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What is a plant-based diet?

ChooseVeg.com4

Types of plant-based diets

5

Vegetarian No red meat, poultry, or seafood. 

May include dairy and/or eggs, refined 
grains, added sugar, & oils.

Vegan No animal products. Only plant foods.

May include refined grains, added 
sugar, & oils.

Whole-foods,
plant-based

No animal products. Only plant foods.

Minimizes refined grains, added sugar,
& oils.

Whole-foods, plant-based diet 

6 Hever J,. Plant-based diets: A Physician’s Guide. Permanente J 2016 
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It’s not just salad all day

7 Hever J,. Plant-based diets: A Physician’s Guide. Permanente J 2016 

8

TheFullHelping.com & ForksOverKnives.com

Plant-based diets in guideline 
recommendations

Dietary Guidelines for Americans, 2015 
Healthy Vegetarian Eating Pattern; can be vegan

Academy of Nutrition and Dietetics, 2016
“Appropriately planned vegetarian, including vegan, diets are healthful, 

nutritionally adequate, and may provide health benefits for the prevention 
and treatment of certain diseases. These diets are appropriate for all stages 
of the life cycle, including pregnancy, lactation, infancy, childhood, 

adolescence, older adulthood, and for athletes.”

American Diabetes Association, 2018 

“A variety of eating patterns are acceptable for the management of type 2 
diabetes and prediabetes, including plant-based diets.”

American Association of Clinical Endocrinologists, 2018
“All patients with type 2 diabetes should strive to attain and maintain an 
optimal weight through a primarily plant-based meal plan…”

Canadian Diabetes Association, 2013
“A vegan or vegetarian diet may be used in people with type 2 diabetes to 

improve glycemic control.”
9
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“Overall nutrition, as assessed by the Alternative Healthy 
Eating Index, is typically better on vegetarian and vegan diets 
compared with omnivorous diets.”

Melina et al. Position of the Academy of Nutrition and Dietetics: Vegetarian Diets. J Acad Nutr Diet 2016 
Dec;116(12):1970-1980.

Nutrients to consider on a plant-based diet

• B12:  Recommend supplementation

• Protein:

- Intake typically meets or exceeds recommendations when 
calories adequate

- No need to combine proteins; variety of plant foods eaten 

throughout day will supply all essential amino acids if calorie 
intake adequate

• Iron: Vegetarians not more likely to be anemic; iron stores lower but 

but absorption increased via adaptation

• Calcium: Intake varies in fully plant-based diet & can fall below 

recommendations if not considered; absorption high (>50%) from low-

oxalate vegetables

• Others to consider: vitamin D, omega 3 fatty acids, zinc, iodine

Melina et al. Position of the Academy of Nutrition and Dietetics: Vegetarian Diets. J Acad Nutr Diet 2016 Dec;116(12):1970-1980.
11

12

All-cause mortality

CV mortality & CVD

Hypertension

Hyperlipidemia

Type 2 diabetes

Obesity

Cancer prevention

Chronic kidney disease

Fatty liver

Autoimmune disease

“Pleiotropic” benefits of a plant-based diet
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13

✔✔

Prevention of type 2 diabetes

Observational studies

• Adventist Health Studies

• Taiwanese Buddhists

• Nurses Health Study & 

Health Professionals 

Follow-Up Study

Foods and diabetes risk

• Underlying mechanisms

• Foods that increase risk

• Protective foods

• Macronutrients 

(carbs/protein/fat)

14
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Odds of having type 2 diabetes,
Adventist Health Study 2

Tonstad S et al. Type of vegetarian diet, body weight, and prevalence of type 2 diabetes. Diabetes Care 2009 May;32(5):791-6
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Tonstad et al

n=41,387; 2 years

Vang et al

n=8401; 17 years

Vegans: 

62% decreased 
risk of DM2 vs
omnivores

*Adjusted for BMI

Omnivores eating 
meat ≥ once a week: 

34% increased risk of 
DM2 vs vegans 

*Adjusted for BMI

Incidence of type 2 diabetes, Adventist cohorts

Tonstad S et al. Vegetarian diets and incidence of diabetes in the Adventist Health Study-2. Nutr Metab Cardiovasc Dis 2013 
Apr;23(4):292-9

Vang A et al. Meats, processed meats, obesity, weight gain and occurrence of diabetes among adults: findings from Adventist Health
Studies. Ann Nutr Metab 2008;52(2):96-104

Tonstad et al

n=41,387; 2 years

Vang et al

n=8401; 17 years

Vegans: 

62% decreased 
risk of DM2 vs
omnivores

*Adjusted for BMI

Omnivores eating 
meat ≥ once a week: 

34% increased risk of 
DM2 vs vegans 

*Adjusted for BMI

Incidence of type 2 diabetes, Adventist cohorts

Tonstad S et al. Vegetarian diets and incidence of diabetes in the Adventist Health Study-2. Nutr Metab Cardiovasc Dis 2013 
Apr;23(4):292-9

Vang A et al. Meats, processed meats, obesity, weight gain and occurrence of diabetes among adults: findings from Adventist Health
Studies. Ann Nutr Metab 2008;52(2):96-104

Chiu TH et al, Taiwanese vegetarians and omnivores: dietary composition, prevalence of diabetes and IFG. PLoS One. 2014 Feb 
11;9(2):e8854718

