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Did you use your phone to access today’s webinar?

If you are calling in today rather than using your computer to log on, 
and need CE credit, please email mcner@villanova.edu and provide 

your name 
and we will send you an online link for an evaluation and 

CE certificate. 

mailto:mcner@villanova.edu


Continuing Education Credit Details

• Villanova University M. Louise Fitzpatrick College of Nursing is accredited as a 
provider of nursing continuing professional development by the American 
Nurses Credentialing Center’s Commission on Accreditation. This activity 
awards 1 contact hour for nursing professionals.

• This activity awards 1 CPEU in accordance with the Commission on Dietetic 
Registration’s CPEU Prior Approval Program

■ Level 2 activity
■ Suggested CDR Performance Indicators: 7.2.3, 9.1.1, 9.1.5, 9.2.1
■ To receive CE credit, you must attend the entire program.



Today’s webinar objectives:

• Understand the definitions of plant-based diets based on both 
food composition and availability of nutrients, and why they 
can be healthy or unhealthy.

• Explore a variety of plant-based diets using the latest clinical 
trials, with emphasis on impact on chronic disease and 
metabolic syndrome, and the role of eggs as part of healthy 
plant-based diet in metabolic syndrome.

• Discuss health implications of plant-based diet selection on 
guidance for patients.
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7

Maria Luz Fernandez, PhD
Professor Emerita 
University of Connecticut

Are All Plant-Based Diets (PBD) Created Equal? 
Comparing Impact on Health and Metabolic Syndrome



Are all Plant-based Diets Created Equal? Comparing 
Impact on Health and Metabolic syndrome

Maria Luz Fernandez, PhD
Professor Emerita, University of Connecticut
Instructional Designer/Precision Nutrition, University of Arizona
September 25, 2024



Outline of 
the 
Presentation

Definition of Plant-Based Diets and benefits against 
chronic disease

Healthy vs unhealthy Plant-Based Diets

Classification of Plant-Based diets according to food 
components

Plant-Based diets and metabolic syndrome

Eggs as a component of a Plant-Based Diet

Summary and Discussion on which is the best diet 
to recommend



Plant-
Based Diet: 
Definition

An eating pattern that focuses on plant food 
and includes minimal or no animal foods

They have become very popular

They are environmental healthy and cause 
less pollution

They provide multiple health benefits in the 
whole body and in the brain1

1. Medawar et al., Transl. Psychiatry 9 (1) (2019) 226



Plant-based diets and 
Cardiovascular Disease

Low-fat vegetarian diets show 
cessation and reversal of 
atherosclerotic plaques
Risk factors for heart disease are less 

frequent in those who follow  plant-
based diets
Meta analysis of 7 randomized trials 

concluded that compared to 
omnivorous diets, vegetarian diets 
result in lower blood pressure



Plant-Based 
Diets and 
Cancer

• There is no sufficient evidence of plant-
based dietary patterns and cancer 
prevention

• The American Association for Cancer 
Research shows that for every 10 g increase 
in fiber, survival after diagnoses increases by 
13%

• High protein plant-based diets are 
recommended (beans, lentils, soybean)



Molina-Montes et al. Nutrients 2020;12(7):2010

Vegetarian vs non-vegetarian diet



Plant-based 
diets and 
Diabetes

Consensus that plant-based diets are 
beneficial to protect vs diabetes

They promote weight loss and lower 
adiposity

Plant-based diets may reverse insulin 
resistance

Helpful for glucose control



Plant-based diets and Diet Quality

Diet quality of plant-based diets varies extensively

It is directly associated to the dietary components that may 
protect against chronic disease

Plant-based diets have been classified into healthy and 
non-healthy



Healthy 
Plant-
based diets

They are rich in antioxidants 
(polyphenols, anthocyanins 
carotenoids)

Have sufficient concentrations of all 
vitamins and minerals

Are a good source of dietary fiber



Is a plant-
based diet 
healthful?

There is a way to calculate 
Plant –Based Diet indexes

Healthful plant-based diet index 
(hPBi) or unhealthful plant-
based diet index (uPBi).

Foods are classified into healthful 
and unhealthful, and the index is 
related to the number of servings 
of these foods that are taken



Healthy Food Groups

Whole grains 
Fruits
Vegetables
Nuts and seeds
Legumes
Vegetable oils 
Unsweetened tea and coffee



Less Healthy

Refined grains
Potatoes
Sweetened beverages
Sweets and Desserts
High-fat dairy



Animal Foods

• Animal fat
• Dairy
• Egg
• Fish or Seafood
• Meat
• Miscellaneous animal-based products



Classification 
of Plant-
based diets1  

For example, the hPDi was found to be 
30-48 for those classified into the first 
tertile, 53-55 for second tertile and 63-
84 for highest tertile

The higher the number the healthier the 
plant-based diet

Higher hPDi associated with lower 
saturated fat, lower trans fat, more 
protein, more fiber, more folate and less 
energy1

1Satija et al. Plos One 2016, 13 (6) e1002039 



Nutrients 
associated with 
beneficial effects 
of plant-based 
diets

Dietary fiber: Lowers plasma cholesterol and 
reduces the postprandial response to glucose

