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1. INTRODUCTION


Diabetes is the result of lack of effective insulin action. Insulin is a hormone secreted by the ( cells of Islets of Langerhans which are an endocrine portion of the pancreas. Some minute quantities of insulin are also known to be secreted by the muscle tissue for its own use. Lack of insulin may be either absolute or relative. Absolute insulin deficiency does not occur normally. It occurs only in patients whose pancreas has been operated upon for the removal of malignant tumour. Relative insulin deficiency occurs when the quantity of insulin secreted is insufficient to metabolize the carbohydrates consumed. In a majority of patients, however, the disease develops apparently unprovoked probably as a result of a hereditary predisposition, i.e., an inherient weakness of beta cell. Hormones such as the Adrenal Cartico Tropical Hormone (ACTH), glucagon and adrenalin are shown to be diabetogenic since they increase the level of blood sugar (Joshi, 2003).


Unhealthy diets and physical activity are the leading causes of major non-communicable diseases. The important risk factors identified are high blood pressure, high concentration of cholesterol in the blood, inadequate intake of fruits and vegetables, overweight and obesity, physical inactivity and tobacco use. Smoking also increases the risk for these diseases, although largely through independent mechanisms (Bahl et al., 2001; WHO, 2004; Reddy et al., 2005). 


Type II diabetics is far more common than type I and makes up most of all cases of diabetes. It usually occurs in adulthood. The pancreas does not make enough insulin to keep blood glucose level normal, often because the body does not respond well to the insulin (Schaffer, 2008).


The World Health Organization has projected that the global prevalence of type II diabetes mellitus will be more than double from 135 million in 1995 to 300 million by the year 2025. Recently very disturbing estimates have been reported by International Diabetes Federation and World Health Organization that in the year 2002, at least 177 million people having diabetes mellitus worldwide, which indicates that previous estimate of 225 million by 2010 is an under estimate (Gupta and Phatak, 2003). The greatest increase will be in India from 19.4 million to 57.2 million while in China from 16 million to 37.6 million and USA from 13.9 million to 21.9 million during the same period, unless effective preventive measures are implemented to curb this enormous increase (King and Rewers, 2003).


International Diabetes Federation estimates the total number of diabetic subjects to be around 40.9 million in India and this is further set to rise to 69.9 million by the year 2025 (Sicree et al., 2006).


India is the diabetes capital of the world with 41 million Indians having diabetes, every fifth diabetic in the world is an Indian. It also leads in prevalence of metabolic syndrome as well as obesity. But the real impact of obesity and diabetes is through cardiovascular diseases and hypertension (Joshi and Parikh, 2007).


The first national study on the prevalence of type II diabetes in India was done between 1972 and 1975 by the Indian Council of Medial Research. The prevalence was 2.1 per cent in urban population and 1.5 per cent in the rural population while in those above 40 years of age, the prevalence was 5 per cent in urban and 2.8 per cent in rural areas (Mohan et al., 2007).


The Amrita diabetes and endocrine population survey, a community based cross-sectional survey done in urban areas of Ernakulam district in Kerala has revealed a very high prevalence of 19.5 per cent. The prevalence in the Southern part of India to be higher, 13.5 per cent in Chennai, 12.4 per cent in Bangalore and 16.6 per cent in Hyderabad, compared to Eastern India (Kolkatta) 11.7 per cent,  Northern India (New Delhi), 11.6 per cent and Western India (Mumbai) 9.3 per cent (Mohan et al., 2007). Doe et al. (2006) has reported a high prevalence of 9.3 per cent in rural Maharashtra. A study done in 1988 in Chennai reported a prevalence of 8.2 per cent in the urban and 2.4 per cent in the rural areas (Ramachandran et al., 1992).


Global major risk factors for type II diabetes mellitus given by American Diabetes Association are family history of diabetes mellitus (parents or siblings with diabetes mellitus), race, ethnicity, obesity (20%) over desired body weight or body mass index > 24 (kg/m2), habitual physical inactivity, Impaired Glucose Tolerance (IGT), hypertension ( 140/90 mm of Hg in adults, Triglyceride level (250 mg/dl and/or high density lipoprotein cholesterol of <35 mg/dl, history of gestational diabetes and/or delivery of a baby weighing ( 4kg, polycystic ovary syndrome. Additional indicators for high risk of type II diabetes mellitus in India are central obesity, raised Waist Hip Ratio (WHR, men-0.95, women-0.80), tuberculosis especially with a typical presentation or non-healing disease, premature atherosclerosis, stress hyperglycemia, persons on drugs causing glucose intolerance, low birth weight due to intrauterine malnutrition. They are at risk to develope type II diabetes mellitus during adulthood (Gupta, 2003).


Type II diabetes mellitus accounts for approximately 95 per cent of all diabetes and is associated with both macrovascular complications (E.g. Myocardial infarction and stroke), microvascular complications (E.g. nephropathy and retinopathy). Complications such as diabetic neuropathy reduce quality of life for those affected. Macrovascular complications comprise both the most costly and life threatening conditions. They account for 85 per cent of the cumulative costs in the first five years after diagnosis and are implicated in 75 per cent of diabetes related deaths (Caro et al., 2002 and Brien et al., 2003).


In addition, the risk of both macrovascular and microvascular complications may be greater with type II diabetes mellitus than type I diabetes mellitus (Siewniak et al., 2002).


The aging population consumption of calorie rich diets, obesity and sedentary life styles have led to a tremendous increase in the number of individuals with type II diabetes worldwide current drugs used for diabetes are not free from side effects and do not restore normal glucose homeostatis (Rang et al., 1991).


We have today overwhelming evidence that diabetes can be prevented or delayed in high risk population through lifestyle modification or pharmacological interventions. This information has to be translated now into well-defined strategies for screening and treating high risk population in daily practice (Peltonen, 2007).


Since time immemorial individuals with diabetes have been treated orally in folk medicine with a variety of plant extracts. The plant kingdom has become a target for multinational drug companies and research institutes for the discovery of new biologically active compounds and potential drugs (Evans, 1996).