• Prevalence study of 4384 Taiwanese Buddhists

• Vegetarians had significantly lower odds of having diabetes & 

impaired fasting glucose

- OR for diabetes: 0.49 men, 0.26 premenopausal women, 0.25 
menopausal women

- OR for IFG: 0.66 men, 0.60 premenopausal women, 0.73 
menopausal women

• Adjusted for age, BMI, fam hx, education, physical activity, smoking, 

alcohol
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Chiu TH et al, Vegetarian diet, change in dietary patterns, and diabetes risk: a prospective study. Nutr Diabetes. 2018 Mar 9;8(1):1219

• Prospective study of 2918 Taiwanese Buddhists; 5-year follow-up

• Vegetarian diet, & changing to vegetarian diet, highly protective:

- Consistent vegetarian diet: 35% � risk of type 2 diabetes vs

omnivores

- Changing from omnivore to vegetarian: 53% � risk vs not 

changing

• Adjusted for age, gender, BMI, fam hx, education, physical activity, & 

use of lipid-lowering meds. (No participants smoked or drank 

alcohol.)

Satija et al, Plant-Based Dietary Patterns and Incidence of Type 2 Diabetes in US Men and Women: Results from Three Prospective Cohort
Studies. PLoS Med. 2016 Jun 14;13(6):e1002039

• Nurses’ Health Study 1 & 2, Heath Professionals Follow-Up Study; 
4.1 million person-years of follow-up

• Plant-based diet index (PDI): high in all plant foods, low in animal 
foods

• Healthy PDI: high in whole grains, fruits, vegetables, nuts, 
legumes, vegetable oils, tea & coffee

• Unhealthy PDI: high in fruit juice, refined grains, fried potatoes & 

chips, sugar-sweetened beverages, sweets/desserts

Risk of type 2 diabetes*

• OVERALL plant-based pattern: 20% ���� risk

• Healthy plant-based pattern: 34% ���� risk

• Unhealthy plant-based pattern: 16% ���� risk

Satija et al, Plant-Based Dietary Patterns and Incidence of Type 2 Diabetes in US Men and Women: Results from Three Prospective Cohort
Studies. PLoS Med. 2016 Jun 14;13(6):e1002039

*Multivariate adjusted 
model, including BMI, age, 
smoking, exercise, alcohol, 
fam hx, energy intake & 

other risk factors
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NORMAL INSULIN FUNCTION

bloodstream

Toxic fat 
metabolites

Toxic fat 

metabolites

Toxic fat 

metabolites

INSULIN RESISTANCE

LIPOTOXICITY

bloodstream

Shulman GI. Ectopic fat in insulin resistance, dyslipidemia, and cardiometabolic disease. N Engl J Med. 2014 Sep 18;371(12):1131-41.24

Fat accumulation in skeletal muscle & liver cells (ectopic fat) 

is a primary cause of insulin resistance

• Skeletal muscle: decreased glucose uptake

• Liver: decreased glycogen synthesis, increased 

gluconeogenesis
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Shulman GI. Ectopic fat in insulin resistance, dyslipidemia, and cardiometabolic disease. N Engl J Med. 2014 Sep 18;371(12):1131-41.25

Fat accumulation in skeletal muscle & liver cells (ectopic fat) 

is a primary cause of insulin resistance

• Skeletal muscle: decreased glucose uptake

• Liver: decreased glycogen synthesis, increased 

gluconeogenesis

• Adiposity
• Excess calories
• Excess dietary fat
• Inflammation

• Oxidative stress
• Mitochondrial 

dysfunction

Foods & risk of diabetes (per each daily 
serving)

Schwingshackl L et al. Food groups and risk of type 2 diabetes mellitus: a systematic review and meta-analysis of prospective studies. 
Eur J Epidemiol. 2017 May;32(5):363-375.26

27

Meat Consumption as a Risk Factor for Type 2 Diabetes 

Neal Barnard 
1
, Susan Levin 

2,
* and Caroline Trapp 

2
 Nutrients 2014, 6, 897-910

Am J Clin Nutr 2011

Am J Clin Nutr 2014

Diabetologia 2009

JAMA Int Med 2013

Diabetologia 2013
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Why would red & processed meat increase 
diabetes risk?

Kim Y et al. A review of potential metabolic etiologies of the observed association between red meat consumption and development of 
type 2 diabetes mellitus. Metabolism. 2015 Jul;64(7):768-79.

28

• 22% increased risk for highest quintile of 

protein intake (109g/day), adjusted for BMI & 

other risk factors

• Association attributed to animal protein

Van Nielen M et al. Dietary protein intake and incidence of type 2 diabetes in Europe: the EPIC-INTERACT case-cohort study. Diabetes 
Care 2014 Jul;37(7):1854-62

• 4.1 million person-years of follow up

• Highest quintile of animal protein: 13% ����

risk of diabetes

• Substituting 5% of calories from plant 

protein in lieu of animal protein: 23% ����

risk of diabetes

Malik VS. Dietary Protein Intake and Risk of Type 2 Diabetes in US Men and Women. Am J Epidemiol. 2016 Apr 15;183(8):715-28.
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In patients with diabetes:

Replacing ≈35% of total protein 
with plant instead of animal 
protein significantly lowered 
HbA1c, fasting glucose, & fasting 
insulin compared to control arms. 

Viguiliouk E et al. Effect of Replacing Animal Protein with Plant Protein on Glycemic 
Control in Diabetes: A Systematic Review and Meta-Analysis of Randomized 
Controlled Trials. Nutrients. 2015 Dec 1;7(12):9804-24.

