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Research on the Topic of  Protein 
Sources
Yangbo Sun, Buyun Liu, Linda Snetselaar, et. al.  Association of Major Dietary 
Protein Sources with All-Cause and Cause-Specific Mortality:  Prospective Cohort 
Study, February 2021, JAHA.



Women’s Health Initiative (WHI) Study 
Components
• Clinical Trial (CT)

• Dietary Modification (DM)
• Dietary Intervention Group

• 5 servings of fruits and vegetables
• 6 servings of grains
• 20 percent of total  daily  calories from total fat 

• Comparison Group
• General information on diet and cancer at the beginning of the study

• Hormone
• Calcium and Vitamin D

• Observational Study (OS)
• CT and OS in WHI Extension Studies (Follow-up through February 2017)



This JAHA Study

• Secondary analysis of WHI data

• WHI Clinical Trial Comparison Group

• WHI Observational Study Group

• WHI Extension Studies with CT Comparison and OS



WHI DM Comparison Arm 

• One pamphlet on diet and cancer, American Cancer Society

• No dietary intervention

• No dietary group sessions

• Data collections at the same points in time as the OS



Observational Arm (OS) of the WHI

• Selected by participants instead of going into the 
clinical trial arm of the study

• Added to this arm of the study because they were 
excluded from the Clinical Trial arm of the study



WHI Secondary Analysis

• Large prospective cohort study using OS and CT Comparison 
arms of the study

• 1993-1998
• Follow-up 2017
• 18 years of follow-up
• Postmenopausal women
• 50-79 y/o



Number of Postmenopausal in This Study

102,521 women
• OS = 63,593
• CT = 38,928

1,876,205 person years of follow-up
• 25,976 deaths



Diet Assessment:  Food Fequency
Questionnaire (FFQ)
• Analyzed by Nutrient Data System for Research at the University of 

Minnesota

• Modified Block FFQ

• Included 122 composite and single food items

• Frequency of consumption and portion size



WHI Secondary Analysis: Quintiles of 
Plant Protein

Highest quintile 

• Lowest all-cause mortality 
• Lowest CVD
• Lowest dementia

Yangbo Sun, Buyun Liu, Linda Snetselaar, et. al.  Association of Major dietary Protein 
Sources with All-Cause and Cause-Specific Mortality:  Prospective Cohort Study, 
February 2021, JAHA.

Lowest quintile

• Highest all-cause mortality
• Highest CVD
• Highest dementia



Hazard Ratio (HR): Comparing the Highest with the 
Lowest Quintiles of  Plant Protein:  Inverse 
Association

• All-Cause Mortality: 0.91 [0.86, 0.96]

• CVD Mortality: 0.88 [0.079, 0.97]

• Dementia Mortality: 0.79 [0.67, 0.94] 



Hazard Ratio (HR): Comparing the Highest with the 
Lowest Quintiles among Major Protein Sources 
and Associated Higher Risk of All-Cause Mortality

• Processed Red Meat: 1.06 [1.01, 1.10]

• Eggs: 1.14 [1.10, 1.19] 



Hazard Ratio (HR): Comparing the Highest with the 
Lowest Quintiles among Major Protein Sources 
and Associated Higher Risk of CVD Mortality

• Unprocessed Red Meat: 1.12 [1.02, 1.23]

• Eggs: 1.24 [1.14, 1.34] 

• Dairy products:  1.11 [1.02, 1.19]



Hazard Ratio (HR): Comparing the Highest with the 
Lowest Quintiles on Egg Consumption and 
Associated Higher Risk of Cancer Mortality

Eggs: 1.10 [1.02, 1.19] 



Hazard Ratio (HR): Comparing the Highest with the 
Lowest Quintiles for  Processed Red Meat and 
Associated Higher Risk of Dementia Mortality

Processed Red Meat: 1.20 [1.05, 1.32]



Hazard Ratio (HR): Comparing the Highest with the 
Lowest Quintiles for Major Protein Sources 
Associated with Lower Risk of Dementia Mortality

