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Ensuring a Rigorous, Independent Scientific Foundation for the Dietary 
Guidelines for Americans, 2025–2030 

To establish a rigorous scientific foundation for the Dietary Guidelines for Americans, the Trump 
Administration implemented an independent evidence review process to address and correct 
deficiencies identified in the Scientific Report of the 2025 Dietary Guidelines Advisory Committee 
(DGAC Report), which framed its analysis through a health equity lens. In contrast, the Trump 
Administration believes that the central framework for the Dietary Guidelines should be the best 
available nutrition science centered around what humans should eat to prevent and reverse chronic 
disease and support optimal health. Accordingly, supplemental scientific work was undertaken.  

To conduct this supplemental scientific analysis, nutrition scientists and subject matter experts were 
selected through a federal contracting process based on demonstrated expertise. All experts publicly 
disclosed any nutrition-related private interests, including those that could present an appearance or 
potential for private interests. 

Prior to initiating the evidence review, a methodology expert established standardized protocols 
governing study inclusion and exclusion criteria, assessment of study quality and risk of bias, 
approaches to evidence synthesis, and criteria for grading the strength of evidence. These protocols 
were designed to ensure that conclusions were driven by the evidence itself rather than by 
predetermined interpretive frameworks.  

Expert reviewers conducted rapid systematic reviews, umbrella reviews, and comprehensive 
literature syntheses. Evidence was evaluated based solely on scientific rigor, study design, 
consistency of findings, and biological plausibility. All reviews underwent internal quality checks to 
ensure accuracy, coherence, and methodological consistency.  

The National Institutes of Health (NIH) Office of Nutrition Research coordinated an external peer 
review process, assigning two independent reviewers to each scientific review. Reviewers were 
selected based on relevant expertise and absence of conflicts of interest. Review authors addressed 
all peer reviewer comments and revised their analyses accordingly, and NIH confirmed completion of 
the peer review process. 

Following incorporation of peer review feedback, the U.S. Department of Health and Human Services 
(HHS) and U.S. Department of Agriculture (USDA) Scientific Report—referred to here as the 
Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030—was finalized as the 
evidentiary foundation for the 2025 Dietary Guidelines for Americans.  

This document contains: 

• An overview of concerns regarding the DGAC Report  
• Overview of Evidence Accepted and Rejected from the DGAC Report 
• The Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030 

The Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030, appendices, 
including supplementary scientific reviews and the complete DGAC Report, are available online. 

  

https://www.dietaryguidelines.gov/sites/default/files/2024-12/Scientific_Report_of_the_2025_Dietary_Guidelines_Advisory_Committee_508c.pdf
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Concerns with the DGAC Report 

The central concern with the DGAC Report was that all scientific questions were evaluated through a 
health equity lens, obligating reviewers to filter evidence through considerations of race, ethnicity, 
culture, and socioeconomic status. While these considerations are important for policy 
implementation, imposing them as interpretive filters during the evaluation of scientific evidence 
reverses the proper sequence of scientific inquiry.  

The Biden Administration described “health equity” as the “central lens” for the DGAC’s work, and the 
term appeared more than 170 times in the DGAC Report. Embedding an equity framework within a 
document intended to provide unbiased scientific assessment risks allowing existing policy 
challenges to shape scientific conclusions. Science should inform policy—not be constrained by it. As 
a scientific document, the DGAC Report should reflect the best available evidence, independent of 
current policy preferences or implementation concerns. 

We recognize and share concerns regarding the affordability and accessibility of healthy food, 
particularly for disadvantaged populations. However, these challenges are best addressed by first 
establishing clear, unbiased scientific guidance on the optimal diet for Americans. That science can 
then serve as the foundation for effective downstream policy solutions. 

The urgency of this distinction is underscored by the nation’s worsening health outcomes. Today, the 
United States faces the highest chronic disease rates of any developed nation in the world. More than 
70% of our nation’s adults carry excess weight, over 40% meet the criteria for obesity, and more than 
half are diabetic or prediabetic. Our kids are not safe, either—over 35% of our nation’s kids have 
excess body weight, more than 20% meet the criteria for obesity, 1 in 14 are severely obese, and 
25% are prediabetic. 

There is broad scientific consensus that the Standard American Diet—a typical U.S. diet high in 
processed foods, added sugars, unhealthy fats, and sodium, while being low in fruits, vegetables, and 
whole grains—is a major contributor to these skyrocketing chronic disease rates. Rigorous, policy-
neutral science—untethered to concerns about equity and inclusion—is essential to enable 
policymakers to address issues of access and affordability of healthy food without compromising 
scientific integrity. Equity considerations and public policy preferences pervaded the DGAC Report. 
The Committee consistently advocated plant-based dietary patterns, deprioritized animal-sourced 
proteins, and favored high linoleic acid vegetable oils. For example, the DGAC proposed reorganizing 
protein food subgroups to prioritize beans, peas, and lentils while listing meats, poultry, and eggs 
last—a symbolic reordering lacking scientific justification. The Report recommended that fat 
replacements “focus on plant-based sources,” encouraged dietary patterns that “increase plant-based 
and decrease animal-based protein foods,” and continued longstanding recommendations for low-fat 
dairy and butter replacement, despite emerging evidence that calls these positions into question.  

Additionally, despite substantial evidence linking highly processed foods to rising rates of chronic 
disease, the DGAC did not recommend clear limits on their consumption. Instead, the Report 
emphasized “cultural adaptation” and “flexibility” over clear, measurable guidance. It also failed to 
take a stronger position on limiting added sugars for children, despite epidemics of childhood obesity 
and prediabetes in the U.S.  
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For these reasons, the Trump Administration determined that adopting the DGAC Report would not 
meet the American public’s need for objective, evidence-based nutrition guidance. 

The American public deserves dietary guidance grounded in the best available science—free from 
ideological bias, institutional conflicts, or predetermined conclusions. The resulting Dietary Guidelines 
for Americans, 2025–2030, provide clear, evidence-based recommendations to help Americans make 
informed food choices that support health, prevent chronic disease, and improve quality of life. 

The Dietary Guidelines for Americans, 2025–2030, are an invitation to all nutrition researchers to 
engage in continued scientific inquiry and dialogue to ensure the best possible diet is recommended 
for Americans. While further research and debate remain in nutrition science, there is broad 
agreement: The American diet should emphasize whole, minimally processed foods; prioritize high-
quality protein, fruits, vegetables, healthy fats, and whole grains; and avoid highly processed foods. 

Overview of Evidence Accepted and Rejected from the DGAC Report 

 Implemented in the 
Dietary Guidelines 

for Americans, 2025–
2030? 

Dietary Guideline Advisory Committee Recommendations Yes Partial No 

Dietary Patterns 

1. Develop a single, inclusive dietary pattern that offers flexibilities to 
support individual needs and preferences. ☐ ☒ ☐ 

2. The Departments conduct research with consumers and/or health 
professionals to finalize the dietary pattern name. ☐ ☐ ☒ 

3. Flexibilities within the core elements of the Eat Healthy Your Way 
Dietary Pattern are recommended. ☐ ☒ ☐ 

4. Along with the visual presentation of the Eat Healthy Your Way 
pattern, the Committee recommends narrative advice and tables 
around the flexibilities within the core elements. 

☐ ☐ ☒ 

5. Emphasize consumption of vegetables, fruits, legumes (beans, 
peas, lentils), whole grains, nuts, and fish/seafood. ☐ ☒ ☐ 

6. Committee reaffirms current guidance in the Dietary Guidelines 
for Americans, 2020–2025, to limit foods and beverages higher in 
saturated fat and to limit total saturated fat intake to less than 
10% of calories per day starting at age 2 by replacing it with 
unsaturated fat, particularly PUFA. 

☐ ☒ ☐ 

7. Enhance the guidance (replace saturated fat with unsaturated fat, 
particularly PUFA) to indicate that replacement with MUFA and 
PUFA should focus on plant-based sources. 

☐ ☐ ☒ 
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 Implemented in the 
Dietary Guidelines 

for Americans, 2025–
2030? 

Dietary Guideline Advisory Committee Recommendations Yes Partial No 

8. Modify the dietary pattern to emphasize dietary intakes of beans, 
peas, and lentils while reducing intakes of red and processed 
meats. 

☐ ☐ ☒ 

9. Move Beans, Peas, and Lentils Subgroup from the Vegetables 
Food Group to the Protein Foods Group. ☒ ☐ ☐ 

10. Reorganize the order of the Protein Foods Subgroups to list 
Beans, Peas, and Lentils first, followed by Nuts, Seeds, and Soy 
Products, then Seafood, and finally Meats, Poultry, and Eggs. 

☐ ☐ ☒ 

11. Continue to emphasize consumption of low-fat or nonfat dairy and 
unsaturated fats. ☐ ☐ ☒ 

12. Limit consumption of red and processed meats, foods high in 
saturated fat, and salty/savory snacks. ☐ ☒ ☐ 

13. When consuming grains, encourage mostly whole grains and limit 
refined grains. Intakes should be at least half Whole Grains but 
encourage shifts to even more Whole Grains. 

☐ ☒ ☐ 

14. Continue to limit foods high in added sugars, including sweetened 
beverages and foods. ☒ ☐ ☐ 

15. Maintain existing guidance that emphasizes intakes of iron, 
folate/folic acid, iodine, and choline among pregnant and 
postpartum individuals. 

☒ ☐ ☐ 

16. Include more nutrient-dense plant-based meal and dietary 
recommendation options. ☐ ☐ ☒ 

17. Remove the line in the 2020 Healthy U.S. Style Dietary Pattern 
that presents “Limits on Calories for Other Uses.” ☒ ☐ ☐ 

18. The Eat Healthy Your Way Dietary Pattern supports flexibility in 
the proportions of plant- to animal-based Protein Foods 
consumed that further increases plant-based and decreases 
animal-based Protein Foods. 

☐ ☐ ☒ 

19. Highlight the diversity of options within each food group or 
subgroups that meet the Eat Healthy Your Way Dietary Pattern. ☐ ☐ ☒ 

20. Highlight the existing special considerations of nutrients and 
dietary components of public health concern. Calcium, potassium, 
vitamin D, and dietary fiber are underconsumed, and added 
sugars, saturated fat, and sodium are consumed in excess. 

☐ ☒ ☐ 
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 Implemented in the 
Dietary Guidelines 

for Americans, 2025–
2030? 

Dietary Guideline Advisory Committee Recommendations Yes Partial No 

21. Retain the 2020 Healthy U.S. Style Diet for young children ages 
12 through 23 months who are no longer receiving human milk or 
infant formula, except to change the name of the pattern to the 
Eat Healthy Your Way Dietary Pattern. 

☐ ☒ ☐ 

22. Continue the use of inclusive language for feeding infants human 
milk or iron-fortified infant formula to reflect current practices, 
while continuing to recommend exclusive human milk feeding 
during the first 6 months of life when possible. 

☒ ☐ ☐ 

Beverages and Food Sources of Saturated Fat 

23. Recommend plain drinking water as the primary beverage for 
people to consume. Water beverages flavored with a small 
amount of 100% fruit juice may also be suggested as a healthy 
option. 

☒ ☐ ☐ 

24. Recommend intakes of sugar-sweetened beverages and other 
beverages that contain added sugars with minimal or no 
beneficial nutrients should be limited, rather than 
reduced/decreased. 

☒ ☐ ☐ 

25. Reaffirm current guidance to lower consumption of butter and 
replace butter with vegetable oils that are higher in unsaturated 
fatty acids. 

☐ ☐ ☒ 

26. Promote replacement of plant sources higher in saturated fat, 
such as coconut oil, cocoa butter, and palm oil, with vegetable oils 
higher in unsaturated fats. 

☐ ☐ ☒ 

27. For the Dairy and Fortified Soy Alternatives food group, plain cow 
milk (whole milk) or fortified unsweetened soy beverage can be 
offered beginning around 12 months of age. 

☐ ☒ ☐ 

28. Fat-free and low-fat dairy and fortified soy options are 
recommended for individuals ages 2 years and older. ☐ ☐ ☒ 

29. Products containing high amounts of calories and saturated fat 
and/or added sugars (such as half & half, cream, non-dairy 
creamers, and flavorings with added sugars such as syrups) 
should be replaced with versions lower in saturated fat and added 
sugars. 

☐ ☒ ☐ 
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 Implemented in the 
Dietary Guidelines 

for Americans, 2025–
2030? 

Dietary Guideline Advisory Committee Recommendations Yes Partial No 

30. The next edition of the Dietary Guidelines for Americans should 
clearly state that water and nutrient-dense beverages should be 
the primary beverages consumed during pregnancy and lactation. 

☒ ☐ ☐ 

Strategies for Individuals and Families Related to Diet Quality and Weight 
Management 

31. Continue to recommend regular breakfast consumption as part of 
a dietary pattern that is better aligned with the Dietary Guidelines, 
particularly for children and adolescents. 

☐ ☐ ☒ 

32. State that recommendations for meals and snacks should focus 
on nutrient-dense foods and beverages and underconsumed food 
groups. 

☐ ☒ ☐ 

33. Incorporate guidance about after dinner/evening snacking in the 
Dietary Guidelines. ☐ ☐ ☒ 

34. Use structured feeding practices to promote children’s intake of 
vegetables and fruits, including making those foods available and 
accessible in the home, providing repeated exposure to new 
foods, and modeling healthy eating behaviors.  

☒ ☐ ☐ 

35. Promote diets with a higher number of eating occasions in 
children, such as dividing nutrient-dense foods into smaller 
meals/snacks throughout the day. 

☐ ☐ ☒ 

36. For children and adults, consume smaller portions of energy-
dense foods to stay within energy requirements. ☒ ☐ ☐ 

37. For children, use portion size strategically to promote intake of 
vegetables and fruits. ☐ ☐ ☒ 

38. For adults, use pre-portioned foods to help reduce intake of 
energy-dense foods. ☐ ☐ ☒ 

39. For foods available in retail stores and food service 
establishments, offer choices so that energy-dense foods can be 
purchased in smaller, pre-portioned packages.  

☐ ☐ ☒ 

40. Strategies to decrease packaging chemical exposures and 
increase sustainability should be considered, which can include 
repackaging bulk- or value-sized foods at home into smaller 
portions using sustainable options. 

☐ ☐ ☒ 
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 Implemented in the 
Dietary Guidelines 

for Americans, 2025–
2030? 

Dietary Guideline Advisory Committee Recommendations Yes Partial No 

Lifespan 

41. Incorporate a lifespan perspective within a chronic disease 
prevention framework to promote growth and development and to 
improve the healthspan (i.e., the length of time that a person is in 
good health). 

