounts From Food Groups, Subgroups, and Components
(meets Thrifty Food Plan*).

Healthy U.S.

1,800

Lower Carbohydrate, Healthy U.S.

‘ 1,800

FOOD GROUP OR SUBGROUP

Daily Amount of Food From Each Group (Vegetable and protein foods subgroup amounts are per week.)

e " |
Vegetable Subgroups in Weekly Amounts
Dark-Green Vegetables (cup eq/wk) 1% 10 %
Red and Orange vegetables (cup eq/wk) 5% 15 %
Beans, Peas, Lentils (cup eq/wk) 1% 3%
Starchy Vegetables (cup eq/wk) 5 1%
Other vegetables (cup eq/wk) 4 3%
1% A
6 15%
‘Whole Grains (ounce eq/day) 3 1
Refined Grains (ounce eq/day) 3 0
3 1 ek
5 12%%
Protein Foods Subgroups in Weekly Amounts
Meats, Poultry, Eggs (ounce eq/wk) 23 34
Seafood (ounce eq/wk) 8 43
Nuts, Seeds, Soy products (ounce eq/wk) 4 7
24 42%%
140 -

6%

Limit on Calories for Other uses (%/day)

*Thrifty Food Plan: In October 2021, $58.32/week for female 20-50 years old in 1-person household. In November 2021, cost for 1-day menu $6.95 using state of Colorado pricing.
*#*Rounded down to the nearest % cup or ounce eq. Bold values are totals for each Dietary Guidelines for Americans food group; non-bold values are for food sub-groups.

health crisis as they update the DGA and can provide options to
help improve the health of an overwhelmingly sick population. The
inclusion of a lower-carbohydrate option that aligns with the
current scientific evidence and fits within existing dietary patterns
will help the DGA more effectively target the spiraling crisis of poor
metabolic health in the nation. Further, it has the potential to
enhance nutrition security to address the disproportionately high
prevalence of impaired metabolic health in racial/ethnic minorities,
lower-income populations, and rural and remote groups who are
experiencing an outsized burden of nutrition-related chronic
diseases. As was stated in the White House National Strategy on
Hunger, Nutrition, and Health, “The consequences of food
insecurity and diet-related diseases are significant, far reaching, and
disproportionately impact historically underserved communities.
Yet, food insecurity and diet-related diseases are largely preventable,
if we follow the best science and prioritize the health of the

»

nation (9)

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Frontiers in Nutrition

04

Author contributions

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Funding

Funding support for this publication was provided by an
unrestricted grant from Simply Good Foods USA, Inc.

Conflict of interest

JC is an employee and shareholder of Simply Good Foods USA,
Inc. Simply Good Foods owns Atkins® and Quest Nutrition®, brands
that sell low-carbohydrate food products. JV is a co-founder and has
equity in Virta Health; serves as a scientific advisor for Simply Good
Foods and receives royalties from books discussing the science of
low-carbohydrate eating patterns.

The authors declare that this study received funding from
Simply Good Foods USA, Inc. The funder had the following
involvement in the study: helped write the article and design and
analyze the dietary pattern modelling.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1141859
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Volek et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. USDA, ENS. USDA Actions on Nutrition Security 2022 (2022). Available at: https://

www.usda.gov/sites/default/files/documents/usda-actions-nutrition-security.pdf

2. Mozaffarian D, Fleischhacker S, Andres JR. Prioritizing nutrition security in the
US. JAMA. (2021) 325:1605-6. doi: 10.1001/jama.2021.1915

3. Stephenson J. White house releases strategy to address hunger, nutrition, and health in
the US. JAMA Health Forum. (2022) 3:€224293. doi: 10.1001/jamahealthforum.2022.4293

4. Brandt EJ, Chang T, Leung C, Ayanian JZ, Nallamothu BK. Food insecurity among
individuals with cardiovascular disease and Cardiometabolic risk factors across race and
ethnicity in 1999-2018. JAMA Cardiol. (2022) 7:1218-26. doi: 10.1001/jamacardio.2022.3729

5. GAO. Chronic Health Conditions: Federal Strategy Needed to Coordinate Diet-related
Efforts (2021) Available at: https://www.gao.gov/assets/gao-21-593.pdf (Accessed
September 16, 2021).