Today, a great number of modern drugs are still derived from natural sources and 25 per cent of all prescriptions contain one or more active ingredients from plants with the development of chemistry and western medicine, the active substances of many species have been isolated and in some cases duplicated in the form of synthetic drugs (Thorfeidts, 2005).


Commercial herbal combinations are available and often contain antioxidants, zinc, chromium, vanadyl sulfate and other minerals of vitamins that may be beneficial of diabetics. Using herbal remedies and plant derivatives to help in the treatment of diabetes should certainly not be discounted. Although numerous “miracle herbal cure” companies exists and champion the ability of herbal compounds to supplement insulin as a treatment. The herbs and plant derivatives listed below have largely been employed traditionally by native people in the treatment of diabetes in the areas in which they grow. The herbs such as Allium sativum, Aloe vera, Cocinia indica, Ficus carica, Gingseng, Gymnenia sylvestre, Ocimum sanctum, Aegle marmelos, Opuntia streptacantha, Trigonella foenum graecum will decrease the blood glucose levels. The apparent blocking of enzymes that convert dietary carbohydrates into glucose may be involved in the lowering of blood sugar (Klemens, 2008).


The World Health Organization estimated that 80 per cent of the population of developing countries still relies on traditional medicine, mostly plant drug for their primary health care needs (WHO, 2003).


Also, modern pharmalopia contains atleast 25 per cent of drugs derived from plants in increasing both developing and developed countries due to growing recognition of natural products, being non-toxic having no side effects and easily available at affordable prices (Karki et al., 2002).


Indian plants which are most effective and the most commonly studied in relation to diabetes and their complications are Allium cepa, Ocimum sanctum, Aegle marmelos, Cajanus cajan, Gymnema sylvestre, Momordica chorantia, swertia chirayita, Tinospura cordifolia and Trigonella forenum, etc. Among this, Ocimum sanctum and Aegle marmelos are very effective in treating diabetes mellitus (Chauhan, 2007). 

Vilvai leaf (Aegle marmelos) is considered to be an auspicious tree by the Hindus and has been called ‘Shiva darma’ (The tree of Shiva). Aegle marmelos leaves are astringent, laxative and expectorant and useful in ophthalmia, deafness and diabetes. The pharmacological activities of Aegle marmelos are hypoglycaemic, spasmogenic, antiviral, cardiac stimulant, antiemetic, anthelmintic, antibacterial (seed oil), antidiarrhoeal, antifungal. Skimmianine showed sedative, hypnotic, analgesic, annconvulsive, antipyretic activities in various experimental animals (Sharma et al., 2000).


Indian mythology the thulsi (Ocimum sanctum) plant is considered to extirpate all sins and purify the body when touched. It is often grown outside dwellings and worshipped daily. It is said to daunt Yama, the God of Death, but has a close affinity with Lord Krishna who is reputed to have grown the herb (Dabur Research Foundation , 2002).


Thulsi leaf (Ocimum sanctum) has the pharmacological activities are anti-asthmatic, anti-rheumatic, hypoglycemic, anti-stress, antibacterial, antifungal, antiviral, anti-fertility, abortifacient, antispasmodic, anti-cataract, anti-pyretic, gastric anti-ulcer activity, anti-inflammatory, anti-tumour, anti-genotoxic, anti-coagulase, antioxidant, anticancer, immuno stimulant, hypotensive (Sharma et al., 2005).


Thus, the present study is entitled “Effect of supplementation of Thulsi (Ocimum Sanctum) and Vilvai (Aegle Marmelos) leaves combination on Type II Diabetics” is a small foot print this direction with the following objectives :

· Elicit information on the socio-economic background, food habits, health status, knowledge and usage of medicinal herbs.

Assess the hypoglycemic effect of Thulsi and Vilvai leaves combination on blood glucose levels among type II diabetics.

2. REVIEW OF LITERATURE


The literature pertaining to the study titled “Effect of supplementation of Thulsi (Ocimum Sanctum) and Vilvai (Aegle Marmelos) leaves combination on Type II Diabetics” is reviewed under the following headings.

A. Prevalence of diabetes mellitus

B. Prevention and management of diabetes mellitus
C. Risk factors of diabetes mellitus
D. Hypoglycemic effect of herbal plants
E. Medicinal plants used n Ayurveda and its health benefits
A.
PREVALENCE OF DIABETES MELLITUS

Diabetes mellitus is an epidemic of our time. This disease affects nearly 150 million adults worldwide and nearly 11 million in the United States in 2000. Because of the prevalence of obesity and diabetes and associated vascular complications preventing even a small proportion of causes could save thousands of lives and billions of dollars in healthcare costs and lost productivity (Bazzano et al., 2005).


The prevalence of diabetes for all age-groups worldwide was estimated to be 2.8% in 2000 and 4.4% in 2030. The total number of people with diabetes is projected to rise from 171 million in 2000 to 366 million in 2030. The prevalence of diabetes is higher in men than women, but there are more women with diabetes than men.


The urban population in developing countries is projected to double between 2000 and 2030. The most important demographic change to diabetes prevalence aross the world appears to be the increase in proportion of people >65 years of age (Wild et al., 2004).


In developing countries, the majority of people with diabetes are in the 45-64 years range. In contrast, the majority of people with diabetes in developing countries are >64 years of age will be >82 million and >48 million in developed countries. The age distribution of the number of people with diabetes in developed and developing countries. The ten countries estimated to have the highest numbers of people with diabetes in 2000 and 2030. The top three countries are the same as those identified for 1995 (India, China and United States). Bangladesh, Brazil, Indonesia, Japan and Pakistan also appears in the lists for both 2000 and 2030. The Russian federation and Italy appear in the list for 2000 but are replaced by Philippines and Egypt for 2030, reflected anticipated changes in the population size and structure in these countries between the two time periods (International Diabetes Federation, 2000).


Type II diabetes accounts for 90% to 95% of the 16 million people of diabetes mellitus in the United States today (www.eatright.org, 2007). The prevalence of diabetes is 2.9 times higher in overweight than in non-overweight persons in the NHANES DATA (Harries et al., 1998). There is a strong cross-sectional correlation between the relative weight and prevalence of diabetes in population groups. Obesity is associated with type II diabetes mellitus in both women and men (Colditz et al., 1990; Chan et al., 1994).