☒ ☐ ☐ 

42. Continue to report current dietary intakes by age and life stage— 
as done in the lifespan approach of the Dietary Guidelines for 
Americans, 2020–2025—while also expanding to consider other 
sociodemographic groups (age, sex, race and/or ethnicity, and 
food security status). 

☐ ☐ ☒ 

43. Recommendations should continue to consider the poor health 
and high prevalence of nutrition-related chronic diseases among 
older adults, as well as the high prevalence of indicators of poor 
health among children, adolescents, and younger adults. 

☒ ☐ ☐ 

44. The Committee envisions that the Dietary Guidelines could shift, 
through interactive technology, from a static presentation of 
healthy dietary patterns to provide consumers with more 
interactive guidance that introduces flexibilities and is more 
inclusive in its approach. 

☐ ☐ ☒ 

45. Illustrate how the Dietary Guidelines can be adapted for different 
cultural diets. ☐ ☒ ☐ 

46. Provide guidance for adaptation of dietary patterns across 
different social, economic, geographic, and cultural contexts. ☐ ☐ ☒ 

47. Consider conducting more implementation science research to 
increase consumption of dietary patterns associated with 
decreased cardiovascular disease and type 2 diabetes, given the 
strength of the evidence. 

☐ ☐ ☒ 

48. Consider more education and communication around cup and 
ounce equivalents and develop interactive tools to make 
conversions intuitive and easy. 

☐ ☐ ☒ 

49. Consider directional language (e.g., “increase intake of”). ☒ ☐ ☐ 
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 Implemented in the 
Dietary Guidelines 

for Americans, 2025–
2030? 

Dietary Guideline Advisory Committee Recommendations Yes Partial No 

50. Conduct consumer research on the dietary pattern and food 
group and subgroup names: 
◦ Recommend new consumer research regarding the food group 
name, “Protein Foods,” because foods in other food groups also 
contain protein. 

☐ ☐ ☒ 

51. Conduct consumer research on the dietary pattern and food 
group and subgroup names: 
 ◦ For “Dairy and Fortified Soy Alternatives,” suggest not referring 
to lactose-free options and fortified soy milk and yogurt as 
“alternatives” because they are part of the Dairy group. Determine 
if “Dairy and Fortified Soy Alternatives” is the best term to capture 
recommended foods within this food group (i.e., milk and soy milk, 
yogurt and soy yogurt, and cheese). 

☐ ☐ ☒ 

52. Recommend exploring nomenclature for “Other Vegetables” to 
better reflect the foods in this food group (e.g., asparagus, 
avocado, bamboo shoots, beets, bitter melon, Brussels sprouts, 
cabbage [green, red, napa, savoy], cactus pads [nopales], 
cauliflower, celery, chayote [mirliton], cucumber, eggplant, green 
beans, kohlrabi, luffa, mushrooms, okra, onions, radish, rutabaga, 
seaweed, snow peas, summer squash, tomatillos, and turnips). 

☐ ☐ ☒ 

53. Provide clear advice to consumers that alerts them to sodium 
levels in foods. ☒ ☐ ☐ 

54. Committee supports further reducing voluntary targets to further 
reduce sodium in the food supply. ☐ ☐ ☒ 

55. Consider the findings of 2 other expert committees that are 
addressing alcoholic beverages and health outcomes. ☐ ☐ ☒ 

56. Enhancements to current guidance should focus on feeding 
practices, which refer to specific goal-oriented behaviors used by 
caregivers to shape and/or guide children’s eating behaviors. The 
Committee recommends describing feeding practices along 
higher-order conceptual dimensions of structure, autonomy, 
support, and control. 

☐ ☐ ☒ 
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Disclosure of Nutrition-Related Private Interests 

As part of the Trump Administration’s commitment to radical transparency, all external 
nutrition experts conducting scientific reviews to support the Dietary Guidelines for 
Americans, 2025–2030, were asked to disclose any nutrition-related private interests, 
including those that present an appearance of a private interest, a potential private 
interest, or a material private interest. Because this request applies only to external 
experts, it does not follow federal disclosure requirements for federal employees. 
Instead, this is a streamlined disclosure focused solely on nutrition-related activities. 

These disclosures are made publicly available alongside participant information to 
ensure clarity and trust in the scientific review process. 

Experts were asked to provide the information below addressing any appearance, 
potential, or material private interests within the past 3 years. 

Disclosure Categories  
1. Financial Relationships 

Any current or recent funding, honoraria, consulting fees, or other financial 
support from food, beverage, supplement, or nutrition-related companies or 
organizations. 

2. Advisory or Leadership Roles 
Any current or recent service on boards, committees, or advisory groups for 
nutrition-related entities. 

3. Intellectual Property 
Any patents, royalties, or proprietary interests related to nutrition products or 
services. 

4. Other Relevant Interests 
Any additional relationships or circumstances that could reasonably be perceived 
as influencing contributions to the Dietary Guidelines Scientific Review Group, 
including those that may present an appearance of a private interest or could be 
considered a potential or material private interest. 

If no disclosures apply, subject matter experts (SMEs) were instructed to indicate: “No 
appearance, potential, or material private interests to disclose.” 
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Preface 

The goal of the Dietary Guidelines for Americans, 2025–2030, is to provide clear, 
actionable, transparent, evidence-based guidance empowering Americans to select 
foods that support health and reduce chronic disease. This edition is organized around 
a simple principle: minimally processed, naturally nutrient-dense foods are the reference 
point for dietary guidance, and strong causal evidence is needed before recommending 
foods or ingredients that are highly processed. In practical terms, this means that 
minimally processed vegetables, fruits, meats, eggs, nuts, seeds, dairy, whole grains, 
beans, and seafood are the foundation for healthful diets. This report also emphasizes 
limitations of the existing body of evidence and identifies high-impact evidence gaps to 
guide future research. These steps are intended to strengthen the scientific basis of 
national nutrition policy and provide practical, trustworthy guidance to improve the 
metabolic health, healthspan, and lifespan of Americans. 
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Chapter 1. Introduction 

Current State of Health in the U.S. 
The U.S. is experiencing a largely preventable epidemic of chronic metabolic disease.1-7 
Currently, an estimated 72% of U.S. adults have excess body weight. Forty-one percent 
meet the criteria for obesity; 10% have severe obesity; 14% are diabetic, and 43% are 
prediabetic. Twenty-nine percent of U.S. seniors meet criteria for diabetes, and another 
49% are prediabetic. Prevalence of these diet-associated metabolic diseases has 
increased markedly over the past 45 years (Fig. 1.1A) and has not spared our children 
(Fig. 1.1B). Thirty-six percent of U.S. youth and adolescents have excess body weight, 
and 21% meet the criteria for obesity. Severe obesity increased sevenfold since the 
1970s and now affects about one in 14 youth and adolescents. 

 

 
Figure 1.1. Rising prevalence of obesity, diabetes, and severe obesity among U.S. 
adults and youth, 1960–2023. (A) Prevalence estimates are shown for adults aged 20–74 
years and (B) youth aged 2–19 years. Obesity (BMI ≥ 30.0 kg/m²) and severe obesity (BMI ≥ 
40.0 kg/m²) have increased steadily over the years.1-5 Diabetes prevalence has paralleled 
severe obesity rates in adults.6-8 Shaded regions denote periods covered by U.S. Dietary 
Guidelines. Data are from the National Health Examination Survey (NHES) and the National 
Health and Nutrition Examination Survey (NHANES), National Center for Health Statistics 
(NCHS).9 Each point reflects the representative year for earlier multi-year surveys and the 
ending year for continuous NHANES cycles (post-1999). 
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The growing prevalence of these conditions has profound economic consequences. 
U.S. health care spending accounts for a staggering 18% of gross domestic product, 
translating to approximately $15,000 per person per year.10 This is twice the average of 
other industrialized peer countries and approximately 40% more than the next highest 
country.11-13 Despite these enormous health expenditures, the U.S. is the outlier with the 
shortest life expectancy (Fig. 1.2), the highest rates of chronic metabolic diseases 
(Figs. 1.1), the shortest healthspan (defined as years of life without major chronic 
disease) (Fig. 1.2), and the largest healthspan-lifespan gap (Fig. 1.2).14 

Not only does the U.S. face higher health care costs that burden many Americans, but 
families, the majority of seniors, and a growing number of youth and adolescents also 
contend with a disproportionate burden of disease-related loss of function and reduced 
quality of life. 

 
Figure 1.2. Life expectancy and healthy life expectancy at birth, 2000–2019. The 
U.S. has (a) the lowest life expectancy with 3.6 years below the peer average; (b) the lowest 
health-adjusted life expectancy, 4.8 years below average; and (c) the largest life expectancy–
health-adjusted life expectancy gap, 12.7 years, relative to 11 high-income peers—Australia, 
Austria, Belgium, Canada, France, Germany, Japan, Netherlands, Sweden, Switzerland, and 
the United Kingdom. For each year, the peer average is the unweighted mean of the 11 
countries. Lines: U.S. (red), individual peers (light gray), peer average (blue). Right-hand 
brackets show peer–U.S. differences in 2019. Data source: Global Health Observatory from the 
World Health Organization.15 
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Role of Food and Diet in Chronic Diseases, Lifespan, and Healthspan 
Nutrition is one of the most significant factors influencing health. The nutrients that we 
eat each day as food provide energy and alter both the structure and metabolic 
functions of our bodies and brains. Depending on the food choices we make, these 
nutrients promote health or increase the risk of chronic disease (reviewed in Ramsden 
et al., 201616). A large and convincing body of evidence has linked nutrients, foods, and 
dietary patterns to the development of cardiometabolic diseases, including insulin 
resistance, prediabetes, type 2 diabetes, obesity, fatty liver disease, and atherosclerotic 
cardiovascular disease.16-23 Since dietary components also alter the structure and 
function of the brain and peripheral nervous system,24-26 it is not surprising that 
emerging evidence also implicates suboptimal diets in development of common 
neurological diseases, including dementia and chronic pain.27-30 

Modern U.S. Diets 
The diets consumed throughout most of 
human history consisted exclusively of 
minimally processed plant and animal 
foods—including fruits and berries, meats, 
eggs, vegetables, nuts, seeds, and 
seafood—that are naturally nutrient-
dense.31-37 Modern populations and 
individuals who continue to eat minimally processed, nutrient-dense foods have 
remarkably low rates of chronic diseases and longer lifespans.38-43 However, over the 
past century, the U.S. food supply has undergone rapid industrialization. Many 
traditional American foods have been replaced by highly processed foods and 
engineered food-like items that combine ingredients extracted from foods such as 
refined oils, sugar, and starch, with chemical additives to enhance taste, texture, and 
shelf life. 

Minimally processed, nutrient-dense foods 
are rich sources of nutrients—protein, 
fiber, fatty acids, vitamins, and minerals—
without added sugars, refined starches, 
extracted oils, or chemical additives. 

Highly processed foods and beverages currently 
account for about two-thirds of the energy consumed 
in the U.S. (Fig. 1.3). These substantial shifts have 
resulted in: (1) the consumption of certain nutrients in 
amounts that are significantly higher or lower than 
those achievable through natural diets and (2) 
exposure to hundreds of chemical additives with little knowledge of their long-term 
health effects (see Appendix 1). Together, these changes represent a massive, 
uncontrolled human experiment and appear to be a major driver of the current epidemic 
of diet-related chronic diseases (Figs 1.1 and 1.2). 

Highly processed foods and 
beverages and engineered 

food-like items make up about 
two-thirds of the U.S. diet. 
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Figure 1.3. Highly processed and engineered foods and beverages make up the 
bulk of the U.S. diet. Highly processed foods and extracted ingredients account for about 
two-thirds of the energy consumed by U.S. youth and adolescents and 60% of the energy 
consumed by U.S. adults. Abbreviation: PFAS, per- and polyfluoroalkyl substances. 

U.S. Dietary Guidelines and the Rising Tide of Chronic Diseases 
In 1977, the U.S. Senate Select Committee on Nutrition and Human Needs released the 
Dietary Goals for the U.S. with the goal of combatting rising rates of chronic disease.44 
In 1980, the United States Department of Agriculture (USDA) and the U.S. Department 
of Health and Human Services (HHS) followed suit by issuing the first Dietary 
Guidelines for Americans (DGA) report.45 Similar DGA reports were re-issued in 1985,46 
1990,47 1995,48 2000,49 2005,50 2010,51 2015,52 and 2020.53 As shown in Fig. 1.1, these 
10 sets of recommendations have failed to effectively counter the rising tide of chronic 
diseases. Although often presented as settled science, upon close inspection it 
becomes clear that several enduring tenets have been based on weak or contradictory 
evidence. Recommendations have relied primarily on findings from non-randomized and 
uncontrolled studies that are potentially subject to confounding due to healthy adherer 
bias and other factors (see Chapter 2), with comparatively little evidence from gold-
standard randomized controlled trials (RCTs). Moreover, DGA reports have become 
increasingly lengthy and complex and consequently have not conveyed guidance in a 
way that is simple, focused, and actionable. 
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A New Beginning 
The Scientific Foundation for the 
Dietary Guidelines for Americans, 
2025–2030, provides a once-in-a-
generation opportunity to start 
over. This report differs from 
previous U.S. guidelines in three 
crucial ways: First, guidance is 
centered on the principle of 
encouraging the consumption of minimally processed, naturally nutrient-dense foods 
and discouraging the consumption of highly processed foods across all food groups. 
This means that minimally processed vegetables, fruits, nuts, seeds, meats, eggs, 
whole grains, beans, dairy, and seafood are the starting point for all U.S. diets. Second, 
these guidelines raise the bar by requiring high-quality, causal evidence to stray from 
this principle of encouraging the consumption of minimally processed foods over highly 
processed foods or ingredients. Third, the Scientific Foundation report places a special 
emphasis on conveying limitations of the existing body of evidence and lack of 
consensus in a transparent manner. High-impact evidence gaps highlighted in this 
report will shape federal research priorities and inform the design of the RCTs that are 
needed to provide definitive answers to the most pressing questions linking modern 
U.S. diets to chronic disease (see Appendix 2). Together, these reformed guidelines 
and new emphasis on RCTs targeting our highest-impact evidence gaps will put the 
U.S. population on the path to halting and reversing the rising tide of chronic metabolic 
diseases and premature death. 