Foods & risk of diabetes (per each daily serving)

Schwingshackl L et al. Food groups and risk of type 2 diabetes mellitus: a systematic review and meta-analysis of prospective studies. 
Eur J Epidemiol. 2017 May;32(5):363-375.32

Whole grains lower diabetes risk:
effect of cereal fiber

Improves postprandial glucose response

Lowers calorie density

Increases satiety

Metabolized by gut bacteria to form

short-chain fatty acids

� Increase GLP1

� Increase insulin sensitivity

� Regulate cytokines to decrease 

inflammation

� Improve mitochondrial function 

33
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ObesityObesity

“Empty calories” �
Weight gain

“Empty calories” �
Weight gain

Lipotoxicity�
Insulin resistance

Lipotoxicity�
Insulin resistance

Fatty liver &
increased fat in 
skeletal muscle

Fatty liver &
increased fat in 
skeletal muscle

De novo lipogenesis
in liver

De novo lipogenesis
in liver

Fructose from 
sugar-sweetened 

foods/drinks

Fructose from 
sugar-sweetened 

foods/drinks

• >500,000 adults followed for 7 yrs

• Daily fruit consumption: 12% lower risk of diabetes

• In those who had diabetes at baseline, 3x/wk fruit lowered

• All-cause mortality by 17%  
• Microvascular complications by 28%

• Macrovascular complications by 13% 

Du H et al. Fresh fruit consumption in relation to incident diabetes and diabetic vascular complications: A 7-y prospective study of 0.5 
million Chinese adults. PLoS Med. 2017 Apr 11;14(4):e1002279.
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Macronutrients & risk of diabetes

• Carbohydrates: tend to be highly protective in 

whole or minimally processed foods (whole 

grains, legumes, whole fruits, root vegetables)

• Protein: plant sources protective, animal 

sources increase risk

• Fats: saturated fats promote insulin resistance; 

unsaturated fats decrease risk compared with 

saturated fats

38

Low-carb diets can increase
the risk of diabetes…

• Bao et al, Diabetes Care 2016

• de Koning et al, Am J Clin Nutr 2011

• Schulze et al, Br J Nutr 2008

…and do not improve glycemic control over 

the long-term

• Snorgaard et al, BMJ Open Diabetes Res Care 

2017 

• van Wyk et al, Diabet Med 2016
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✔✔✔

Anderson JW et al. High-carbohydrate, high-fiber diets for insulin-treated men with diabetes mellitus. Am J Clin Nutr. 1979 
Nov;32(11):2312-21.

41

• 20 men with T2DM on insulin

• Metabolic ward: vegetarian diet x 

16 days

- high carb, low fat, high fiber 

(65g/day)

• 9 of 20 patients stopped insulin

• Insulin reduced: 26 + 3 units/day 

� 11 + 3 units / day

• Fasting & post prandial glucose 

levels decreased significantly

• Cholesterol 206 + 10 mg/dL �
147 + 5

Barnard ND et al. A low-fat vegan diet improves glycemic control and cardiovascular risk factors in a randomized clinical trial in 
individuals with type 2 diabetes. Diabetes Care. 2006 Aug;29(8):1777-83.42

22-wk RCT; 99 patients with type 2 diabetes, a1c 6.5-10.5%

Intervention diet: vegetables, 
fruits, grains, legumes

• 10% fat, 15% protein, 75% 
carbohydrate

• Avoid animal products and 
added fats

• Favor low-glycemic index foods 
(green vegetables, legumes); no 

energy/portion restriction

Control diet: conventional diet 
based on 2003 ADA guidelines

• <7% saturated fat; 15-20% 
protein, 60-70% carbohydrate

• Individualized based on body 
weight; prescribed deficit of 500-

1000kcal/day
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Barnard ND et al. A low-fat vegan diet improves glycemic control and cardiovascular risk factors in a randomized clinical trial in 
individuals with type 2 diabetes. Diabetes Care. 2006 Aug;29(8):1777-83.43

Vegan Conventional P value

A1c – overall -1.0% -0.6% 0.09

A1c – meds stable -1.23% -0.38% 0.01

Body weight -6.5 kg -3.1 kg 0.001

LDL – meds stable -22.6 mg/dl -10.7 mg/dl 0.02

Microalbuminuria -18.4 mg/d -11.3 mg/d 0.01*

*adjusted for baseline values

✔✔✔✔

Barnard ND. A low-fat vegan diet and a conventional diabetes diet in the treatment of type 2 diabetes: a randomized, controlled, 74-wk 
clinical trial. Am J Clin Nutr. 2009 May;89(5):1588S-1596S.

