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Part I – Introduction of Diet and Disease

This paper will explore vegetarian and vegan diets in the American food culture, with a focus on the role of these diets as part of diabetes self-management, particularly within the Indian subpopulation for which risk for diabetes is high and use of vegetarian diets is common.   Both the potential challenges and benefits to health will be considered.
Diets have been evolving for centuries.   The evolution from a food culture of feast or famine to one of plenty in modern days has led to a major shift in the food choices available.  In the 1950s, convenience food entered the food environment.  Selection of prepared foods expanded, and fast food restaurants became staples for the changing needs of the Western culture, and eventually globally.  While these convenience foods have taken away some of the burden of preparation, they have had some negative health effects in our food environment that have grown into a topic of enormous proportions.  As people are benefiting from new technologies, advances in medications, and preventative immunizations, more people are experiencing health challenges from the shift in our nutrition culture.  The leading causes of death, such as heart disease, cancer, and diabetes can be attributed to the shift in dietary and exercise habits. 1 (Popkin)  This changing culture, a nutrition transition, has led to increased obesity and health risks such as cardiovascular events like strokes and heart attacks, some types of cancers, and diabetes. 2 (Zimmet)   The number of people being diagnosed with type 2 diabetes has been growing at alarming rates in the past few decades.  The number is so rapid that the World Health Organization calculates the number of people living with diabetes in 2040 will be 642 million, up from 422 million in 2014, which is a 52% increase in only 26 years. 3 (WHO)   Diabetes is a growing international health crisis rising around the world and here in the United States.  Type 2 diabetes is the 7th cause of death in this country.  The Centers for Disease Control (CDC) estimates that 84.1 million adults living in the U.S. currently have prediabetes, and 90% of those individuals are unaware of it. Statistical calculations predict that by 2030 around 55 million Americans will have diabetes if the current diet and lifestyle trends continue in this country. 2 (Zimmet)   

There is a strong association between obesity and diabetes. 4 (Welcometrust)   There have been many hypotheses as to why the diabetes incidence has been rising.  One central theme around this increase is the sedentary lifestyle which many people live, whereas in previous generations people were significantly more physically active.  Modern conveniences and entertainment have kept people indoors and less physically engaged than ever before.  There is a strong statistical association between hours in front of a screen (television, computer, and cellular phone) and increased risk of type 2 diabetes.  The effect is compounded when paired with frequent unhealthy eating patterns. 5 (Hu) Obesity is on the rise.  More than 25% of the American people have a BMI of greater than 30.0, which is double what it was in 1995 when only about 15% of Americans were obese.  As more and more people increase their visceral adiposity they also increase their risk of serious health complications.  These health complications pose potential risks such as heart attack and stroke which can lead to hospitalizations, and even an early death. 6 (Hamman) It is a health crisis that has several people turning to various solutions to help prevent or reverse these risks.  One approach to weight management and reduced risk for chronic disease is to follow a vegetarian or a vegan diet. In a large cohort study with more than 96,000 participants, the data below was collected. These summary data points demonstrate the differences in total risk ratio for omnivores compared to vegetarians and to vegans, in the categories of BMI, diabetes, hypertension and all types of cancer, with various types examined. 7 (Le)  

	
	Cardio metabolic factors, all-cancer and cancer-specific sites an all cause and cause-specific mortality among vegan, vegetarian and non-vegetarian Adventists. *** 7 (Le)

	
	
	Study 1
	
	
	Study 2

	
	Cardio metabolic 
factors
	Gender
	Person at- Risk
	Omnivore
	Vegetarian
	
	Gender
	Person at- Risk
	Omnivore
	Vegetarian
	Vegan

	
	
BMI in kg/m2
	Men
	
34,192
	26.2 (26.1,
26.4) CI
	24.3 (24.1,
24.4) CI
	
	
All
	
   89,224
	 
  1 [referent]
	
25.5 (25.4,
25.5) CI
	
23.1 (23.0,
23.2) CI

	
	
	Women
	
	      25.9 (25.8 26.0) CI
	23.7 (23.6,
23.9) CI
	
	
	
	
	
	

	
	
Diabetes
	Men
	
34,192
	
1 [referent]
	0.51 RR (0.40,
0.64) CI
	
	
All
	
  89,224
	 
  1 [referent]
	
0.39 RR (0.36,
0.42) CI
	
   0.22 RR (0.18,
0.28) CI

	
	
	Women
	
	
	0.52 RR (0.44,
0.64) CI
	
	
	
	
	
	

	
	
Hypertension
	Men
	
34,192
	
1 [referent]
	0.45 RR (0.40,
0.64) CI
	
	
All
	
   89,224
	  
  1 [referent]
	
0.45 RR  (0.44,
0.47) CI
	
  0.25 RR (0.22,
0.28) CI

	
	
	Women
	
	
	0.45 RR (0.41,
0.49) CI
	
	
	
	
	
	

	
	
All Cancer
	Men
	25,105
	
1 [referent]
	0.82 RR (0.72,
0.94) CI
	
	Men
	   24,446
	1 [referent]
	0.92 RR (0.80,
1.06) CI
	  0.81 RR (0.64,
1.02) CI

	
	
	Women
	48,203
	
	0.93 RR (0.82,
1.05) CI
	
	Women
	   44,674
	1 [referent]
	0.96 RR (0.85,
1.08) CI
	  0.91RR (0.75,
1.11) CI

	
	
	see all study notes below***

	
	
	Study 1 note

	
	
