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Objectives

• Provide an overview of NDC Nutrition 

Research Program

• NHANES overview

• Discuss research studies utilizing 

NHANES:

• Dairy intake data

• Nutrient intakes

• Mortality

• Cost and tradeoffs
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Bringing to life the dairy 

community’s shared vision of a 

healthy, happy, sustainable 

world, with science as our 

foundation



HEALTH & WELLNESS SCIENCE

Public 
Health

Dairy as a 
Food Group

PROTECT

• Food Based Dietary 

Guidelines

• Dietary Patterns

• Childhood Health

• Whole Milk/Dairy Matrix

• Health Disparities

Prove New 
Benefits

Commercialize 
More Science

DISCOVER

• Discover & validate new 

health conditions

• Fuel new product innovation

• Provide support for stronger 

claims & messaging

• Utilizing new technologies to 

improve research (e.g., AI)

• Identify new, powerful 

research collaborations

Demonstrate 

Socio-economic

Prove Global 

Value

PROMOTE
• Build relationships with 

leading research universities 

domestically and globally

• Address gaps in socio-

economic research and 

research to support FBDG.
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National Health and Nutrition 
Examination Survey 

(NHANES)
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What is NHANES?

• Program of studies designed to assess the health and nutritional 

status of adults and children in the U.S.

• The survey is a combination of interviews and physical examination 

performed in specially-designed and equipped mobile centers.

• Started in early 1960’s. Continuous two-year cycles since 1999.

Sample Population

• Participants randomly selected through a complex statistical 

process to represent the U.S. population of all ages.

• Civilian, non-institutionalized household population from all states 

and the District of Columbia.

• To produce reliable statistics, NHANES over-samples persons 

60 and older, African Americans, and Hispanics.

• ~5,000 people each year.

Source: https://www.cdc.gov/nchs/nhanes/participant.htm

https://www.cdc.gov/nchs/nhanes/participant.htm
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Dietary Intake Interview Component of NHANES:
What We Eat in America (WWEIA)

Two, nonconsecutive days of dietary intake using 

24-hour recalls

1. In-person at the Mobile Exam Center

2. Central NHANES telephone center

For each food and beverage, the following is collected:

• Name (USDA food code and description)

• Amount consumed

• Amounts of food energy and 64 nutrients/food 

components provided by each food/beverage

• Identification of items eaten in combination (e.g., 

cereal with milk added)

• Separate ingredients coded for mixed foods

• Day of week

• Eating occasion – name (breakfast, lunch, etc.)

• Time when each item was consumed

• Source of food/beverage (where obtained)

• Whether the food/beverage was eaten at home or 

not

Source: https://www.cdc.gov/nchs/nhanes/participant.htm

https://www.cdc.gov/nchs/nhanes/participant.htm
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Uses of NHANES

• Findings from the survey are used in a wide variety of ways, including: 

• Determining the prevalence of major diseases and risk factors for diseases. 

• Assessing nutritional status and its association with health promotion and disease prevention. 

• Setting the basis for national standards for measurements such as height, weight and blood 
pressure. 

• Research to help develop sound public health guidance, direct and design health programs and 
services, and expand the health knowledge for the Nation.

• Modelling intakes of food groups for the Dietary Guidelines for Americans Committee. 

Source: https://www.cdc.gov/nchs/nhanes/nhanes_products.htm

https://www.cdc.gov/nchs/nhanes/nhanes_products.htm
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Relationship 
Between Dairy 

Intake and Health 
and Wellness 

Outcomes
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Cifelli CJ, Fulgoni K, Fulgoni VL, Hess JM. Disparity in dairy servings intake by ethnicity and age in NHANES 

2015-2018. Current Developments in Nutrition. 2023; 7(2): https://doi.org/10.1016/j.cdnut.2022.100010. 

Disparities in Dairy Servings Exist by 
Ethnicity and Age 

Results:

➢ Total dairy and milk consumption was 21% and 43% 

less, respectively, in adults (19+ years) as compared to 

children (2 – 18 years) in this analysis.

➢Non-Hispanic Black and non-Hispanic Asian children 

and adults consumed the least number of dairy 

servings as compared to the other race/ethnic groups. 