44

Vegan Conventional P value

A1c – overalll -0.34% -0.14% 0.43

A1c – meds stable -0.40% +0.01 0.03

Body weight -4.4kg -3.0kg 0.25

LDL – meds stable -13.5 mg/dl -3.4 mg/dl 0.03

*adjusted for baseline values

✔✔

(1) Barnard ND et al. A low-fat vegan diet improves glycemic control and 
cardiovascular risk factors in a randomized clinical trial in individuals with type 2 
diabetes. Diabetes Care. 2006 Aug;29(8):1777-83. (2) Barnard NB et al. A low-fat 
vegan diet and a conventional diabetes diet in the treatment of type 2 diabetes: a 
randomized, controlled, 74-wk clinical trial. Am J Clin Nutr 2009;89(suppl):1588S–
96S

Key points

• Medication reductions common
(hypoglycemia): 

- At 22wks: 43% of vegan, 26% 

of conventional 

- At 74wks: 35% vs 20%

• In both groups, a1c improvements 
mediated primarily by weight loss

• Both groups lowered calories by ≈ 

425 kcal/day, but via different 
mechanisms:

- Vegan group: no explicit calorie 

restrictions. Increased fiber, 
lower fat, lower calorie density

- Conventional: explicit calorie 

restriction
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Yu-Mi L et al. Effect of a Brown Rice Based Vegan Diet and Conventional Diabetic Diet on Glycemic Control of Patients with Type 2 
Diabetes: A 12-Week Randomized Clinical Trial. PLoS One. 2016; 11(6): e0155918.

46

• 12-wk RCT; 93 pts with type 2 diabetes. Comparison groups:

- Vegan diet (emphasizing brown not white rice, avoiding rice flour, 

favoring low-GI foods; no portion/calorie restriction)

- Korean Diabetes Association diet (50-60% carbs, 15-20% protein, 
<25% fat, <7% saturated fat, 30-35kcal/day per kg body wt)

• Results:

- Overall, A1c reduction larger in vegan group (-0.5% vs -0.2%, p=0.017)

- Among highly compliant patients in both groups, even larger reduction 

in vegan group (-0.9% vs 0.3%, p=0.01).

• Differences remained significant even after adjusting for energy intake & 

waist circumference

47
Anderson JW et al. High-carbohydrate, high-fiber diets for insulin-treated men with diabetes mellitus. Am J Clin Nutr. 1979 
Nov;32(11):2312-21.

48
Anderson JW et al. High-carbohydrate, high-fiber diets for insulin-treated men with diabetes mellitus. Am J Clin Nutr. 1979 
Nov;32(11):2312-21.

• 9 of 20 patients stopped insulin

• Insulin reduced: 26 + 3 units/day � 11 + 

3 units / day

• Fasting & post prandial glucose levels 

decreased significantly

DESPITE no changes in body weight
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Yokoyama Y, et al. Vegetarian diets and glycemic control in diabetes: a systematic review and meta-analysis. Cardiovasc Diagn Ther. 
2014 Oct; 4(5): 373–382.

49

Pooled estimate, 
veg diet vs control diet: 

–0.39% (–0.62 to –0.15)

A Story from My Practice…

Jaime, 42 years old
Poorly controlled type 2 diabetes

BMI 23

A1c 12.7 
LDL cholesterol 145

A Story from My Practice…

After 4 months of a 
whole-food plant-based diet:

A1c 12.7�6.9
LDL 145�105
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✔✔✔✔

Key TJ et al. Mortality in vegetarians and nonvegetarians: detailed findings from a collaborative analysis of 5 prospective studies. Am J 
Clin Nutr 1999;70:516S–24S
Huang T et al, Cardiovascular disease mortality and cancer incidence in vegetarians: a meta-analysis and systematic review. Ann Nutr
Metab 2012;60:233–40
Crowe FL, Appleby PN, Travis RC, Key TJ. Risk of hospitalization or death from ischemic heart disease among British vegetarians and 
nonvegetarians: Results from the EPIC-Oxford cohort study. Am J Clin Nutr. 2013;97(3):597-603  

53

Ischemic Heart 
Disease
(vs nonvegetarians)

Key et al 
(Am J Clin Nutr 1999, n>76,000)

� 24% (mortality)

Huang et al 
(Ann Nutr Metab 2012, n>124,000)

� 29% (mortality)

Crowe et al
(Am J Clin Nutr 2013, n>44,000)

� 32% (incident cases)

A plant-based diet reduces cardiovascular risk

• Nurses’ Health Study 1 & 2, Heath Professionals Follow-Up Study; 

4.8 million person-years of follow-up

• Plant-based diet index (PDI): high in all plant foods, low in animal 
foods

• Healthy PDI: high in whole grains, fruits, vegetables, nuts, 

legumes, vegetable oils, tea & coffee

• Unhealthy PDI: high in fruit juice, refined grains, fried 

potatoes/chips, sugar-sweetened beverages, sweets/desserts

Satija et al, Healthful and unhealthful plant-based diets and the risk of coronary heart disease in US adults. J Am Coll Cardiol
2017;70(4):411-422.

54
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55

Risk of heart disease

• Decreased 25% in healthy plant-based diet

• Increased 32% in unhealthy plant-based diet

Satija et al, Healthful and unhealthful plant-based diets and the risk of coronary heart disease in US adults. J Am Coll Cardiol
2017;70(4):411-422.