6. O'Hearn M, Lauren BN, Wong JB, Kim DD, Mozaffarian D. Trends and disparities
in Cardiometabolic health among U.S. adults, 1999-2018. ] Am Coll Cardiol. (2022)
80:138-51. doi: 10.1016/j.jacc.2022.04.046

7. Fleischhacker SE, Woteki CE, Coates PM, Hubbard VS, Flaherty GE, Glickman DR,
et al. Strengthening national nutrition research: rationale and options for a new
coordinated federal research effort and authority. Am J Clin Nutr. (2020) 112:721-69.
doi: 10.1093/ajcn/nqaal79

8. American Diabetes Association. Economic costs of Diabetes in the U.S. in 2017.
Diabetes Care. (2018) 41:917-28. doi: 10.2337/dci18-0007

9. White House. Biden-Harris Administration National Strategy on Hunger, Nutrition,
and Health 2022 (2022). Available at: https://www.whitehouse.gov/wp-content/
uploads/2022/09/White-House-National-Strategy-on-Hunger-Nutrition-and-Health-
FINAL.pdf

10. Araujo J, Cai J, Stevens J. Prevalence of optimal metabolic health in American
adults: National Health and nutrition examination survey 2009-2016. Metab Syndr Relat
Disord. (2019) 17:46-52. doi: 10.1089/met.2018.0105

11. Volek JS, Phinney SD, Krauss RM, Johnson RJ, Saslow LR, Gower B, et al.
Alternative dietary patterns for Americans: low-carbohydrate diets. Nutrients. (2021)
13:3299. doi: 10.3390/nul13103299

12. Feinman RD, Pogozelski WK, Astrup A, Bernstein RK, Fine EJ, Westman EC, et al.
Dietary carbohydrate restriction as the first approach in diabetes management: critical
review and evidence base. Nutrition. (2015) 31:1-13. doi: 10.1016/j.nut.2014.06.011

13. Sackner-Bernstein J, Kanter D, Kaul S. Dietary intervention for overweight and
obese adults: comparison of low-carbohydrate and low-fat diets. A Meta-Analysis. PLoS
One. (2015) 10:¢0139817. doi: 10.1371/journal.pone.0139817

14. Bazzano LA, Hu T, Reynolds K, Yao L, Bunol C, Liu Y, et al. Effects of low-
carbohydrate and low-fat diets: a randomized trial. Ann Intern Med. (2014) 161:309-18.
doi: 10.7326/M14-0180

15. Fechner E, Smeets E, Schrauwen P, Mensink RP. The effects of different degrees of
carbohydrate restriction and carbohydrate replacement on Cardiometabolic risk
markers in humans-a systematic review and meta-analysis. Nutrients. (2020) 12:991. doi:
10.3390/nu12040991

16. Harvey C, Schofield GM, Zinn C, Thornley SJ, Crofts C, Merien FLR. Low-
carbohydrate diets differing in carbohydrate restriction improve cardiometabolic and
anthropometric markers in healthy adults: a randomised clinical trial. Peer J. (2019)
7:¢6273. doi: 10.7717/peer;j.6273

17. Goldenberg JZ, Day A, Brinkworth GD, Sato J, Yamada S, Jonsson T, et al. Efficacy
and safety of low and very low carbohydrate diets for type 2 diabetes remission:
systematic review and meta-analysis of published and unpublished randomized trial
data. BMJ. (2021) 372:m4743. doi: 10.1136/bmj.m4743