  

The guiding principles of the Dietary Guidelines 
for Americans, 2025–2030, are that minimally 

processed, naturally nutrient-dense foods are the 
standard for comparison and that high-quality, 

causal evidence is required before making 
recommendations that could favor consumption 

of highly processed foods. 
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Chapter 2. Strengthening the Evidence Base for Dietary Guidance 

Background 
Prior DGAs have not always made a clear distinction between causal evidence from 
RCTs and observational evidence from prospective cohort studies. The DGAs 2025–
2030 begin a deliberate transition toward more explicit, structured evidence standards 
designed to clarify the strengths, limitations, and uncertainty of the current evidence 
base supporting dietary recommendations. The guiding principles of the DGAs 2025–
2030 are that minimally processed, naturally nutrient-dense foods are the standard for 
comparison and that high-quality, causal evidence is required before making 
recommendations that could favor consumption of highly processed foods or 
ingredients. Observational and mechanistic evidence will continue to play an important 
role in supporting guidelines. However, any recommendation that could encourage 
consumption of highly processed foods over minimally processed foods must now be 
supported by robust causal evidence, ideally from RCTs. This chapter describes how 
these evidentiary principles are applied, including the respective roles of experimental 
and observational designs, clinical and surrogate endpoints, and approaches to grading 
the certainty of evidence. 

The Complementary Roles of Experimental and Observational Evidence 
Different study designs serve distinct purposes in nutrition science. High-quality RCTs 
can provide the most reliable evidence of true cause and effect relationships between 
nutrients and disease.54-57 By randomly allocating participants to interventions, RCTs 
can balance both known and unknown confounders, minimizing bias and enabling direct 
inference about whether a dietary exposure changes health outcomes. When RCTs 
measure clinical endpoints—such as disease incidence and mortality—they provide the 
most reliable evidence for causal relationships.58 While sometimes deemed infeasible 
due to costs, the reality is that RCTs are necessary to generate the causal evidence 
required for developing valid dietary recommendations. 

Observational studies, including 
prospective cohort designs, are 
useful for identifying hypotheses 
and studying exposures that 
cannot feasibly or ethically be 
tested in randomized trials (i.e., 
exposures that are irreversible or 
potentially harmful). However, 
because people who choose 
certain diets often differ in other 
health behaviors or underlying 
conditions, observational findings 

Why do we need randomized controlled trials? 
Observational cohort studies can reveal patterns but 
cannot prove causation, no matter how large. People 

who follow diet guidelines often differ in other 
ways—such as health motivation, adherence to 

other healthy behaviors, avoidance of risky 
behaviors, stress levels, sleep, family support, and 
subclinical illness—that are difficult or impossible to 
measure and adjust for. Randomization balances 
these hidden factors, revealing cause and effect 

relationships between diet and disease. 
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remain subject to residual confounding. This is particularly true for nutrients that were 
the focus of dietary recommendations before the observational studies took place. Even 
after extensive statistical adjustment, unmeasured or mismeasured factors can still 
distort associations, making it difficult to determine whether the observed relationship 
reflects causation or underlying differences between groups.54,59-61 Consequently, 
observational studies provide important insights for generating hypotheses and 
understanding real-world patterns, but they cannot by themselves determine whether a 
dietary exposure truly causes or prevents disease (see Appendix 3). 

In nutrition research, results from non-randomized studies have often been 
overinterpreted. When national recommendations are based on indirect or non-causal 
evidence, even well-intentioned policies have the potential to cause population-level 
harm. Associations—no matter how consistent or plausible—cannot replace causal 
confirmation. Because dietary guidance can reshape food systems and individual 
behavior at scale, it should be grounded in evidence strong enough to justify that 
influence. 

Distinguishing Clinical Outcomes from Biochemical Indicators 
Distinguishing between clinical and surrogate endpoints is central to evaluating nutrition 
evidence.58,62 Clinical endpoints—such as disease incidence and mortality—reflect 
outcomes that directly determine health and well-being. Evidence based on these 
outcomes provides the most dependable foundation for dietary policy. Surrogate 
endpoints, by contrast, are intermediate biochemical or physiological measures, 
including low-density lipoprotein (LDL) cholesterol, blood pressure, fasting glucose, or 
body weight. They are valuable for studying biological mechanisms and enable shorter 
or smaller trials, yet improvements in surrogate measures do not always correspond to 
better clinical outcomes. For example, agents that lowered LDL cholesterol in controlled 
studies have produced mixed results on coronary heart disease events and mortality: 
Some reduced risk,63,64 others showed no effect,65 and some increased deaths.66,67 
Similar patterns have been observed for agents that improve blood glucose or weight. 
These examples illustrate that surrogate markers can clarify pathways but cannot 
substitute for evidence showing that a dietary change improves health in measurable, 
clinically meaningful ways. 

Transitioning Toward Structured Evidence Standards 
To address several high-priority questions not encompassed within the charge of the 
Scientific Report of the 2025 Dietary Guidelines Advisory Committee (DGAC),68 this 
edition of the Scientific Foundation report includes additional systematic evidence 
reviews on topics including health effects of saturated fat, highly processed foods, 
refined carbohydrates, and protein intake. This report also includes evidence reviews 
aimed at describing biological and metabolic mechanisms linking dietary exposures that 
are ubiquitous in the U.S. (e.g., refined carbohydrates and dietary oxidized lipids) to 
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health-related endpoints. These reviews were intended to speak directly to dietary 
exposures and conditions affecting most Americans and their families. Methodological 
details for each review are found in each individual review. 

In conducting the new reviews and throughout this report, this edition incorporates 
elements of the GRADE (Grading of Recommendations Assessment, Development, and 
Evaluation) framework,69 including explicit certainty ratings and clearer differentiation 
between causal and associative evidence. GRADE provides transparent criteria for 
evaluating the certainty of evidence based on 
study design, risk of bias, confounding, 
consistency, precision, and directness. This 
edition also prioritized clinical outcomes—such 
as disease incidence and mortality—whenever 
possible and used surrogate or biochemical 
markers primarily when clinical endpoints were 
not available. This approach helps anchor dietary guidance in experimentally tested 
relationships whenever available, while still incorporating observational, mechanistic, 
and other supportive evidence to provide context. 

Note: Guidance on alcoholic beverages and 
health in this report was informed by a study 

conducted by the National Academies of 
Sciences, Engineering, and Medicine. See the 

NASEM report for more information on this 
evidence base.271 

Implications for Future Evidence Reviews 
Future DGA evidence reviews could continue to build on the strengths of the existing 
Nutrition Evidence Systematic Review system—its transparency, methodological rigor, 
and consistency—while incorporating elements of internationally recognized 
frameworks such as GRADE to clarify how evidence strength and certainty are 
assessed. Over time, combining these complementary approaches will enhance 
reproducibility and make the evidentiary basis for recommendations more explicit, while 
highlighting limitations and identifying highest-impact research gaps and research 
priorities. 

Summary and Outlook 
The Dietary Guidelines for Americans, 2025–2030, represent a first, deliberate step 
toward modernizing national nutrition guidance—laying the groundwork for future cycles 
to implement more causal and transparent evidence standards. This report establishes 
the principles and structure needed to build credibility, clarify uncertainty, and move the 
DGA process toward reproducible science. Its long-term success will depend on 
collective effort: Researchers, funders, and policymakers are invited to collaborate in 
building the next generation of nutrition evidence so that future guidance rests on the 
strongest possible foundation and continues to earn the public’s trust. 



 
The Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030  |  10 

 

Chapter 3. Highly Processed Foods 

Background 
Minimally processed, naturally nutrient-dense foods consumed throughout human 
history have been largely replaced by highly processed foods and beverages. While 
there is currently no consensus definition for highly processed or ultra-processed foods, 
a joint USDA–U.S. Food and Drug Administration (FDA) effort to establish a uniform 
definition is underway.70 For this report, highly processed foods are defined as any food, 
beverage, or engineered food-like item that is made primarily from substances extracted 
from foods (such as refined sugars, refined grains/starches, and refined oils) and/or 
containing industrially manufactured chemical additives. Using these criteria, highly 
processed foods and beverages account for approximately two-thirds and 60% of total 
energy consumed by youth and adults, respectively (Fig. 3.1). 

 
Figure 3.1. Trends in dietary energy contribution from processed foods among 
U.S. adults and youth, 2001–2023. Estimated percentage of total dietary energy derived 
from minimally processed (green), processed (yellow), and highly processed or engineered 
food-like products (red) among (A) adults (≥19 years) and (B) youth and adolescents (1–18 
years). Food categories were classified according to the Nova food classification system.71-73 
The highly processed category combines Nova Group 2 (processed culinary ingredients such as 
refined starches, added sugars, and extracted oils) and Group 4 (ultra-processed foods). Data 
source: NHANES from NCHS.9 Years shown are the last year of each cycle. 
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Evidence 
Compared with minimally processed counterparts, highly processed and engineered 
foods tend to be hyper-palatable, less satiating, and more likely to induce a 
hyperglycemic response. Short-term RCTs have demonstrated that consumption of 
highly processed foods leads to increased caloric intake and adverse cardiometabolic 
effects,74-77 including excess weight gain, increased adiposity,75 insulin resistance, and 
increased blood levels of chemicals such as phthalates.77 In population-based cohort 
studies, estimated intakes of highly processed foods are consistently associated with 
increased risk of cardiometabolic diseases, including obesity (incident obesity or weight 
gain), incident type 2 diabetes,78 incident cardiovascular events and deaths, and all-
cause mortality.79 A research synthesis that systematically integrates findings from 
existing systematic reviews and meta-analyses—an umbrella review—was conducted to 
examine associations between highly processed foods and major chronic disease 
outcomes, including all-cause mortality, cardiovascular disease (CVD), cancer, obesity, 
and type 2 diabetes. The review integrated findings from 27 high-quality meta-analyses 
that were identified using search terms such as “junk food,” “industrial food,” “refined 
food,” “ultra processed foods,” and “highly processed foods” (see Appendix 4.1 for a 
detailed review on highly processed foods, including full methods and findings). The 
evidence base consisted primarily of large prospective cohort studies with intake of 
highly processed foods consistently associated with increased risk across nearly all 
outcomes, with relative risks (RR) ranging from 1.12 for cancer to 1.55 for obesity. 
Moderate-certainty evidence linked highly processed foods to greater risk of all-cause 
mortality (RR 1.15), CVD (RR 1.35), and obesity (RR 1.55). Higher-certainty evidence 
linked highly processed foods to greater risk for type 2 diabetes (RR 1.48). These 
associations were consistent across outcomes and supported by clear dose-response 
relationships. For example, a 10% higher proportion of calories from highly processed 
foods was associated with a 14% higher risk of type 2 diabetes, 13% higher risk of 
cancer, 10% higher mortality risk, and 7% higher obesity risk, and each additional 
serving per day of highly processed foods increased CVD risk by 4%. No study 
demonstrated any protective effect of highly processed foods. 

Importantly, in a nationally representative sample of U.S. adults with a median follow-up 
of 8 years, consumption of highly processed foods was associated with higher all-cause 
mortality,80 even after adjusting for the Healthy Eating Index—a tool used to assess and 
score the quality of a person’s diet based on the existing DGAs. These findings indicate 
that existing U.S. dietary guidelines may not fully capture the adverse impact of highly 
processed foods.81 As reviewed in the sections below, several subgroups of highly 
processed foods—including sugar-sweetened beverages; highly processed dairy 
products; and processed oils, fats, and condiments—were associated with higher all-
cause mortality, suggesting that it is important to select minimally processed foods 
within each food group. 



 
The Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030  |  12 

 

Highly processed foods are significant 
sources of added sugars, refined 
grains, and extracted oils, and they 
are the chief dietary source of 
industrially manufactured chemical 
additives. Given the large and growing 
number of chemical additives in the 
U.S. food supply (see Appendix 1) 
and historical context wherein it can 
take decades to attribute adverse 
health consequences to industrialized 
food ingredients,82-84 we anticipate that it will take many decades to fully appreciate the 
deleterious consequences of highly processed foods and ingredients.  

How can you identify highly processed foods? 
Highly processed foods tend to have: 

1. Refined grains and/or added sugars 
2. Refined fats and oils 
3. Long, complicated ingredient lists including 

chemical additives (e.g., artificial 
sweeteners, flavor enhancers, artificial 
colors, and emulsifiers). 

Examples are provided in Figures 4.3 and 5.8. 

Many processed convenience foods are packaged or heated in plastic packaging, films, 
and coatings that can migrate into foods prior to ingestion.85-92 Emerging evidence 
indicates that chemicals derived from food packaging materials can accumulate in 
human tissues, including atherosclerotic lesions,93,94 reproductive tissues,95 and 
brains.96 Additionally, an emerging but limited body of evidence links the accumulation 
of these compounds to adverse health consequences.93,94,97 

Limitations and Evidence Gaps 
The evidence linking highly processed foods to adverse cardiometabolic and clinical 
endpoints has several important limitations. First, a consensus definition for highly 
processed foods is not yet available. The most commonly used system for classifying 
processed food (Nova)71,72,98,99 does not designate refined cooking ingredients such as 
refined starches, added sugars, or extracted oils as ultra-processed, and therefore may 
underestimate the percentage of highly processed items. The Nova system can also 
classify some nutrient-dense foods as ultra-processed foods.100 Since there is an 
ongoing joint USDA-FDA federal effort to establish a uniform definition of ultra-
processed foods,70 definitions of highly processed foods used in this report can be 
considered provisional. Existing RCTs testing the effects of processed foods are of 
relatively short duration, include small to moderate sample sizes, and are limited to 
effects on metabolic markers, body weight, and adiposity (reviewed in Appendix 4.1). 
The majority of evidence linking highly processed foods to adverse health 
consequences is therefore derived from non-randomized, uncontrolled studies, which 
can be subject to confounding due to healthy adherer bias, reverse causation, and other 
factors (see Chapter 2). Another limitation is that there is a general lack of studies in 
children and other life-course stages. 
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Research Priorities 
There is a pressing need for: (1) harmonized definitions of processed foods and a more 
accurate classification system that includes added sugars, refined oils, and refined 
starches under the umbrella of highly processed foods; (2) larger, longer randomized 
trials testing the effects of controlled alterations in different categories of processed 
foods, ingredients, and specific chemical additives on biochemical, toxicological, and 
clinical endpoints, including cardiometabolic and neurological diseases. RCTs are also 
needed to determine whether consumption of minimally processed foods and diets can 
reduce levels of food packaging contaminants (e.g., microplastics, phthalates) that have 
been shown to accumulate in human blood and tissues (see Appendix 1).77,   93,94,96

Recommendation: Highly Processed Foods 

• Avoid highly processed packaged, prepared, ready-to-eat, or other foods that are 
salty or sweet, such as chips, cookies, and candy that have added sugars and 
sodium (salt). Instead, prioritize nutrient-dense foods and home-prepared meals. 
When dining out, choose nutrient-dense options. 
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Chapter 4. Carbohydrates 

Overview 
Carbohydrates account for almost half of all energy consumed by Americans. Low-
quality carbohydrate foods—including added sugars, artificial sweeteners, refined 
grains, and starches—account for more than 80% of total carbohydrates in U.S. diets.101 
High-quality carbohydrate foods include minimally processed vegetables, berries and 
other fruits, whole grains, and beans. This chapter evaluates the metabolic and health 
effects of refined, low-quality carbohydrate foods versus high-quality carbohydrate 
foods. The overarching goal of this chapter is to empower Americans to identify and 
select high-quality carbohydrate foods that optimize metabolism and support health and 
to discourage consumption of highly processed carbohydrates. 