➢ The “other foods” category (e.g., pizza, Mexican 

dishes, sandwiches, soups) makes a significant 

contribution to dairy consumption and could represent 

an important opportunity to help Americans meet the 

DGAs. 

Methods

NHANES cycles 2015–2016 and 2017–2018 

used to determine dairy intake from foods 

included in USDA-defined dairy food groups as 

well as from “other foods,” such as mixed 

dishes and nonmilk and dairy foods containing 

dairy.

https://doi.org/10.1016/j.cdnut.2022.100010
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2+ y 2-18 y 19+ y 2-8 y 9-18 y 19-50 y 51-70 y 71+ y 

Total Dairy 
Intake

1.56 (0.03) 1.87 (0.04) 1.47 (0.03) 1.93 (0.04) 1.83 (0.06) 1.55 (0.04) 1.40 (0.04) 1.35 (0.07)

Total Milk 
Intake

0.72 (0.02) 1.07 (0.03) 0.61 (0.02) 1.22 (0.03) 0.98 (0.03) 0.58 (0.02) 0.61 (0.03) 0.75 (0.05)

Total 
Cheese 
Intake

0.74 (0.02) 0.72 (0.02) 0.74 (0.02) 0.61 (0.02) 0.79 (0.03) 0.85 (0.03) 0.67 (0.03) 0.49 (0.03)

Total Yogurt 
Intake

0.07 

(0.004)
0.06 (0.005) 0.07 (0.005) 0.08 (0.01) 0.04 (0.005) 0.07 (0.01) 0.08 (0.01) 0.07 (0.01)

Daily Servings of Dairy Foods in Americans by Age Group 
(cup equivalents ± SE)

Cifelli CJ, Fulgoni K, Fulgoni VL, Hess JM. Disparity in dairy servings intake by ethnicity and age in NHANES 

2015-2018. Current Developments in Nutrition. 2023; 7(2): https://doi.org/10.1016/j.cdnut.2022.100010. 

https://doi.org/10.1016/j.cdnut.2022.100010
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Children 2-18 years

Daily Servings of Dairy Foods (cup equivalents) by Ethnicity 
in Americans Aged 2-18 and 19+ Years

Adults 19+ years

Cifelli CJ, Fulgoni K, Fulgoni VL, Hess JM. Disparity in dairy servings intake by ethnicity and age in NHANES 

2015-2018. Current Developments in Nutrition. 2023; 7(2): https://doi.org/10.1016/j.cdnut.2022.100010. 

https://doi.org/10.1016/j.cdnut.2022.100010


Nutrient Contribution of Dairy Foods by Age

Cifelli CJ, Fulgoni K, Fulgoni VL, Hess JM. Disparity in dairy servings intake 

by ethnicity and age in NHANES 2015-2018. Current Developments in 

Nutrition. 2023; 7(2): https://doi.org/10.1016/j.cdnut.2022.100010. 

https://doi.org/10.1016/j.cdnut.2022.100010


Nutrient Contribution of Dairy Foods by Ethnicity

Cifelli CJ, Fulgoni K, Fulgoni VL, Hess JM. Disparity in dairy servings intake 

by ethnicity and age in NHANES 2015-2018. Current Developments in 

Nutrition. 2023; 7(2): https://doi.org/10.1016/j.cdnut.2022.100010. 

https://doi.org/10.1016/j.cdnut.2022.100010


Dairy and Vitamin Intakes

Higher intakes of total dairy as well as individual dairy foods (especially milk and 
yogurt) were positively associated with serum and RBC folate, serum vitamin B6 
and serum B12, and generally, with 9–57% lower risk of inadequate or deficient 
levels of these vitamins. 

Total dairy and milk intake was positively associated with UIC, the recommended 
method to assess iodine adequacy, among children, inversely associated with 
percentage of iodine insufficient among all ages and inversely associated with 
percentage of iodine severely deficient among adults 19 years and older. 

These findings suggest that encouraging dairy consumption may be an 
effective strategy for improving micronutrient status and provide 
continued evidence to support the current dietary recommendations for 
dairy and dairy products. 