18. Sainsbury E, Kizirian NV, Partridge SR, Gill T, Colagiuri S, Gibson AA. Effect of
dietary carbohydrate restriction on glycemic control in adults with diabetes: a systematic
review and meta-analysis. Diabetes Res Clin Pract. (2018) 139:239-52. doi: 10.1016/j.
diabres.2018.02.026

19. Forsythe CE, Phinney SD, Fernandez ML, Quann EE, Wood RJ, Bibus DM, et al.
Comparison of low fat and low carbohydrate diets on circulating fatty acid composition
and markers of inflammation. Lipids. (2008) 43:65-77. doi: 10.1007/s11745-007-3132-7

20. Chen CY, Huang WS, Chen HC, Chang CH, Lee LT, Chen HS, et al. Effect of a 90
g/day low-carbohydrate diet on glycaemic control, small, dense low-density lipoprotein
and carotid intima-media thickness in type 2 diabetic patients: an 18-month randomised
controlled trial. PLoS One. (2020) 15:¢0240158. doi: 10.1371/journal.pone.0240158

21. Yancy WS Jr, Crowley MJ, Dar MS, Coffman C]J, Jeffreys AS, Maciejewski ML, et al.
Comparison of Group medical visits combined with intensive weight management vs Group

Frontiers in Nutrition

10.3389/fnut.2023.1141859

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

medical visits alone for Glycemia in patients with type 2 Diabetes: a noninferiority randomized
clinical trial. JAMA Intern Med. (2020) 180:70-9. doi: 10.1001/jamainternmed.2019.4802

22.US. Department of Agriculture and U.S. Department of Health and Human
Services. Dietary Guidelines for Americans, 2020-2025. 9th ed (2020) Available at:

DietaryGuidelines.gov.

23.CDC. Overweight and Obesity. (2023) Available at: https://www.cdc.gov/nchs/
fastats/obesity-overweight.htm

24. CDC. Adult Obestiy facts (2022) [Available at: https://www.cdc.gov/obesity/data/
adult.html

25. Fleischman MW, Budoft M, Zeb I, Li D, Foster T. NAFLD prevalence differs among
hispanic subgroups: the multi-ethnic study of atherosclerosis. World ] Gastroenterol.
(2014) 20:4987-93. doi: 10.3748/wjg.v20.117.4987

26. Hyde PN, Sapper TN, Crabtree CD, LaFountain RA, Bowling ML, Buga A, et al.
Dietary carbohydrate restriction improves metabolic syndrome independent of weight
loss. JCI Insight. (2019) 4:¢128308. doi: 10.1172/jci.insight.128308

27. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al.
5. Facilitating positive health behaviors and well-being to improve health outcomes:
standards of Care in Diabetes-2023. Diabetes Care. (2023) 46:568-96. doi: 10.2337/
dc23-S005

28. CDC. National Diabetes Statistics Report Website (2022) Available at: https://www.
cdc.gov/diabetes/data/statistics-report/index.html

29. Beckles GL, Chou CF. Disparities in the prevalence of diagnosed Diabetes-United
States, 1999-2002 and 2011-2014. MMWR Morb Mortal Wkly Rep. (2016) 65:1265-9.
doi: 10.15585/mmwr.mm6545a4

30.CDC. Hypertension (2022). Available at: https://www.cdc.gov/nchs/fastats/
hypertension.htm (Accessed September 6, 2022).

31.CDC. Facts About Hypertension (2022) Available at: https://www.cdc.gov/
bloodpressure/facts.htm (Accessed October 14, 2022).