Hypertension rates, Adventist Health Study 2 

Pettersen et al, Vegetarian diets and blood pressure among white subjects: Results from the Adventist Health Study- 2
Public Health Nutr 201256

BMI Hypertension
(odds ratio)

Hypertension
(BMI adjusted)

Nonveg 28.8 1 1

Semiveg 27.3 0.92 1.22

Pesco 26.3 0.92 1.22

Lacto-ovo 25.7 0.57 0.86

Vegan 23.6 0.37 0.53

Hypertension rates, EPIC Oxford

Dietary pattern Prevalence of HTN*

MEN WOMEN

Meat eaters 12.9% 10.6%

Fish eaters 9.3% 9.7%

Vegetarians 9.5% 8.7%

Vegans 6.1% 8.3%

Appleby et al. Hypertension and blood pressure among meat eaters, fish eaters, vegetarians and vegans in EPIC–Oxford. Public Health 
Nutr 2002: 5(5), 645–65457

*Adjusted for age and BMI
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1.3 1.3 

1.22 

1.05 

1 

1.1 

1.2 

1.3 

Any meat Red meat Poultry Seafood 

Prospective, 
n=188,518; up to 26yrs  
 
Risk of incident 
hypertension 
 
1 serving meat/day 
 vs <1/month 
 
(Independent of intake 
of fruit/veg/whole 
grains) 
 

Borgi L et al. Long-term intake of animal flesh and risk of developing hypertension in three prospective cohort studies.J Hypertens
2015 Nov;33(11):2231-8

(not signficant)

• Observational studies:  

Veg diets associated with lower BP 
(-6.9/-4.7 mm, p<.001)

• Interventional studies:  

Veg diets lower mean BP more than omnivorous diets 
(mean difference -4.8/-2.2 mm, p < .001)

JAMA 

2014

Yokoyama et al. Vegetarian diets and blood pressure: a meta-analysis. JAMA Intern Med 2014;174(4):577-87

Vegetarian & vegan diets: lipids

Weighted Mean Difference vs Omnivores

Vegetarian Vegan

Total chol

(mg/dL)

-28.16 -31.22 to -25.10 
p<0.0001

-31.02 -34.82 to -27.21
p<0.0001

LDL

(mg/dL)

-21.27 -24.27 to -18.27
p<0.0001

-22.87 -29.92 to -15.82
p<0.0001

HDL

(mg/dL)

-2.72 -3.40 to -2.04 
p<0.0001

-1.54 -2.96 to -0.12
p= 0.61

TG

(mg/dL)

-11.39 -17.42 to -5.37
p = 0.02

-9.35 -20.28 to 1.57
p= 0.09

60
Dinu M et al. Vegetarian, vegan diets and multiple health outcomes: A systematic review with meta-analysis of observational studies.
Crit Rev Food Sci Nutr. 2017 Nov 22;57(17):3640-3649.
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Effects of plant-based diets in hyperlipidemic
individuals: RCTs

Ferdowsian et al. Effects of plant-based diets on plasma lipids. Am J Cardiol 2009;104(7):947-56

DECREASE IN 

TOTAL & LDL 

CHOLESTEROL

Semi-veg diet,

Lacto-ovo veg diet 10 – 15%

Vegan diet 15 – 20%

Veg w added 

fiber/soy/nuts
20 – 35%

Effects of plant-based diets in hyperlipidemic
individuals: RCTs

Ferdowsian et al. Effects of plant-based diets on plasma lipids. Am J Cardiol 2009;104(7):947-56

• RCT, pts with CAD, 5yrs

• Plant-based lifestyle vs

physician’s diet advice

• CV events:  RR 2.47 in 

control group, despite statins

• Angina: +186% in control, -

91% in intervention

Ornish D et al. Intensive Lifestyle Changes for Reversal of CAD.  JAMA 1998 Dec 16;280(23):2001-7
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• 198 patients with established 
coronary artery disease

• Whole foods, plant-based diet

• 177 pts adherent (89%)

• 3.7 yrs of follow-up

• CV event rate:

- 0.6% among adherent pts

- 62% among nonadherent

Esselstyn CB et al.  A Way to Reverse CAD? J Fam Pract 2014 Jul;63(7):356-364b

How does a plant-based diet reduce 
cardiovascular risk?

• Lower blood pressure, lipids, 

insulin resistance, body 

weight

65

How does a plant-based diet reduce 
cardiovascular risk?

• Lower blood pressure, lipids, 

insulin resistance, body 

weight

• Replace or “crowd out” 

disease-promoting foods

66
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Song M et al. Association of Animal and Plant Protein Intake With All-Cause and Cause-Specific Mortality. JAMA Intern Med. 2016 Oct 
1;176(10):1453-1463. 

• Higher ANIMAL protein intake associated with higher CV mortality

• Higher PLANT protein intake associated with lower CV and all-

cause mortality

• Among those with ≥1 risk factor, replacing animal protein with plant 

protein (just 3% of calories) lowered mortality by

−34% for processed red meat
−19% for eggs (including 17% decrease in cancer death)

−12% for unprocessed red meat

−8% for dairy
−6% for poultry & fish

• Individual & combined saturated fats associated with higher risk of 

CHD (HR 1.18 for highest vs lowest intake, multivariate model)

• Lower risk of CHD when saturated fats replaced with 

• Polyunsaturated fats
• Whole grains

• Plant protein

Zong G et al. Intake of individual saturated fatty acids and risk of coronary heart disease in US men and women: two 
prospective longitudinal cohort studies. BMJ. 2016 Nov 23;355:i5796.

How does a plant-based diet reduce 
cardiovascular risk?

• Lower blood pressure, lipids, 

insulin resistance, body 

weight

• Replace or “crowd out” 

disease-promoting foods

• Reduce LDL oxidation via 

polyphenols/antioxidants
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How does a plant-based diet reduce 
cardiovascular risk?

• Lower blood pressure, lipids, 

insulin resistance, body 

weight

• Replace or “crowd out” 

disease-promoting foods

• Reduce LDL oxidation via 

polyphenols/antioxidants

• Improve endothelial function

70
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How does a plant-based diet reduce 
cardiovascular risk?

