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Chapter

Nutritional Interventions: Diet
Modifications, Nutritional
Supplements, Complementary and
Alternative Medicine

Jameela Banu

Abstract

Type 2 diabetes (T2DM) is characterized by increased circulating blood glucose
levels. Several therapies are available to control glucose levels. However, nutritional
choices play a major role in managing diabetes. Nutritional supplements can help
in reducing the side effects of medicines on the individual so, this chapter will not
only discuss several nutritional choices but also available nutritional supplements to
control T2DM. Keeping in mind the traditional belief that food is medicine and as
therapies are often associated with deleterious side effects, this chapter will discuss
alternative and herbal medicines. In addition, life style alterations with proper
nutritional choices is also important and will be touched upon in this chapter.

Keywords: diet modifications, nutritional supplements, complementary and
alternative medicine

1. Introduction

Diabetes Mellitus (DM) is a chronic metabolic medical condition that is
diagnosed in 422 million people globally and every year 1.6 million deaths are
attributed to this condition [1]. It is a disease that can lead to many other severe
medical problems and affects almost all the different systems in the body. Diabetes
as a result of autoimmune condition, where the pancreatic p-cells are destroyed
compromising insulin production, is referred to as Type 1 Diabetes Mellitus
(T1DM), while diabetes caused by several other factors including increasing
insulin resistance is referred to as Type 2 Diabetes Mellitus (T2DM). As the classic
symptom of diabetes is increase in circulating blood glucose, one of the impor-
tant treatment criteria is focused on food consumption and the type of nutrients
consumed. Several diets have been advocated to patients, in addition to life style
changes such as increased physical activity and an organized exercise regimen. As
carbohydrates are the main source of glucose, diets closely look at reducing car-
bohydrate intake followed by fat consumption. A major risk factor for developing
diabetes is being obese. So many diet plans for diabetic patients focus on weight
loss. We will discuss the different diets, nutritional supplements and any alterna-
tive and complementary medical choices the patients can opt for.
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2. Diets

Several diets have been available for patients with diabetes. Some of them are
tested in randomized clinical trials while others have been put forth by nutritionists
or other professionals. The main focus of these diets is weight loss as obesity is also a
growing global pandemic and is a major risk factor for several severe medical condi-
tions including T2DM. Large randomized controlled studies such as Look Action for
Health in Diabetes (Look AHEAD) study, Finnish Diabetes Prevention study and
Diabetes Prevention Program Research group had focused on reducing body weight
and incidence of diabetes.

2.1 Look AHEAD study

This study included 5145 patients and continued for eleven years (2001-2012)
in the US [2]. The major goals for this study were to reduce body weight by 7% and
increasing physical activity to >175 mins/week. Participants of this study were
ethnically diverse (African Americans, Hispanic and Native American/Alaskan
native) and were diabetic. Co morbidities included hypertension and cardiovascular
disease (CVD) [2]. There were three phases of the study with nutritional interven-
tions, lifestyle and behavioral modifications. The nutritional interventions were
as follows: Phase I (1-12 months) patients were encouraged to replace two of their
meals with shakes, one snack with a bar and consume low energy dense foods. The
energy goals were dependent on the body weight of the individuals: <250 lbs. were
limited to 1200-1500Kcal and those >250 Ibs. were limited to 1500-1800 kcal/day
[2]. Medications were given to patients who failed to show weight reduction in the
first 6 months. Physical activity goals were set at moderately intense activity for
175 minutes/week. Either self monitoring or in person monitoring was conducted
at regular intervals. Weight regain was addressed by further counseling and replan-
ning the diet. In Phase 2 (2 years —4 years) and Phase 3 (5 years and above) patients
were monitored and were expected to maintain the goal of 10% body weight loss
following the diet and activity [2]. Patients successfully lost weight and were physi-
cally fit with this diet lifestyle change, however, they could not maintain the weight
loss [3]. Patients also improved some of the conditions for diabetic patients [3].

