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6.1 Introduction

The prevalence of chronic noncommunicable diseases (NCDs) is now reaching
epidemic proportions in the developing countries [1]. Indeed, India already has the
highest number of diabetic and prediabetic patients in the world, reaching 62.4
million and 72.7 million, respectively [2]. A recent study from the Indian Council
of Medical Research—INdia DIABetes (ICMR— INDIAB) showed that the weighted
prevalence of diabetes (both known and newly diagnosed) in the urban population
of Chandigarh (14.2 %) was the highest, followed by Tamil Nadu (13.7 %),
Jharkhand (13.5 %), and Maharashtra (10.9 %). At every age interval, the preva-
lence of diabetes in urban areas was higher compared with rural areas [2]. This
national estimate shows a trend of an increasing number of people with diabetes in
India over the last decade [3]. The cause behind the huge epidemic is the alteration
of dietary patterns with a rise in refined-grain consumption due to growing industri-
alization and the country’s economic conditions. A natural method of precaution
that entails using functional foods present in foods may be one of the most benefi-
cial measures in combating the growing epidemic of diabetes.

6.2 Changing Face of India

The evolution of current dietary and food habits of Indians reflects the agricultural
and industrial revolutions of the country. The Bengal famine resulted in an acute
decline in food production in India. The so-called Green Revolution, in the context
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of agriculture in India, led to record grain output and ensured self-sufficiency in
cereal grains and reduced hunger. The Green Revolution prominently featured
cereal grains, especially wheat and rice, which resulted in a shift in dietary pat-
terns. Today India suffers from conditions such as “affluenza,” which leads to
excessive food intake, a decrease in physical activity, and urbanization. The prob-
able reasons for the escalation of diabetes in Indians are rapid urbanization, indus-
trialization, and demographic transitions leading to increasing income levels, all of
which has resulted in altered lifestyles [4, 5]. In addition, migration to urban envi-
ronments from rural settings may also be a major contributor to the epidemic of
type 2 diabetes in Indians. Obesity, especially central obesity and increased vis-
ceral fat due to physical inactivity, and the consumption of a high-calorie/high-fat
and high-sugar diets are other major contributing factors [6]. The results from the
Chennai Urban Rural Epidemiological Study (CURES) show a high prevalence of
both general and central obesity, among both men and women, with women having
slightly higher rates [7].

6.2.1 Refined Grains, Dietary Carbohydrates,
and Diabetes Risk

A population-based, epidemiological cross-sectional study, undertaken to assess the
dietary patterns of the Chennai population as the urban component of the Chennai
Urban Rural Epidemiological Study (CURES), shows that carbohydrates were the
major source of energy (64 % E), followed by fat (24 % E) and protein (12 % E).
Refined cereals contributed to the bulk of the energy (45.8 % E), followed by visible
fats and oils (12.4 % E) and pulses and legumes (7.8 % E). However, energy supply
from sugar and sweetened beverages was within the recommended levels of <10 %
E. Intake of micronutrient-rich foods, such as fruits and vegetables (265 g/day) and
fish and seafood (20 g/day), was far below the FAO/WHO recommendation [8].

Refined grains in southern India mainly consist of polished rice, refined wheat
flour (white flour), semolina, and ragi (finger millet) flour. Of these, white rice, a high
glycemic index (GI) cereal staple, is the main component of the diet (76 %, mean
253 g/day) and represents the major source of energy and contributes up to 66 % of
the total glycemic load (GL) [GL = GI % x amount of available carbohydrates pro-
vided by the portion of the food eaten] in urban Chennai diets. The commonly con-
sumed highly polished white rice in India has a high GI value (approximately 75-80),
and the refining process leads to a loss of fiber, vitamins, magnesium and other min-
erals, lignans, phytoestrogens, and phytic acid, many of which may be protective
factors against diabetes and cardio vascular diseases (CVD). Research carried out in
the urban Chennai population showed a higher intake of refined cereals, and a high-
glycemic-load diet was associated with a metabolic syndrome in Asian Indians who
habitually consume high-carbohydrate diets (Figs. 6.1 and 6.2) [9, 10].