1. Cifelli CJ, Agarwal S, Fulgoni VL. Association between intake of total dairy and individual dairy foods and markers of 

folate, vitamin B6 and vitamin B12 status in the U.S. population. Nutrients. 2022; 14(12):2441. doi: 10.3390/nu14122441. 

2. Qin Y, Cifelli CJ, Agarwal S, Fulgoni VL. Dairy food consumption is beneficially linked with iodine status in US children and 

adults: NHANES 2001 – 2018. Public Health Nutrition. 2023; In press.
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Replacing Dairy with Plant Based Foods: 
Nutrient Tradeoffs 

• Increasing or decreasing certain foods within current consumption 

patterns in the diet results in profound effects on nutrient 

adequacy.

• When plant-based foods were increased in both children and 

adults, the percent not meeting the Estimated Average 

Requirement (EAR):

• Decreased for vitamin C, magnesium, vitamin E, folate and 

iron

• Increased for calcium, protein, vitamin A, and vitamin D

• Specific recommendations to increase low fat and nonfat 

dairy foods in conjunction to increasing healthy plant-based 

foods will help to close some of the nutrient gaps currently 

present among Americans of all ages.

Cifelli CJ, Houchins JA, Demmer E, Fulgoni VL. Increasing Plant Based Foods or Dairy Foods Differentially 

Affects Nutrient Intakes: Dietary Scenarios Using NHANES 2007-2010. Nutrients. 2016;8(7):422. Published 

2016 Jul 11. doi:10.3390/nu8070422
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Simple Beverage Swaps Could Improve Nutrient 
Intakes in Children

• Milk consumption declines across childhood and is 

often replaced with less nutrient dense beverage 

options which can result in poorer nutritional 

status.

• Decreased essential nutrient intakes; Increased

intakes of calories and added sugars

• The results of this modeling study showed 

that including or substituting caloric 

beverages, especially sugar-sweetened 

beverages, with milk can significantly improve 

the intake of essential micronutrients without 

substantially increasing total or saturated fat.

Ricklefs-Johnson K, Pikosky MA, Cifelli CJ et al. Assessment of beverage trends and replacing nondairy caloric 

beverages with milk at meals across childhood improves intake of nutrients at risk of inadequate consumption: 

An NHANES modeling study. Curr Dev Nutr, 2023; https://doi.org/10.1016/j.cdnut.2023.102020

https://doi.org/10.1016/j.cdnut.2023.102020
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Protein Quality is Important for Ensuring Protein 
Requirements Are Met
• New research shows that protein intake is 

insufficient to meet minimal requirements in 
certain segments of the US population, 
particularly adolescents and older adults.

• If protein quality of the diet is low, then the 
proportion of the population not meeting protein 
needs increased. 

• Dairy is a source of high-quality protein; thus, it 
can be a solution for helping at-risk people meet 
their protein requirements

Moughan Pj, Fulgoni VL, Wolfe RR. The importance of protein quality in mid- to high-income countries. J 

Nutr. 2024; 154: 804.814.
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Dairy Food Consumption Linked to Lower Risk 
of Heart Disease Mortality

• Goal: to examine the link between consumption of dairy 

foods and mortality risk in US adults. 

• Methods:

• Data for adults from the Third NHANES and NHANES 

1999–2014 were linked with CDC mortality data through 

2015.

• Hazard ratio (HR) models were fit for mortality types (all 

cause, cancer, heart disease) and measures of usual 

intakes of dairy. 

Papanikolaou and Fulgoni. Dairy food consumption is associated with reduced 
risk of heart disease mortality, but not all-cause and cancer mortality in US 

adults. Nutrients. 2023. https://pubmed.ncbi.nlm.nih.gov/36678263/.

https://pubmed.ncbi.nlm.nih.gov/36678263/
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Dairy Food Consumption Linked to Lower Risk 
of Heart Disease Mortality

• The results showed that:

• Dairy foods were not linked with all-cause or cancer 

mortality risk.