2.2 Finnish diabetes prevention study

This study was started in 1998 to determine if an intensive exercise-diet pro-
gram can prevent or delay the onset of T2DM [4]. A total of 522 patients were in the
study and divided into the control and intervention groups. The diet modification
included reduction of total fat consumption to <30% with less than 10% saturated
fats and high fiber intake [4]. The physical activity goal was 4 hours/week of walk-
ing, bicycling or other exercise [5]. The focus of this study was to follow patients to
see if there was decrease in the development of diabetes and reported that there was
43% decrease in the risk of development of diabetes. After thirteen years, this study
reported that the recommended interventions successfully prevented the progres-
sion of T2DM on a long term basis [6].

2.3 Diabetic prevention program research group

This study was conducted across 27 clinics in the US. There were 1079 ethnically
diverse patients [7]. The goal was to reduce body weight by 7% in the first 6 months
by increasing physical activity and consuming a diet with less fats and saturated

fats. They reported a 58% reduction in the incidence rate of diabetes [7].
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Other long term randomized clinical trials like Da Qing IGT and Diabetes Study
have also shown that diet and exercise interventions are very efficient in reducing
the risk of developing diabetes [8].

2.4 Low carbohydrate diet

The recommended intake of carbohydrate is 45% - 65% per day. Choices with
decreased refined carbohydrates, no added sugar, increased intake of grains,
legumes, vegetables and fruits were recommended along with limiting high fruc-
tose syrup and sucrose. The sources of carbohydrates are not a major factor in the
glycemic response as randomized trials showed no difference in glycemic response
when sources of carbohydrates was substituted [9]. However, it is important to note
that complex sources of carbohydrates are beneficial in determining the circulating
glucose levels after meals. Post prandial glucose levels are reflective of the amount
of sugar not the type of sugar [10, 11]. Fructose is metabolized in the liver and can
affect lipid metabolism so limiting fructose consumption is recommended. Low
carbohydrate diet is very effective in decreasing body weight [12, 13]. Patients on
this diet not only lost body weight but also decreased HbA1C, however, they were
prone to gain weight very quickly. Low carbohydrate diet maybe a short term solu-
tion to manage T2DM and can comprise of fiber, vitamins and minerals. Patients on
such diet have to be checked for their lipid profile, renal function and protein intake
regularly [14].

2.5 Low glycemic index diet

Glycemic Index (GI) rises with increase in glucose levels [10]. Factors affecting
Gl are rate of digestion, cooking method, type of carbohydrate, fat content, protein
content and acidity of the food. High starchy foods digest faster so there is high and
quick release of glucose. Lower GI foods does not rise the blood glucose levels as
quickly. Insulin response and glucagon inhibitors are also affected. High fiber delays
the digestion process, increases CCK, incretins and satiety. Lower glycemic diet does
not reduce body weight but reduces HbAlc and improves insulin sensitivity [15, 16].
This diet can only have moderate effects in controlling postprandial hyperglycemia.
It did not have any effect on the body weight but decreased HbA1C by 0.5% [10].

2.6 Low fat diet

Fat consumption is targeted by this diet as diets high in fats can reduce insulin
sensitivity and increase endogenous production of glucose by the liver and produc-
tion of proinflammatory cytokines [10, 17]. This diet focuses more on consumption
of <30% calories from fat which would be around 50 g of fat for 1500Kcal/day diet.
The type of fat consumed determines the damage caused more than the quantity of
fat especially with respect to glycemic control [18]. It induced weight loss and had
very little effect on glycemic control [10]. However, the long term effects of weight
loss may reduce or delay the onset of T2DM.

2.7 Very low calorie diet

Decreasing calories is another method to reduce body weight, thereby, decreas-
ing the risk of developing T2DM. The recommendation for those seeking this diet
option consumed 400 to 800 calories/d of high quality protein and carbohydrates
fortified with vitamins, minerals and trace elements. Decreased body weight and
HbA1C were reported with high rate of body weight regain [10].
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2.8 Mediterranean diet

This diet is more popular and 30-40% of the diet consists of monounsaturated
fats. Legumes, fruits, vegetables, nuts, whole grain, fish and moderate ingestion of
wine. Has a positive effect on glycemic control and reduces the incidence of diabetes
by 52% (Figure 1). The body weight regain with this diet was low. The major problem
is that adherence rate was low [10].