Concentrated Sources of Sugars and Chemical Sweeteners in U.S. Diets 
The large-scale addition of refined sugar to foods and beverages is a recent nutritional 
phenomenon.102,103 Prior to the industrial age, concentrated sugar was not available. 
The majority of sugar came from intact fruits (fruits that are in their natural state) that 
are rich in fiber and other nutrients. Industrialization enabled mass production of refined 
sucrose extracted from sugarcane and sugar beets and, more recently, high fructose 
corn syrup (HFCS) manufactured industrially from corn starch (Fig. 4.1A). Loss-
adjusted per capita availability of added sugars, which was already high in 1970, 
increased to 27 teaspoons per day in 1999 (Fig. 4.1B), before declining slowly to 
current levels of about 22 teaspoons per day, or approximately 14% of total food 
energy.104 This modest decline in added sugars since 1999 has been accompanied by a 
corresponding increase in the consumption of industrially manufactured chemical 
sweeteners105,106 added to soft drinks, candies, baked goods, and other highly 
processed foods and beverages. Fruit juices, which are produced by removing the fiber 
naturally present in whole fruits (Fig. 4.1A-B), provide another concentrated source of 
sugar in U.S. diets. Together, added sugars and fruit juices currently provide about 16% 
of total energy in U.S. diets.104,107 



 
The Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030  |  15 

 

 

 
Figure 4.1. Composition and trends in fructose- and glucose-containing 
sweeteners in the U.S., 1970–2021. (A) Relative proportions of glucose and fructose in 
three concentrated sources of sugar: sucrose (table sugar), high-fructose corn syrup (HFCS), 
and 100% fruit juice. Values represent approximate monosaccharide contributions by weight. 
Source: FoodData Central from USDA Agricultural Research Service (ARS).108 (B) Per capita 
daily availability (loss-adjusted) of total added sugars, sucrose, HFCS, other added sugars, and 
fruit juice in the U.S. food supply from 1970 to 2021. Total added sugars and fruit juice together 
account for roughly 16% of total daily energy intake in recent years. Source: Food Availability 
(Per Capita) Data System from USDA Economic Research Service (ERS).104 

Evidence 
Published RCTs and observational studies have provided concordant evidence 
implicating sugar-sweetened beverages, such as soft drinks, with adverse metabolic 
and health effects including dental caries,109 increased body weight, visceral adiposity, 
insulin resistance, type 2 diabetes, and high blood triglycerides in children and 
adults.110-114 An umbrella review on added sugars, sugar-sweetened beverages, and 
100% fruit juice synthesized 54 meta-analyses of prospective cohorts and RCTs (see 
Appendix 4.2 for full methods and results). Briefly, across outcomes, sugar-sweetened 
beverages showed consistent associations with increased risk of chronic diseases, 
including higher risk of type 2 diabetes (39%; Moderate certainty evidence), CVD (20%; 
Low certainty evidence), adult obesity (17%; Moderate certainty evidence), all-cause 
mortality (10%; Low certainty evidence), depression (25%; Moderate certainty 
evidence), and dental caries (57%; High certainty evidence). Each 12-ounce can of 
sugar-sweetened beverage per day was associated with 10% increased risk for all-
cause mortality, 14% for CVD, and ~20% for type 2 diabetes (see Appendix 4.2). Fruit 
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juice (100%) consumption is linked to significant weight gain in children with high 
certainty (see Appendix 4.2), but not in adults. The evidence linking fruit juice (100%) 
consumption to metabolic and clinical endpoints other than obesity is limited and less 
conclusive than that for sugar-sweetened beverages (see Appendix 4.2). While other 
sources of added sugar may also negatively impact cardiometabolic health and fatty 
liver disease, the evidence for these effects is not as strong. 

Replacing added sugars with industrially manufactured chemical sweeteners, such as 
sugar alcohols, aspartame, and sucralose, is hypothesized to decrease energy intake 
and thus benefit body composition and health. However, evidence from animal models 
and human non-randomized studies suggests that chronic consumption of artificial 
sweeteners may paradoxically increase energy intake or disrupt metabolism114 and 
therefore increase cardiometabolic disease. An umbrella review synthesized findings 
from 19 meta-analysis on the effects of alternative sweeteners on adverse health 
outcomes (see Appendix 4.2 for full methods and results). Alternative sweeteners were 
associated with increased risks of all-cause mortality (13%, Moderate certainty 
evidence), CVD (17%, Low certainty evidence), and type 2 diabetes (8%, Low certainty 
evidence). Emerging evidence from non-randomized and mechanistic studies suggests 
that the sugar alcohols xylitol and erythritol may be linked to thrombotic CVD events,115-

117 warranting further investigation. 

Limitations and Research Needs 
The evidence linking concentrated sources of sugar and artificial sweeteners to adverse 
cardiometabolic and health endpoints has several important limitations (see Appendix 
4.2). First, added sugars and artificial sweeteners are mostly consumed in highly 
processed and engineered foods and beverages that contain many other chemical 
additives. It is therefore not possible to definitively disentangle adverse health 
consequences due to sugars or artificial sweeteners from other chemicals that are often 
consumed together. Existing RCTs are relatively short, small to moderate size, and 
limited to metabolic effects rather than hard clinical endpoints. The majority of evidence 
linking sugars and artificial sweeteners to adverse health consequences is therefore 
derived from non-randomized studies. Although directionally concordant, there is 
potential for confounding due to healthy adherer bias and reverse causation (see 
Chapter 2). Future RCTs are needed to definitively determine whether replacement of 
sugars with artificial sweeteners has beneficial, harmful, or neutral metabolic and health 
effects.  

Recommendations: Added Sugars 

• Limit foods and beverages that include artificial flavors, petroleum-based dyes, 
artificial preservatives, and low-calorie non-nutritive sweeteners.  

• Avoid sugar-sweetened beverages, such as sodas, fruit drinks, and energy 
drinks. 
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• While no amount of added sugars or non-nutritive sweeteners is recommended 
or considered part of a healthy or nutritious diet, one meal should contain no 
more than 10 grams of added sugars.  

• To help identify sources of added sugars, look for ingredients that include the 
word “sugar” or “syrup” or end in “-ose.” 

• Added sugars may appear on ingredient labels under many different names, 
including high-fructose corn syrup, agave syrup, corn syrup, rice syrup, fructose, 
glucose, dextrose, sucrose, cane sugar, beet sugar, turbinado sugar, maltose, 
lactose, fruit juice concentrate, honey, and molasses. Examples of non-nutritive 
sweeteners include aspartame, sucralose, saccharin, xylitol, and acesulfame K. 

• Some foods and drinks, such as fruits and plain milk, have naturally occurring 
sugars. The sugars in these foods are not considered added sugars. 

• When selecting snack foods, added sugar limits should follow FDA “Healthy” 
claim limits. For example, grain snacks (e.g., crackers) should not exceed 5 
grams of added sugar per ¾ ounce whole-grain equivalent, and dairy snacks 
(e.g., yogurt) should not exceed 2.5 grams of added sugar per ⅔ cup equivalent. 

Refined Grains and Starches in the U.S. Food Supply 
The large-scale consumption of 
refined grains and starches is a recent 
and atypical nutritional phenomenon. 
Prior to the industrial age, humans 
consumed minimally processed whole 
grains without removing the nutrient-
dense grain kernel (bran, germ, and 
endosperm). As shown in Fig. 4.2A, 
these whole grains are rich in fiber and 
protein. Industrialization enabled mass 
production of refined grains that are 
rich sources of starch but largely 
devoid of fiber and protein. Following 
well-intentioned 1977–2000 U.S. 
guidance to decrease fat and increase 
consumption of complex 
carbohydrates and fiber,44-49 loss-
adjusted availability of grains—
especially wheat and corn—increased 
markedly in the U.S. (Fig. 4.2B). 
Remarkably, despite an emphasis on 
promoting consumption of whole 
grains, refined grains currently account for 86–87% of total grains consumed by U.S. 
youth and adults (Fig. 4.2C-D). When considered together with added sugars, fruit 

Refined Grains and Starches are Sugar 

• Refined grains are highly purified sources of 
starch. 

• Starches are long chains of glucose—a form 
of sugar. 

• During chewing and digestion, enzymes 
rapidly break down starch into glucose, 
raising blood sugar much like table sugar 
does. 

• Refined grain foods—white bread, crackers, 
breakfast cereals, chips, pastries, and 
pasta—can therefore act metabolically like 
sugar, delivering fast-absorbing 
carbohydrates with few nutrients or fiber to 
slow absorption. 

Take-home message: Refined grains are sugar 
in disguise. Choose whole grains, beans, or 
vegetables instead. 
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juices, and processed potato products (e.g., French fries, potato chips, and hash 
browns), low-quality carbohydrates account for more than 80% of all carbohydrates 
consumed in the U.S.101 
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Figure 4.2. Nutrient depletion and consumption trends for refined and whole 
grains in the U.S. (A) Nutrient composition of whole versus refined wheat and corn. Refined 
grains contain 60–80% less fiber and 20–50% less protein than whole grains. Source: FoodData 
Central from USDA ARS.108 (B) Loss-adjusted per-capita grain availability in the United States 
increased substantially between 1970 and 2000 as indicated by the gray box, driven primarily by 
wheat flour, with smaller contributions from corn and other grains. Data source: Food Availability 
(Per Capita) Data System from USDA ERS.104 (C–D) The large majority of grains consumed by 
U.S. adults and youth are refined; whole grains account for only about 13% of total grain intake. 
Data source: NHANES from NCHS.9 Years presented are the last year of each cycle. 

 

 
Figure 4.3. How to distinguish between true whole-grain cereals and highly 
processed cereals. (A) An example of a true whole-grain cereal with four whole-grain 
ingredients, providing 8 grams of dietary fiber and 9 grams of protein per serving. Its 
carbohydrate-to-fiber ratio of 5:1 is consistent with a minimally processed whole-grain 
food, containing no added sugar or chemical additives. (B) An example of a highly 
processed cereal that lists whole-grain corn as the first ingredient but includes refined 
starches (flour), two added sugars (sugar, corn syrup), and artificial colors and flavors. It 
provides 90% less fiber and 70% less protein than the whole-grain cereal, yielding a 
total carbohydrate-to-fiber ratio of 40:1—indicative of a refined, low-quality grain 
product. 
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Evidence 
RCTs demonstrate beneficial 
cardiometabolic effects of minimally 
processed carbohydrate-rich foods, such 
as intact fruits, vegetables, and whole 
grains, and adverse cardiometabolic 
effects of highly processed 
carbohydrate-rich foods, such as refined 
grains, refined potatoes, and added 
sugars (see Appendix 4.3 for a detailed 
review on refined grains and 
carbohydrates and insulin resistance). In non-randomized studies, associations 
between intakes of minimally processed carbohydrate-rich foods and fiber show 
consistent directionality toward decreased risk of cardiometabolic diseases, including 
obesity; cardiovascular events and deaths; diabetes; and all-cause mortality.118 In 
addition to fiber, vegetables and fruits are rich sources of phytonutrients with beneficial 
effects on metabolism and health, such as polyphenols, carotenoids, and 
glucosinolates. RCTs in generally healthy and at-risk adults show that increasing intake 
of vegetables and whole fruits (typically from 2–3 to 5–8 servings/day) improves blood 
pressure, microvascular function, and cardiometabolic risk markers,119-122 while 
increasing circulating antioxidants and decreasing inflammatory markers.122-124  

Separating the Wheat from the Chaff 

• Many processed foods labeled as 
“Made with Whole Grain”’ or 
“Multigrain” contain mostly refined 
grains. 

• Most true whole-grain foods have ≥1 
gram of fiber for every 8 grams of 
carbohydrate. 

Replacement of refined grains and other low-quality carbohydrate foods with fruits, 
vegetables, and whole grains shows directionally concordant evidence of benefit. An 
umbrella review of 19 high-quality meta-analyses evaluated carbohydrate quality—
whole grains, refined carbohydrates, total dietary fiber, and glycemic index—in relation 
to all-cause mortality, CVD, type 2 diabetes, colorectal cancer, and obesity (see 
Appendix 4.4 for a detailed review on refined grains and carbohydrates). Higher whole-
grain intake was associated with lower risk of all-cause mortality (7%, High certainty 
evidence), CVD (15%, High certainty evidence), colorectal cancer (13%, Moderate 
certainty evidence), obesity (15%, Low certainty evidence), and type 2 diabetes (33%, 
Low certainty evidence). Higher dietary fiber was associated with lower risk of all-cause 
mortality (17%, Moderate certainty evidence), colorectal cancer (16%, Moderate 
certainty evidence), type 2 diabetes (8%, Moderate certainty evidence), and coronary 
heart disease (20%, Low certainty evidence). Dose-response analysis identified 
significant risk reductions per 30 g/day of whole grain consumption (ranging between 
6% reduction for all-cause mortality and colorectal cancer to 24% for type 2 diabetes) 
and an optimal intake of 25–29 g/day for total fiber. 

A growing body of evidence from RCTs indicates that low-carbohydrate diets (<130 
grams per day) can decrease triglyceride levels, increase high-density lipoprotein (HDL) 
cholesterol, and improve glycemic control, particularly among individuals with type 2 
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diabetes (see Appendix 4.5 for a detailed review on low-carbohydrate diets), with no 
evidence of serious adverse events or nutrient deficiencies. 