In 2003, 14.1 million Americans had physician-diagnosed diabetes mellitus and a further 6 million were estimated to have undiagnosed diabetes (Thom et al., 


Diabetes mellitus is the financial burden to the society. In 2005, the estimated total prevalence of diabetes in the United States was 20.8 million persons or 7.0% of the population (Williams et al., 2007). In addition 20.9% of persons aged ( 60 years has the disease, which was the sixth leading cause of death in 2002 (Williams et al., 2007). The financial burden of this disease translates to an estimated $132 billion in medicine expenditures, disability and lost productivity in the United States (American Diabetes Association, 2002).


The prevalence of type 2 diabetes mellitus is increasing rapidly with 221 million cases predicted worldwide by the year 2010 with 41 million Asian Indians already with the disease (Panikar et al., 2007).


India leads the world with largest number of diabetic subjects earning the dubious distinction of being termed the “diabetes capital of the world”. According to the Diabetes Atlas (2006) published by International Diabetes Federation, the number of people with diabetes in India currently around 40.9 million is expected to rise to 69.9 million by 2025 unless urgent preventive steps are taken. The so called “Asian Phenotype” refers to certain clinical and biochemical abnormalities in India which include increased insulin resistance, greater abdominal adiposity, i.e., higher waist-circumference despite lower body mass index, lower adiponectin and higher high sensitive C-reactive protein levels. This phenotype makes Asian Indians more prone to diabetes and premature coronary artery disease. Atleast a part of these genetic factors. However, the primary driver of the epidemic f diabetes is the rapid epidemiological transition associated with changes in dietary patterns and decreased physical activity as evident from the higher prevalence of diabetes in urban population. Even though the prevalence of microvascular complications of diabetes like retinopathy and nephropathy are comparatively lower in Indians (Mohan et al., 2007).


If the prevalence of obesity remains stable until 2030, which seems unlikely, it is anticipated that the number of people with diabetes will more than double as a consequence of population aging and urbanization. In the light of the observed increase in prevalence of obesity in many countries of the world and the importance of obesity as a risk factor for diabetes, the number of case  diabetes in 2030 may be considerably higher (Stovring et al., 2003).


Increasing evidence of effective interventions, including changes in diet and physical activity or pharmacological treatment to reduce prevalence of diabetes, provides an impetus for wider introduction of preventive approaches (Pan et al., 1997; Juomilento et al., 2001). Furthermore, improved survival may contribute to increasing prevalence of diabetes in the further especially in developed countries (Stovring et al., 2003). Until, in recent years, diabetes in children was almost always type I (an autoimmune disease). Between 1982 and 1994, however, the incidence of type 2 diabetes in children multiplied by ten, until 1996, a study reported that a third of all new diabetes cases in children were type 2 diabetes. This increase parallels the rising epidemic in childhood obesity that has occurred both in the United States and worldwide, notably Europe and Japan. In some areas of Japan, type II diabetes in children and adolescents obesity in children is also related to abnormalities in cholesterol, blood pressure and insulin levels in adults (Simon, 2003).


Gestational Diabetes Mellitus (GDM) a common medical complication of pregnancy is increasing in prevalence among all population, in parallel with the global increase in obesity and type II diabetes mellitus (Metzger, 2007).


Diabetes is a chronic disease, the severity of its applications and the means required to control them, diabetes is a costly disease, not only for affected individuals and their families, but also for the health systems. In India, it has been estimated that, for a low-income Indian family with an adult with diabetes, as much as 25% of family income may be devoted to diabetes care (Manzella, 2007).


The prevalence of type II (non-insulin-dependent) diabetes among offspring of conjugal type II diabetic parents in India was determined by performing oral glucose tolerance test diabetes was present in 50% of offspring and 12% had Impaired Glucose Tolerance according to the National Diabetes Data Group Criteria. Thus 62% of all offspring had abnormal glucose tolerance tests. This is the highest prevalence rate for diabetes among offspring of conjugal diabetes parents with type II diabetes (Viswanathan et al., 2004).


The number of people with diabetes in India will increase threshfold by the year 2025, if preventive measures are not taken during this period. Hence prevention of diabetes acquires tremendous significance for the individual, family and community at large. For primary prevention two approaches are described (i) population based approach (ii) high risk group based approach usually combination of both approaches is more successful (iii) the population based approach prevents diabetes both in high risk and low risk individuals (Deepa et al., 2001).

B.
PREVENTION AND MANAGEMENT OF DIABETES MELLITUS 


Current evidence suggests that environmental factors are major determinants of the increasing rate of diabetes. Addressing these environmental factors offers a unique opportunity for preventing diabetes, health programs aims to encourage physical activity and discourage overweight and obesity deserve significant attention. Prevention must be the corner stone for international health organizations and ministries of health in developing countries as they plan diabetes management programmes (Osei, 2003).


Obesity and impaired glucose tolerance are associated with a greater risk for a number of conditions, including insulin resistance diabetes mellitus, hypertension, dyslipidaemia, coagulation abnormalities, inflammatory markers and coronary heart disease. So the lifestyle changes can delay or prevent the development of type II diabetes in patients with obesity and impaired glucose tolerance (IGT). The risks improve with weight loss and increased physical activity. A decrease of 7% to 10% or more from baseline weight can have a significant effect (Sunyer, 2007).


With a high incidence of type II diabetes in indigenous populations and limited access to healthcare, an interactive website may improve disease control. Input from northern plains, tribe members was used for the creation of a culturally sensitive website. The site was implemented for 24 weeks, with data collected at baseline and followup (Robertson et al., 2007).


Nutrition recommendations for the prevention and management of diabetes mellitus and metabolic syndrome are reviewed. Recommendations are graded according to the strength of the evidence. The following aspects of nutrition are considered energy balance and body weight : dietary protein : dietary fat : total carbohydrate : glycemic index : dietary fiber and free sugars : and antioxidant, vitamins, minerals and trace elements are used for the prevention of type II diabetes (Mann, 2007).