• Dairy foods were associated with a 26% reduced risk 

for heart disease mortality in those 19+

• In adults 51+, there was a 7% risk reduction associated 

with 1% higher percentage of calories coming from 

animal protein

Papanikolaou and Fulgoni. Dairy food consumption is associated with reduced 
risk of heart disease mortality, but not all-cause and cancer mortality in US 

adults. Nutrients. 2023. https://pubmed.ncbi.nlm.nih.gov/36678263/.

https://pubmed.ncbi.nlm.nih.gov/36678263/
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… Which May Explain the Paradox with CV Risk

Emerging research shows neutral to beneficial outcomes of full-fat 
dairy, highlighting the nuance and complexity of the dairy matrix 

1. Trieu et al. PLOS Medicine. 2021;18(9):e1003763. 
2. Astrup et al. Journal of the American College of Cardiology. 2020;76(7):844-857.
3. Dehghan et al. The Lancet. 2018;392(10161):P2288-2297

4. Duarte et al. Crit Rev Food Sci Nutr. 2020;61(3):450-461
5. Hirahtake et al. Adv in Nutr. 2020;11(3):533-547. 
6. Geng T, Huang T. Mol Nutr Food Res. 2018;6(21)

7. Vanderhout et al. Clinical Nutrition. 2019;111(2):266-279. 

Full-fat dairy foods have shown protective 

effects on cardiometabolic risks/outcomes:

• CVD1-5

• Type 2 DM2,3,5

• Mortality2,3,5

• CVD Mortality3

• Stroke3,5

• Hypertension5

• Waist circumference 
and body compisition.4-7

https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003763
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.05.077
https://www.thelancet.com/journals/lancet/article/PIIS0140-67361831812-9/fulltext
https://pubmed.ncbi.nlm.nih.gov/32188263/
https://academic.oup.com/advances/article/11/3/533/5697079
https://pubmed.ncbi.nlm.nih.gov/29058378/
https://academic.oup.com/ajcn/article/111/2/266/5680464


Fat Flexibility Modeling

• Objective: Assess the impact of replacing one serving of fat-free dairy foods in the Healthy U.S.-Style 
Eating Pattern from the DGA with one serving of whole- or reduced-fat dairy foods.

• Food pattern modeling indicates that one of the three recommended servings of dairy foods for 
Americans 9 years and older can be a whole- or reduced-fat option while staying within the 2015 DGA’s 
recommended ranges for saturated fat, energy, and sodium intake.

Hess JM, Cifelli CJ, Fulgoni VL 3rd. Modeling the Impact of Fat Flexibility With Dairy Food Servings in the 2015-2020 Dietary Guidelines for 

Americans Healthy U.S.-Style Eating Pattern. Front Nutr. 2020;7:595880. Published 2020 Oct 22. doi:10.3389/fnut.2020.595880
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Dairy and 

Economics
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It is Difficult to Replace Dairy’s Nutrients

• The US Dietary Guidelines for Americans recommends 

increased consumption of the dairy group to three daily 

servings for ages 9+ years to help achieve adequate intakes of 

prominent shortfall nutrients. 

• Identifying affordable, consumer-acceptable foods to 

replace dairy's shortfall nutrients is important, especially for 

people who avoid dairy.

• Method: Linear programming was used to find unique 

combinations of non-dairy foods in the 2011-2014 WWEIA food 

categories that would substitute for protein and 10 shortfall 

nutrients in one USDA cup-equivalent of dairy
• Phase 1: Only dairy foods, including the dairy component in mixed 

dishes, were excluded from the WWEIA food categories. 

• Phase 2: Select foods and beverages that were not reasonable 

non-dairy options on a population basis also were excluded.