Microbiome 

Emerging evidence indicates that carbohydrate quality influences the composition and 
activity of the gut microbiome. Diets centered on minimally processed, fiber-rich plant 
foods—including vegetables, fruits, beans, nuts, and whole grains—provide fermentable 
fibers and other substrates that support microbial diversity and the production of short-
chain fatty acids.125-128 In contrast, highly processed foods that are low in fiber and high 
in refined grains, added sugars, and chemical additives are associated with less 
favorable microbial profiles in controlled feeding studies.129-131 Although the field is still 
developing and causal pathways are not fully defined, randomized and controlled 
feeding trials show that increasing intake of minimally processed and fermented plant 
foods modulates the microbiome and microbial metabolites in directions generally 
considered more favorable for gut and metabolic health.125,128 

Limitations and Research Needs 
Although the evidence linking carbohydrate quality to cardiometabolic outcomes is 
extensive, several methodological and translational limitations remain. First, surrogate 
endpoints such as blood triglycerides, LDL and HDL cholesterol, and glycemic control 
are imperfect markers for clinical disease. Second, existing RCTs have small to 
moderate sample sizes and shorter duration than non-randomized studies, which limits 
estimates of the long-term effects of exposures. Larger, longer RCTs are needed to 
determine the cardiometabolic and clinical benefits of replacing low-quality 
carbohydrates with vegetables, fruits, whole grains, and minimally processed meats. 
Finally, most data for refined and whole grains are derived from prospective cohorts 
rather than randomized trials, limiting causal inference and leaving potential residual 
confounding due to healthy adherer bias, reverse causation, and other factors (see 
Chapter 2). 

Recommendations: Whole Grains and Refined Carbohydrates 

• Prioritize fiber-rich whole grains. 
• Significantly reduce the consumption of highly processed, refined carbohydrates, 

such as white bread, ready-to-eat or packaged breakfast options, flour tortillas, 
and crackers. 

• Whole grains serving goals: 2–4 servings per day, adjusting as needed based on 
your individual caloric requirements. 

• Individuals with certain chronic diseases may experience improved health 
outcomes when following a lower carbohydrate diet. Work with your health care 
professional to identify and adopt a diet that is appropriate for you and your 
health condition. 
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Recommendations: Vegetables and Fruits 

• Eat a variety of colorful, nutrient-dense vegetables and fruits. 
• Eat whole vegetables and fruits in their original form. Wash thoroughly prior to 

eating raw or cooking. 
• Frozen, dried, or canned vegetables or fruits with no or very limited added sugars 

can also be good options.  
• If preferred, flavor with salt, spices, and herbs. 
• 100% fruit or vegetable juice should be consumed in limited portions or diluted 

with water. 
• Vegetables and fruits serving goals for a 2,000-calorie dietary pattern, adjusting 

as needed based on your individual caloric requirements: 
o Vegetables: 3 servings per day 
o Fruits: 2 servings per day  
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Chapter 5. Fats and Oils 

Introduction 

Fat is an essential macronutrient. It provides energy, regulates metabolism, forms cell 
membranes, and supports hormonal and signaling functions vital for human health. The 
three principal fatty acid classes—saturated, monounsaturated (MUFA), and 
polyunsaturated (PUFA) (Fig. 5.1)—occur naturally in a variety of foods such as meat, 
dairy, nuts, and fish and appear in more concentrated forms when refined into cooking 
oils, frying oils, salad dressings, and other processed food ingredients. 

Over the past century, industrial food production and evolving nutrition policy have 
fundamentally altered the sources, composition, and understanding of dietary fats in the 
U.S. Once the primary contributors of saturated fat and MUFA, traditional animal fats 
have been progressively displaced by manufactured fats and oils rich in the omega-6 
PUFA linoleic acid (e.g., soybean oil, corn oil, cottonseed oil, safflower oil, and 
sunflower oil). These changes were accelerated by early public-health efforts to reduce 
the risk of heart disease through broad recommendations to lower total and saturated 
fat and replace them with “unsaturated” or “polyunsaturated” fats. While grounded in the 
best evidence available at the time, these initiatives created large-scale shifts in both 
the U.S. food supply and population exposure to specific fatty acids—particularly linoleic 
acid, which is now consumed in amounts that are higher than can be achieved by 
natural diets without the addition of extracted oils.  35,132

This chapter re-examines the scientific and policy foundations of current dietary-fat 
guidance in light of modern standards for causal evidence. It opens by tracing how 
industrial innovation and public-health recommendations together transformed the U.S. 
fat supply over four distinct phases, setting the stage for the present landscape—an 
unprecedented fatty acid profile dominated by linoleic acid. The chapter then reviews 
causal evidence from randomized trials testing whether reducing saturated fat or 
replacing it with linoleic acid–rich oils lowers coronary heart disease or mortality risk. It 
then reviews how selective publication, reliance on observational associations, and 
surrogate markers such as LDL cholesterol sustained confidence in the diet-heart 
hypothesis despite neutral or unfavorable trial results. Finally, it discusses potential 
unintended consequences of legacy nutrient-based fat guidance and proposes updated, 
food-based recommendations emphasizing minimally processed, nutrient-dense foods 
and dietary patterns. 
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Figure 5.1. Saturated, monounsaturated, and polyunsaturated fats in the U.S. food 
supply. (A) Saturated, (B) monounsaturated (MUFA), and (C) polyunsaturated (PUFA) fatty 
acids differ in the number of double bonds in their carbon chains (designated by orange 
shading). Saturated fatty acids have no double bonds; MUFA have one; PUFA have two or 
more. The carbon atom between two double bonds in PUFA (see asterisk in linoleic acid) is 
susceptible to peroxidation, which can generate toxic lipid hydroperoxides and reactive lipid 
aldehydes. Palmitic acid is the most abundant saturated fatty acid (A); oleic acid is the primary 
MUFA (B); and linoleic acid is the primary PUFA (C), accounting for about 88% of total PUFA 
and 7.6% of total energy in U.S. diets. Data source: NHANES 2021–2023, dietary recall (2-day 
average).133 

A Century of Change: From Animal Fats to Industrial Fats and Oils 
Over the past century, the composition of dietary fat in the United States has undergone 
one of the most extensive nutrient shifts in human history. Industrial processing, 
wartime supply pressures, and public-health policy together reshaped the fat sources in 
the national food supply (Fig. 5.2). Four distinct phases mark this transformation—from 
locally produced animal fats to partially hydrogenated and then refined linoleic acid–rich 
oils (Fig. 5.2). 
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Figure 5.2. Radical transformation of dietary fats in the U.S. in four phases, 1911–
2025. The combination of industrially manufactured foods, dietary guidelines, and authorized 
health claims contributed to: (A) reduced consumption of whole-fat milk with partial replacement 
by low-fat and skim milk; (B) reduced intake of butter and increased partially hydrogenated 
vegetable oil (PHVO) margarines and shortenings; and (C) major increases in linoleic acid–rich 
oils, especially soybean oil. Graph A is food availability for 1909–2021, and Graph B is loss-



 
The Scientific Foundation for the Dietary Guidelines for Americans, 2025–2030  |  26 

 

adjusted food availability for 1909–2017, both from the U.S. Department of Agriculture (USDA) 
Economic Research Service.104 Graph C data provided by USDA Center for Nutrition Policy and 
Promotion (data for 2000–2010 are not available); methods as described in Blasbalg et al., 
2011132. As of 2010, data for many fats and oils are not available due to termination of the 
Current Industrial Reports by the Census Bureau. 
Phase 1: The first major change began in 1911, when industrially manufactured 
shortenings and margarines made with partially hydrogenated vegetable oils (PHVO) 
entered the food supply. Partial hydrogenation transforms linoleic acid–rich oils—which 
are naturally less stable—into more shelf-stable mixtures containing saturated fat, trans 
fat, linoleic acid, and MUFA. Estimated percentages of these fatty acids in common 
PHVO margarines and shortenings are shown in Fig. 5.3.134,135 Over the next four 
decades, PHVO shortenings and margarines (Fig. 5.2B) replaced a small, yet 
substantial, amount of traditional fats typically consumed in the U.S. diet. 

 

Figure 5.3. PHVOs are rich sources of saturated fat, 
trans fat, and linoleic acid. Although the terms “trans fat” 
and “PHVO” are often used interchangeably, PHVO products 
also contain substantial amounts of saturated fatty acids and 
linoleic acid. 

Phase 2: The second 
and perhaps most radical 
phase was triggered by 
widely publicized 
American Heart 
Association (AHA) 
recommendations in 
1961, 1965, 1968, and 
1973 to decrease total 
fat, saturated fat, and 
dietary cholesterol and to 
replace animal fats with 
PUFA-rich oils.136-138 The 
1968 AHA guidelines 

raised the cap for total fat to 40% of energy to accommodate further increases in PUFA-
rich oils.139 Importantly, since linoleic acid accounts for about 90% of total PUFA intake, 
the terms “PUFA” and “linoleic acid” were often used interchangeably at the time. As 
shown in Fig. 5.2, these recommendations: (1) triggered a remarkable decline in 
consumption of whole-fat milk, with partial replacement by low-fat and skim milk (Fig. 
5.2A); (2) amplified the existing declines in butter consumption, with corresponding 
increases in PHVO shortenings and margarines (Fig. 5.2B); and (3) heralded 
remarkable increases in extracted linoleic acid–rich oils (Fig. 5.2C).132 
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Phase 3: The third major change occurred when the U.S. 
government adopted AHA-like guidelines to reduce total 
fat, saturated fats, and dietary cholesterol from 1977 to 
2000. Food companies promoted processed foods made 
with PHVO shortenings and margarines as “healthy 
alternatives” to traditional fats. In 1993,140,141 the FDA 
authorized food claims that aligned with the U.S. dietary 
guideline goals of decreasing saturated fat and dietary cholesterol. Whole milk, whole-
fat yogurt, and butter were not eligible for health claims. By contrast, PHVO margarines, 
refined oils, and processed foods made with PHVO shortenings qualified for 
“Cholesterol Free” claims. Fat-free yogurts with added sugar or artificial sweeteners and 
other chemical additives qualified for “Low Fat” and “Low Saturated Fat” claims (see 
Fig. 5.8). Similarly, processed snack foods combining refined carbohydrates and 
extracted oils (e.g., crackers, chips, cookies) were eligible for “Low Saturated Fat” 
claims. 

Emphasis on limiting saturated fat 
may have inadvertently promoted 
the selection of highly processed 
foods and culinary ingredients. 

 

These guidelines and authorized health claims accelerated: (1) declines in whole-fat 
milk (Fig. 5.2A); (2) massive increases in engineered food items containing 
industrialized PHVO shortenings and linoleic acid–rich oils (Fig. 5.2B), and (3) marked 
increases in use of PHVOs and linoleic acid–rich oils for cooking, for frying, and in 
dressings (Fig. 5.2C). By 1981, substantial amounts of trans fats of industrial origin 
were already present in the blood and tissues of Americans.142-145 By 1990, PHVOs and 
PHVO-derived saturated fats and trans fats accounted for about 10%, 2–3%, and 2.6% 
of total food energy, respectively, in U.S. diets.134,135,146 Use of PHVO shortenings and 
margarines continued to rise further before peaking in 2001 (Fig. 5.2B). Similarly, the 
rapid rise in the use of extracted, high-linoleic-acid oils for cooking, frying, salad 
dressings, and processed foods (Fig. 5.2C) increased the amount of linoleic acid in 
human tissues to levels that are higher than can be achieved by historical diets.147 

Phase 4: The fourth major change was triggered by a 2002 National Academies 
report,148 which concluded that intake of trans fats of industrial origin should be as low 
as possible. This guidance, which was reinforced in the 2005 DGAs50 and FDA-
mandated trans fats labeling,82 triggered a precipitous decline in PHVO consumption 
(Fig. 5.2B). The processed food industry replaced PHVO shortenings—a key ingredient 
in most manufactured foods—with newer shelf-stable chemical additives such as inter-
esterified fats,149 mono- and diglycerides,150 and blends of fully hydrogenated fats with 
non-hydrogenated, liquid oils. 

Modern Fat Sources and the Linoleic Acid Dominant Profile 
Today’s U.S. fat supply is the cumulative result of a century of industrial processing and 
decades of dietary guidance and food-labeling policies. Although PHVOs have been 
banned and quantitative limits on total fat and dietary cholesterol repealed, legacy 
nutrient targets—limiting saturated fat and promoting linoleic acid–rich oils—continue to 
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shape both the food industry and national consumption patterns. The result is a narrow 
set of industrially refined oils that are unusually enriched in linoleic acid (Fig. 5.4). 
Linoleic acid now contributes an estimated 7.6% of food energy133—several times 
higher than estimated for pre-industrial or traditional diets, in which most linoleic acid 
was derived naturally from nuts and seeds.35,132 In modern diets, however, the majority 
of linoleic acid comes from refined oils extracted from sources like soybean, corn, and 
canola. This large-scale consumption of linoleic acid–rich oils is a recent and atypical 
nutritional phenomenon.16 Studies show that such exposure markedly increases the 
linoleic acid concentrations across multiple organs,24,147,151-153 suggesting that these 
linoleic acid–rich levels could affect the function of many tissues. However, the effects 
of these changes in humans are understudied and incompletely understood. 

 
Figure 5.4. Domestic disappearance of edible fats and oils in the U.S. food supply, 
2024. (A) Soybean and corn oils together account for about half of the added fats and oils in 
the U.S.; chart excludes biofuel uses of soybean, corn, and canola oils. Source: Oil Crops 
Yearbook.154 (B) Profiles of commercially available fats showing their relative fatty-acid 
composition, highlighting that soybean and corn oils are concentrated sources of linoleic acid. 
Source: FoodData Central. Note: “Domestic disappearance” is the quantity of a commodity 
available for U.S. use (total supply minus exports and ending stocks). It approximates but does 
not equal actual consumption.108 

Omega-3 Fatty Acids 
Americans consume an estimated 0.8% of energy from the plant-derived omega-3 
alpha-linolenic acid (ALA).133 Rich sources of ALA include flax seed, chia seed, walnuts, 
soy products, and soybean and canola oils. Seafood, which includes fish and shellfish, 
provides preformed long chain omega-3 fatty acids (eicosapentaenoic acid [EPA] and 
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docosahexaenoic acid [DHA]) that are incorporated into cell membranes throughout the 
body and support cardiometabolic and neurological health. Americans consume an 
average of about 110 mg per day of EPA and DHA.133 Emerging evidence from RCTs 
suggests that higher intakes of EPA and DHA (1 to 1.5 grams per day) from seafood 
may decrease physical pain.27,28,30 DHA consumption may be particularly important for 
neurodevelopment (see Chapter 7). Seafood varieties higher in EPA and DHA and 
lower in methylmercury include salmon, sardines, anchovies, and trout (see Chapter 
6).155,156

Evaluating the Evidence for Saturated-Fat Reduction and Replacement 
Initial recommendations to reduce saturated fat intake and substitute it with linoleic 
acid–rich oils emerged in the 1960s44,136,157,158 and were subsequently incorporated into 
successive editions of the DGAs. In the 2020–2025 DGAs, the guidance states: “For 
those two years and older, intake of saturated fat should be limited to less than 10% of 
calories per day by replacing them with unsaturated fats, particularly polyunsaturated 
fats.”53 The persistence of the recommendation to reduce saturated fat intake and 
replace it with linoleic acid–rich oils over several decades reflects enduring confidence 
in the traditional diet-heart hypothesis, which holds that lowering serum cholesterol by 
replacing saturated fat with linoleic acid can slow atherosclerotic progression, reduce 
coronary heart disease (CHD) events, and improve survival.16 

Several moderate to large dietary RCTs conducted between the 1960s and 1980s 
tested this hypothesis by providing linoleic acid–rich oils and reducing saturated fats by 
restricting intake of dairy fats, meats, and PHVO-derived “common” margarines and 
shortenings (see Appendices 4.6 and 4.7). Although interventions effectively lowered 
blood cholesterol, none of the individual RCTs demonstrated the anticipated benefit, 
and a couple suggested potential for increased risk in some populations despite greater 
cholesterol lowering (see Appendix 4.6). 