Whole grains like brown rice were reported to have health benefits in reducing
the risk of chronic diseases like diabetes. Brown rice has intact bran and a germ that



6 Integrated Food and Nutrition in the Management of Diabetes

61

*p for trend<0.001

T

K 7.83

o Q4 (4.72-12.99)

2 i

£ 4.33

© Q3 SO (2.72-6.9)

@ i

; 3.37

.OS) Q2 — (2.13-5.31)

b= i

7}

- 1

o a1 Reference

2 T T T T T T T '

5 o 1 2 3 4 5 6 7 8

S

g Odds ratio for metabolic syndrome
*P denotes the trend calculated using the median of each category of intake as
a continuous variable in the regression model. Adjusted for age, sex, smoking, alcohol,
BMI, METS, total energy, legumes, visible fats and oils, dairy products, sugars, fruits
and vegetables, tubers, fish and seafood, and nuts and oil seeds

Fig. 6.1 Relation of refined cereal intake to metabolic syndrome disorders [10]
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Fig. 6.2 Relation of glycemic load to type 2 diabetes [9]

contains micronutrients, phytonutrients, and dietary fiber as compared with fully
polished white rice, as reported by studies conducted in the West [11]. Many people
are unaware of the health benefits of brown rice and consider that Kerala red rice,
parboiled rice, or even hand-pounded rice as brown rice. Hence, in this context,
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research on people’s awareness of brown rice is being carried out for the first time
on Indian foods by determining the GI of foods containing brown rice and compar-
ing them with their white rice counterparts.

6.2.2 QOil Intake and Metabolic Syndrome

Edible oil is an important source of fat in the Indian diet. Besides being a source of
energy, it adds a special flavor and palatability to food. The quality of fat in terms of
essential fatty acids and the ratio of omega 6:3 are very essential to maintaining
good health. A community-based study carried out in Chennai showed that almost
63 % of the Chennai population preferred modern sunflower oil and only 7 % pre-
ferred traditional groundnut oil (7 %) and sesame oil (2 %) [8]. The use of omega-6
poly unsaturated fatty acids (PUFA) PUFA-rich vegetable oils like sunflower/saf-
flower oil can aggravate the risk of obesity and its consequences, particularly among
Asian Indians, who habitually consume a cereal-based diet consisting mainly of
refined grains with low intakes of omega-3 fats [12]. The use of traditional oils such
as groundnut/sesame/mustard and even soybean oils or blends of oils seems to be a
better option because it could ensure an optimal ratio of saturated, monounsatu-
rated, omega-3 and omega-6 fatty acids and reduce the risk of metabolic problems,
a pre-event that leads to diabetes and cardiovascular disorders.

6.2.3 Functional Foods

The erosion of healthy diet as an outcome of modernization and industrialization
has led to the development of dietary supplements and functional foods. Functional
foods are foods, including whole foods and fortified, enriched, or enhanced foods or
dietary components, that may reduce the risk of chronic disease and provide a health
and physiological benefit beyond the traditional nutrients it contains. Functional
food is a key concept for the future of nutrition. Some functional foods that play a
major role in the prevention of chronic diseases and the promotion of health are
mentioned in what follows.

6.2.4 Omega-3 Fatty Acids

Apart from being a source of energy, fatty acids build up cellular membranes, regu-
late gene expression, and function as signaling molecules. There are indeed indica-
tions that omega-3 PUFAs have a positive effect on glucose tolerance by reducing
insulin resistance, as demonstrated by animal models of obesity [13]. For the ben-
efits in cardiovascular disorders, the American Heart Association recommends that
the degree of PUFAs in the diet should be increased and the ratio of omega 6:3
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PUFAs needs to be reduced. This can be achieved by increased consumption of o
linolenic acid, which is abundant in fatty fish like salmon, herring, and mackerel, as
well as in lean fish liver, which contains large amounts of EPA and DHA, plant oils
derived from flaxseed, soybean, and rapeseed and nuts like walnuts.