A small calorie of 500-800Kcal/day is sufficient to achieve a weight loss of about one or two pounds per week (American Diabetic Association, 2002).


Foods that contain simple carbohydrate such as potatoes, quickly raise blood sugar levels, whereas foods that contain complex carbohydrates, such as whole fruit raise blood sugar levels more slowly. However, the glycemic index relates to the quality and not the quantity of carbohydrate consumed (American Diabetic Association, 2002).


Among the essential fatty acids, omega-3 fatty acids found fish, especially salmon, mackerel and herring have been shown to lower plasma triglyceride levels in patient with type II diabetes. Moreover fat is important because it helps the absorption of the fat soluble vitamins A, D, E and K (Khazrai, 2006).


People with diabetes, a diet higher in monounsaturated fats and lower in carbohydrates has been shown to reduce postprandial glycemia and triglyceridaemia, but it is not recommended for someone with type II diabetes as it may cause weight gain. Monounsaturated fat that lowers low density lipoprotein cholesterol levels without altering those at high density lipoprotein cholesterol (Berry, 1991).


Protein should account for 15-20 per cent of total calorie intake and should increase during pregnancy, breast feeding, infant, childhood, illness and disease (Franz, 2002).


Fibre is the indigestible part of plant foods. There are two types of fibre : soluble and insoluble. Soluble fibres, such as gums and mucilages, form gels with pectin or gums in the intestine and thus slow the rate of nutrient absorption, helping to reduce post prandial blood glucose levels. Insoluble fibers, such as ligning, celluloses and hemicelluloses, increase bulk and decrease transit time. Both types are useful as they prolong gastric emptying, shorten intentional transit time, prevent constipation and bind cholesterol, thus limiting its absorption (Nuttall, 1993).


The right choice of carbohydrate in a food product can make an important contribution to the organoleptic quality of the product, but also has a great influence. On our physiology and general health these specialty carbohydrates all have low glycemic response and are ideally suited for use in the development of better-for-you products that may be fat or sugar reduced, sugar free, calorie controlled or low gastrointestinal tract (Mitchell, 2008).


Primary prevention in population as a whole is recommended (i) to avoid excessive consumption of foods contained saturated fat and simple carbohydrates (ii) doing regular physical exercise (iii) avoiding or managing stress (Ravikumar et al., 2001).


Dietary pattern characterized by higher dairy intake, especially low fat dairy intake may lower the risk of type II diabetes in men (Choi, 2005).


Coffee consumption is potentially protective against the development of type II diabetes. Because decaffeinated coffee is also associated with decreased risk of type II diabetes (Dam et al., 2006). It has been proposed that substances other than caffeine are responsible for this protective effect (Dam, 2006). Coffee is rich in chlorogenic acid, a known antioxidant (Olthof, 2001).


Spices are the common dietary adjuncts that contribute to the taste and flavour of foods. Besides known to exert several beneficial physiological effects including antidiabetic influence. Spices and their extracts or their active principles were examined for treatment of diabetes. Among the spices, Fenugreek seeds (Trigonella foenum-graecum), Garlic (Allium sativm), Onion (Allium cepa) and Turmeric (Curcuma longa) have been experimentally documented to possess antidiabetic potential (Srinivasan, 2006).


Fructose has been thought to be a safer form of sugar than sucrose due to lower glycemic response after ingestion (Monotonen, 2007).


In patients with type II diabetes and metabolic syndrome, the combinations of glimepiride with proglitazone or rosiglitazone has shown significant improvements in measures of glycemic control, plasma lipids and homocystenemia (Derosa et al., 2006). As add-on-therapy to existing sulphonyl area or metformin therapy, pioglitazone has shown to improve glycemic control and this improvement was sustained over 2 years (Kipnese et al., 2001; Charbonnel et al., 2005).


Goals of finish diabetes prevention are (i) weight reduction 75% (ii) Fat intake < 30% of energy intake (iii) saturated fat intake < 10% of energy intake (iv) fibre intake >15g/1000 Kcal (v) exercise >4 hr/wk (Tuomilento et al., 2001).


The diabetes prevention through community empowerment is shown below.

DIABETES PREVENTION THROUGH COMMUNITY EMPOWERMENT
INDIAN DIABETES RISK SCORE*

	PARTICULARS
	SCORE

	Age (Years)
	

	<35 (reference)
	0

	35-49
	20

	>50
	30

	Abdominal obesity
	

	Waist < 80cm (Female), <90 cm (Male)
	0

	Waist ( 80-89 cm (Female), ( 90-99cm (Male)
	10

	Waist ( 90 cm (Female), ( 100cm (Male)
	20

	Physical activity
	

	Vigorous exercise (or) strenuous (manual)
	0

	Labour at home/work
	

	Mild to moderate exercise or mild to moderate physical activity at home/work
	20

	No exercise and sedentary exercise at home/work
	30

	Family history
	0

	Either parent
	10

	Both parents
	20

	Minimum score
	0

	Maximum score
	100


* Mohan et al. (2007)


Lifestyle changes can delay or prevent the development of type II diabetes in patient with obesity and impaired glucose tolerance. The risk improves with weight loss and increased physical activity. A decrease of 7%-10% or more from baseline weight can have a significant effect (Xavier, 2007).


In the Nurse Health study, women who lost more than 5kg over a 10-year period reduced their risk of diabetes by 50% or more a remarkable benefit, for a relatively modest loss (Colditz et al., 1995).


The Finish diabetes prevention study and the diabetes prevention programmes provided conclusive evidence that type II diabetes mellitus could be prevented or delayed with modest lifestyle changes. Five to seven per cent loss of body weight and 150 min/week of physical activity to reduce the risk of diabetes (Franz, 2007).


To avoid additional risks from nutritional deficiencies the diabetes associations required that the diets meet the recommended intake for all nutrients. Mostly. The Dietary Reference Intakes (DRIs) of vitamins and minerals set by the food and nutrition board were used as reference values. Manganese was the only nutrient that was available in sufficient amounts in all the subject diets. Vitamin D and E, folate, calcium and iodine intakes were less than 50% of the dietary reference intakes in 60-90% of the subjects. More than half of the vitamins and minerals from the diet of the subjects on a weight reduction programme tested over than 50% of the Dietary Reference Intakes (DRIs) (Schnass, 2004).