N-3 fatty acids: reduce plasma triglycerides and 
inflammation

Polyphenols: Have antioxidant properties, lower 
blood pressure, plasma glucose and improve 
abnormal lipid metabolism

Flavonoids: Have anti-inflammatory properties and 
protect against hypertension and hyperglycemia

Carotenoids: Protect against age-related macular 
degeneration and oxidative stress in liver and blood



Classification of 
plant-based diet 
based on foods

• Vegan: 
Exclusively Plant foods
Vegetarian
May include dairy, eggs 

or both
 Pescatarian
Includes fish and seafood



Vegan Diets

• Based on plants only and 
on foods made from plants

• It is a healthy diet high in 
fiber and lower in 
saturated fat

• Some deficiencies do exist 
B-12, N-3 fatty acids, 
Vitamin D and iron



Documented 
risks of vegan 
diets

High risk of stroke (could be associated 
to the quality of the diet)

High risk of total and site-specific 
fractures (Low Calcium)

Pregnant women should pay attention to: 
Vitamin D, Vitamin B-12, Calcium, DHA and iron

Lack of those nutrients during pregnancy can 
lead to low birth weight or birth defects



Lacto-ovo-
vegetarian diets

Have been shown to 
increase HDL cholesterol
Decrease fasting glucose
Reduce inflammation
Reduce Oxidative Stress



Pescatarian diets
Inclusion of fish results in 
increased concentrations 
of N-3 fatty acids

They have been shown to 
decrease Inflammatory markers

Decrease plasma triglycerides



Thomas et al. Adv Nutr 
2023:14:44-54
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Excessive adipose Tissue in the 
trunk area results in Metabolic 
Syndrome

Increased risk for heart 
disease (2X) and type 2 
diabetes (5X)



MetS according to AHA/NCEP/ATP-III

Metabolic 
syndrome

Hypertension

Elevated 
Plasma 
Glucose

Low HDL-CHigh 
Triglycerides

Central 
Obesity

≥130/≥85 mm Hg

1. Grundy et al. Circulation 2005; 112:2735-52.    2. Grundy. Nat Rev 2006;5:295 

Vascular Endothelial 
Dysfunction

MetS = Metabolic syndrome.

Oxidative 
Stress

Inflammation



Plant-Based 
Diets and 
Metabolic 
syndrome

Plant –based diets have been shown to 
provide health benefits for 
cardiovascular disease and diabetes

Metabolic syndrome increases the risk 
for diabetes 5 times and 2 times the risk 
for heart disease

Therefore Plant-based diet should be 
helpful to reduce metabolic syndrome



Plant-Based 
Diets and 
Metabolic 
syndrome 
(MetS)

Have been shown to be beneficial for Metabolic 

Syndrome

Case-control study in female vegetarians (80% 
lacto-ovo vegetarians) was associated with 
reduced risk for MetS and insulin resistance

Vegetarians vs non-vegetarians presented lower 
values of BP, glucose and LDL and HDL

Eggs have been shown to increase HDL cholesterol 
as well as large HDL and increase plasma 
antioxidants



Eggs as Part of 
healthy Plant-
Based diet



Hypothesis and 
Objectives for Clinical 
Trial

• We hypothesized that the inclusion of 
eggs with a Plant-based diet would result 
in additional benefits in lipoprotein 
metabolism, circulating antioxidants and 
choline

• Our main objective was to compare the 
consumption of 2 eggs daily for 4 weeks 
with zero eggs or egg substitutes on 
parameters of metabolic syndrome



History 
about Eggs



AHA 
recommended no 
more than 300 mg 
of dietary 
cholesterol per day
Where did these 

recommendations 
come from?

Historical Recommendations



A group of scientists got together 
in the 1960’s and could not come 
up with a number for dietary 
cholesterol

 The arguments went between 
0 to 600 mg/day.

 Scientists settled right at the 

middle 300 mg/d

How did we get to 300 mg per day ?

300 mg/d



DIETARY RECOMMENDATIONS

"One of the problems is that strong 
recommendations have often been made on very 
weak data. It may have been the best guess at 
the moment, but often the recommendations are 
repeated so many times that people forget they 
were rough guesses in the first place and come to 
think they are hard facts."

Dr. Walter Willett, 2000

Harvard School of Public Health



I have bad news: you have high cholesterol!!



Problems with blanket recommendations

In the 1980’s No more than 2 eggs 
per week across populations
Children from a small town in Peru 

developed kwashiorkor 
Eggs were being sold to buy 

potatoes
Carbohydrate-loaded potatoes 

became a staple food for children 
instead of protein-rich eggs



CONCEPTS DO CHANGE 

1984 1999



Dietary Guidelines 2010: Evidence Summaries
Worksheets: What is the effect of dietary cholesterol intake on risk of CVD?