32. Bhanpuri NH, Hallberg SJ, Williams PT, McKenzie AL, Ballard KD, Campbell
WW, et al. Cardiovascular disease risk factor responses to a type 2 diabetes care model
including nutritional ketosis induced by sustained carbohydrate restriction at 1 year: an
open label, non-randomized, controlled study. Cardiovasc Diabetol. (2018) 17:56. doi:
10.1186/512933-018-0698-8

33. Gardner CD, Kiazand A, Alhassan S, Kim S, Stafford RS, Balise RR, et al.
Comparison of the Atkins, zone, Ornish, and LEARN diets for change in weight and
related risk factors among overweight premenopausal women: the a TO Z weight loss
study: a randomized trial. JAMA. (2007) 297:969-77. doi: 10.1001/jama.297.9.969

34. Chiu S, Bergeron N, Williams PT, Bray GA, Sutherland B, Krauss RM. Comparison
of the DASH (dietary approaches to stop hypertension) diet and a higher-fat DASH diet
on blood pressure and lipids and lipoproteins: a randomized controlled trial. Am J Clin
Nutr. (2016) 103:341-7. doi: 10.3945/ajcn.115.123281

35. Yamada Y, Uchida J, Izumi H, Tsukamoto Y, Inoue G, Watanabe Y, et al. A non-
calorie-restricted low-carbohydrate diet is effective as an alternative therapy for patients
with type 2 diabetes. Intern Med. (2014) 53:13-9. doi: 10.2169/internalmedicine.53.0861

36. Vernon MC, Kueser B, Transue M, Yates HE, Yancy WS, Westman EC. Clinical
experience of a carbohydrate-restricted diet for the metabolic syndrome. Metab Syndr
Relat Disord. (2004) 2:180-6. doi: 10.1089/met.2004.2.180

37. Mardinoglu A, Wu H, Bjornson E, Zhang C, Hakkarainen A, Rasanen SM, et al.
An integrated understanding of the rapid metabolic benefits of a carbohydrate-restricted
diet on hepatic steatosis in humans. Cell Metab. (2018) 27:559-571.e5. doi: 10.1016/j.
cmet.2018.01.005

38. Watanabe M, Tozzi R, Risi R, Tuccinardi D, Mariani S, Basciani S, et al. Beneficial
effects of the ketogenic diet on nonalcoholic fatty liver disease: a comprehensive review
of the literature. Obes Rev. (2020) 21:¢13024. doi: 10.1111/0br.13024

39. Diabetes Canada position statement on low-carbohydrate diets for adults with
Diabetes: a rapid review. Can ] Diabetes. (2020) 44:295-9. doi: 10.1016/j.jcjd.2020.04.001

40. Joseph JJ, Deedwania P, Acharya T, Aguilar D, Bhatt DL, Chyun DA, et al.
Comprehensive Management of Cardiovascular Risk Factors for adults with type 2
Diabetes: a scientific statement from the American Heart Association. Circulation.
(2022) 145:722-59. doi: 10.1161/CIR.0000000000001040

41. Tsaban G, Wolak A, Avni-Hassid H, Gepner Y, Shelef I, Henkin Y, et al. Dynamics
of intrapericardial and extrapericardial fat tissues during long-term, dietary-induced,
moderate weight loss. Am J Clin Nutr. (2017) 106:984-95. doi: 10.3945/ajcn.117.157115

42. Tay J, Thompson CH, Luscombe-Marsh ND, Wycherley TP, Noakes M, Buckley
JD, et al. Effects of an energy-restricted low-carbohydrate, high unsaturated fat/low