	
Non-vegetarian is used as the referent group for comparison. OR = odd ratio; [a] Adjusted for age and diet status, * p = 0.0001; [b] Adjusted for age. Significantly different from non- vegetarians. ‡ p = 0.0001; [c] Multivariate logistic regression model adjusted for age, sex, and BMI; ♠ p < 0.005; [d] Logistic regression analysis adjusted for sex, ethnicity, smoking, alcohol intake, physical activity, and dietary energy intake; † p < 0.001. Non-vegetarian is the referent group. RR = relative risk; SMR = standard mortality ratio; HR = hazard ratio; [a] Adjusted for age, sex, and smoking status; death rate ratio (SMR); * p < 0.05, statistically significant; [b] Adjusted by age (i.e., attained age as time variable), race (black, nonblack), smoking, exercise, personal income, educational level, marital status, alcohol, region, and sleep. Also adjusted by sex, menopause, and hormone therapy. Other-cause includes non-CVD and non-cancer; ‡ p < 0.05; [c] Adjusted for age and current dietary habits, 1960 to 1965; for males ages 35–64; RR = SMR in non-vegetarians/SMR in vegetarians; ♠ p = 0.0084; [d] Adjusted for age and current dietary habits, 1960 to 1965; for females ages 35–74.

	
	
	Study 2 note

	
	
	
Non-vegetarian is the referent group. RR = relative risk; OR = odd ratio; [a] Adjusted for age, sex, and race. Body mass index (BMI) for non-vegetarians [reference] was 28.26 (28.22, 28.30); * p = 0.0001; [b] Adjusted for age, gender and BMI. Hypertension defined as average systolic blood pressure >139 mmHg or average diastolic blood pressure >89 mmHg or taking antihypertensive medications; † p = 0.0001; [c] Adjusted for age, sex, ethnicity, education, income, physical activity, television watching, sleep habits, alcohol use, and BMI. Body  mass index (BMI) for non-vegetarians referent group was 28.8 ± 6.3; ‡ p = 0.0001; [d] Adjusted for age, gender, BMI, lifestyle, sleep habits, physical activity, alcohol use, ethnicity, income, and education. Type-1 diabetes were excluded; ♠ p < 0.05, statistically significant. 



 It is estimated that there are 375 million vegetarians across the globe, and that number keeps on growing. 8 (Leitzmann)   While it is difficult to state the exact number of vegetarians and vegans in the United States, data sources of google trends demonstrate an upward growth on people identifying as vegetarian or vegan. 9 (Leahy)   According a large nationwide FooDS survey, and a 2018 national Gallup poll, between 2 to 6 % of Americans identify as vegetarians.  Additionally 1-3% of Americans reported following a vegan diet. 10 (Simcikas)   This is approximately 7-8% of Americans who have eliminated meat from their diet.  The sales of vegetarian and vegan labeled packaged and prepared food have increased 8.1% in 2017, and from 2009 to 2013 sales doubled in the marketplace. 11 (Bird)  This is in part due to more people who do not identify as a vegetarian or vegan, but have cut down on their servings of meat for health or personal reasons. 12 (Watson)  
 It is estimated that 21.8% of people around the world now eat mostly plant-based diets, whether that is by choice or situational is unknown. 13 (Kim)  The country of India has the greatest number of vegetarians and vegans than any other country in the world.  Forty two percent of Asian Indians currently identify with being a vegetarian or vegan, which is over 500 million vegetarians of a population of 1.2 billion people. 14 (Census)  As many Asian Indians immigrate to the United States, they bring with them their personal beliefs and lifestyles, one being their culinary traditions.  The number of Indian Americans has increased significantly over the past two generations, and Indians make up the second highest group of immigrants in this country behind Mexicans. 15 (Zong)   While some aspects of immigrating have had good impacts on immigrants for acquiring skilled jobs and higher education, adapting a Western diet has led to an increase in diabetes in the Indian American population.16 (Abate)  This paper will explore the large number of vegetarians and vegans among the Indian population, the increasing diabetes prevalence, and how that impacts the Asian Indians and the Asian Indian immigrants to the United States. 

Part II - Description of Vegetarian and Vegan Diet
What is a vegetarian diet? 
The traditional meaning of a vegetarian diet is eating a diet which does not contain any meat.  Vegetarians may consume animal by-products such as dairy, eggs, and honey.  Additionally vegetarians generally do not consume poultry, fish, or shellfish.  Lacto-vegetarians will consume dairy but no eggs.  Ovo-vegetarians consume eggs but no dairy. 17 (Dunn)   Vegetarianism is an eating practice that has been in existence for centuries, even millennia.  Around 3200 BCE in Ancient Egypt, it was discovered that some religious sects of Egyptians abstained from eating animal flesh, and also from wearing any clothing that was from an animal, surviving on a diet mostly of cultivated wheat and barley. 18 (Suddath)   Around the world, there are several religious groups that still practice an animal-free diet, and many of these religious groups can be traced back for centuries.  Buddhism, Hinduism, Judaism, and Sikhism, along with Christianity, all have sects within their religions following a vegetarian diet. These religious groups were based on the foundation of respect for all lifeforms. 18 (Suddath)   Respect for all life forms has been a guiding principle of these religions around the world.