2.9 Protein sparing modified diet

Combination of low carbohydrate ketogenic diet and very low calorie diet.
Patients prescribed this diet are started off on a very low calorie diet (800 calories/
day) for the first six months and then the calories are increased gradually. At the
beginning carbohydrate intake is limited to 20-50 g/day with 1.2-1.5 g/Kg of proteins
[19]. Successful in weight loss and lowering HbA1C and fasting glucose. However,
there is a low adherence rate among patients and they may increase weight regain
quickly [10].

2.10 Vegetarian and vegan diet

Both vegetarian and vegan diets are centered around cereal, fruits, vegetables,
legume and nuts. However, vegetarian diets may include dairy products and/or

Processed
foods,
saturated
fats:
sparingly

[ =\

Fish, poultry,
eggs: 0—2 servings

Nuts, legumes:
1—3 servings

Vegetables: Fruits:
in abundance | 2-3 servings

Whole-grain and plant oils
Foods: at most meals

/ Daily Exercise \
Figure 1.

Mediterranean diet: Recommends consumption of mainly whole grains, vegetables, fruits, nuts and legumes.
Limiting animal protein to 0—2 servings and one serving of dairy (as a source of calcium). Consumption of
red meat, saturated fats and processed foods is not encouraged and recommended to consume only sparingly.
Moderate consumption of wine is now recognized as part of this diet.
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eggs. It reduced body weight, but reduction of HbA1C was not significant. There
is very little research on the long term effects of these diets. And it is known that
patients on these diets may lack in essential nutrients [10].

2.11 High protein diet

A major portion of the calories in this diet is protein with 30% of energy from
proteins. Weight loss occurred with females losing total fat and abdominal fat
mass. But total lean mass also decreased. Although it improved glucose control and
decreased HbA1C (0.28%) [20]. Low fat cottage cheese, cheese tofu, red meat,
chicken, peanut butter, fish and lentils were some of the constituents of this diet.
Diet should be individualized and patients must account for cardiometabolic risk
and renal profile, long term effects are not known [10].

2.12 Other diets

Based on the knowledge about the effects of different macronutrients on cir-
culating glucose levels many other popular diets have been introduced. These diets
have not been studied using controlled trials so the outcomes are not authenticated.
These diets include the Paleo diet, Atkins diet/keto diet, Nutrisystems etc. They
are all focused on weight loss. It is important to account for the different macro
and micronutrients on maintaining normal metabolism in the body. Therefore, a
carbohydrate free or a fat free diet or vegan diet can be very deleterious to health,
unless there is a balance in the nutrient intake.

2.12.1 Paleo diet

Paleo diet also referred to as the Hunter-Gatherer diet or Stone Age diet became
popular as the evolution of human diets was recognized from simple diets to com-
plex highly processed diets in the modern world. The Paleo diet simulates diet eaten
by the Stone Age humans who were hunters and collected food that was readily avail-
able in nature like meat (mainly lean), organ meats, fish, vegetables, fruits, nuts and
seeds [21]. This diet is reported to improve insulin resistance and showed significant
decrease in HbA1C, body weight and BMI is a small clinical trial [22, 23]. The main
issues with this diet is that patients have low vitamin D and calcium [24].

2.12.2 Atkins/keto diet

The Atkins diet was promoted by Dr. Robert C Atkins, a cardiologist and
recommended a low carbohydrate with high protein and fat diet. There are several
modifications now available and are referred to as Keto diet. This diet shifts the
energy needs of the body from carbohydrate to fats, therefore, The diet includes
sources of high fat content like butter, nuts and cream [25]. The low carbohydrate
diet recommends the use of 100 g/d of carbohydrates with 50-60% fat and 20-30%
protein and the very low carbohydrate diet recommends <50 g/d of carbohydrates.
Weight loss, low insulin levels, deceased hunger are some of the benefits reported
[26, 27]. In T1IDM patients the carbohydrate levels have to be adjusted to the insulin
levels to maintain post prandial glucose levels and reduce hypoglycemia [28]. The
preferred source of energy in the body is glucose, restricting this macronutrient
forces the body to use fats for energy production. Unfortunately, when this hap-
pens many ketone bodies are produced and this is deleterious to the metabolism
especially in the long run.
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2.12.3 Nutrisystems