Reaven GM, Abbasi F et al. 2001
Weggemans RM, Zock PL et al. 2001
Mutungi et al. 2008
Harman et al. 2008
Greene CM et al 2005
Ballesteros et al 2004
* The conclusion was that one egg per day was OK

2020 Dietary Guidelines-released 1/21
Dietary cholesterol upper limits no longer apply

2015 Dietary Guidelines-released 1/7/16
Dietary cholesterol  upper limits no loger apply



PLANT-Based 
diets with Eggs 
and  metabolic 
syndrome



Clinical Trial

Population: 
Metabolic 
Syndrome

Intervention: 
Lacto-ovo-

vegetarian diet

Design: 
Crossover 



Medical history 
3-day diet records
3-day exercise diary

3-day diet records
3-day exercise diary

N = 25

Week 0 Week 13

Experimental Design

3-day diet records
3-day exercise diary

Blood draw
Blood Pressure
Anthropometrics

Blood draw

Plant-based diet 
+ 2 Egg substitute

Washout

Blood draw
Blood Pressure
Anthropometrics

Plant-based diet 
+ 2 Eggs

3-day diet records
3-day exercise diary

Week 9Week 2

Plant-based diet 
+ 2 Eggs

Plant-based diet 
+ 2 Egg substitute

Blood draw
Blood Pressure
Anthropometrics

Week 6

Blood draw
Blood Pressure
Anthropometrics

Randomization

Washout

Medical history 



Two eggs or the 
equivalent of egg 
substitute were 
taken daily for 
breakfast with 
spinach



Intervention
• Eggs and Egg substitute were consumed daily at Breakfast with 70 g 

of spinach

Nutrient Eggs
 (2 large)

Egg 
Substitute

Spinach

Cholesterol (mg) 370 0 0
Choline (mg) ~294 0 13.5
Lutein (mg) 0.4 0 20.3
Zeaxanthin 0.1 0 0



N = 30
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Concentration and Size of
Lipoproteins

Nuclear Magnetic Resonance

Otvos et al. (2002) American Journal of Cardiology



HDL Particle Size

Small
c

Median
c

Large
c

Large HDL has been associated with a more efficient reverse cholesterol transport



Effects of the Intervention on Large HDL
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HDL from 
subjects 
consuming 
eggs

Has been shown to increase 
cholesterol efflux from 
macrophages in patients with 
metabolic syndrome1

Similar findings for 
postmenopausal women2

1 Andersen et al. Lipids 2013:48:557-567
2. Sawrey-Kubicek L et al, AJCN 2019; 110:617-627



Fernandez & Lemos “Egg is a natural functional food”. The Royal Society of Chemistry pp 22-31

AMD
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Large HDL (µmol/L)

0

50

100

150

200

250

0 5 10 15 20

Pl
as

m
a 

ze
ax

an
th

in
 m

m
ol

/L

P = 0.57, P < 0.01





Choline and 
TMAO



Choline BENEFITS

Role in brain 
development

Neuro –
transmitter 
synthesis

Methyl-group 
metabolism

Lipid 
Transport

Cell 
membrane 
signaling

Phospholipid

Acetylcholine

Lipoprotein



Choline

Recommendations for choline: 425 mg/d 
for women and 550 mg/d for men

Average American consumer ~350 
mg/day

Choline deficiency has been associated 
with:

Fatty liver and muscle damage



Trimethylamine N-oxide (TMAO)

Dietary Choline

Intestinal Microbiota

Choline Trimethylamine (TMA)

FMO-3

TMAO

TMAO concentrations have been related to cardiovascular Disease risk1

1 Wang et al. Nature 2011: 472:57-63
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EGGS

Phosphatidyl choline in eggs

Negligible amounts of choline

TMA



Summary

Inclusion of eggs in a plant-based diet 
resulted in higher concentrations of 
plasma zeaxanthin and  choline, a key 
nutrient that is not taken in sufficient 
amounts in US, without increasing plasma 
TMAO

Eggs also modified lipoprotein metabolism 
favorably by increasing HDL-cholesterol 
and large HDL, that has been associated 
with a more efficient reverse cholesterol 
transport. Eggs also did not increase LDL-
cholesterol in this population



Conclusion

•Inclusion of eggs in 
plant-based diets 
results in additional 
health benefits for 
individuals with 
metabolic syndrome
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Recommendations 
for the best option 
of a plant-based 
diet

Precision Nutrition addresses 
personalized nutrition vs blanket 
recommendations

It is important to have as much 
information as possible about a person 
before specific diets are recommended

The most important is to focus on the 
nutrient content of the plant-based 
diets (anecdote from my study)



Other things to 
consider

Preference of individuals for specific diets (vegan, 
want to include egg, dairy or fish, might like to have 
meat now and then)

Make them aware of the benefits and drawbacks of 
these diets

Vegan diets: Healthy, but awareness of missing 
nutrients that need to be supplemented is necessary 
(more important during pregnancy)

Vegetarian diets: Healthy but focus on those foods 
that provide the needed nutrients (avoid desserts 
and sugar drinks)

Pescatarian diets: Might be beneficial for those 
individuals that have a problem with elevated 
triglycerides or risk for heart disease
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Q&A

Moderator: 
Lisa Diewald, MS, RDN, LDN

mcner@villanova.edu
     

If you are an RD or RDN and have any questions or concerns about this continuing education activity, 
you may contact CDR directly at QualityCPE@eatright.org.
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