What is a vegan diet?
A vegan diet has very similar components to a vegetarian diet.  Both abstain from eating meat, poultry, fish, and shellfish.  Unlike vegetarians though, vegans also abstain from consuming dairy, eggs, and honey - essentially not eating any food that comes from an animal.  This eating pattern also emphasizes animal welfare and preventing animal cruelty as a guiding philosophy behind the practice.  Plant-based eating is a concept that can be traced back to Neanderthal times, with DNA studies revealing that people’s diets were composed mostly of nuts, wild grains, berries, and seeds.  19 (Ash)
Both vegetarian and vegan lifestyles have been growing in popularity for a variety of reasons.  Originally people may have eaten this way due to lack of access to meat, fish, shellfish and poultry due to famine, climate, and physical barriers.  While the concept of plant-based eating is not a new one, the term vegan was coined in 1944 by a small group of American plant eaters who wanted to distinguish themselves from vegetarians.  18(Suddath) Recently more people have amended their diets by choosing to refrain from animal protein in favor of plants, for health reasons, animal welfare, and concern for the environment. Concerns are of the amount of land required for raising animals and the number of resources which are needed to produce meat and other by-products.  Also some people cite the increasing production of methane gas that is emitted into the ozone which comes from the livestock.  It has been calculated that greenhouse gas emissions would be reduced by 45-51% if a vegan diet was adopted globally, and a vegetarian diet would reduce greenhouse gas emissions by 31-37%.  20 (Aleksandrowicz)   Additionally as more Americans struggle with the current obesity epidemic, people look for alternatives to abate this fate, and examination of different diet innovations is at the forefront. 21 (Doyle) 

What are the potential positive health aspects of eating a vegetarian or vegan diet?
One of the most compelling reasons for mainstream Americans to shift their current omnivore diets is due to the current health crisis with which millions of Americans struggle.  The medical community has examined various eating patterns such as the semi-vegetarian, the pescaterian, the vegetarian and the vegan diet.  In a study of 1475 participants it was found that vegetarians and vegans had the lowest BMI, the lowest cholesterol and fat intake, lowest total calories, and highest fiber intake, and polyunsaturated fat. This study additionally found that the amount of protein intake was lower than all the other groups, and the diet consisted of the most carbohydrates of all the groups (see Table below). 22 (Clarys)    


	Type of Diet consumed
	Normal weight (≥18.5 to<25.0 kg/m2)
	Overweight 
(≥25.0 to <30.0 kg/m2)
	Obese
(≥30.0 kg/m2)
	Cholesterol

	Saturated Fat Intake
	 Total
Energy
(Kcal)
	Fiber Intake
	Protein 
	Carbs

	Omnivore
 n=155
	67.7%
	20.6%
	8.4%
	376 mg
SD 169 mg
	54 g
SD 25 g
16% kcal
	2985 kcal
SD 1029 kcal
	27 g
SD 10 g
	112 g
SD 45 g
15% kcal
	336 g
SD 106 g
45 % kcal

	Pescaterian
N=145
	72.4%
	15.9%
	3.4%
	296 mg
SD 111  mg
	43 g
SD 19 g
14% kcal
	2744 kcal
SD 797 kcal
	33 g
SD 12 g
	100 g
SD 33 g
15% kcal
	343 g 
SD 105 g
50% kcal

	Semi-Vegetarian
n=498
	74.3%
	17.1%
	2.4%
	321 mg
SD 132 mg
	47 g
SD 22 g
15% kcal
	2849 kcal
SD 858 kcal
	34 g
SD 12 g
	103 g
SD 36 g
15% kcal
	334 g
SD 96 g
47% kcal

	Vegetarian n=573
	72.9%
	14.7%
	3.9%
	275 mg
SD 125 mg
	41 g
SD 21 g
14% kcal
	2722 kcal
SD 875 kcal
	34 g
SD 14 g
	93 g
SD 37 g
14% kcal
	331 g
SD 96 g
49% kcal

	Vegan 
n=104
	78.8%
	10.6%
	1.9%
	149 mg
SD 92 mg
	21 g
SD 11 g
8% kcal
	2383 kcal
SD 804 kcal
	41 g
SD 14 g
	82 g
SD 39 g
14% kcal
	322 g
SD 108 g
54% kcal

	P-value
Anova 
	n/a
	n/a
	n/a
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	Not Signif.



Cardiovascular Disease
Plant-based diets are associated with lowered risk of cardiovascular events.  A complication of high consumption of animal protein may be a health risk for cardiovascular disease, myocardial infarction, and stroke. 23 (Micha) A study with over 80,000 men and women from the Seventh Day Adventist faith were assessed and found eating a diet high in plant protein, especially nuts and seeds, was protective against cardiovascular events, HR 0.60 (98.75% CI, 0.42, 0.86, p- <0.001), whereas eating a diet high in meat protein was associated with a greater risk, HR 1.61 (98.75% CI, 1.12, 2.32, p <0.001) . 24 (Tharrey)   Vegetarians who consume short chain fatty acids found in butter, yogurt, and cheese may have decreased cardiovascular disease risk.  Short chain fatty acids have demonstrated significant reductions in ischemic heart disease, but overconsumption of dairy reverses the effect. 25 (Briggs)
Cancer
Eating a vegetarian or vegan diet has also been shown to help reduce the risk of certain types of cancer, specifically colon cancer, prostate cancer and breast cancer. 26 (Delimaris) When meat is cooked it forms heterocyclic amines, along with NH3 and N-nitroso compounds, which can be carcinogenic.  In a study of over 69,000 participants of non-vegetarians and vegetarians, 2939 cancer incidences were identified in the group.  A statistically significant association was found between vegetarian diets and lower incidences of a cancer diagnosis. (Hazard ratio 0.92, 95% CI, 0.85, 0.99). 27 (Tantamango) The high fiber content of a plant-based diet, along with rich compounds like phytochemicals, antioxidants, and phytoestrogens may help lower breast cancer risk.  Vegetarians who consumed low fat dairy also benefited in the study population, as low fat calcium products have shown to reduce proliferation of cancer cells, stimulate cell differentiation, and trigger apoptosis in gastrointestinal tract cancer cells. 27 (Tantamango)  
Diabetes 
Diabetes is another disease that has a positive association between glycemic control and eating a vegetarian diet.  Polyphenols have been shown to inhibit glucose absorption in the intestine by SGLT1, stimulate insulin secretion, and reduce hepatic output. 28 (Kim)   In a prospective study using data from the Nurses’ Health Study 2, and the Health Professionals Follow-up Study of 16,162 incident type 2 diabetes cases for 4.1 million person years of data were analyzed, it was found that people who ate plant-based had a decrease in developing diabetes, independent of factoring in BMI and other diabetes risk factors.  A plant based index was used to assess diabetes risk.  One group was the plant-based diet, consisting of whole grains, fruits, vegetables, nuts, legumes, vegetables oils, and tea/coffee, while the other group assessment diet consisted of fruit juices, sweetened beverages, refined grains, potatoes, sweets, desserts and animal foods.  A multivariable-adjusted analysis was conducted for type 2 Diabetes, and in the plant-based diet group, the hazard ratio was 0.51, (95% CI, 0.47, 0.55, p <0.001), in the assessment diet group the hazard ratio for type 2 diabetes was 1.16 (95% CI, 1.08, 1.25, p <0.001). 29 (Satija)  The American Diabetes Association lists both the vegetarian diet and vegan diet as part of their diet eating plans, along with the Mediterranean diet and the DASH diet, among others, to help lower incidences of diabetes and other comorbidities, as long as these diets are nutritionally complete in all necessary nutrients. 30 (Craig)   Overall the impact of reducing consumption of meat has been found to offer increased health benefits for diabetes prevention.