Six steps to reduce your risk

Are you on the road to diabetes ?


There are many things you can do to slow or prevent the progress of this potentially life threatening condition.

1. Understand insulin resistance and watch for the signs

2. Get regular screening

3. Exercise 

4. Weight control, with reasonable goals

5. Carbohydrate reduction

6. Consider home blood glucose testing

C.
RISK FACTORS OF DIABETES MELLITUS

Genetic factors play an important role in type II diabetes, but the pattern is complicated, since both impairment of (-cell function and an abnormal response to insulin are involved. Researchers have identified a number of genetic factors that may be responsible for selected or more general cases of diabetes (Simon, 2004).


Any form of physiologic or psychosocial stress affects blood glucose levels and will be reflected in varying changes in diabetes control. This variations are caused by hormonal stress responses antagonistic to insulin (Williams, 1994).


Obesity and impaired glucose tolerance are associated with a greater risk for a number of conditions including insulin resistance, diabetes mellitus, hypertension, dyslipidemia, coagulation abnormalities, inflammatory markers and coronary heart disease (Xavier, 2007).


In older type II diabetic patients a moderate excess weight predicts a better survival, while obesity is a negative prognostic factor in patients younger than 65 years. In the latter patients, the effect of obesity on mortality it seems to be partly mediated by hypertension, duration of diabetes and fasting plasma glucose (Zoppini et al., 2003).


Low grade systemic inflammation is associated with an increased risk of type II diabetes mellitus in middle-aged men. Inflammation could be one mechanism by which known risk factors for diabetes mellitus, such as obesity, smoking, hypertension, promote the development of diabetes mellitus (Thorand et al., 2003).


Gestational diabetes affects about 4% of all pregnant women. Many women having gestational diabetes may develop type II diabetes years later (Manzella, 2007).


Low birth weight is now recognized as risk factor for type II diabetes and heart disease in adulthood. Studies in 2000 and 2003 observed that babies of fathers with type II diabetes and of women who later developed type II diabetes tended to weigh less than babies of parents without diabetes such studies suggest that such parents may have some specific gene that affects insulin factors, putting both themselves and their children at risk for further diabetes. Theoretically such a gene might also affects insulin factors in the fetus causing low birth weight. Mothers of very height, weight babies are also at risk for diabetes. Although in these cases it is most often associated with gestational diabetes (www.childrenwithdiabetes.com, 2003).


Insulin resistance may be due to an abnormal insulin molecule, an excessive amount of circulating antagonists and target tissues defects. The last is the common cause of insulin resistance in non-insulin dependent diabetes mellitus and seems to be predominant abnormality in those with more severe hyperglycemia (Srilakshmi, 2005).


Overweight or obesity was the single most important predictor of diabetes. Moreover, physical activity, diet score, smoking and abstinence from alcohol were also associated with the development of diabetes after adjustment of body mass index (Hu et al., 2001). Dam and Van (2004) opines that changes in diet and physical activity can affect the development of type II diabetes through changes of body fatness but also through other pathways. There are many risk factors for type II diabetes. Some of them come from our family history and genetics and so are with us always.  


These top seven risk factors for type II diabetes is given by Manzella (2008). You have a higher risk for diabetes if you have any of the following :

· Age greater than 45 years

· Diabetes during a previous pregnancy

· Excess body weight (especially around the waist)

· Family history of diabetes

· Given birth to a baby weighing more than nine pounds

· HDL cholesterol under 35

· High blood levels of triglycerides, a type of fat molecule (250 mg/dl or more)

· High blood pressure (greater than or equal to 140/90 mg Hg)

· Impaired glucose tolerance

· Low activity level

· Poor diet

 
Everyone over 45 should have their blood glucose checked at least every three years. Regular testing of random blood glucose should begin at a younger age and be performed more often if you are at higher risk for diabetes (American Diabetes Association, 2004).
D.
HYPOGLYCEMIC EFFECT OF HERBAL PLANTS

Since ancient times, plants have been an exemplary source of medicine. Ayurveda and other Indian literature mentioned the use of plants in treatment of various human ailments. India has about 4500 plant species and among them, several thousands have been claimed to possess medicinal properties. Research conducted in last few decades on plants mentioned in ancient literature or used traditionally for diabetes have shown anti-diabetic property. There are 45 such plants and their products (active natural principles and crude extracts) that have been mentioned / used in the Indian traditional system of medicine and have shown experimental or clinical anti-diabetic activity. Indian plants which are most effective and the most commonly studied in relation to diabetes and their complications are Allium cepa, Allium sativum, Aloe vera, Cajanus cajan, Coccinia indica, Caesaepin sylvestre, Momordica charantia, Ocimum sanctum, Pterocarpus marsupium Swertia chirayita, Syzigium cumini, Tinospora cordifolia and Trigonella foenum graecum. Among these, we have evaluated Momordica charantia, Eugenia jambolana, Mucuma pruriens, Tinospora cordifolia, Trigonella foenum graecum, Ocimum sanctum, Pterocarpus marsupicum, Murraya kolingii and Brassica juncea. All plants have shown varying degree of hypoglycemic and antihyperglycemic activity (Grover et al., 2002).


Type II diabetes has become a global epidemic modern medicines, despite offering a variety of effective treatment options can have several adverse effects. Ayurveda is a science that uses herbal medicines extensively, originated in India of considerable interest in the adoption of Ayurveda by the main stream. Medicinal system in some European countries, emphasizing this mortality is increasing worldwide reorganization. From ancient times, some of these herbal preparations have been used in the treatment of diabetes. The accumulated literature for ten Indian herbs that have antidiabetic activity and that have been scientifically tested. Few of these herbs, such as Momordica charantia, Pterorcarpus marsupium and Trigonella foenum graecum, have been reported to be beneficial for treating type II diabetes. Mechanisms such as the stimulating or regenerating effect on beta cells or extrapancreatic effects are proposed for the hypoglycemic action of these herbs (Saxena and Vikram, 2000).