• Lower blood pressure, lipids, 

insulin resistance, body 

weight

• Replace or “crowd out” 

disease-promoting foods

• Reduce LDL oxidation via 

polyphenols/antioxidants

• Improve endothelial function

• Decrease inflammation

• Beneficially alter gut 
microbiota & their metabolites
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Tang W et al,
N Engl J Med 2013;368:1575-84

Koeth R et al, Nat Med. 2013 
May;19(5):576-85

(TMAO)

& carnitine

TMAO

� uptake of 
cholesterol by 
macrophages

� foam cell 
formation

� platelet 
aggregation

� hepatic 
clearance of 

cholesterol

�

TMAO increases

- all-cause mortality

- CV mortality

- major adverse CV 
events

- CHF severity

- CHF mortality

- 30-day adverse CV 
events post ACS

Satija A et al. Plant-based diets and cardiovascular health. Trends Cardiovasc Med. 2018 Feb 13. pii: S1050-1738(18)30024-0.74

CV risk

Plant protein and chronic kidney disease

Chen X, et al. The Associations of Plant Protein Intake With All-Cause Mortality in CKD. Am J Kidney Dis. 2016 Mar;67(3):423-30.75

• NHANES III; n=14.866

• Every 33% increase in ratio of plant protein to total protein �
23% lower mortality risk in those with GFR < 60*

• Mechanisms: differences in amino acid compositions, lower 

oxidized LDL, TG, & uric acid; decreased acid load; decreased 

uremic toxins; lower bioavailability of phosphorus; decreased 
TMAO  

*Multivariate adjusted model
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Plant protein and chronic kidney disease

Moorthi RN et al. Diet and Diabetic Kidney Disease: Plant Versus Animal Protein. Curr Diab Rep. 2017 Mar;17(3):15.
Tang WH et al. Trimethylamine N-Oxide as a Novel Therapeutic Target in CKD. J Am Soc Nephrol. 2016 Jan;27(1):8-10.76

• “Dietary patterns that focus on 

plant-based foods…may be useful 
in prevention of diabetic kidney 

disease progression.”

• In RCTs, soy protein decreases 

urinary albumin compared with 

animal protein

• TMAO is hypoexcreted in CKD & 

may directly affect progression of 

renal disease

Bunner AE et al. A dietary intervention for chronic diabetic neuropathy pain: a randomized controlled pilot study. Nutr Diabetes. 2015 
May 26;5:e158.

77

• Pilot RCT, 20 weeks

• Low-fat plant-based diet + B12, vs usual diet + B12

• Plant-based diet demonstrated significant improvements vs

usual diet:

- Electrochemical skin conductance in feet

- Pain scores (McGill Pain Questionnaire)

- Neuropathy scores (Michigan Neuropathy Screening 

Instrument)

• Plant-based group lost 7.0 kg & reduced A1c by 0.8% even with 

lower medication doses

What I’ll cover…

• What is a plant-based diet?

• Guidelines & nutrient considerations

• Prevention of type 2 diabetes

• Treatment of type 2 diabetes

• Reduction of diabetes-related complications

• Mechanisms of action

• Practical applications & resources

78
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Toxic fat 
metabolites

Toxic fat 

metabolites

Toxic fat 

metabolites

INSULIN RESISTANCE

LIPOTOXICITY

bloodstream

Toxic fat 
metabolites

Toxic fat 

metabolites

Toxic fat 

metabolites

INSULIN RESISTANCE

LIPOTOXICITY

bloodstream

• Adiposity
• Excess calories
• Excess dietary fat
• Inflammation

• Oxidative stress
• Mitochondrial 

dysfunction

Plant-based diets associated with healthier 
weight

Main: Tonstad et al. Type of vegetarian diet, body weight, and prevalence of type 2 diabetes. Diabetes Care. 2009 May;32(5):791-6
Others: (1) Spencer EA et al. Diet and body mass index in 38000 EPIC-Oxford meat-eaters, fish-eaters, vegetarians and vegans. Int J 
Obes Relat Metab Disord. 2003 Jun;27(6):728-34. (2) Newby PK et al. Risk of overweight and obesity among semivegetarian, 
lactovegetarian, and vegan women. Am J Clin Nutr. 2005 Jun;81(6):1267-74.
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Meat-based diets tied to obesity & weight gain

Prospective studies:

• EPIC-PANACEA: n=400,000; meat was #1 cause of 

weight gain over 8 yrs even when controlled for calories

• EPIC (5 countries): n=89,000; animal protein, especially 

meat & poultry, positively associated with long-term 

weight gain

• NHANES: Highest quintile of meat consumption� OR 

1.27 for obesity

• EPIC-Oxford: Avg weight gain higher in meat eaters vs

vegans

Vergnaud AC et al. Meat consumption and prospective weight change in participants of the EPIC-PANACEA study. Am J Clin Nutr. 2010 
Aug;92(2):398-407
Halkjær J et al. Intake of total, animal and plant protein and subsequent changes in weight or waist circumference in European men 
and women: the Diogenes project. Int J Obes. 2011 Aug;35(8):1104-13.
Wang Y et al. Meat consumption is associated with obesity and central obesity among US adults. Int J Obes. 2009 Jun;33(6):621-8.
Rosell M et al. Weight gain over 5 years in 21,966 meat-eating, fish-eating, vegetarian, and vegan men and women in EPIC-Oxford. Int J 
Obes. 2006 Sep;30(9):1389-96.