What are the potential health challenges of following a vegetarian or vegan diet?
	While there can be many health benefits for choosing a vegetarian or vegan diet, there also can be some health consequences that can be potentially harmful to one’s long-term health.  There are macronutrients and micronutrients which must be consumed either through food or vitamins.  Protein derived from meat, fish, poultry and dairy are all complete proteins.  In order for plant-based individuals to get all these essential amino acids, a variety of food sources must be eaten to prevent a deficiency. 31 (Elorinne)    While vegetarians and vegans do consume plenty of fats, one potential area of deficiency can be omega-3 fatty acids.  This can cause neurological deficiencies, and synaptic depressions in the brain.  Omega-3 fatty acids also regulate cholesterol levels, reduce platelet aggregation, which reduces cardiovascular events, reduce inflammation in the body, and improve retinopathy. 32 (Simopoulos)  Most plant sources do not contain long chain Omega-3  fatty acids longer than 18 fatty acids, unlike fish, which contain eicosapentaenoic acid (EPA, 20:5 Omega-3), and docosahexaenoic acid (DHA, 22:6 Omega-3). 33 (Craig), 34 (Hjalmarsdottir) 
Vegetarians and vegans must be mindful to get all essential micronutrients.  One of the most commonly found deficiencies in plant-based eating is iron.  Animal heme has a higher bioavailability of iron.  Plant heme foods have iron which is less bioavailable; therefore supplementation may be necessary, in addition to eating plant foods with higher iron bioavailability. 35 (Tuso)    Another micronutrient which can be deficient is vitamin B12, cobalamin, which can be extremely difficult for plant-based eaters since very few plant sources contain cobalamin without fortification.  Vegetarians do not have the same level of concern, since B12 is found in eggs and dairy. 36 (Roth)   Calcium and vitamin D can also be deficient.  While some vitamin D is absorbed from sunlight, many people run the risk of being deficient if not consuming foods rich in vitamin D.  Vegetarians can get adequate vitamin D from fortified milk and also from eggs.  Even though some plant foods may contain calcium, not all of it is well absorbed due to binding tannins, oxalates, and phytates, decreasing bioavailability. 35 (Tuso)  Another mineral which can pose a challenge to a vegetarian or vegan is zinc, which is important in immune function.   While people may choose to make a lifestyle change and adapt a vegetarian or vegan diet, it is essential to consult with a registered dietitian and medical doctor to assist with nutrition and medical needs.  Also supplementation with an adequate multivitamin may be necessary to add to address deficiencies.  Ignoring these essential components to a well-rounded diet can potentially cause serious damage to organs, tissues, and overall body functioning. 30(Craig)  
	Name 
	Function
	Deficiency
	Recommended Foods to Eat

	Protein –
(essential amino acid)
	Structural and enzymatic
	Hair loss, muscle cramping, weakness
	Beans, rice, most vegetables, tofu, quinoa

	Omega 3 fatty acid
	Brain, eye, immune function
	Vision problems, dry skin and hair
	Hemp, chia, flax, olive oil, walnuts

	Calcium &
Vitamin D
	Bone health, muscle contraction
	Bone pain, muscle weakness, increased blood pressure, depression
	Mushrooms, fortified almond and soymilk, some vegetables

	Iron
	Transfers oxygen to cells
	Iron deficiency anemia
	Beans, nuts, some vegetables

	B-12
	Fatty acid and amino acid metabolism
	Megaloblastic
anemia
	Fortified soy, cereal, and nutritional yeast, multivitamin 

	Zinc
	Immune function, DNA stabilization
	Hair loss, eye and skin, and wound sores/heal 
	Legumes and fortified grains