A meal plan for losing weight was proposed by Nutrisystems. This diet is cus-
tomized to individuals for three meals and snacks per day. These diets are balanced
and claims to be easy to prepare. The foods used are low glycemic carbohydrates,
high fiber and lean proteins with no artificial sweeteners or flavors. Customers are
expected to pick from basic, vegetarian, uniquely your, uniquely your ultimate,
basic diabetss, diabetes-uniquely yours, ultimate diabetes as well as diet for men.
Customers are given the option of picking their own meals or from customized
meals. A couple of small (10 and 69 participants) short term (three months)
studies used a portion controlled Nutrisystem diabetic diet to determine the effects
on weight loss and diabetes. They reported that obese T2DM patients may show
significant improvements in weight and glycemic control [29, 30]. A slightly larger
study (100 participants) conducted for six months using Nutrisystem diabetes diet
reported significantly increased weight loss with statistically insignificant reduction
of HbA1C [31]. As this diet is more flexible than the other diets, it may be beneficial
to individuals who carefully adhere to the diet and instructions.

Many other modified diets such as South Beach Diet, Zone diet, Macrobiotics,
Blood group diet, Ayurvedic diets, Raw food diets, Cleansing diet, Crash diets,
Calorie restricted diet are also available. These diets focus on reducing body weight
and the major recommendations include decreased or no processed foods, more
fiber, vegetables and fruits and decreased total fat intake [32, 33]. Care has to be
taken to avoid any vitamins and mineral deficiencies.

3. Nutritional supplements

The use of natural products as therapy was in practice for many centuries in
different parts of the world. This practice relates very well with the idea that food is
medicine. Some of these practices are classified as traditional medicine. Around the
world there is an increase interest in using these medicines which are categorized
under complementary and alternative medicines. In developing countries, 90% of
the population seek plant products as alternative treatment options [34]. The most
important benefit could be that there are less or even no side effects and is cost effec-
tive. However, the main constraint for these products not being popularly recom-
mended, is the limited scientific evidence about the efficacy, mechanism and side
effects. But this is slowly changing as in the past few decades, scientific literature
with information on the efficacy, side effects and mechanism of action of several
natural products and their compounds has increased. Some of these different natu-
ral products that are not only implicated in controlling diabetes but also decrease
other medical complications that arise due to diabetes [35].

Plant products are unique in that they have several ingredients and the active
ingredient(s)/compound(s) are attributed to having the main effect. This has led
the pharmaceutical industry to use some of these active ingredients in currently
available allopathic drugs [36]. It is important to identify these active ingredients
and study their effects to understand their mechanisms of action. However, it has
been observed that when these compounds are isolated, they are sometimes not as
efficient when compared to the whole extracts and this maybe because the other
ingredients, although in small quantities, may influence the activity of the main
compound.

High blood glucose can be due to several different factors apart from consump-
tion of high levels of carbohydrates and inactivity. When the patient is diagnosed
with hyperglycemia, they are advised about food intake and increasing physical
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activity by entering an exercise program. There are drugs and nutritional supple-
ments that will reduce the absorption of glucose in the intestines by inhibiting
enzymes such as a amylase and « glucosidase, thereby, lowering postprandial
glucose [37]. However, it has been recognized that there are many other factors such
as pancreatic dysfunction, insulin resistance, imbalanced rate of glycogenolysis and
gluconeogenesis and increased glucagon production result in increased production
of endogenous glucose [38]. In addition, these patients may also have less insulin
production with progressive p-cell dysfunction [39]. Therefore, diabetic patients
may benefit more with plant products as these have multiple compounds that may
affect multiple targets [40-43].

Traditional medicines have been popular in different parts of the world and
some of them have been traced back to thousands of years - Chinese traditional
medicine and Ayurveda. Many cultures around the world such as the American
Indians, Mexican, Chinese, Indian subcontinent, various parts of Europe, Africans,
Australians have incorporated locally available plants to treat diabetes [36]. Chinese
traditional medicine describes bitter flavor and plants that release heat as the most
important factors for treating T2DM [44]. Bitter flavor can consolidate the body,
remove dampness and purge heat while cold property removes heat syndrome
which is seen in T2DM patients during the initial and middle stages of the condition
[44]. Ayurvedic treatment uses different approaches including plant medicines
incorporated in the diet, exercise, medications, massage, sunlight, controlled
breathing and detoxification [45].