Plant-based diets for weight loss

• 12 RCTs of vegetarian vs nonvegetarian diets; 1151 subjects, 

median 18 wks

• Weight loss significantly greater with vegetarian diet

• Mean difference, -2.02 kg (95% CI: -2.80 to -1.23)

-Vegan diet:  -2.52 kg (95% CI: -3.02 to -1.98)

-Lacto-ovo-vegetarian diet:  -1.48 kg (95% CI: -3.43 to 0.47)

• Greater weight loss when energy restricted

Huang RY et al. Vegetarian Diets and Weight Reduction: a Meta-Analysis of Randomized Controlled Trials. J Gen Intern Med 2016 
Jan;31(1):109-16

Plant-based diets for weight loss

• Intervention trials of vegetarian diets ≥4 weeks' duration without 

energy intake limitations (n= 15)

• Vegetarian diets: mean weight change of

-3.4 kg (95% CI -4.4 to -2.4; P<0.001) in intention-to-treat 

analysis 

-4.6 kg (95% CI -5.4 to -3.8; P<0.001) in completer analysis

Barnard ND et al. A systematic review and meta-analysis of changes in body weight in clinical trials of vegetarian diets. J Acad Nutr
Diet 2015 Jun;115(6):954-69
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• RCT of 5 diets for weight loss: vegan, 
vegetarian, pesco-veg, semi-veg, & 

omnivore

• Vegan diet most effective (-7.5% body 

wt) despite equal adherence in all 
groups & no calorie/portion restrictions

• Vegan diet improved macronutrient 
intake vs other diets (lower sat fat & 

cholesterol, higher fiber)

• Non-adherent vegans/veg lost more 
weight than non-adherent omnivores (-

6% vs -0.4%, p=0.04)

(1) Turner-McGrievy GM et al. Comparative effectiveness of plant-based diets for weight loss: a randomized controlled trial of five 
different diets. Nutrition. 2015 Feb;31(2):350-8. (2) Moore WJ et al. Dietary adherence and acceptability of five different diets, including 
vegan and vegetarian diets, for weight loss: The New DIETs study. Eat Behav. 2015 Dec;19:33-8.

vegan

vegetarian

pesco, 
semi, 

omni

Plant-Based Diet for Diabetes: Mechanisms

Plant-Based Diet Meat-Based Diet

Diet Quality Fiber

Vitamins/Minerals

Antioxidants and 

Phytochemicals

Anti-inflammatory

Polyphenols

Dysbiosis, TMAO

Saturated & 

trans fats
Heme iron

Animal protein, 

BCAAs

Nitrosamines

Lipotoxicity

Insulin Resistance

Beta-cell Dysfunction

Low-GI

AGEs

Chiuve SE, et al J Nutr. 2012;142:1009-1018.

Wolfram T. Endocr Pract., 2011:17:132-142.

Kim y. Nutrients. 2016;8:17.

Radulian G. Nutr J. 2009;8:5.

Estadella D. Mediators Inflamm. 2013; 

doi.org/10.1155/2013/137579.

Wolk. J Intern Med. 2017;281:106-122.

Serrano SE. Environ Health. 2014;13:43.

Slide credit: Meghan Jardine, RDN, MBA, CDE 
(modified from original)

Short-chain 

fatty acids

Fiber: not just for constipation anymore!

Fiber & calories: Howarth et al, Nutr Rev 2001; Whole grain fiber: Karl et al, Am J Clin Nutr 2017; 
Graphic: PCRM.org

• Improves blood 
glucose response to 

food

• Increases satiety 

without extra calories

• Lowers calorie intake 

by 10-18% for every 
14g fiber added/day

• Whole grain fiber 

speeds metabolic rate 
& promotes loss of 

calories in stool

• Reduces heart 

disease, diabetes, & 
cancer risk

• Promotes beneficial 
gut bacterial patterns 

& production of 
SCFAs
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Dietary fiber leads to production of short-chain 
fatty acids

88
McNabney SM et al. Short Chain Fatty Acids in the Colon and Peripheral Tissues: A Focus on Butyrate, Colon Cancer, Obesity and 
Insulin Resistance. Nutrients 2017 Dec 12;9(12). pii: E1348.

Decrease 
inflammatory 

cytokines

Improve 
mitochondrial 

function

Increase 
GLP-1, 

leptin

Short-chain fatty acids (butyrate) improve insulin resistance 

McNabney SM et al. Short Chain Fatty Acids in the Colon and Peripheral Tissues: A Focus on Butyrate, Colon Cancer, Obesity and 
Insulin Resistance. Nutrients 2017 Dec 12;9(12). pii: E1348.

Kahleova H et al. Vegetarian diet improves insulin resistance and oxidative stress markers more than conventional diet in subjects with 
Type 2 diabetes. Diabet Med. 2011 May;28(5):549-59.90

Veg diet better for 

improvements in markers 
of oxidative stress

Also better for 

• Weight loss

• Waist circumference

• LDL

• Visceral fat

• Glucose clearance

• Adipokines

veg

contro

l
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Kahleova H et al. Vegetarian diet improves insulin resistance and oxidative stress markers more than conventional diet in subjects with 
Type 2 diabetes. Diabet Med. 2011 May;28(5):549-59.91

Veg diet better for 

improvements in markers 
of oxidative stress

Also better for 

• Weight loss

• Waist circumference

• LDL

• Visceral fat

• Glucose clearance

• Adipokines

veg

contro

l

Kahleova H et al. A Plant-Based Dietary Intervention Improves Beta-Cell Function and Insulin Resistance in Overweight Adults: A 16-
Week Randomized Clinical Trial. Nutrients. 2018 Feb 9;10(2).