Cifelli CJ, Auestad N, Fulgoni VL. Replacing the nutrients in dairy foods with non-dairy foods will increase the cost, 

calories, and require large amounts of food: NHANES 2011-2014. Public Health Nutrition. 2020.
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Constraints for the WWEIA Food Categories to Replace the 
Nutrients in 1 USDA Cup-Equivalent Serving 

Phase 1: Phase 2:

• Optimization priorities:

• Lowest cost non-dairy food combinations

• Fewest calories in non-dairy food 

combinations

• Smallest amount of food by weight (g) in 

non-dairy food combinations

• Consumption constrains for all three 

scenarios:

• None

• No more than the 90th percentile of current 

consumption

• Optimization priorities and consumption 

constrains same as Phase 1

• Foods and beverages that are not reasonable 

replacement foods on a population basis: baby 

foods, protein and nutritional powders [9802]; 

nutritional beverages [7208]

• Beverages with virtually no calories, but that 

contain small amounts of micronutrients: coffee 

[7302]; tap water [7702]; bottled water [7704]; 

diet soft drinks [7102]; other diet drinks [7106]

Cifelli CJ, Auestad N, Fulgoni VL. Replacing the nutrients in dairy foods with non-dairy foods will increase the cost, 

calories, and require large amounts of food: NHANES 2011-2014. Public Health Nutrition. 2020.
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Results

• Non-dairy food combinations are not reasonable substitutes for dairy foods. 

• Identifying affordable, consumer-acceptable foods that can replace dairy's shortfall nutrients 
at both current and recommended dairy intakes remains a challenge.

• Replacing dairy will require tradeoffs. 

• The limiting nutrients in all of the non-dairy food combinations were vitamin D and 
calcium whether optimized for the lowest cost, fewest number of calories, or the smallest 
amount of food by weight.

• In some of the optimized food combinations, sodium, added sugars, and/or saturated 
fat were higher than in a USDA cup equivalent of dairy.

• Saturated fat in all the optimized food combinations was 1.3 to 2.0 times higher than 
in USDA servings of dairy. 

• Only 12 out of the approximately 150 WWEIA food categories were represented in the 
optimized food combinations.

Cifelli CJ, Auestad N, Fulgoni VL. Replacing the nutrients in dairy foods with non-dairy foods will increase the cost, 

calories, and require large amounts of food: NHANES 2011-2014. Public Health Nutrition. 2020.
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Cost of Nutrient Shortfalls 

• Objectives

• Compare the cost to the consumer of obtaining 
shortfall nutrients from different food groups and 
different food sources.

• Help identify cost-effective ways to help 
Americans move towards healthy and sustainable 
eating patterns.

• Methods

• Analysis using dietary intake data from NHANES, 
nutrient intake from the Food and Nutrient 
Database for Dietary Studies, and food cost for 
nutrients from Center for Nutrition Promotion and 
Policy food cost database 2001-2002 and 2003-
2004 (adjusted for inflation).

Hess JM, Cifelli CJ, Agarwal S, Fulgoni VL 3rd. Comparing the cost of essential nutrients from 

different food sources in the American diet using NHANES 2011-2014. Nutr J. 2019;18(1):68. 

Published 2019 Nov 9. doi:10.1186/s12937-019-0496-5
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WWEIA: Food Groups

Milk and dairy

Milk, flavored milk, dairy drinks and substitutes, cheese, and 
yogurt

Protein foods

Meats, poultry, seafood, eggs, cured meats/poultry, plant-
based foods

Mixed dishes

Meat, poultry, seafood; Grain-based; Asian; Mexican; Pizza; 
Sandwiches; Soup

Grains

Cooked grains; Bread, rolls, tortillas; Quick bread and break 
products; Ready-to-eat cereals; Cooked Cereals

Snacks and sweets

Savory snacks; Crackers; Snack/Meal bars; Sweet bakery 
products; Candy; Other desserts

Fruits

Fruits

Vegetables

Vegetables excluding potatoes; White potatoes

Hess JM, Cifelli CJ, Agarwal S, Fulgoni VL 3rd. Comparing the cost of essential nutrients from 

different food sources in the American diet using NHANES 2011-2014. Nutr J. 2019;18(1):68. 

Published 2019 Nov 9. doi:10.1186/s12937-019-0496-5



Cost of Nutrient Shortfalls: Results
• These results reinforce the importance of 

consuming a variety of nutrient-rich foods for 

cost-effective, sustainable eating patterns.