Part III - Description of Diabetes
What is a description of type 1 diabetes and recommended MNT best evidence-based practices and health goals?
	Type 1 diabetes is an autoimmune disease in which the insulin-producing beta cells of the pancreas are destroyed; leading to reduced insulin secretion until eventually no insulin is produced.  It is more common in childhood, from infancy until teenage years, but occasionally there is late onset type 1 diabetes in adults.  Frequently symptoms of polydipsia, polyuria, weight loss, slow healing wounds, and sometimes ketoacidosis are noted prior to diagnosis, and may be the reason an individual is brought to the doctor for an evaluation.  The disease does not improve, although some individuals may experience a brief period of normal insulin function after being diagnosed with type 1 diabetes, oftentimes called the “honeymoon period”.  Unfortunately this time period is generally short-lived, and the pancreatic insulin function declines, and ultimately stops, requiring daily insulin injections. 38 (Soh)   Better control of blood glucose levels have shown in limited studies that newly diagnosed people with type 1 diabetes can retain some insulin function longer than those with elevated blood glucose levels.  In a study of 103 children with type 1 diabetes, children who maintained a blood glucose A1C level of 6% or less had prolonged remission.  39 (Abdul-Rasoul)    It is estimated that only 5 to 10% of people with diabetes are type 1. 40 (Daneman)  While the exact reason why some people develop type 1 diabetes is unknown, there are a few hypotheses such as viruses, environmental causes, or another possibility is a genetic heritable pattern of specific promoter patterns of genes to type 1 diabetes. 41 (Nejentsev)   
Type 1 diabetes is a life-altering diagnosis, and management of blood glucose levels is key to maintaining long term health.  People with type 1 diabetes frequently experience fluctuations in blood glucose levels throughout the day, so regular blood glucose readings with a glucometer or a continuous glucose monitor are necessary to assess current health status.  Management of blood glucose involves ensuring the appropriate amount of insulin at the appropriate time with glucose monitoring, considering food intake, physical activity levels, and other potential factors impacting blood glucose.42 (NIDDK)   The ADA recommends that an A1c level should be checked at least twice a year to assess average glycemic control for the previous three months.  In addition to one’s diet, there are other factors for hyperglycemia a person with type 1 diabetes should be mindful of, such as steroids or other medications, illness which may increase cortisol hormones, menstrual cycles, lack of exercise, dehydration, and not enough administration of insulin. 43 (ADA)   People with diabetes should be under the care of a medical provider to manage insulin, medications, and a registered dietitian for nutrition education to maintain optimal health. 44 (Thent) 
Eating a well-balanced diet is of the utmost importance for individuals with diabetes as well as exercise to maintain optimal glycemic control and to help prevent organ and tissue damage.  One study of 908 children with type 1 diabetes found intake of carbohydrates was significantly positively associated with Alc values whereas diets rich in EPA, protein, and leucine (which can help stimulate insulin secretion) was significantly negatively associated in A1c values. 45 (Lamichhane)  Another study evaluating the relationship between environmental triggers of pancreatic beta cell islet autoimmunity leading to the development of type 1 diabetes was conducted.  The study findings were genetic cellular immune markers, which inhibit cell signaling, and genetic determinants of multiple autoantibodies that put individuals at higher risk of developing the disease.  This long term study further examined the relationship of food composition of nutrient food group data and found that infants who were exposed to probiotics early in life had decreased risk of islet autoimmunity destruction and those who delayed exposure to probiotics had increased risk of islet autoimmunity destruction.  Adequate intake of vitamin D was associated with lower risk of islet autoimmunity destruction, as was higher levels of EPA and DHA intake in infancy. 46 (Rewers)

What is a description of Type 2 diabetes and recommended MNT best evidence-based practices and health goals?
[bookmark: _gjdgxs]Type 2 diabetes is the most common form of diabetes, which is characterized by insulin resistance as well as impaired insulin secretion. 26 (Delmaris)  Research attributes type 2 diabetes to both environmental and genetic factors; lack of regular physical activity and excess visceral adiposity, were attributed to greatest risk in development of the disease.  Obesity is the highest risk, which 90% of patients had a BMI classified in the obese category. 47 (Wu)  Symptoms of polydipsia, polyuria, and ketoacidosis are oftentimes not as pronounced as in type 1 diabetes, so a diagnosis may be missed for years.  Chronically elevated glycated blood glucose can potentially cause damage to various organs.  Type 2 diabetes is a progressive disease, which varies for each individual.  Some individuals can make lifestyle changes incorporating diet and exercise modifications, which may negate or delay the need for insulin or possibly any other medications.  Others become more insulin resistant, and may require medications such as metformin which improves insulin function, or other medications, or possibly insulin injections. 48(ADA) 
Current recommendations for type 2 diabetes for best practices and health goals are regular cardiovascular and resistance exercise to help insulin function.  In a study with 250 people with diabetes, when both strengthening and cardio exercising were combined together, the A1c reduced 1%, opposed to 0.5% for only cardio exercise, and 0.5% for only resistance exercise. 49 (Sigal) Nutritionally the recommendations by the American Diabetic Association are the same for both individuals with type 1 and type 2 diabetes.  One should choose healthy, balanced meals and snacks, with fruits, vegetables, lean protein, and healthy fats.  People with diabetes should monitor or limit alcohol as it can cause hypoglycemia.   Methods such as the Plate Method or Carb Counting are helpful to achieve a well-balanced meal.  Following good nutrition guidelines can help improve overall health for long term success. 48 (ADA) 