There are hundreds of plants that are used in different traditional medicines to
treat diabetes. We have listed a few of the most promising common plants that have
anti-diabetic activity in animal models and human studies with minimum side effects
in Table1. A commonly used vegetable in Asia and Africa is bitter melon (Momordica
charantia) (Figure 2A). This has multiple anti diabetic properties when consumed as
fresh juice or eaten regularly. Side effects reported so far is diarrhea [44, 46-51]. Spices
used in a wide variety of cuisines around the world like cinnamon (Cinnamomum)
and some used in the Indian subcontinent such as fenugreek (Trigonella foenum) are
also implicated in controlling hyperglycemia (Figure 2B and C). They are widely used
in North Africa, Asia and South Europe to treat diabetes. Prolonged use of cinnamon
may cause gastrointestinal problems, allergic reactions and liver disease in sensitive
people due to the presence of coumarin. Little is known about the side-effects of fenu-
greek and is safe in amounts that are used for cooking, however, large doses may cause
diarrhea, nausea and gastrointestinal issues [46, 52-64]. Green tea (Camellia sinensis)
is now a common beverage around the world, although it has been used in East Asia
for centuries. It has some benefits to diabetic patients and the side effects include
insomnia, nausea and heartburn [65, 66] (Figure 2D). Basil (Oscimum basilicum) and
gurmar (Gymnema sylvestre) are used in Ayurvedic medicine. Gurmar has many anti-
diabetic properties compared to basil. Consumption of high levels of basil may cause
liver damage, while Gurmar may cause hypoglycemia headache and nausea
[46, 67-72]. Prickly pear (Opuntia ficus-indica, Opuntia matudae) is used widely in
Central and South America as a vegetable. The health benefits of this fruit include
anti-diabetic properties. Mild diarrhea with nausea when consumed in large quanti-
ties are the reported side-effects [73-76]. Chinese rhubarb (Rheum palmatum) has
been studied for its anti-diabetic properties and has been in use in Chinese traditional
medicine for a long time. Side effects reported are constipation, diarrhea, stomach
pain and inflammation of the pancreas. [44, 77]. Overall, these plants have been
part of cuisines for centuries. More long term randomized trials in different ethnic
populations will be more informative. The side-effects should be considered, as
understanding and keeping track of the side-effects will help in dose determination
and sensitivity among patients. Another important factor to consider is the ethnic
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Plant

Common
name

Part
of the
plant
used

Anti-diabetic properties

Area
traditionally
used as
medicine

References

Momordica
charantia

Bitter melon

Fruit

1Glucose, HbA1C,
fasting and PP
glucose, PEPCK.

1Glucose uptake in
cells, insulin signaling,
GLUT4, PI3K, PPAR.

Antioxidative and anti
inflammatory

Africa, China,
India,

[26, 28-33]

Cinnamomum

sp.

Cinnamon

Bark

|Fasting glucose,
HbAI1C, PEPCK.
Mimics insulin in
rodents, anti inflam-
matory, improves
insulin sensitivity

China, India,
Persia

[36-40, 42,
46]

Trigonella
fienum-graecum

Fenugreek

Seeds,
Leaves

1Glucose, HbA1C, PP
glucose.

tInsulin secretion

Renew pancreatic b
cells

India, South
Europe,
Mediterranean

(34, 35, 41,
43-45]

Camellia
sinensis

Tea- green

Leaves

JHbA1C

Improves insulin
sensitivity, glucose
tolerance

Global

[47-48]

Gymnea
sylvestre

Gurmar

Leaves

1 Glucose levels

tInsulin secretion,
promotes islet cell
regeneration, delays
glucose absorption

binds to the receptors
for sweet in the taste
buds and inhibit sugar
from binding

India

[28, 52-54]

Opuntia
ficus-indica,
O. matudkae

Nopal

Fruit

lIntestinal absorption
of glucose, PP glucose

Improves insulin sen-
sitivity, anti-oxidative

Central and
South America

[55-58]

Oscimum
basilicum

Basil, Tulsi

Leaves

1A glucosidase, a amy-
lase, hyperglycemia

tInsulin stimulated
glucose metabolism,
GLUT4 translocation,
liver glycogen content

South East
Asia

[49-51]

Rheum
palmatum

Chinese
Rhubarb

Root

IHbAIC, glucose,
insulin resistance

Chinese

[26, 59]

PP = post prandial, HhA1C = Hemoglobin A1C, GLUT4 = Glucose transporter 4, PEPCK = Phosphoenol pyruvate
carboxy kinase, PI3K = Phosphoinositide 3-kinase, PPAR = Peroxisome proliferator-activated receptor. | = decrease,

1 = increase.