• Daily mean cost of food

• Children (2-18 years): $4.74 ± 0.06 

• Adults (19-99 years) : $6.43 ± 0.06

• Most expensive: 

• Protein foods (~18-23% of total daily food cost) 

• Mixed dishes (~22-25% of total daily food cost) 

Hess JM, Cifelli CJ, Agarwal S, Fulgoni VL 3rd. Comparing the cost of essential nutrients from 

different food sources in the American diet using NHANES 2011-2014. Nutr J. 2019;18(1):68. 

Published 2019 Nov 9. doi:10.1186/s12937-019-0496-5

Children:

• “Grains” were least expensive sources of vitamin A, 

vitamin E, iron and magnesium

• “Milk and dairy” were least expensive sources of 

calcium, vitamin D, and potassium 

• “Vegetables” were least expensive sources of potassium

• “Fruits” were the least expensive sources of vitamin C 

Adults: 

• “Grains” were least expensive sources of magnesium 

and iron

• “Milk and dairy” were least expensive sources of 

calcium and vitamin D 

• “Vegetables” were least expensive sources of potassium 

and vitamin A

• “Fruits” were the least expensive sources of vitamin C 

• “Snacks and sweets” were the least expensive sources 

of vitamin E
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Animal Sourced Foods for Nutritional Adequacy

• When linear programming was applied to commonly available 
foods and food prices prevailing in the United States (2009–
2010), animal-based foods (milk, eggs, fish, and meat) 
were found to meet the energy and nutrient requirements 
of healthy adults at the lowest cost.

• Given relative food prices in the United States, the results 
show that animal-based foods are needed to secure 
adequate nutrition at the lowest cost, underscoring the role of 
price and market mechanisms in the choice of nutrient-
adequate, sustainable diets.

Chungchunlam, S.M.S., Moughan, P.J., Garrick, D.P. et al. Animal-sourced foods are required for minimum-
cost nutritionally adequate food patterns for the United States. Nat Food 1, 376–381 (2020). 
https://doi.org/10.1038/s43016-020-0096-8
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Following DGA-Healthy Eating Pattern Projected To 
Save Billions In Healthcare Costs

Schwingshackl L, Bogensberger B, Hoffmann G. Diet Quality as Assessed by the Healthy Eating Index, Alternate Healthy 

Eating Index, Dietary Approaches to Stop Hypertension Score, and Health Outcomes: An Updated Systematic Review and 

Meta-Analysis of Cohort Studies. J Acad Nutr Diet. 2018;118(1):74-100.e11. doi:10.1016/j.jand.2017.08.024

• Research Method: 

• Relative risk (RR) estimates of the association between dairy 

consumption and health outcomes were estimated based on the 

available scientific literature. 

• Mean total dairy intake was estimated to be 1.49 cup equivalents 

per day. 

• Direct and indirect costs associated with each health outcome were 

determined.

• Increased conformance with the Healthy US-Style and Healthy 

Mediterranean-Style eating patterns as measured by the Healthy 

Eating Index and the Mediterranean diet score resulted in cost 

savings of more than $15 billion in the US adult population.
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Scrafford CG, Bi X, Multani JK, Murphy MM, Schmier JK, Barraj LM. Health Care Costs and Savings
Associated with Increased Dairy Consumption among Adults in the United States. Nutrients. 2020; 
12(1):233. https://doi.org/10.3390/nu12010233

Increased Consumption Of Dairy Foods Associated With 

Healthcare Cost Savings in the U.S.

• Results: 

• Total dairy consumption among adults in the US 

was 1.49 cup-equivalents per day (c-eq/day), 

requiring an increase of 1.51 c-eq/day to meet 

the DGA recommendation.

• Modeling analysis showed that increasing total 

dairy intake to meet recommendations would 

result in an average healthcare cost savings of 

$12.5 billion.
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• Despite being an important source of key 
nutrients, both children and adults under-
consume dairy foods. Also, race/ethnicity impacts 
usual dairy intakes.

• Dairy foods are were associated with reduced risk 
for heart disease mortality. There was no link 
between dairy foods and all-cause or cancer 
mortality. 

• Modelling studies unitizing NHANES show that 
dairy foods are difficult to replace without 
increasing the cost or amount of food consumed. 
Moreover, meeting dietary recommendations 
could lead to reduced health care costs.

Conclusions