What are the potential health complications of diabetes?
A potential complication for a diabetic is ketoacidosis, with uncontrolled or extremely elevated blood glucose levels.  Symptoms include fruity breath odor, ketones in the urine, nausea and vomiting, and rapid breathing.  Ketoacidosis must be medically treated to safely lower and monitor blood glucose levels and administer any fluids that were lost from emesis and to correct any electrolyte imbalances from losses. 50 (Hamdy)  
Chronic elevated blood glucose levels can lead to some potentially serious complications.  One organ system that can get infected is the skin which should be monitored by physicians regularly to prevent skin deterioration. Treatments may include medications, ointments and creams, and even surgeries to correct these complications, although not all damage can be corrected. 51 (ADA)  Eye complications like glaucoma, retinopathy, and macular edema are potential complications, and eventually cause permanent vision deterioration if not treated in a timely manner.  All people with diabetes should be under the care of an eye doctor who is experienced in providing care for individuals with diabetes, and can administer treatment and corrective surgery as needed. 52 (ADA)   Another complication is peripheral neuropathy in the extremities, with sensations like tingling, shooting pain, numbness, or weakness.  Regular self-examination and physician examination should be performed to monitor this.  Some medications may help manage the discomfort, but nerve damage is oftentimes irreversible.  Gastroparesis due to damage of the vasculature of intestinal tract from uncontrolled diabetes is a potential complication.  Hyperosmolar hyperglycemic non-ketotic syndrome is rare, with extremely high blood glucose levels of 600 mg/dl or greater, with symptoms of extreme thirst and urination, high fever, hallucinations, without the presence of ketones.  Medical attention is necessary to avoid seizures, coma or potentially even death. 53 (ADA)
	 In the United States it was found that around 45% of patients with end stage renal disease (ESRD) have diabetes. 54 (Ghaderian)   A person with ESRD must either get a kidney transplant, or they must get dialysis treatment to filter the blood for survival.  When a person has ESRD, oftentimes the patients die from cardiac events.55 (Alicic)  One on the most common complications for individuals with diabetes is heart disease.  The combination of heart disease, elevated blood pressure and chronic elevated blood glucose levels from diabetes puts an individual at much greater risk for a cardiac event. 56 (Wang)   In a study examining over 4.5 million people with diabetes it was found that a third had cardiovascular disease.  Additionally, approximately half died from deaths related to cardiovascular events, mostly from either stroke or coronary artery disease. 57 (Einarson)   To combat risks of cardiac events one can control blood glucose levels and blood pressure, maintain a healthy weight, eat a healthy diet, maintain optimal cholesterol levels, engage in daily heart-healthy exercise, limit alcohol if necessary, quit smoking if necessary, get adequate sleep, and manage personal stress to maintain optimal health. 58 (U.S.Nat)  These recommendations help with all conditions of diabetes for maintaining both short term and long term complications of diabetes.  

Part IV – Indian Dietary Culture
What is the history of the traditional vegetarian diet originating in India as a case study population due to its high risk of Type Two Diabetes? 

	Many people practice Hinduism in India, with over 79% of the country considering themselves an observer of this faith.59 (Aljazerra)  It is one of the oldest recorded religions in the world.  During the Vedic period, 1500 to 500 BCE, ancient Hindu people were discouraged from eating animal products. The law books from this time period show that many believed in a strong connection between nature, animals, animal sacrifice, and the human individual, in a form of reincarnation of the soul.  Milk was consumed, eggs less so.  The religion was based upon a caste system of four groups, with the Brahmins, mainly of Southern India, abstaining from meat.  The Brahmins oftentimes held positions of highest social status in the community in both ancient and past Indian history, and considered not eating animal products more pure.60 (Waghmore) The lowest members of the caste system were oftentimes shunned by the community, and were called the “Untouchables”, and given difficult manual labor.  These individuals oftentimes did consume animal flesh and eggs out of financial necessity.  It was believed that they had reincarnated from undesired beings previously with many sins committed.  Fortunately these old caste systems are starting to slowly fade away in India; discrimination towards the Untouchables is illegal. 61 (Agrawal)   While there are many different religious sects in India today, the Hindu religion has a long and strong history, and the majority of Indians still practice the Hindu faith. 59 (Alijazerra)  The vegetarian principles that many Hindus followed are not as popular as before since now only 42% of Indians consider themselves to be vegetarian or vegan today. 14 (Census)  
[bookmark: _GoBack]	The food choices of the traditional Indian cuisine reflect the rich Indian culture and history, with centuries of meals that are similar in nature today as the meals eaten in ancient times.  Indian civilization has eaten foods from the crops and plants available in their harvests which grew easily in the soil with the variable weather patterns.  Rice has been a staple of many Asians for centuries, since the advent of farming.  In the ancient Vedic period people ate grains, pulses, and fruit, vegetables, honey, dairy products, and some people hunted. Wheat flatbreads like chapati and naan, milk used in ghee and in cheese curd, and rich spices are and have been important staples.  Muslims also introduced Indians to the concept of dried fruits and the flatbreads.  Scientists during the Gupta Empire in India created sugar cubes from sugar cane, which led to more sugar-sweetened desserts. 62 (IndianNet)  While one can find other food choices today in India, this traditional cuisine is still very common in the Indian diet, and Indians who immigrate to the United States and other countries bring their rich traditions to these new countries. 63 (Hollis)

The growing Indian population in the Triangle	

[bookmark: _30j0zll]	The Triangle comprises the three cities of North Carolina of Raleigh, Durham and Chapel Hill.  The Research Triangle Park (RTP) is a unique setting which has brought in a diverse group of individuals in the technology sector dating back to the late 1950s.  The purpose of the development was to capitalize on talented students from the universities in the state of North Carolina and keep that talent from moving elsewhere upon graduation.  The technology sector has brought a diverse group of businesses of research and development of pharmaceuticals, computer software, telecommunications, networking and other skilled technology services. 64 (Pipich) While many of the employees are either from North Carolina or another state in the United States, a large number of these employees come as former abroad students from other countries.  Asian Indians have been choosing to make the Research Triangle Park and its surrounding areas their homes, due to the availabilities of high paying jobs, number of good universities, affordable housing, temperate climate and safety compared to other places in the country.  These draws have made the RTP the number one location of Asians in North Carolina.  Current Census statistics in the most populated Asian Indian residencies are almost 20 % of people living in individuals bring with them their rich histories, traditions, values, and strong work ethic which have made an important contribution to our American tapestry.  Morrisville, more than 1 % of people in Raleigh, and over 6 % of people living in Cary identify as Indian Asian immigrants or Asian Indian Americans. 65 (U.S. Census)   These individuals bring with them their rich histories, traditions, values, and strong work ethic which have made an important contribution to our American tapestry. 