92

• RCT: low-fat plant-based diet vs control (no diet changes) in overweight 

adults (n=75)

• Plant-based group vs control:

- Decrease in basal insulin secretion

- Marked increase in meal-stimulated insulin secretion (p<0.001)

- Increase in beta-cell glucose sensitivity

- Decrease in fasting insulin resistance (HOMA-IR) (p<0.001) & 

postprandial glucose

• Avoids added sugar & refined 

grains

• Short-term weight loss

• Short-term glycemic improvements 
in persons with diabetes 

• Limited evidence; most studies short-
term, w intermediate markers 

• Worsened oral glucose tolerance in 
short-term studies

• High saturated fat; LDL can increase 
or at best stay stable

• May increase risk of CV disease, 

cancer, premature death like other 
low-carb diets

• Can be low in fiber & restricts very 
healthful foods: whole grains, beans, 

most fruits

• Unclear if sustainable in long-term

Low-Carb High-Fat Diets

POSSIBLE BENEFITS MAJOR CONCERNS

Numao S, et al. Eur J Clin Nutr. 2012;66:926-931.
Lagiou P. et al. BMJ. 2012;344:e4026.
Noto H, et al. PLoS One. 2013;8:e55030 
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What I’ll cover…

• What is a plant-based diet?

• Guidelines & nutrient considerations

• Prevention of type 2 diabetes

• Treatment of type 2 diabetes

• Reduction of diabetes-related complications

• Mechanisms of action

• Practical applications & resources
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✔✔✔✔✔✔
Practical applications

95

Meat-heavy 

diet

100% plant-

based diet

• Don’t assume your patient won’t try a fully plant-based diet

• Assess readiness to change & validate benefits of a plant-based diet

- For those ready to try it out: consider a 21-day kickstart

- For those not ready/willing to try 100%, encourage any movement 

along the spectrum towards a plant-based diet

• Planning & support are critical

• Focus on whole or minimally processed plant foods

• Supplements: B12 necessary

• Work in a team, use available resources

• Close follow up needed if on meds (insulin, sulfonylureas, HTN meds, 

warfarin)

5 key elements of a plant-based diet 
for type 2 diabetes

1. Eat from four food groups:

• Legumes

• Vegetables

• Whole grains

• Fruits

2. Emphasize whole or minimally processed foods, & low-GI

3. Obtain fats from whole plant foods (eg nuts, seeds, avocado) 

& limit to 1 serving/day; minimize oils

4. Avoid all animal products (red meats, poultry, fish, eggs, dairy)

5. Aim for at least 40g fiber/day

96
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Resources for clinicians

• Trapp C et al. Preparing to prescribe plant-based diets for 

diabetes prevention and treatment. Diabetes Spectrum 
2012;25:38-44.

• Hever J. Plant-based diets: a physician's guide. Perm J. 
2016;20:93–101.

• Position of the Academy of Nutrition and Dietetics: Vegetarian 

Diets. J Acad Nutr Dietetics 2016. Available at EatRightPro.org

• Vegetarian Nutrition Dietetic Practice Group, 

VegetarianNutrition.net

• PCRM’s Nutrition Guide for Clinicians (free online site & app; 

nutritionguide.pcrm.org)

• American Association of Diabetes Educators, Plant-Based 

Nutrition Community of Interest, myaadenetwork.org/cois

• VeganHealth.org, BecomingVegan.ca, TheVeganRD.com

97

Resources for patients – free of charge

98

• The Power Plate: ThePowerPlate.org

• Physicians Committee for Responsible Medicine (PCRM) 

diabetes resources, pcrm.org/health/diabetes-resources (free)

• 21DayKickstart.org (Eng/Sp/Chinese/Indian/Japanese)

• Tackling diabetes with a bold new dietary approach: Neal 

Barnard at TEDxFremont (video at TED.com)

• The Plant-Based Diet Booklet (Kaiser Permanente; free 

online) 

• Quick Start Guide to Plant-Based Nutrition,  
PlantricianProject.org/quickstartguide (free download; Eng/Sp)

• ForksOverKnives.com (recipes, testimonials, expert content)

• Chickpeaandbean.com (recipes, events; Eng/Sp)

Resources for patients – films, books, coaching, etc

99

• Dr. Neal Barnard’s Program for Reversing Diabetes, Revised 

Edition, 2018 (book)

• Forks Over Knives (film, 2011)

• The Forks Over Knives Plan: A 4-Week Meal-by-Meal Makeover, 
Alona Pulde MD & Matthew Lederman MD (book, 2017)

• Food for Life cooking classes: FFLclasses.org

• Prevent & Reverse Heart Disease, Caldwell Esselstyn MD (book, 

2007)

• The End of Diabetes: The Eat to Live Plan to Prevent and Reverse 

Diabetes, Joel Fuhrman MD (book, 2014)

• Becoming Vegan, Brenda Davis RD & Vesanto Melina MS RD 
(book, 2014)

• MasteringDiabetes.org (online coaching, group support, recipes)
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THANK YOU