The hypoglycemic properties of leaf extracts of Aegle marmelos and Hibiscus rosa-sinensis (2.50 mg/kg) for seven days were investigated in glucose-induced hypoglycemic rats. Both extracts improved the ability of rats to utilize the external glucose load with average blood glucose level being lowered by 67 and 39% respectively. The magnitude of the effect varied with time, with the efficacy of Aegle marmelos and Hibiscus rosa sienensis being 71 and 41% of glycinamide respectively (Sachdewa et al., 2002).


The antihyperglycemic and wound healing activities of Lantana camara Linn leaf extracts (from leaves collected in Orissa, India) were studied. For the antihyperglycemic activity test leaf aqueous extracts were used on normoglycemic and alloxan-induced hypoglycemic rats, while the would healing activity test, leaf juice and hydro alcoholic extracts (10% w/w) were used on excised rats. The aqueous extract at 200 and 400 mg/kg significantly 2 to 4 hours of administration. In normoglycemic rats, 400 mg/kg extract significantly lowered blood glucose levels. The leaf juice was more active than the leaf extract in would healing (Dash et al., 2002).


The safety and efficacy of Trigonella foenum graecum extract was investigated using 20 male volunteers aged 20-30 years. They were randomly treated with either 40 mg/kg aqueous extract powder in 10ml distilled water in which coffee stimulated the extract. The extract significantly lowered blood glucose level by 13.4%, four hours after ingestion. A significant change of 14.1% was observed in potassium levels. No significant alterations in serum cholesterol, total serum protein and blood urea occurred. Approximately one-third experienced feelings of hunger, frequency of micturition or dizziness during the 24 hours after ingestion. The aqueous extract effectively reduced blood glucose in normal subjects safely (Barry et al., 2004).


Aqueous extract of Ocimum canum sim (Lamiaceae) is used by some Ghanaians to manage diabetes mellitus. In vivo modulation of levels of fasting blood glucose by Ocimum canum extract was evaluated in type II diabetes mellitus using the C57BL/KSJ clb/db genetically diabetic animal model and its effects on glucose-stimulated insulin release in vitro were monitored using isolated rat pancreatic beta-islet cells. The results showed that fasting blood glucose levels and body weight decreased significantly (P<0.05) in diabetic and non-diabetic C57 BC/KST Mice, which were administered aqueous extract of Ocimum canum. In vitro, the Ocimum canum extract significantly enhanced insulin release from isolated rat pancreatic beta-islet cells.


Insulin release was found to be dependent on glucose concentration and increased with increasing Ocimum canum concentration in the incubation medium upto an optimum extract concentration of 0.03 mg/ml. Release of the hormone decreased beyond this concentration of extract in the medium. Addition to the medium of desmodium adscendens, a plant preparation use to manage inflammatory disorders, did not increase but rather inhibited insulin secretion by the pancreatic beta-islet cells (Nyarko et al., 2002).


Zygophyllum gaetulum leaves are one of several traditional remedies used for diabetes treatment in morocco. Its ability to lower the blood glucose was studied in 13 patients with non-insulin dependent diabetes mellitus. The reaction time of the Zygophyllum gaetulum aqueous extract at a single oral dose (440 mg/kg) producing a significant hypoglycemic effect is six hours after administration. The same dose ingested twice daily resulted in a significant of blood glucose during the first week and maintained the patient in normoglycemia throughout the two week course of treatment, with no change in body weight (Jaouhari et al., 1999).


The root extract of Salacia oblonga inhibits the breakdown of oligosaccharides and poly saccharides into monosaccharides by competitive inhibition of (-glucosidase activity within the lumen of the intestinal tract. Historically, the salacia plants has been used as part of the traditional ayurvedic system of Indian medicine to treat disease such as diabetes (Wolf and Weisbrode, 2003); currently, extracts of salacia are consumed in commercial foods and food supplements in Japan for the treatment of diabetes and obesity.


Yoshikawa et al. (1998) isolated active components of a salacia extract and concluded that their mode of action was the inhibition of (-glucosidase enzymes. Two compounds isolated from salacia extracts, salacinol and kotalanol inhibit the action of the small intestinal enzyme sucrase, maltase and isomaltase (Matsuda et al., 2005). Therefore, naturally derived (-glucosidase inhibitors may be powerful nutritional adjuncts for the treatment of diabetes mellitus by lowering of post prandial blood glucose. The extract of salacia ablonga lowers acute glycemia and insulinemia in persons with type II diabetes after a high carbohydrate meal (Williams, 2007).


Wei et al. (2004) investigated the herbal drugs have served as a major source of medicines for the prevention and treatment of diseases including diabetes mellitus. It is estimated that more than 200 spices of plant exhibit hypoglycemic properties including many common plants such as pumpkin, wheat, celery, wax guard lotus root and bitter guard. Hundreds of herbs and traditional Chinese mediate properties have been reported for the treatment of diabetes mellitus. It was believed through pharmacological studies that medicinal herbs were meticulously organized in these antidiabetic drug formulas such that polysaccharide containing herbs restore the functions of pancreatic tissue and cause an increase in insulin output by the functional beta cells, while the other ingredients enhance the microcirculation increase the availability of insulin dependent process. The most commonly used herbs by diabetic patients in Jordan were Trigonella foenumgraecum (22.9%), Lupinus albus (14.6%), Allium sativum (11.5%), Allium Cepq (5.2%), Nigella sativa (7.3%), Zea maysl (6.3%), Urtica dioica L. (8.3%), Eucalyptus globules LA (9.4%), Olea europea L. (31%), Cumminum cyminum (9.4%), Coriandrum sativum (10.4%), Salvia officinalis L (3.1%) and Tilia cordata (1%). Furthermore it is found that 47.9% of the patient used herbs according to advice from their friends on a daily basis (Otoom et al., 2006).


Allium sativum may cause reduction in blood glucose, increase secretion and slow the degradation of insulin. In some parts of the world, dried Aloe Vera sap and gel (taken from the inner position of the leaves) are used traditionally to treat diabetes. Aloe Vera may be able to lower fasting blood glucose levels as well as HBA k. Gymnema sylvestre is also employed in traditional Ayurvedic medicine. The plant grows in the tropical forests of Southern and Central India and has been linked with significant blood glucose lowering. Silibum marianum is also known as milk thistle and is a member of the aster family Silymarin contains high concentrations of flavanoids and antioxidants, some of which have a beneficial effect on insulin resistance (Indian Diabetes Research, 2008).