Table 1.

List of some plants beneficial to diabetic patients.
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Figure 2.
Some herbal products beneficial to diabetic patients. (A) Bitter melon, (B) Fenogreckseeds and leaves,
(C) cinnamon sticks, (D) driedgreentea.

background of the patient and their family history. This is very critical, as the response
of patients to any therapy is dependent on these factors. This also calls for any medi-
cine or diet prescription/counseling to be more individual specific.

Different parts of the plants are used - roots, stem, flowers, fruits and seeds.
Each part of the plant may have different concentrations of phytochemicals
which are the main players in the health benefits they show. Different compounds
have been isolated from the potential medicinal plants and studied for their
effects on the different pathways that are involved in the medical condition of
interest.

3.1 Active ingredients/compounds

Some of the active ingredients have been characterized in either iz vitro or
in vivo studies including randomized control trials (RCT) for their anti-diabetic
properties. Some of the common compounds studied are saponins, flavones, and
polyphenols.

3.1.1 Saponins

Saponins increase liver glycogen synthesis, inhibit glycogen breakdown and
promote insulin sensitivity in the peripheral tissues by increasing Glut 4 expression
[78, 79]. Saponins also decrease body weight and inhibit enzymes that breakdown
glucose [79, 80]. Found in legumes such as broad beans and lentils, bitter melon,
asparagus, spinach and tea.
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3.1.2 Flavonoids

Flavonoids are a group of compounds that are widely found in plant products
and are implicated in several health benefits including T2DM. They inhibit enzymes
that breakdown glucose and protect pancreatic f-cell damage, stimulate insulin
secretion, promote glucose uptake in peripheral tissues, inhibit a amylase and «
glucosidase and stimulate glycogenesis [43, 46, 80, 81]. Kaempferol inhibits hepatic
inflammation, protects p cells by inhibiting apoptosis, lowers fasting glucose and
improves insulin sensitivity [82-84]. They exhibit anti oxidative and anti-inflam-
matory properties as well [85]. Present in Gingko biloba, grapefruit broccoli, kale
and tea. Anthocyanin also improves insulin sensitivity, decrease fasting sugar, in
addition, it increases adiponectin and regulates glucose internalization via PPARy,
upregulates Glut4 and translocates Glut4 to membrane [86, 87]. It also increases
AMPK in liver and muscle to increase glucose uptake and inhibit gluconeogenesis
[88]. Found in tea, honey, nuts and many vegetables and fruits.

3.1.3 Polyphenols

Polyphenols are another group of compounds which include resveratrol,
quercetin, epigallocathechin-3 gallate and triterpenoids have multiple targets
in reducing hyperglycemia. Resveratrol reduces blood glucose, increases insulin
secretion and modulates the enzymes of carbohydrate metabolism [89-91]. It also
has anti-oxidative and by decreasing the production of proinflammatory cytokines
it is anti-inflammatory as well [82]. Resveratrol is found in the skin of grapes,
peanuts, coca, and berries like blueberries, bilberries and cranberries. Quercetin
lowers body weight and decreases proinflammatory cytokines [92-94]. Onion has
high quantities of quercetin but is also found in a variety of other vegetables and
fruits including green leafy vegetable, apples, raspberries, red grapes and cher-
ries. Epigallocathechin 3 gallate alters insulin secretion by increasing it and lowers
glucose levels and body weight [95]. High levels are found in tea especially green
tea. Triterpenoids can modulate insulin resistance [46, 49]. Found in bitter melon,
olives, grapes, mango, apples, tomatoes and many other vegetables.

Alkaloids and polysaccharides present in plants may also control
hyperglycemia [96].