• Poultry:  0.85 [0.75, 0.97]

• Eggs 0.86 [0.75, 0.98] 



Participants Characteristics with a Higher 
Percent of Energy from Animal Protein
• More likely to be white
• Less heavy alcohol intake
• Higher education and income
• Past smoker
• More likely to have diabetes at baseline
• Family history of heart attack
• Higher % energy from sat fat and lower from poly fat
• Lower intakes of dietary fiber and glycemic load
• Higher BMI



Participants Characteristics with a Higher 
Percent of Energy from Plant Protein
• More likely to be older
• Lower total energy intake
• Higher intake of dietary fiber
• Higher glycemic load
• Lower percent of energy from sat fat, mono fat and trans-fat
• Lower BMI



Study Summary

• Dietary proteins are not consumed in isolation

• Must consider overall diet

• Dietary Patterns



Modernizing the Definition of  
Protein Quality
From Amino Acids 

to Actual Foods

David L. Katz, MD, MPH
Founder & CEO, Diet ID

Founder & President, True Health Initiative

April 28, 2021





GOAL
Define a new, modernized 
protein quality metric that 
prioritizes public/planetary 

health rather than biochemistry



Perspective: The 
Public Health Case 
for Modernizing the 
Definition of Protein 
Quality

David L Katz, Kimberly N 
Doughty, Kate Geagan, David A 
Jenkins, Christopher D Gardner



Current Definition of Protein Quality

“The ability of a dietary protein to meet needs for regular metabolism 
and maintenance or growth of body tissues”

• FDA: Protein Digestibility 
Corrected Amino Acid 
Score (PDCAAS)

• Canada: Protein Efficiency 
Ratio (PER)

Animal 
proteins get 
higher 
ranking



Basis for shift to PLANT proteins

The lower the percentage of animal 
protein consumed, the greater the 
health benefits. 

2010 Study: Major Dietary Protein 
Sources and the Risk of Coronary 
Heart Disease in Women 
(Bernstein, Sun, Willett)

2019 Study: Meta-Analysis of Random-
ized Controlled Trials of Red Meat Con-
sumption in Comparison With Various 
Comparison Diets on Cardiovascular Risk 
Factors (Guasch-Ferre, Satija, Blondin)

2016 Harvard Study in 
JAMA Int Med (Song, 
Fung, Hu, Willett)







Shift To Whole Food Based Approach



Quality of 
protein 
source 

Quality of 
protein from 

source 

Shift To Whole Food Based Approach



Protein & Human Health

• Diet Quality

• Health Outcomes

• Deficiency vs. Adequacy vs. Overabundance

• Sulfur-containing amino acids

• Increased risk of cardiometabolic disease, 
independent of total protein intake



New Definition: 3 Criteria

• The concentration of protein and individual amino 
acids in the food

• Assessment of the evidence of health outcomes 
associated with consumption of the food

• Assessment of potential environmental impacts of 
producing the food (Dr. Gardner’s focus today)









Score Comparison Based on Definition





Applications

• Apply updated definition to product labeling, 
essentially revamping protein content claims and 
associated health halos

• Apply to diet quality scoring systems such as 
Healthy Eating Index

• Farming standards and practices



Lend your support:

• Petition for change: 

• https://www.change.org/p/the-us-must-update-the-
definition-of-protein-quality-to-one-that-aligns-with-food-
quality-and-supports-optimal-human-health

https://www.change.org/p/the-us-must-update-the-definition-of-protein-quality-to-one-that-aligns-with-food-quality-and-supports-optimal-human-health
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US PROTEIN INTAKE RECOMMENDATIONS
Dietary Reference Intakes (DRI), Estimated Average Requirement (EAR), and Recommended Daily 

Allowance (RDA)
Protein Type and Quality – Animal vs. Plant

• Protein Quality and Limiting Amino Acids. 
• All Plant Foods Have All 20 Amino Acids.
• Animal vs. Plant Food Sources of Protein.
• The Complementary Amino Acid Distributions of Different Plant Foods – Typically Not Important for 

Protein Adequacy.
• Negligible Impact of the Balance of Plant vs. Animal Protein on the EAR and RDA.