Costus pictus D. Don possess an effective hypoglycemic factor both in fresh leaves as well as in the methanol extract of the leaves. Along with this hypoglycemic properties additional benefit of lowering the lipid profile could also be demonstrated both in albine rats as well as in human subjects (Nair, 2007).

E.
MEDICINAL PLANTS USED IN AYURVEDA AND ITS HEALTH 
BENEFITS

Ayurveda is the science which treats of what is advantageous and what is harmful for the body and also the happy and unhappy states of life. “Ayu” is a Sanskrit word which is a synonym for life. It is also a synonym for the life force, or prana. The one primary quality of prana is that, it is always in movement. Life itself has one basic quality. It is never static. Otherwise, it is death. Hence the word “Ayu” implies a changing and living system, one that embraces life, not one that ‘reduces life to a category or fixed concept’. ‘Ayu’ signifies an all inclusive approach to nature that honour respects the most fundamental gift of being alive change. Yet it can encompass change and newness effortlessly, without losing anything. “Veda” is another Sanskrit word which is a synonym for knowledge, in the sense of a logical progression, not a haphazard revelation of information. “Veda” implies the kind of knowledge that comes from living and explosing the profoundness of life of “Ayu”. Hence, one can see that, Ayurveda is a living progressive system, not a dead or ancient method. The very fact that it has remained in use for over five thousand years attests this fact (Chacko, 2007).


Ayurveda is a traditional holistic healing Indian system which largely depends on plant support to form major chunk of its medicine. Most of the herbs, spices, seeds, roots, leaves, rends, stems, petals and flowers are deeply ingrained in all Indian homes where “home remedies” are popular. Even certain family members in some family are adept in curing even intricate disorders by simple and cost effective formulations which at times have shown marvelous and astounding results. There is hardly any Indian who does not possess formulas at its own. As an initial step, an attempt is made to first treat the patient with home remedies. Basic Ayurvedic tenet that vegetations, grown on a particular soil in a particular region and climate, are only capable of solving health problems of inmates of that area/region (Rao, 2003).


This herb Ginkgo Biloba (Ginkgo biloba) is used by many people to improve memory and sharpen focus. However, this is also a potent treatment for erectile dysfunction Ginkgo works by improving circulation, especially in those blood vessels just below the surface of the skin It doe this without increasing blood pressure. Ginkgo also leads to increased stamina and  improved stamina and improved sensitivity.


This medicinal herb Yohimbe (Pausinystalia Yohimbe) is probably the most popular herb today used for impotence treatment and yohembine, the active constituent in Yohimbine, is the most documented herbal solution for impotence and has been proven to work for erectile dysfunction. Asian Ginseng, often used for it ability to improve mental and physical vitality, show great promise among impotence herbs. This supplement may also reduce fatigue which can lead to impotence issues. A Brazilian shrub that has been used in soft American for centuries as an aphrodisiac and to stimulate the nerves. This herb Damiana (Turnera Aphrodisiaca) was used by the ancient mayan civilization as an aphrodisiac. Damiana improves sexual desire and increases libido. This also is also effective for increasing sexual desire and pleasure in females. 

Tongkat Ali (Eurycoma Longifolia) is another herb with thousands of years of traditional medicinal uased. Even with all those years of use, its potential as an herbal medicine is still being discovered. One of the traditional uses that is enjoying a rebirth is the use as an aphrodisiac. Tongkat Ali appears to boost sexual desire in both males and females. One of the reasons for this is the increased production of testosterone. Since decreased testosterone is one of the common cause of impotence, this supplement is a good herbal impotence treatment.


Maca is a member of the mustard family found in the highlands of Peru. Its ability to increase energy, strength, stamina and sexual function has earned the tile “Peruvian Gingseng”, although it is not related to gingseng. Maca acts by regulating hormone and enzyme levels in the body Maca increased energy production as well as its ability to improve stamina and sexual function make it a good herbal impotence treatment.


Legend has it that this herb Horny goat weed (Epimedium sagittatum) got its name from a goat herder who noticed an increase in sexual activity among his goats after they ate this plant. Horny goat weed helps improve circulation, reduces fatigue, increases sperm production and enhances sexual desire.

Tribulus (Tribulus terrestris) is another important selection in the list of herbs for impotence. It has been shown to increase testosterone levels, especially in those whose levels may be low, and increase sexual desire. This herb works at the hormonal level by increasing Gonadotropin – releasing hormone, in turn u\increasing LH and FSH which increase testosterone release. Tribulus is a safe herbal treatment, although some people do notice an upset stomach (herbs-for-impotence.html, 2006).


Commiphora caudate (weight or Arn) is a potential medicinal plant used for its antispasmodic activity, cytotoxic activity and hypothermic activity. Owing to its medicinal importance, macroscopic and microscopic characters of leaves of Commiphora caudata were studied (Latha et al., 2006).


The whole plant of Achyranthes aspera has been used as remedy for a number of diseases such as dropsy, strangury, cough, kidney stones, dysentery and bowel complaints. According to traditional practice, a kheer prepared from the seed of this plant is used to treat brain disorders. An attempt was made to fix the macroscopical, microscopical parameters of the leaf, quantitative microscopy, physical constants, and behavious of the powder with chemical reagents and preliminary qualitative phytochemical studies of Achyranthes aspera were investigated. The phytochemcial tests revealed the presence of sterois, flavonoids tannin and carbohydrates (Krishnaveni and Thaakur, 2006).