frontiersin.org


https://doi.org/10.3389/fnut.2023.1141859
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.usda.gov/sites/default/files/documents/usda-actions-nutrition-security.pdf
https://www.usda.gov/sites/default/files/documents/usda-actions-nutrition-security.pdf
https://doi.org/10.1001/jama.2021.1915
https://doi.org/10.1001/jamahealthforum.2022.4293
https://doi.org/10.1001/jamacardio.2022.3729
https://www.gao.gov/assets/gao-21-593.pdf
https://doi.org/10.1016/j.jacc.2022.04.046
https://doi.org/10.1093/ajcn/nqaa179
https://doi.org/10.2337/dci18-0007
https://www.whitehouse.gov/wp-content/uploads/2022/09/White-House-National-Strategy-on-Hunger-Nutrition-and-Health-FINAL.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/09/White-House-National-Strategy-on-Hunger-Nutrition-and-Health-FINAL.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/09/White-House-National-Strategy-on-Hunger-Nutrition-and-Health-FINAL.pdf
https://doi.org/10.1089/met.2018.0105
https://doi.org/10.3390/nu13103299
https://doi.org/10.1016/j.nut.2014.06.011
https://doi.org/10.1371/journal.pone.0139817
https://doi.org/10.7326/M14-0180
https://doi.org/10.3390/nu12040991
https://doi.org/10.7717/peerj.6273
https://doi.org/10.1136/bmj.m4743
https://doi.org/10.1016/j.diabres.2018.02.026
https://doi.org/10.1016/j.diabres.2018.02.026
https://doi.org/10.1007/s11745-007-3132-7
https://doi.org/10.1371/journal.pone.0240158
https://doi.org/10.1001/jamainternmed.2019.4802
https://DietaryGuidelines.gov
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/obesity/data/adult.html
https://www.cdc.gov/obesity/data/adult.html
https://doi.org/10.3748/wjg.v20.i17.4987
https://doi.org/10.1172/jci.insight.128308
https://doi.org/10.2337/dc23-S005
https://doi.org/10.2337/dc23-S005
https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://doi.org/10.15585/mmwr.mm6545a4
https://www.cdc.gov/nchs/fastats/hypertension.htm
https://www.cdc.gov/nchs/fastats/hypertension.htm
https://www.cdc.gov/bloodpressure/facts.htm
https://www.cdc.gov/bloodpressure/facts.htm
https://doi.org/10.1186/s12933-018-0698-8
https://doi.org/10.1001/jama.297.9.969
https://doi.org/10.3945/ajcn.115.123281
https://doi.org/10.2169/internalmedicine.53.0861
https://doi.org/10.1089/met.2004.2.180
https://doi.org/10.1016/j.cmet.2018.01.005
https://doi.org/10.1016/j.cmet.2018.01.005
https://doi.org/10.1111/obr.13024
https://doi.org/10.1016/j.jcjd.2020.04.001
https://doi.org/10.1161/CIR.0000000000001040
https://doi.org/10.3945/ajcn.117.157115

Volek et al.

saturated fat diet versus a high-carbohydrate, low-fat diet in type 2 diabetes: a 2-year
randomized clinical trial. Diabetes Obes Metab. (2018) 20:858-71. doi: 10.1111/
dom.13164

43. Jenkins DJ, Wong JM, Kendall CW, Esfahani A, Ng VW, Leong TC, et al. The effect
of a plant-based low-carbohydrate ("eco-Atkins") diet on body weight and blood lipid

Frontiers in Nutrition

06

10.3389/fnut.2023.1141859

concentrations in hyperlipidemic subjects. Arch Intern Med. (2009) 169:1046-54. doi:
10.1001/archinternmed.2009.115

44. Sanada M, Kabe C, Hata H, Uchida J, Inoue G, Tsukamoto Y, et al. Efficacy of a
moderately low carbohydrate diet in a 36-month observational study of Japanese
patients with type 2 Diabetes. Nutrients. (2018) 10:528. doi: 10.3390/nu10050528

frontiersin.org


https://doi.org/10.3389/fnut.2023.1141859
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1111/dom.13164
https://doi.org/10.1111/dom.13164
https://doi.org/10.1001/archinternmed.2009.115
https://doi.org/10.3390/nu10050528

	Applying a nutrition security lens to the Dietary Guidelines for Americans to address metabolic health
	Introduction
	Healthy low-carbohydrate eating patterns reduce risk factors related to chronic diet-related diseases
	There is an opportunity to include low-carbohydrate options in the DGA dietary patterns

	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