As reviewed in Appendix 4.6, several older reviews of diet-heart RCTs included non-
randomized studies —like the Finnish Mental Hospital Study159—and multi-component 
RCTs that reduced saturated fat along with multiple healthy dietary changes. These 
reviews suggested modest benefits and attributed them to high-linoleic-acid oils.160,161 
Importantly, however, several of these RCTs included confounding factors that likely 
had a much greater impact than decreasing saturated fat or increasing linoleic acid–rich 
oils. The Oslo Diet Heart Study (ODHS)162 is a clear example: Often cited as evidence 
for cardiovascular benefit of linoleic acid–rich oils, it markedly reduced partially 
hydrogenated fish oil (PHFO) and PHVO margarines (Fig. 5.5A), markedly increased 
fish-derived omega-3 fatty acids via provision of sardines and cod liver oil (Fig. 5.5B), 
and improved overall dietary quality (Fig. 5.5B)—changes that make it impossible to 
isolate the effects of high-linoleic-acid oils. When RCTs with dominant confounders 
such as ODHS are appropriately excluded, there is no indication of benefit. Systematic 
reviews and meta-analyses of the remaining RCTs report that replacing saturated fat 
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with linoleic acid–rich oils does not reduce CHD events, CHD mortality, or all-cause 
mortality (see Appendix 4.6).16,163 Applying the GRADE certainty framework,164 
certainty of evidence is moderate for no effect on mortality and very low for CHD events 
because of inconsistency and imprecision (see Appendix 4.6). 

Figure 5.5. Three dominant confounders in the Oslo Diet Heart Study (ODHS). 
(A) The control group consumed a staggering 25% of energy from PHFO and PHVO 
margarines.162 (B) The experimental group replaced these PHFOs and PHVOs with Norwegian 
sardines canned in cod liver oil, which provided a massive dose of marine omega-3 fatty acids 
(about 5 grams per day or ≈40 times average U.S. intake). The ODHS experimental group was 
also instructed to eat more fruits, vegetables, and nuts and to restrict intake of refined grains 
and sugar. All three confounders are expected to favor the experimental group (reviewed in 
Appendix 4.6). *hydrogenated oils “entirely restricted” in the experimental group; **seafood not 
provided to control group. 

There are not enough RCTs measuring actual disease outcomes to draw conclusions 
about whether replacing saturated fat with MUFA or carbohydrates affects the risk of 
coronary events or deaths. Overall, the RCT evidence does not provide causal support 
for reducing saturated fat below 10% of energy or replacing saturated fat with linoleic 
acid–rich oils to prevent CHD or death (see Appendix 4.6). 

How the Diet-Heart Hypothesis Persisted Without Causal Evidence 
Although causal testing in randomized trials failed to confirm benefit (see Appendix 
4.6), the recommendation to replace saturated fat with linoleic acid–rich oils remains 
central to U.S. dietary recommendations. Its persistence reflects how early 
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interpretations of the evidence were shaped by selective reporting and reliance on 
surrogate markers (reviewed in Ramsden et al, 201616). Together, these factors 
fostered enduring confidence in the saturated fat to PUFA substitution hypothesis, 
despite the absence of verified clinical benefit. 

Publication bias and selective reporting of RCTs 
For most of the history of the DGAs, interpretation of the evidence was distorted by 
publication bias. Early meta-analyses supporting replacement of saturated fat with 
linoleic acid–rich oils were based on incomplete datasets, as RCTs with null or 
unfavorable outcomes were not fully published for decades.16 Recovery and inclusion of 
data from these trials fundamentally altered the evidence base, revealing that the 
anticipated reductions in CHD mortality failed to occur despite substantial cholesterol 
lowering. This incomplete and selective record created an enduring perception of 
benefit that continues to influence dietary policy despite the absence of confirmed 
clinical efficacy. Recovery of the full Sydney Diet Heart Study dataset showed that 
replacing saturated fat with safflower oil (concentrated source of linoleic acid) increased 
all-cause, cardiovascular, and CHD mortality, and an updated meta-analysis found no 
cardiovascular benefit of linoleic acid substitution (see Appendices 4.6 and 4.7).165 
Moreover, reevaluation of classic diet-heart trials indicates that lowering serum 
cholesterol by replacing saturated fat with linoleic acid–rich oils does not translate into 
reduced CHD mortality.16 

In contrast, smaller multi-component RCTs and non-randomized studies that appeared 
favorable—most notably the ODHS and the Finnish Mental Hospital Study—were widely 
cited and became the foundation for early meta-analyses. As a result, pooled estimates 
in the 1970s–2000s overstated benefit by relying on an incomplete dataset.  

Limitations of non-randomized studies 
1. Observational confounding in dietary fat research

In contrast to RCTs,69 cohort studies can only observe associations that may be 
distorted by unmeasured or residual confounding, selection bias, or correlated health 
behaviors. Several large prospective cohorts that were included in saturated fat to 
linoleic acid substitution meta-analyses were launched after widespread public health 
campaigns to reduce saturated fat and increase use of high-linoleic acid oils. Thus, 
higher linoleic intake may indicate adherence to prevailing advice and correlated health 
behaviors rather than an independent biological effect of linoleic acid (see Chapter 2). 
Although statistical models in these cohorts adjust for multiple variables, residual 
confounding is inevitable (see Appendix 4.6). As a result, higher linoleic acid intake and 
modeled substitution for saturated fat may partly reflect healthy user/adherer bias 
despite multivariable adjustment.60 Even if perfectly measured, observational estimates 
are indirect with respect to the specific intervention tested in RCTs.166,167 Moreover, the 
statistical constructs used in cohort substitution models infer hypothetical nutrient 
exchanges that did not actually occur in a person’s diet.168 Because participants’ diets 
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include correlated behaviors and complex nutrient mixtures, these models are 
descriptive, not experimental. 

2. Limitations of linoleic acid biomarkers as dietary indicators  

The idea that linoleic acid is beneficial for health has been sustained by findings from 
observational studies showing that—when expressed as a percentage of total fatty 
acids—low levels of linoleic acid in plasma (blood) are associated with slightly higher 
risk of cardiometabolic diseases and premature death.169 These findings have been 
widely interpreted as causal evidence that higher dietary linoleic acid intake is 
protective. However, the percentage of linoleic acid is a relative measure that can be 
distorted by metabolic factors that are known risk factors for chronic disease and 
premature death (see Appendix 3). Most notably, high blood triglycerides can decrease 
the relative amount of linoleic acid in blood. This is because linoleic acid is highly 
enriched within a special type of lipid known as a cholesteryl ester151,170-172 and is much 
less abundant in triglycerides, which consist mostly of saturated fatty acids and MUFA 
(Fig. 5.6). 

Because high 
blood 
triglycerides 
and other 
metabolic 
factors that 
dilute linoleic 
acid in plasma 
are known risk 
factors for 
multiple chronic 
diseases and 
premature 

death,173-182 low levels of linoleic acid (expressed as a percentage of total fatty acids) 
can appear harmful (see Appendix 3). Such findings could partly reflect reverse 
causation or residual confounding by underlying health status rather than direct dietary 
effects, illustrating the inherent limitations of observational evidence (see Appendix 3). 

 

Figure 5.6. Linoleic acid is enriched in cholesteryl esters but 
less abundant in triglycerides. High blood triglycerides can dilute 
the relative amount of linoleic acid in plasma. 

Linoleic Acid Peroxidation and Health Implications of Heated Oils 
Linoleic acid is unique among the major dietary fatty 
acids because it contains a structure known as a 
bis-allylic carbon that is highly vulnerable to 
peroxidation (Fig. 5.7),183,184 which in turn generates 
toxic lipid hydroperoxide radicals and reactive lipid 
aldehydes (reviewed in Appendix 4.8).  

Cooking and frying with 
linoleic acid–rich oils 

generates lipid hydroperoxides 
and reactive lipid aldehydes. 
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Published evidence shows that 
cooking or frying with linoleic acid–rich 
oils produces much larger amounts of 
lipid hydroperoxides and aldehydes 
than oleic acid or saturated fat 
containing oils and fats.185-199 Linoleic 
acid oxidation products and aldehydes 
present in foods are absorbed and 
incorporated into plasma lipoproteins 
and tissues (reviewed in Appendix 
4.8).200-204 Hydroperoxide radicals and 
aldehydes have been implicated in the 
etiology of many chronic diseases,205-

214 including CVD (reviewed in 215,216).  

These collective observations—which 
suggest potential harm from chronic 
consumption of heated, linoleic acid–
rich oils—may help explain the neutral 
or unfavorable outcomes seen in diet-
heart RCTs (see Appendix 4.6). 
Despite the ubiquitous use of linoleic 
acid–rich oils for cooking, frying, and 

industrial food manufacturing in the U.S., the clinical consequences of chronic 
consumption of lipid hydroperoxides and aldehydes are understudied. Given the 
availability of peroxidation-resistant oils such as olive oil and avocado oil in the U.S. 
(Fig. 5.7), there is an urgent need to determine whether cooking or frying with 
peroxidation-resistant oils can improve the health of Americans (see Appendix 2). 
Findings from such studies may be especially valuable to inform guidance for 
populations that are reported to be vulnerable to adverse effects of lipid hydroperoxides 
and aldehydes, such as pregnant women and older adults.217-222 

Figure 5.7. Peroxidation-resistant high-
oleic oils in the U.S. High-oleic oils have 
fatty acid profiles that match olive oil. *Indicates 
mean of three high-oleic soybean oils available 
in the U.S. 

Potential Unintended Consequences of Legacy Nutrient-Based Guidance 
The historical emphasis on reducing total fat, saturated fat, and dietary cholesterol, 
combined with early emphasis on lowering serum cholesterol as a primary marker of 
health, contributed to major changes in the U.S. food supply. Although well-intentioned, 
these nutrient-specific targets encouraged food reformulation strategies that replaced 
natural fats first with PHVOs then later with refined oils, starches, sugars, and chemical 
additives. The result was a generation of “Cholesterol Free,” “‘Low-Fat,” and “‘Heart-
Healthy” foods that met labeling criteria but did not necessarily improve diet quality or 
population health. 
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Dairy as a Case Example 
Dairy products illustrate how this nutrient-centered approach contributed to product 
reformulation. The fat that is naturally present in whole-fat yogurts and other dairy foods 
prevents separation of components and imparts a creamy texture and satisfying flavor. 
As shown in Fig. 5.8, a suite of processed ingredients and manufactured chemicals are 
needed to compensate for the loss of natural dairy fat in low-fat and fat-free products. 
Refined sugars and artificial sweeteners enhance taste; modified corn starch and 
xanthan gum thicken and stabilize; carrageenan, polysorbate (Tween) 80, 
methylcellulose, and other emulsifiers mimic the creaminess of dairy fat and prevent 
separation of components. Consequently, emphasis on restricting saturated fat in 
dietary guidelines and authorized health claims may have inadvertently encouraged 
selection of processed products, such as low- and nonfat yogurts with added sugars, 
artificial sweeteners, emulsifiers, thickeners, and other chemical additives. 

Figure 5.8. Legacy guidelines and health claims inadvertently favor highly 
processed dairy products. Yogurt A—which has one ingredient (whole milk) and is a rich 
source of protein (18g/serving)—is ineligible for health claims due to the presence of saturated 
fat. The more-processed low-fat and fat-free yogurts in B and C, which are eligible for the “Low 
saturated fat” health claim, have eight ingredients, 30–70% less protein, and large amounts of 
added sugar, starch, and chemical additives. Legacy guidelines and health claims create the 
illusion that processed Yogurts B and C are healthier choices than Yogurt A. 
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Emerging Evidence of Adverse Effects 
Despite enduring guidance to replace whole-fat dairy with low-fat products, there is a 
remarkable lack of evidence from RCTs and observational studies223-226 demonstrating 
adverse clinical consequences of whole-fat dairy in adults or children. The large-scale 
replacement of whole-fat dairy with highly processed dairy products may have had 
unintended consequences. In a nationally representative sample of U.S. adults with a 
median follow-up of 8 years, consumption of ultra-processed dairy products was 
associated with higher all-cause mortality.80 Moreover, in a large observational cohort of 
French adults,227 cumulative exposures to emulsifiers commonly added to low- or nonfat 
dairy foods was associated with increased risk of incident type 2 diabetes,228 cancer,228 
and CVD.229 While these associations do not establish causation, they highlight the 
need to re-evaluate whether nutrient-based labeling and health-claim criteria align with 
modern evidence on food processing and chronic-disease risk. 

Policy Implications and Recommendations 

A half century of research has not confirmed that lowering saturated fat below 10% of 
energy—or substituting it with linoleic acid–rich oils—reduces coronary heart disease or 
mortality risk. Overall, causal evidence does not demonstrate cardiovascular or mortality 
benefit from lowering saturated fat below current population averages. Within typical 
intake ranges, saturated fat appears neither uniquely harmful nor protective. The 
evidence therefore supports a neutral stance: Foods containing saturated fat can be 
part of healthy dietary patterns when consumed in reasonable amounts and within 
minimally processed contexts (see Appendices 4.6 and 4.7). Continued emphasis on 
numeric nutrient targets and surrogate biomarkers may have diverted attention from 
food quality and degree of processing—factors that increasingly appear more relevant 
to population health. 