Protein Requirements for Elderly, Growing Children, Pregnant Women
Protein Requirement for Athletes
Protein Intake, Satiety and Weight Control

PER CAPITA PROTEIN INTAKE: ESTIMATIONS
Protein Consumption Estimated from USDA Availability Data

(with Adjustment for Waste)
Protein Consumption Estimated from National Health and Nutrition Examination 
Survey (NHANES)

(with Adjustment for Under-Reporting)

Estimation of under-reporting. 

FAO/WHO Report 

ENVIRONMENTAL FOOTPRINT OF US PROTEIN INTAKE
Carbon Footprint of Protein Sources
Water Footprint of Protein Sources
Carbon and Water Footprint of Current US Protein Intake 

REDUCTION IN CARBON AND WATER IMPACTS OF U.S. FOOD 
CONSUMPTION FROM CHANGES IN PROTEIN INTAKE

Three Scenarios of Potential Shifts in Protein Intake That Involve Either Reducing 
Overall Protein Intake, or Shifting Toward More Plant Protein and Less Animal 
Protein, or Both – Changes Illustrated as Examples of Differences In Selected Protein 
Food Sources For A Single Day. 

Impacts of Reduced Protein Intake

HEALTH IMPLICATIONS OF SHIFTING TO A MORE PLANT-BASED DIET
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Estimated Average Requirement (EAR)

Protein 
Requirement

25 grams/day

54 grams/day

Estimated Average
Requirement



Recommended Daily Allowance (RDA)
Population Approach: Add 2 Standard deviations to EAR

Protein 
Requirement

25 grams/day

54 grams/day

Estimated Average
Requirement



0.66 g/kg

0.8 g/kg

1.2 - 1.5 g/kg 
(NHANES)

125 lbs
(57 kg)

38 g

46 g

68-86
g 

175 lbs
(80 kg)

52 g

64 g

96-120
g 

225 lbs
(102 kg)

67 g

82 g

122-153
g 

275 lbs
(125 kg)

82 g

100 g

150-187
g 

Estimated
Average

Requirement

Recommended
Daily

Allowance

Average
American

Intake

Req’t / Rec / Intake



Protein Use
1. Functional

2. Carbohydrate
(for immediate need, or 
conversion to glycogen)

3. Fat (conversion
for energy storage)

Nitrogen

NH3
(Ammonia)

Protein
No Storage



0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mushrooms

Blueberries
Raspberries

Apple
Mango
Banana

Kale
Romaine

Sweet potatoes
Potatoes

Squash, butternut
Carrots

Green beans
Green pepper

Broccoli

Walnuts
Pecans

Peanuts
Almonds

Macaroni
Quinoa

Oats, steel cut
Rice, brown

Wheat, whole

Soybeans
Pinto beans

Lentils
Black beans

Split peas

Pork
Beef

Chicken
Salmon

Milk, whole
Egg

Animal
foods

Legumes, 
beans, 

lentils, peas

Grains,
rice, pasta

Nuts

Vege-
tables

Fruits

Mush-
rooms

Essential Non-Essential

Lys Leu Val Iso Thr Phe His Met Trp Glu/n Asp/n Arg Pro Ala Ser Gly Tyr Cys

Figure 1. 
Proportions of 
amino acids in 
selected foods 

across food 
groups.

Grouped by 
essential and 

non-essential, in 
descending order 

of prevalence 
within groups.

Amount of 
protein per 100 

kcal presented in 
Supp Table 1.