4, Micronutrients
4.1 Minerals

Minerals like chromium magnesium and vanadium can influence hyperglycemia
and are used in medications to treat T2DM. Chromium is poorly absorbed with age
and T2DM patients have decreased levels of chromium [97]. Studies have shown
that chromium deficiency causes reversible insulin resistance and when supple-
mented improves glycemic control [57]. Another mineral that most T2DM patients
show low levels is magnesium [36]. Magnesium is a cofactor for many enzymes in
glucose oxidation and it modulates glucose across cell membranes. Mg deficiency
causes insulin resistance. It may increase insulin secretion and increase uptake of
glucose in peripheral tissues [36]. Vanadium was used in certain insulin prepara-
tions and in animal models has shown increased uptake of glucose and its metabo-
lism. It is also reported to increase insulin sensitivity. It may modulate glucose
oxidation, glycogen synthesis and hepatic glucose output modulation [98].
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4.2 Vitamins

Vitamins like vitamin C and E may also help T2DM patients. Vitamin C can
improve glycemic control [99] while vitamin E, as an anti-oxidant, may influence
protein glycation, insulin sensitivity and secretion [36].

5. Conclusions

Several diets have been studied to reduce the risk of developing diabetes and
to control hyperglycemia. Almost all of them focus on decreasing body weight so
they reduce body fat content as well. Many of the diets are beneficial in delaying the
onset of diabetes and to diabetic patients. However, some of the diets require for the
patients to be monitored constantly. Many plant products used in traditional medi-
cine around the world have been scientifically studied to determine the efficacy,
mechanism and side effects with focus of their effects on hyperglycemia. Diabetes
being a complicated disease, T2DM patients may benefit more if multi targeted
therapy is given. In addition to diet, another important factor that will help T2DM is
the level of physical activity and exercise. Any diet with exercise is more beneficial
than either one alone.

Mayo clinic recommends diet rich in fiber, vegetables, fruits and whole grain
with low fat dairy products [100]. The American Diabetic Association and The
American Heart Association recommend a balanced plate similar to that of USDA
(Figures 3 and 4) with half plate of vegetables, a quarter plate of healthy carbohy-
drates such as brown rice, whole wheat couscous, whole grain pasta or plain sweet
potato and some less than a quarter plate of protein [101, 102]. Fats are essential
to the body as they are integral part of the cell membrane and hormones. They
are required to digest any fat that is consumed. However, there has been a debate
whether saturated fats are required for the body or not. The importance of hav-
ing less than 10% saturated fat in the diet is now recognized although instead of
saturated fatty acids, mono and poly unsaturated fatty acids are recommended.
With respect to nutritional supplements there is no recommendation from
American Diabetes Association. However, there is an increase in the number of
patients seeking complementary and alternative medicine due to lower side effects
and cost effectiveness. With a steady increase in scientific authentication of plant
products for preventing and treating medical conditions nutritional supplements
may become more popular. Interestingly, many of the plant products are consumed
almost everyday in many cultures and these population also report diabetes. One
reason maybe because they do not eat it everyday at the required dosage in addition
to major change in lifestyle from an active on to a more sedentary one, as seen in any
developed societies.

With many options for diets to choose from for patients, it is important to
remember that as individuals differ among themselves, a individualized diet is
important and equally important is adhering to the diet [103]. For diabetic patients
to help control the progression of the disease, it is important to consider bio individ-
ual needs of each patients. Whether it is the choice of drugs, nutrition therapy or life
style changes, it is important to have individually tailored treatment regimens for
diabetic patients based on several factors including the ethnicity, life style, choice
of foods etc. Other important factors to consider, in T2DM patients, are how much
endogenous insulin is produced, and the level of insulin resistance to recommend
diets that can target -cell function and tissue-specific insulin sensitivity [104]. In
T1DM patients it is critical to monitor the insulin that is administered and adjust
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Figure 3.

USDA recommended ‘my plate’ showing recommended portions of each macronutrients: Carbohydrates
(40—60% ); proteins (10-35% for males; 13-15% for females), fats (20-35%). (fiber 25 g) hitps://www.fns.usda.
gov/cnpp.

Water or
0-Calorie
Drink

Figure 4.
ADA recommended plate model for balanced food intake. %0% vegetables, 25% protein and 25% carbohydrate
is recommended with a glass of water or no calovies drink. https://diabetes.org/nutrition.

the macronutrients to avoid hypoglycemic condition. Most of the time carbohydrate
counting in the diet is recommended for T1IDM patients.
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