Linoleic acid is an essential nutrient required in small amounts for normal growth, skin 
integrity, and other physiological functions. However, modern intake levels from refined 
oils now exceed physiological requirements severalfold. The concern is not the 
presence of linoleic acid in the diet but its concentration and source. High exposure to 
industrially refined oils is a historically novel condition whose long-term effects remain 
insufficiently studied for adverse events, particularly in children, adolescents, and 
pregnant or breastfeeding women. Research is needed to determine the optimal range 
of linoleic acid intake and to distinguish health effects of whole-food sources—such as 
nuts and seeds—from those of refined and thermally stressed oils. 

Moreover, high-quality RCTs are urgently needed to clarify which dietary fats and oils 
are most compatible with long-term health (see Appendix 4.8). For example, 
substituting peroxidation-resistant high-oleic oils in place of linoleic acid–rich oils when 
frying or cooking may improve health by reducing dietary exposures to lipid 
hydroperoxides and aldehydes. However, rigorous RCTs are needed to definitively 
determine whether reduced dietary exposures translate to improved clinical outcomes. 
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Recommendations: Healthy Fats 

• Healthy fats are plentiful in many whole foods, such as meats, poultry, eggs, 
omega-3–rich seafood, nuts, seeds, full-fat dairy, olives, and avocados. 

• When cooking with or adding fats to meals, prioritize oils with essential fatty 
acids, such as olive oil. Other options can include butter or beef tallow. 

• In general, saturated fat consumption should not exceed 10% of total daily 
calories. Significantly limiting highly processed foods will help meet this goal. 
More high-quality research is needed to determine which types of dietary fats 
best support long-term health. 

Recommendations: Dairy 

• When consuming dairy, include full-fat dairy with no added sugars. Dairy is an 
excellent source of protein, healthy fats, vitamins, and minerals. 

• Dairy serving goals: 3 servings per day as part of a 2,000-calorie dietary pattern, 
adjusting as needed based on your individual caloric requirements. 
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Chapter 6. Dietary Protein 

Background 

Protein is an essential nutrient that supports structural, enzymatic, and regulatory 
functions throughout the body.230 It provides the nine essential amino acids required for 
synthesis of enzymes, hormones, and neurotransmitters;231 for immune defense;232 and 
for the continual renewal of muscle, bone, and other tissues.233 Because there is no 
dedicated storage pool for amino acids, regular dietary intake is necessary to sustain 
tissue repair and metabolic balance.231 Adequate protein intake may help preserve lean 
mass, regulate appetite, and maintain metabolic health—factors that influence long-term 
well-being, weight management, and physical function.234-236 Requirements increase 
during periods of growth, pregnancy, lactation, and aging, when the efficiency of protein 
utilization declines (see Chapter 8). 

The current Recommended Dietary Allowance (RDA) for protein—0.8 grams per 
kilogram of body weight per day—was established to prevent deficiency based on 
nitrogen-balance data. It represents the lowest intake that maintains equilibrium in most 
healthy adults but does not reflect the intake required to maintain optimal muscle mass 
or metabolic function under all conditions.237 The Acceptable Macronutrient Distribution 
Range (AMDR) defines the proportion of total energy that can be derived from protein 
while supporting nutrient adequacy and reducing chronic-disease risk. For adults, the 
AMDR is 10–35% of total energy. In practice, the RDA and AMDR serve 
complementary purposes: The RDA prevents deficiency (e.g., preventing loss of lean 
body mass or negative nitrogen balance), while the AMDR identifies a range of intakes 
compatible with health and nutrient adequacy.237 

U.S. adults consume on average about 1 g/kg/day,133 or roughly 15% of total energy, 
placing the average intake near the midpoint of the AMDR—suggesting that deficiency 
is rare.238 The remaining question is whether protein intakes moderately above the RDA 
offer measurable advantages for body composition or metabolic health. The following 
section summarizes evidence from randomized controlled feeding trials addressing this 
question. 

Effect of Protein Intake of 1.2 to 1.6 g/kg/day on Body Composition 

A systematic review of 30 randomized controlled trials examined the effects of higher-
protein diets on weight management and nutrient adequacy in adults (see Appendix 
4.9 for detailed methods and results). Higher-protein diets were defined as providing 
1.2–1.6 g/kg body weight from protein, compared with control diets providing 0.8–1.0 
g/kg. Most trials were conducted in adults with overweight or obesity during calorie 
restriction, with several smaller studies in weight-stable adults. Across trials lasting 12 
weeks to 2 years, 67% reported significant improvements in at least one weight-related 
outcome—typically greater fat loss, preservation of lean mass, or improved weight-loss 
maintenance—while none showed adverse weight effects. The standardized mean 
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difference in fat mass loss was −1.31 kg, and lean mass preservation was +0.81 kg, 
both rated moderate-to-high certainty. Most interventions increased protein through 
nutrient-dense animal source protein. No evidence of adverse effects on kidney 
function, bone health, or metabolic markers has been observed within this tested range 
(see Appendix 4.9), and currently no upper limit for dietary protein has been 
established due to a lack of high-quality studies.239 The AMDR upper range for adults of 
35% would correspond to roughly 2.5 g/kg body weight per day. 

Overall, the evidence supports that protein intakes well above the RDA are safe and 
compatible with good health and may confer functional advantages for preserving 
muscle and metabolic resilience, particularly in individuals who are physically active or 
undergoing weight loss. For individuals engaged in regular resistance or endurance 
training, RCTs show enhanced muscle hypertrophy, strength gains, and preservation of 
lean mass with increasing daily protein intake up to approximately 1.6 g/kg body 
weight.240 These findings complement existing population recommendations, reinforcing 
the adequacy of the AMDR framework as the policy basis for protein guidance. 
Appendix 4.9 describes practical ways to achieve this intake pattern while improving 
nutrient adequacy and remaining well within the AMDR macronutrient ranges. 

Protein Sources and Nutrient Quality 

Both animal-source and plant-source proteins contribute uniquely to nutrient adequacy. 
Animal-source foods—meat, poultry, seafood, eggs, and dairy—supply high-density 
essential amino acids and bioavailable nutrients such as vitamin B12, iron, zinc, calcium, 
and choline. Plant-source foods—pulses, soy, nuts, and seeds—supply complementary 
nutrients, including fiber, folate, magnesium, and phytonutrients, but have lower 
essential-amino-acid density and reduced mineral bioavailability. 

Animal-Source Protein Foods 

Meat, poultry, seafood, eggs, and dairy are concentrated sources of high-quality protein 
with complete essential-amino-acid profiles and high digestibility. These foods provide 
substantial shares of nutrients often underconsumed in U.S. diets, including vitamin B12, 
vitamin D, calcium, heme iron, zinc, and choline. Evidence from randomized trials 
indicates neutral to beneficial effects of minimally processed animal-protein foods on 
body composition, glycemia, and lipid profiles. Observational associations linking meat 
intake with chronic disease risk are inconsistent and may be largely driven by 
processed-meat subtypes (see Appendix 4.10).241-243 Processed meats—such as 
sausages, hot dogs, and deli meats—contain added sodium, nitrates/nitrites, and lipid 
oxidation products generated during curing or high-temperature cooking. Because 
evidence for harm derives primarily from non-randomized data, its certainty is low; 
however, limiting heavily processed forms is prudent for alignment with Chapter 3’s 
broader guidance on processed foods. 
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Seafood, which includes fish and shellfish, provides high-quality protein and long-chain 
omega-3 fatty acids—EPA and DHA—that support cardiometabolic and neurocognitive 
health. Because mercury, in the form of methylmercury, is present in varying amounts 
among species, the FDA and the Environmental Protection Agency provide joint advice 
to help limit exposure, particularly for women who are or may become pregnant, those 
who are lactating, and young children.155,156 Seafood varieties higher in EPA and DHA 
and lower in methylmercury—such as salmon, anchovies, sardines, Pacific oysters, and 
trout—are encouraged. Tilapia, shrimp, catfish, crab, and flounder are also commonly 
consumed species that are lower in methylmercury.  

Eggs supply complete protein and choline, an essential nutrient for brain and liver 
function. Dairy foods provide protein together with calcium, potassium, and vitamin D. 
Whole-fat and low-fat dairy forms are acceptable within nutrient-dense diets (see 
Chapter 5 on saturated fat). 

Plant-Source Protein Foods 
Legumes, pulses, nuts, seeds, and soy products provide plant-based pathways to meet 
protein needs while increasing fiber and phytochemical intake. Compared with animal 
sources, plant proteins have lower essential-amino-acid density but provide other 
benefits, such as higher magnesium and folate. Short-term RCTs show improved insulin 
sensitivity when plant proteins, particularly soy, replace refined carbohydrates or added 
sugars. Nutrient gaps can occur in fully plant-exclusive diets (notably vitamin B12, iron, 
zinc, iodine, and calcium) and should be addressed through fortified foods or 
supplementation (see Chapter 8 for vegetarian diets). 

Processing and Preparation  
Processing alters protein quality and introduces additives and oxidized lipids that can 
diminish health value. Cooking methods also matter: Charring and high-temperature 
frying generate advanced-glycation end products, nitrates, and lipid-peroxidation 
products (see Chapters 3 and 5). 

Policy Implications and Recommendations 

Protein remains a cornerstone of dietary adequacy and long-term health. The DGAs 
2025–2030 reaffirm the AMDR for protein (10–35% of total energy) as a broad and 
flexible framework. Historically, the lower end of this range has been emphasized, but 
evidence indicates that higher intakes within the AMDR (e.g., approximately 1.2–1.6 
g/kg of body weight) can support maintenance of lean mass and metabolic health. For 
those who are physically active (e.g., weight training), it is recommended to aim for an 
upper limit of 1.4–1.6 g/kg of body weight. Both animal- and plant-source protein foods 
contribute essential nutrients and can form part of healthy dietary patterns when 
consumed in minimally processed forms. 
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Recommendations: Protein 

• Prioritize high-quality, nutrient-dense protein foods as part of a healthy dietary 
pattern. 

• Consume a variety of protein foods from animal sources, including eggs, poultry, 
seafood, and red meat, as well as a variety of plant-sourced protein foods, 
including beans, peas, lentils, legumes, nuts, seeds, and soy. 

• Swap deep-fried cooking methods with baked, broiled, roasted, stir-fried, or 
grilled cooking methods. 

• Consume meat with no or limited added sugars, refined carbohydrates or 
starches, or chemical additives. If preferred, flavor with salt, spices, and herbs. 

• Protein serving goals: 1.2–1.6 grams of protein per kilogram of body weight per 
day, adjusting as needed based on your individual caloric requirements. 
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Chapter 7. Sodium and Other Micronutrients  

Vitamins and Minerals 

Vitamins A, C, D, E, B12, and niacin, and minerals including potassium, magnesium, 
iron, calcium, and zinc, must be obtained through diet or supplementation for normal 
growth and metabolism and to prevent deficiency-related diseases. Minimally processed 
foods tend to have higher amounts of vitamins and minerals than highly processed 
counterparts.244-246 Healthy individuals eating omnivorous diets can generally meet their 
nutritional needs by selecting a variety of nutrient-dense foods and limiting highly 
processed foods.245 Additional considerations for optimizing micronutrient intake 
throughout the life stages and in vegan and vegetarian diets are discussed in Chapter 8 
and Appendices 4.11 and 4.12. 

Sodium 

Sodium is an essential mineral that regulates extracellular fluid balance, blood pressure, 
and neuromuscular function. It is naturally present in small amounts in foods and added 
as salt (sodium chloride) for preservation and flavor. The majority of persons in the U.S. 
exceed current recommendations for dietary sodium,247 in part due to consumption of 
highly processed and prepared/restaurant foods. Healthy eating patterns limit sodium to 
the Chronic Disease Risk Reduction (CDRR) levels defined by the National Academies: 
1,200 mg/day (ages 1–3), 1,500 mg/day (ages 4–8), 1,800 mg/day (ages 9–13), and 
2,300 mg/day (ages ≥14).53,248 Highly active individuals or those with heavy sweat 
losses may require an additional intake to maintain hydration and prevent 
hyponatremia.249 

Recommendations: Sodium 

• Sodium and electrolytes are essential for hydration. The general population, ages 
14 and above, should consume less than 2,300 mg per day of sodium. Highly 
active individuals may benefit from increased sodium intake to offset sweat 
losses. 

• For children, the recommendations vary by age: 
o Ages 1–3: less than 1,200 mg per day 
o Ages 4–8: less than 1,500 mg per day 
o Ages 9–13: less than 1,800 mg per day 

• Highly processed foods that are high in sodium should be avoided. 

  



Chapter 8. Special Considerations for Life Stages and Vegetarians & 
Vegans 

Introduction 

Nutrient-dense, whole foods play a vital role in improving overall diet quality and 
reducing nutrient gaps.250  

While these principles apply to everyone, certain life stages—such as infancy, 
childhood, adolescence, pregnancy, lactation, and older adulthood—come with unique 
nutritional needs that require special attention. This chapter highlights key nutrition 
priorities and considerations for these populations. 

Infancy and Early Childhood (Birth–4 Years) 
For about the first 6 months of life, exclusive breastfeeding is optimal. When breast milk 
is not available, infants should be fed iron-fortified infant formula. Breastfeeding should 
continue for as long as it is mutually desired by the mother and child, for 2 years or 
beyond. If feeding or supplementing with formula, discontinue infant formula at 12 
months of age and transition to whole milk. 

All infants, whether breastfed or formula-fed, should receive 400 International Units (IU) 
of vitamin D daily, starting shortly after birth. After about 6 months of age, infants may 
begin to eat solid foods. It is crucial to continue breastfeeding or formula feeding 
alongside the introduction of solids, as breast milk or infant formula remains the main 
source of nutrition for infants from 6 to 12 months.  

From birth to 4 years of age, children have high nutrient needs to support brain 
development, overall growth, and bone health. These include iron, zinc, copper, choline, 
omega-3 fatty acids, fats, protein, calcium, and vitamin D. Poor nutrition during this 
period can cause lifelong health issues. Infants and toddlers should receive a diverse 
range of minimally processed, nutrient-dense foods in appropriate textures, including 
animal-source foods and iron-rich plants, while limiting nutrient-poor and highly 
processed foods.251 Where access to nutrient-dense foods is limited, fortified products 
or supplements—such as iron—may be necessary under professional guidance. 