(Source: Nutrition 
Database System 

for Research, 
University of 
Minnesota)



Which of the following statements is 
most accurate regarding protein 

derived from plant foods
(e.g., grains, vegetables, beans)

1. Plant  foods do not have protein

2. All plant foods are missing some essential amino acids

3. Some plant foods are missing some essential amino acids

4. All plant foods contain all 20 amino acids, essential and 
non-essential



CURRENT SCENARIO
90 grams protein

85:15 animal:plant

* Note: The proportions of bread, nuts and beans presented here 
are representative of current average daily American diet.

A

~800 kcal



SHIFT SCENARIO #3
67.5 grams protein (25% decrease)

60:40 animal:plant

D

* Note: Decision to                                                achieve increase in plant 
protein by increasing nuts & beans but not bread was intentional. 
American daily bread intake already very high.

~775 kcal



CURRENT SCENARIO
90 grams protein

85:15 animal:plant

SHIFT SCENARIO #1
90 grams protein

60:40 animal:plant

SHIFT SCENARIO #2
67.5 grams protein (25% decrease)

85:15 animal:plant

SHIFT SCENARIO #3
67.5 grams protein (25% decrease)

60:40 animal:plant

* Note: Decision to                                                achieve increase in plant 
protein by increasing nuts & beans but not bread was intentional. American 
daily bread intake already very high.

* Note: The proportions of bread, nuts and beans presented here 
are representative of current average daily American diet.

A B

C D

* Note: Decision to                                                achieve increase in plant 
protein by increasing nuts & beans but not bread was intentional. American 
daily bread intake already very high.

A Day’s Worth 
of Protein on 
One Plate. 

Calories for 
each plate 
range from 
~600 to ~1,000 
kcals  (25-40% 
of total kcals 
for a 2,500 kcal 
diet)

Since all whole 
foods have 
protein, additional 
foods would 
provide additional 
protein

~800 kcal ~1,000 kcal

~600 kcal ~775 kcal



CURRENT SCENARIO
90 grams protein

85:15 animal:plant

SHIFT SCENARIO #3
67.5 grams protein (25% decrease)

60:40 animal:plant

* Note: Decision to                                                achieve increase in plant 
protein by increasing nuts & beans but not bread was intentional. American 
daily bread intake already very high.

* Note: The proportions of bread, nuts and beans presented here 
are representative of current average daily American diet.

A

D

* Note: Decision to                                                achieve increase in plant 
protein by increasing nuts & beans but not bread was intentional. American 
daily bread intake already very high.

A Day’s Worth 
of Protein on 
One Plate. 

Calories for 
each plate 
range from 
~600 to ~1,000 
kcals  (25-40% 
of total kcals 
for a 2,500 kcal 
diet)

Since all whole 
foods have 
protein, additional 
foods would 
provide additional 
protein

~800 kcal

~775 kcal

25% less 
protein

Shift 25%
from

animal to plant



1. Reduce protein intake by 25%
Still exceeds RDA, RDA has safety buffer

2. Shift from 85:15 to 60:40 animal:plant
Plant protein quality higher than many people believe

3. >300 M people in United States 
4. Green House Gas Emissions decrease 40% 

129 B Kg CO2eq
8% pledged under Paris Agreement

5. Consumptive Water Use decrease 10%
3.1 T gallons



Poultry Pork Sheep Red Meat

BRICS: Emerging economies of Brazil, Russian Federation, India, China and South Africa
MENA: Middle East & Northern Africa

2018



Take Home Messages
Most people believe their requirement is higher than it is.

Most people believe they eat less than they do.

It is easier to meet your requirement than most people think

Extra protein beyond needs is not stored, it is converted to 
carbs and fat

All plants have all 20 amino acids and despite the proportions 
not being ideal in plants, the amounts and proportions are 
easily adequate to support optimal health

Americans eat more meat than any other country in the world

Shifting to less animal protein and more plant protein is 
optimal for human health and environmental health



American Society for Nutrition 2019. All rights reserved. Adv Nutr 2019;0:1-10;doi:https://doi.org/10.1093/advances/nmz023 
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