6.2.5 Medium-Chain Triglycerides

Medium-chain triglycerides (MCTs) have a number of unique characteristics related
to energy density, absorption, and metabolism. MCTs can decrease body fat in the
long term because it provides an approx. 50 % increase in diet-induced thermogen-
esis, which over time may help to induce weight loss and prevent weight gain [14].
The satiating properties of MCTs involve multiple preabsorptive and postabsorptive
mechanisms, which further help in appetite control and, hence, obesity. Daily con-
sumption of MCT oil by humans is safe up to 1 g/kg of body weight; there are few
naturally occurring sources of MCTs, but they include milk fat, palm kernel oil, and
coconut oil. A comparison trial with MCT (35 g) and LCT (32 g) supplementation
showed that food intake was lower following consumption of MCT, suggesting an
important role of MCTs in satiation, but energy expenditure did not significantly
differ between groups [15]. Very few studies have been recorded on MCT supple-
mentation and its effect on satiety and energy expenditure, and more research should
be done on improvements in body composition, energy expenditure, and diminished
weight gain resulting from MCT consumption [16].

6.2.6 Resistant Starch

Depending upon food consumption practices and individual gastrointestinal pro-
cesses, it is possible that some starch will actually pass through the small intestine
undigested and contribute to the amount of resistant starch (RS). RS is defined as
“starch and starch degradation products not absorbed in the small intestine of
healthy humans” [17]. RS is associated with nutritional, metabolic, and physio-
logical changes that make it an essential ingredient for the management of diabe-
tes and its complications [18]. The presence of RS in foods reduces their caloric
density. Researchers have shown that RS acts as a prebiotic in the gut and pro-
duces short-chain fatty acid (SCFA); it has also been proposed that it affects car-
bohydrate and lipid metabolism. RS is present in a physically inaccessible form in
legumes, cereals, roots, and tubers, but the formation of RS in these foods varies
with processing and storage conditions. A study on the effect of processing on RS
content of staple Indian cereal foods showed that roasting, baking, and pressure
cooking increased the RS content, whereas frying and steaming decreased the
naturally present RS content in Indian foods [19]. Hence, appropriate processing
technologies for RS formation in foods and clinical trials with RS supplementa-
tion are needed to assess its health benefits.
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6.2.7 Nondigestible Oligosaccharides

Nondigestible oligosaccharides (NDOs) resist hydrolysis and digestion in the human
digestive system and are partially or completely fermented by the colonic microbiota
in the large intestine. The ingestion of NDOs may thus lead to the advantageous
proliferation of certain types of beneficial bacteria (lactobacilli and bifidobacteria)
and suppression of harmful bacteria [20]. The major products of NDO metabolism
are SCFAs and gases. SCFAs are absorbed in the blood stream of the host. Butyrate
is absorbed and used by colonocytes as the preferred fuel, whereas the other SCFAs
are transferred to various organs, primarily the liver, where they enter various meta-
bolic pathways. Some of the essential NDOs are fructooligosaccharides, inulin,
galactooligosaccharides, lactulose, galactomannan, and cyclodextrin.

6.2.7.1 P-Glucan

B-glucan, found in oats and barley, is a highly viscous, soluble, and fermentable
polysaccharide shown to have a positive effect on weight control management. It
acts as a prebiotic and has been suspected to influence the glucose metabolism by
modulation of glycemia or insulin response to a meal. It works by slowing the rate
of nutrient absorption and lowering the glycemic index of foods and postprandial
glucose [21]. It also has properties similar to those of prebiotics and produces
SCFAs, which helps in various metabolic pathways and in turn in the management
of metabolic syndrome by reducing weight, glycemic and insulinemic response, and
inhibiting cholesterol synthesis [20].

6.3 Conclusions

Modernization and lifestyle modifications have resulted in poor nutrition (quantity
and quality). Conversely, improved nutrition is important in preventing diabetes.
Many functional foods may help in diabetes prevention and control. However, there
is a need for a more systematic research approach to incorporate these functional
foods in the newer evidence-based health foods for the management of the physio-
logical and metabolic consequences of diabetes and related chronic disorders.
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