Recent increase of prevalence of people with diabetes among Asian Indians

	As diabetes has increased both worldwide and within the United States, it has also increased within the country of India in the past several years.  India now has the greatest number of individuals living with diabetes mellitus than any other country in the world.  The International Diabetes Federation calculates that there are almost 73 million people living with diabetes, both type 1 and type 2 currently, which is 8.8% of the population of India.  The number is predicted to rise almost double that in 28 years. 66 (IDF)   There have been many questions as to why people of India have had such rapid increases in diabetes compared to other countries.  One of the leading causes of type 2 diabetes is obesity, which has been increasing in Asian Indians and now they have the highest rates of occurrence, and earlier cases of early onset (20-40 years) diagnosis of type 2 diabetes.  This leads to longer symptoms and increased duration for development of potentially serious health complications.  Many Asian Indians do have increased early onset coronary artery disease from increased dyslipidemias, which may be a possible genetic disposition.  This can lead to metabolic disease and insulin resistance. 67 (Kaveeshwar)
Much research is being done into causes of diabetes in this population and how to intervene. 67 (Kaveeshwar)  One common thread found in many studies is the influx of Western eating styles in the Indian food culture, with higher caloric and fat content, and the addition of sugar-sweetened beverages, with and without traditional Indian sugar sources, which have been increasing rapidly in the food environment.  This change in food choices and more sedentary lifestyle are at the forefront of the diabetes epidemic facing the country. 68 (Gulati)  India has been examining ways to combat this problem within their country, with discussions and programs of earlier identification of glucose intolerance before developing a diabetes diagnosis, 69 (Racmachandran)  for intervention, and a possible taxation of sugared products, among other solutions.68 (Gulati)  This problem is one that will require creative interventions to help the people of India, and the immigrants who have come to the United States struggling with the same challenges in this food environment.   Diabetes and cardiovascular disease are both prevalent in the Asian Indian American culture today. 70 (Misra)   As noted in large research studies, 71(Gurjal), 72(Shah) one difference with Asian Indians and diabetes risk was the increased propensity for visceral adiposity and subcutaneous fat, both which contribute to increased insulin resistance, a risk factor for type 2 diabetes. 72 (Shah)  This difference was noted in the United Kingdom where Asian Indians are the largest group of immigrants, with 2.3% of the population. 73 (Index)  In the United Kingdom, the prevalence of type 2 diabetes in the South Asian population is 20%, which is 5 times greater than in the British European population.  74 (Diabetes UK) 

Unique diabetic challenges of individual traditional vegetarian Indian lifestyles 

Vegetarian Asian Indians do not all necessarily have reduced incidence of diabetes due to this lifestyle choice.  In a study of 1038 Asian Indian participants, 70 (Misra) which two-thirds were lacto-vegetarians and one-third were omnivores, recently living in the United States, it was found that the population who followed a lacto-vegetarian diet had a lowered risk of developing diabetes, with an odds ratio of 0.55 (95% CI, 0.31, 0.99, p <0.05), but they had no decrease in obesity or metabolic syndrome.  Prevalence of prediabetes continued to be high in the sample group, so the risk of developing type 2 diabetes was still a risk, if lifestyle changes of diet and exercise were not made.  In both the vegetarians and the omnivores in this study the preponderance of biological dispositions of increased body fat, truncal, intra-abdominal and subcutaneous fat, along with higher inflammatory markers, lower levels of adiponectin, less lean body mass, 70 (Misra) insulin resistance, and dyslipidemia compound the likelihood of increased diabetes diagnoses.  69 (Racmachandran)   
A challenge for Asian Indians is some of the traditional food eaten within their culture, which can be very calorically rich.  Refined grains in breads like naan, chapati, and rice are mainstays of most meals.  Rich sauces, cooked with oils, like palm, and coconut, and ghee from dairy which add flavor to main courses and desserts, and savory fried foods, oftentimes eaten as appetizers and desserts, are high in saturated fat.  Starchy refined carbohydrates like potatoes, nuts, lentils, and beans may be eaten at quantities above the recommended serving size.  Times of social gatherings, religious festivals, and joyous occasions are celebrated with the intake of sweetened foods, leading to more excess calorie consumption. 68 (Gulati)  This lifestyle of eating can be challenging for a person who may have a predisposition for diabetes.  Due to the potentially high amount of carbohydrates in a vegetarian and vegan diet, insulin dependent diabetics may need to monitor and adjust insulin to maintain appropriate glycemic control.

In a study to assess health status of vegetarian diets compared to omnivore diets, 892 mostly middle-older aged South Asian Americans were examined.  Data was collected using a food frequency questionnaire.  Thirty eight percent of the participants identified as vegetarians in the study.  The results found that the South Asian vegetarians had a lower BMI (p=0.023), a lower fasting blood glucose (p=0.004), and lower odds of fatty liver (OR: 0.43, 95% CI 0.23, 0.78, p=0.013).  The odds of having any coronary artery calcium were lower for vegetarian men (OR: 0:53: 95% CI 0.32, 087, P=0.013), however no significant associations were observed among vegetarian women.  In this study while for the most part the vegetarian diet was beneficial for both men and women, women did not have the same cardiometabolic risk reduction than men. 75 (Jin) 

Diet modifications for Asian Indian vegetarian cuisine to improve blood glucose levels
	With the current diabetes and cardiovascular trends in Asian Indians, lifestyle modifications may reduce risks.   In a study of beta cell function and insulin resistance in a group of people without diabetes, a healthy low fat plant-based diet was tested against a control diet consisting of no changes from a traditional American diet.  The treatment group with the plant-based diet was negatively correlated with changes in BMI and visceral fat volume, insulin resistance, Homeostasis Model Assessment index (HOMA-IR),  was     HOMA-IR –1.0 (95% CI, -1.2, -0.8, p=0.004), and the control group was positively correlated with BMI and visceral fat volume, HOMA-IR  0.34 (95% CI, p=0.009).  This improved beta cell function and increased insulin sensitivity is one example of how a person can improve their health outcomes with appropriate healthy diet modifications. 76 (Kahleova) (see Table below) 