Infants and toddlers should avoid added sugars and highly processed foods. By 7 to 8 
months of age, infants can eat a variety of foods from different food groups, including 
meats or other proteins such as fish and poultry, vegetables and fruits, yogurt and 
cheese, and whole grains. Potentially allergenic foods—including nut butters, eggs, 
shellfish, and wheat—should be introduced along with other complementary foods. If 
an infant is at high risk for peanut allergy (due to the presence of severe eczema and/or 
egg allergy), caregivers should talk with a health care professional about peanut 
introduction as early as 4 to 6 months of age. For infants with mild to moderate eczema, 
peanut-containing foods can be introduced at around 6 months of age.253 
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At 12 months, introduce whole cow’s milk, as dietary fats are important for growth and 
brain development. Whole cow’s milk continues to play an important role in supporting 
these functions. Limited literature in this field does not support restricting dairy intake 
to only reduced-fat products.224, 254 Observational data, supported by limited RCTs, 
suggest that consuming whole cow’s milk instead of reduced-fat milk is associated 
with lower odds of being overweight or obese.252, 254

Recommendations: Infancy and Early Childhood (Birth–4 Years) 

• For about the first 6 months of life, feed your baby only breast milk. When breast
milk is not available, feed your baby iron-fortified infant formula.

• Continue breastfeeding as long as mutually desired by mother and child for 2
years or beyond. If feeding or supplementing your baby with infant formula, stop
feeding your baby infant formula at 12 months of age and give them whole milk.

• All breastfed infants, as well as infants who consume less than 32 ounces of
infant formula per day, should receive a daily oral vitamin D supplement of 400 IU
starting shortly after birth. Consult your health care professional about vitamin D
supplementation.

• Some infants require iron supplementation. Talk with your health care
professional about iron supplementation.

• At about 6 months of age, infants may begin to have solid foods. It is crucial to
continue breastfeeding or formula feeding while solids are introduced. Breast
milk or infant formula continues to be the main source of nutrition for your infant
up to 12 months of age.

o If your infant is at high risk for peanut allergy (due to the presence of
severe eczema and/or egg allergy), talk with your health care professional
about peanut introduction as early as 4 to 6 months. This can be done by
mixing a small amount of peanut butter with breast milk or formula,
thinning it to a safe consistency, and feeding it by spoon. For infants with
mild to moderate eczema, introduce peanut-containing foods at around 6
months of age.

• Introduce potentially allergenic foods—including nut butters, eggs, shellfish, and
wheat—with other complementary foods at about 6 months. Ask your infant’s
health care professional about their risk for food allergies and safe ways to
introduce these foods.

• Infants should receive a diverse range of nutrient-dense foods in appropriate
textures, while avoiding nutrient-poor and highly processed foods.

• Examples of nutrient-dense foods to introduce during the complementary feeding
period include:

o Meat, poultry, and seafood
o Vegetables and fruits
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o Full-fat yogurt and cheese
o Whole grains
o Legumes and nut- or seed-containing foods prepared in a safe, infant-

appropriate form
• Avoid added sugars during infancy and early childhood.

Middle Childhood (5–10 Years) 
Young children continue to have high nutrient needs to support brain development, 
overall growth, and bone health. Their diets should align with established dietary 
guidelines and emphasize whole, nutrient-dense foods, including protein sources, dairy, 
vegetables, fruits, healthy fats, and whole grains. 

As noted in the infant and early childhood section, observational data with limited RCTs 
suggest that consuming whole-fat cow’s milk rather than reduced-fat milk is associated 
with lower odds of being overweight or obese.224,254 

Water should be the preferred beverage instead of sugar-sweetened beverages (SSBs). 
Intake of 100% fruit juice should be limited to small portions, or the juice should be 
diluted with water to reduce sweetness and overall sugar exposure. See Appendix 4.2 
for a detailed review on added sugars. 

Recommendations: Middle Childhood (5–10 Years) 

• Focus on whole, nutrient-dense foods such as protein foods, dairy, vegetables,
fruits, healthy fats, and whole grains.

• Full-fat dairy products are important for children to help meet energy needs and
support brain development.

• Avoid caffeinated beverages.
• No amount of added sugars is recommended.
• Make cooking meals fun and a regular part of the household’s routine.

Adolescents (11–18 Years) 
Adolescence is a period of rapid growth and continued brain development. During this 
stage, energy, protein, calcium, and iron needs increase255—particularly for girls due to 
menstruation, with nearly 40% of U.S. adolescent girls being iron deficient.256 Increased 
calcium257 and adequate vitamin D intake are essential for achieving peak bone 
mass.258 Adolescents should focus on consuming nutrient-dense foods such as dairy 
products, leafy greens, and iron-rich animal foods, while limiting sugary drinks, energy 
drinks, and highly processed snacks.251 When access to nutrient-dense foods is limited, 
fortified foods or supplements may be necessary under medical guidance. 
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Recommendations: Adolescence (11–18 Years) 

• Adolescence is a rapid growth period with increased needs for energy, protein,
calcium, and iron—especially for girls due to menstruation. Adequate calcium
and vitamin D are vital for peak bone mass.

• Adolescents should eat nutrient-dense foods such as dairy, leafy greens, and
iron-rich animal foods, while significantly limiting sugary drinks and energy drinks
and avoiding highly processed foods. When access to nutrient-rich foods is
limited, fortified foods or supplements may be needed under medical guidance.

• Encourage adolescents to become active participants in food shopping and
cooking so they learn how to make healthy food choices for life.

Young Adulthood 

During young adulthood, the brain continues to mature.259 Young adults’ diets should 
align with established dietary guidelines and emphasize whole, nutrient-dense foods, 
including protein sources, dairy, vegetables, fruits, healthy fats, and whole grains. 

Non-pregnant, non-lactating women of reproductive age 

Women of reproductive age have higher iron needs due to menstrual blood loss, 
making iron-deficiency anemia common.260 Adequate iron intake from animal sources, 
fortified foods, and vitamin C–rich plant foods is essential to prevent deficiency. Women 
planning pregnancy should ensure sufficient folate intake through diet or supplements to 
reduce the risk of neural tube defects. Those with limited intake of animal foods—such 
as vegetarians and vegans—may require fortified foods or supplements for iron, folate, 
iodine, and vitamin B12 under medical guidance. 

Supporting testosterone health in men 
Men seeking to maintain healthy testosterone levels should focus on a balanced diet 
that includes foods rich in healthy fats. Avoiding strict low-fat diets is important, as 
research consistently shows that very low fat intake is associated with modest 
reductions in serum testosterone.261-265 Conversely, weight loss in overweight or obese 
men—regardless of dietary composition—typically results in increased testosterone 
concentrations.266 Evidence also suggests that DHA-rich fish oil supplementation may 
further support testosterone production in this population.267 While adequate protein 
intake is beneficial, very high-protein diets exceeding 3.4 g/kg/day should be avoided, 
as they may suppress testosterone levels.268 Certain supplements, such as zinc and 
vitamin D (particularly when deficient), may offer modest benefits but are best used as 
supportive measures rather than primary interventions.266 Finally, maintaining regular 
physical activity and a healthy body weight is strongly associated with higher 
testosterone levels in men.269 Overall, dietary and lifestyle strategies should be 
personalized, emphasizing overall health, nutritional balance, and long-term 
sustainability. 
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Recommendation: Young Adulthood 

• Following the Dietary Guidelines will support optimal health during this period, 
including reducing risk of the onset or progression of chronic disease and 
supporting other aspects of health. The brain continues to mature during young 
adulthood. While the most significant increases in bone density occur during 
adolescence, optimizing bone health to achieve peak bone mass and peak bone 
strength is essential. Additionally, following the Dietary Guidelines can support 
reproductive health for both women and men—with special emphasis on healthy 
fats, iron, and folate for women and healthy fats and protein for men. 

Pregnant Women 

Pregnancy significantly increases nutrient needs to support both maternal health and 
fetal growth. Iron, folate, and iodine are top priorities—iron needs rise by about 50% to 
prevent anemia, adequate iodine intake during pregnancy is critical for normal fetal 
brain development,270 and folate is essential before and during early pregnancy to 
prevent neural tube defects. Protein, choline, vitamin B12, and omega-3 DHA are also 
vital for fetal brain development. Pregnant women should consume a variety of nutrient-
dense foods, including iron-rich meats; folate-rich greens and legumes; choline-rich 
eggs; calcium-rich dairy; and low-mercury, DHA-rich seafood. Prenatal supplements, 
taken under medical guidance, are recommended. Pregnant women should completely 
avoid alcohol.271 

Recommendations: Pregnant Women 

• Pregnancy increases nutrient needs to support maternal health and fetal growth, 
with iron, folate, and iodine as top priorities. 

• Pregnant women should consume diverse nutrient-dense foods, including iron-
rich meats, folate-rich greens and legumes, choline-rich eggs, calcium-rich dairy, 
and low-mercury omega-3–rich seafood (e.g., salmon, sardines, trout). 

• Women should talk to their health care professional about taking a daily prenatal 
vitamin during pregnancy. 

Lactating Women 

Lactation increases energy and nutrient requirements to support milk production and 
maternal health. Key nutrients such as vitamin B12, iodine, vitamins D and A, DHA, and 
choline depend on the mother’s diet and are essential for infant brain development.272 
Breastfeeding women should consume a diverse range of nutrient-dense foods, 
particularly animal-source foods rich in these nutrients, along with folate-rich legumes 
and vitamin A–rich vegetables. When dietary variety is limited, supplements or fortified 
foods under medical guidance may be necessary.  
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Recommendations: Lactating Women 

• Lactation increases energy and nutrient needs to support milk production and
maternal health. Breastfeeding women should consume a wide variety of
nutrient-dense foods, including vitamin B12–rich protein sources such as meats,
poultry, eggs, and dairy; omega-3–rich seafood; folate-rich legumes; and vitamin
A–rich vegetables.

• Women should talk to their health care professional about whether dietary
supplements may be needed while breastfeeding.

Older Adults 

Older adults require fewer calories but equal or greater amounts of key nutrients such 
as protein, vitamin B12, vitamin D, and calcium.234 Aging can impair nutrient 
absorption—especially of vitamin B12—while adequate vitamin D and calcium are crucial 
for bone health, and protein supports muscle maintenance. Nutrient-dense foods such 
as fortified dairy, lean meats, seafood, eggs, legumes, and whole plant foods should be 
emphasized. When dietary intake or absorption is insufficient, fortified foods or 
supplements may be necessary under medical supervision. For individuals at risk of 
calcium oxalate kidney stones, dietary oxalate should be monitored by avoiding foods 
such as spinach, chard, and rhubarb; limiting intake of potatoes, chocolate, nuts, beets, 
and bran; and ensuring adequate calcium consumption with meals.273 
See Appendix 4.11 for a detailed review on life stages with special considerations. 

Recommendation: Older Adults 

• Some older adults need fewer calories but still require equal or greater amounts
of key nutrients such as protein, vitamin B12, vitamin D, and calcium. To meet
these needs, they should prioritize nutrient-dense foods such as dairy, meats,
seafood, eggs, legumes, and whole plant foods (vegetables and fruits, whole
grains, nuts, and seeds). When dietary intake or absorption is insufficient,
fortified foods or supplements may be needed under medical supervision.

Vegetarian and Vegan Diets 

Vegetarian and vegan diets can support health across the life course but bring distinct 
micronutrient and protein challenges that warrant targeted guidance. Modeled 
vegetarian patterns generally meet most nutrient goals, whereas modeled vegan 
patterns often fall short for several vitamins (A, D, E, B6, B12) and minerals (calcium, 
iron, zinc, iodine), choline, long-chain omega-3s (EPA/DHA), and, in some age–sex 
groups, protein. These limitations reflect both intake and bioavailability constraints (e.g., 
non-heme iron, phytate-bound zinc, provitamin A carotenoids, ALA to EPA/DHA 
conversion).274,275 
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Observational and trial data align with these modeling signals. Vitamin B12 deficiency is 
common without fortification or supplements, with substantially higher prevalence in 
vegans than omnivores. Studies show that B12 status can decline within weeks of 
adopting a vegan diet and necessitate routine daily supplementation to mitigate the loss 
of this essential vitamin.276-278 

Iron stores tend to be lower in vegetarians and vegans than in omnivores. Women of 
reproductive age, who already face a high risk of iron deficiency, should focus on iron-
rich foods paired with vitamin C; limit inhibitors such as tea, coffee, and calcium around 
meals; and monitor ferritin levels if they follow a vegetarian or vegan diet. Iron 
supplements should be used only when deficiency is confirmed.260,279 

Zinc status is also frequently low in vegans. Techniques like soaking, sprouting, or 
fermenting legumes and grains can improve zinc absorption, and supplementation is 
effective when deficiency is present.280 Vitamin D and calcium intakes are consistently 
lower in vegan diets. Using fortified foods or supplements for both nutrients can reduce 
fracture risk and support overall bone health.281-283 

Iodine intake can be unreliable without dairy or iodized salt. A modest daily iodine 
supplement of about 150 micrograms, or consistent use of iodized salt, helps maintain 
adequacy in a vegan or vegetarian diet. Seaweed should be consumed cautiously, 
since iodine content varies widely, and excess intake can harm thyroid function.284 
Choline intake may be suboptimal in many Americans,285,286 especially when eggs are 
not included in the diet.287 As mentioned above, supplementation may be needed during 
pregnancy and lactation to support fetal and infant brain development.  

Because plant-based ALA is converted to EPA and DHA inefficiently, vegans and 
vegetarians may not achieve adequate long-chain omega-3 levels from food alone. An 
algal DHA/EPA supplement is an effective way to meet these omega-3 needs.  288,289

In practical terms, vegetarians benefit from regularly including eggs and dairy. Vegans 
should rely on fortified foods; varied protein sources such as soy or mycoprotein; 
complementary plant proteins; and a focused supplement bundle that typically includes 
vitamin B12, vitamin D, iodine, algal DHA, and calcium or iron when indicated. Closer 
monitoring is especially important during pregnancy, infancy and early childhood, 
adolescence, and older adulthood. 

See Appendix 4.12 for a detailed review on vegetarian and vegan diets. 

Recommendations: Vegetarians and Vegans 

• Consume a variety of whole foods, especially protein-rich foods, such as dairy, 
eggs, beans, peas, lentils, legumes, nuts, seeds, tofu, or tempeh. 

• Significantly limit highly processed vegan or vegetarian foods that can include 
added fats, sugars, and salt. 
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• Pay careful attention to potential nutrient gaps when consuming a vegetarian or 
vegan diet. Vegetarian diets often fall short in vitamins D and E, choline, and iron, 
whereas vegan diets show broader shortfalls in vitamins A, D, E, B6, and B12; 
riboflavin; niacin; choline; calcium; iron; magnesium; phosphorus; potassium; 
zinc; and protein. Monitor nutrient status periodically, especially for iron, vitamin 
B12, vitamin D, calcium, and iodine. 

• To avoid nutrient gaps, prioritize targeted supplementation, diversify plant protein 
sources for amino acid balance, and enhance mineral bioavailability through food 
preparation techniques. 
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