	Health recommendations to improve blood glucose while incorporating current traditional Indian flavors (and additional potential benefits) (Gulati) 68 (Jaacks) 77 (Acharya) 78 (ADA) 79

	Include MORE of:
	Include LESS of:
	Health Benefits

	Whole grains, nuts, seeds, beans, lentils
	Refined grains, processed, artificial foods
	Fiber, omega-3s, protein, lowers cholesterol, minerals, vitamins, heart-health, blood sugar

	Spices- cumin, chilies, ginger, garlic, onion, coriander, turmeric and fenugreek
	Salt 
	Medicinal, digestive health benefits, and antioxidant, antimicrobial, antibacterial, and chemo-preventive properties

	Vegetables – Fresh, steamed, grilled, roasted, broiled, baked
	Fried vegetables
	Fiber, omega-3s, antioxidants, beta-carotene, carotenoids, help lower blood pressure

	Whole Fruit – fresh, frozen
	Fruit juice, sugar, jaggery, honey, sugarcane
	Fiber, folate, vitamin C, potassium, phytochemicals

	Water
	Sugar-sweetened beverages, alcoholic beverages, coconut water 
	Calorie-free hydration, electrolyte balance, general bodily functions

	Flax, hemp, chia seeds
	Oils, ghee, calorically- dense sauces, saturated fats
	Decrease triglycerides, immune function, brain function

	Low fat dairy
	Higher dairy fat content
	Decreased fat intake








Conclusion
The results of my research did not point to a specific reason why the country of India had a disproportionate number of people with diabetes compared to other countries.  The predominant theme was genetic predisposition and environmental factors. 67 (Kaveeshwar)  In order to help intervene and provide a better pulse on the needs of the community, a hybrid cohort-modelled cross-sectional multi-center surveillance study was conducted in three major cities in India for cardiometabolic diseases risk factors, national incomes costs, risk factors, incidence, and overall trends.  This project was designed to help India identify its public health problems, in regards to these risk factors, and help work on solutions for identification and prevention strategies, 80 (Nair) which may also help other nations adapt similar programs.   A limitation in my research was finding current data of the total number of Asian American Indians who had diabetes in the United States, and while some States did have data on this not every State did, making it a challenge to assess the impact of diabetes on Asian Indian Americans compared to other Americans.
  Since vegans are such a small portion of the population, only small studies have been conducted thus far on the effects of an only plant-based diet, making it more difficult to assess long term health complications from diabetes and other diseases when adapting a vegan diet.  A consideration when choosing a diet is that vegetarian and vegan diets can be drastically different ways of eating than the traditional American diet.  Some people may find that reducing the amount of meat consumed would have enough of an impact to improve health outcomes for diabetes and other diseases.   Another person might find it easier to add more fruits and vegetables to their current eating patterns.   Comparing the results to these choices to a vegetarian or vegan diet are ones that would require further research.  The Mediterranean diet is another eating plan which has been explored by people for its various health benefits.  Studies are also being conducted about this diet pertaining to diet adherence and how it may help type 2 diabetes and other diseases.  81 (Esposito)  This diet reduces meat, especially red meat, recommends fish, and encourages plenty of fruits and vegetables as the mainstay of the diet, which some people feel is a lifestyle diet that does not change too many of their normal eating patterns.   
While diabetes is a growing problem for many individuals, and it is forecasted to continue to grow in the United States and abroad, there are potential interventions to curtail the disease.   There are new medications on the horizon, including new drug therapies which could interrupt the autoimmune attack destruction of beta cells in type 1 diabetes. 82 (Dugas)  There have been some programs which have been promising as well.  The Diabetes Prevention Program, which is a lifestyle change program, was designed to at lower the chances of developing type 2 diabetes.  The lifestyle change group engaged in an intensive exercise training program, weight loss program focusing on eating less fat and calories, and exercising 150 minutes a week.  The results have been positive, with a 58% reduction compared to the control group.  83 (NIDDK)  
 One research finding of a different population other than Asian Indians who did benefit from the vegan lifestyle was the people living on the Marshall Islands who lived off of only imported food.   The mainstays of their diet were mostly processed foods laden with sugar, sodium and fat.  Of the 60,000 residents on the island, 28% over the age of 15 years and 50% over 35 had been diagnosed with type 2 diabetes.  A vegan diet study was conducted with both diet and lifestyle modifications for over a three to six month period.  The diet consisted of whole foods with plenty of non-starchy vegetables and legumes, very high fiber from flax, oats, barley, beans, guar gum, psyllium, low fat from healthful sources such as nuts and seeds, low glycemic load carbohydrates, and sodium content of less than 2300 mg per day.  Only 4 weeks into the research study the average fasting blood glucose dropped 50 to 75 mg/dl, the total cholesterol, LDL, triglycerides and blood pressure all dropped significantly. Participants who originally reported pain in the legs, arms, and joints reported dramatic reductions to total disappearance of pain.  There were also improvements in energy, constipation, and some patients were able to reduce or be taken off their diabetic medications.  84 (Camacho),  85 (Davis)
Adopting a healthy lifestyle is important for everyone to try to achieve. When a person is faced with a diagnosis of prediabetes or diabetes, that individual may decide to make diet modifications.  There are a variety of diets to choose from which may offer some reduction in blood glucose levels.   As presented in this paper, well-balanced evidence-based, vegetarian or vegan diet is one choice for overall blood glucose control and cardiovascular health.
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