Lindenbergia indica is an indigenous drug used as a chronic bronchitis externally in skin eruption in combination with the juice of coriander (Chopra et al., 1995; Kiritkar and Basu, 1984). A number of texpenoids isolated from this plant, some of which showed cytotoxicity against human cancer cell lines (Asham et al., 2000). Anisomeles malabarica R. Br. Is an erect shrub commonly known as ‘Malabascatmint’ distributed throughout South India (Kritikar and Basu, 2001).  In the traditional medicinal the infusion of the leaf is used for fever, epilepsy and the fever arising from teething in children. The decotion of the leaf and essential oil are used externally in rheumatic arthritis (Longman, 1994; Nadkarni, 1954; Puspangadan and Atal, 1984).


Justicia beddomei is a shrub belongs to family of Acanthaceal, grows well in shawdow and most areas. The whole plant  is used for medicinal purposes. The plant is bitter, astringent, refrigerant, expectorant, diuretic, antispasmodic, febrigude, depurative, styptic and tonic. Leaves are good for irritable cough and for bleeding in diarrhea and especially  in haemoptysis. Flowers are used in opthalmia. The roots along with the leaf juice are used in cough, haemoptysis and asthma (Warrier et al., 1994; Asolkar et al., 2000). Pistacia integerrima, a member of Anacardiaceae (Tamil Name : Karkatashing) is a native of South Alpine Himalayas. On the leaves and petioles of this plant, are found peculiar gall like excretions, which give the appearance of horms from a distance (Chopra et al., 1985). Galls are produced on the tree in response to attack by insects are expectorant (Selvi et al., 2006).


Gymnema sylvestre, a member of Asclepiadacea (Tamil Name : Shirukarnija) is a stout, large, woody, climbing plant, which grows commonly in central southern India. On the Western Ghats and in Goa territory (Nadkarni, 1994). The leaves of the plant are used for diabetes (Pullaiun and Naidu, 2003). The plant is bitter, astringent, thermogenic, anti inflammatory, digestive, liver toxic, diuretic, stimulant, anthelmintic, alexipharmic, laxative, cardio tonic, expectorant, antipyretic, arsine and tonic (Longman, 1994). Cedrus deodara, a member of pinaceae (Tamil Name : Tavatara) grows through out Western Himalayas and lives to a greater age (Huxley, 1992). The hard wood of plant is carminative and diaphoretic (Chopra, 1986). It is used in the treatment of fever, flatulence, pulmonary and urinary disorders, rheumatism, plies, kidney stones, insomnia and diabetes (Chevalier, 1996).


Withania somnifera (Solanaceae) commonly known as ‘Ashwagandha’ is a subtropical undershrub used as an ayurvedic herb. The plant is attributed with curative properties against a number of diseases including cancer. It is categorized as an adaptogen, used to promote health and longevity by augmenting defense against diseases, arresting the aging process, revitalizing the body in the capability of the body to resist adverse environmental factors and creating a sense of mental well being. The active constituents in ashwagandha extract include steroidal lactones called with anolides along with other alkaloids. The extract act as reguvenating tonic and it is useful for sexual strength, cures sterility in women if taken for a few days soon after the menstrual cycle (Sumathi et al., 2006).
3. METHODOLOGY

The methodology pertaining to the study on “Effect of supplementation of Thulsi (Ocimum sanctum) and Vilvai (Aegle marmelos) leaves combination on Type II Diabetics” is discussed under the following headings:

A. Selection of the venue

B. Selection of the target group

C. Formulation of the tool and collection of data

D. Assessment of nutritional status

1. Anthropometric measurements

2. Dietary survey

3. Biochemical estimations

E. Supplementation of herbal powder (thulsi and vilvai leaves)

F. Analysis of data and interpretation of the results

A.
SELECTION OF THE VENUE

Diabetic center at Erode and Gobi in Periyar district were selected by the investigator for the conduct of the study. These hospitals were selected because of the easy access and also availability of adequate number of diabetics for the study who visit these hospitals periodically and were willing to cooperate. The authorities and diabetologists were much interested in research work related to dietary management of diabetics. They had clinical laboratories of their own, which were well equipped with modern and sophisticated instruments for analysis of blood sugar. Doctors, nursing staff, dietitians and their coworkers assured cooperation and helped for the proper methodological investigation of the study.

RESEARCH DESIGN
















B.
SELECTION OF THE TARGET GROUP


Based on their willingness to participate in the study, one hundred type II diabetics belong to the age group of 45-65 years were selected from both sexes by purposive sampling method from the respective urban area. For all the selected diabetics, blood glucose level, both fasting and post prandial, was estimated. Among the selected one hundred diabetics, 20 diabetics (experimental group) were supplemented with herbal powder for the period of three months and 20 diabetics acts as control without any supplementation.
C.
FORMULATION OF THE TOOL AND COLLECTION OF DATA


According to Kothari (2005), interview method of collecting data involves presentation of oral-verbal stimuli and reply in turns of oral-verbal responses. An interviewer asks them questions pertaining to the survey and collects the desired information. The data collection is more accurate and reliable.


An interview schedule was formulated to attain relevant and required information regarding the selected one hundred diabetics. A specially designed questionnaire was used to collect information regarding the age, sex, educational status, income of the family, family background, dietary pattern such as exercise, additive habits, mode of treatment received, diabetic problem and other related symptoms of type II diabetics and details about the knowledge and use of herbs among the diabetics. The interview schedule also has the details about the anthropometric measurements such as height, weight, circumference of waist and hip were recorded and also the biochemical parameter such as blood glucose - fasting and postprandial were recorded in the same interview schedule. 

D.
ASSESSMENT OF NUTRITIONAL STATUS

1.
Anthropometric Measurements


Anthropometry involves in obtaining physical measurements of an individual and relating them to standards that reflect the growth and development of the individual. Those physical measurements are another component of the nutritional assessment and are useful for evaluating over nutrition or under nutrition (Krause, 2004).


Height and weight are the first line detection of attack for various deficiency disorders. They are easy to obtain and generally reliable (Whitney, 1999).

· Measurement of height


Subjects were asked to stand erect on a flat surface with heels together and upper limbs hanging closely to the sides of the body. The investigator should stand on the left side of the subject. The anthropometer rod (after assembling the four pieces and the sliding head piece properly), held in the right hand, should be placed at the back of the subject touching heels, buttocks and back of the head. The chin of the subject should be held by left hand and the occipital protuberance is supported by the little finger of the right hand, while holding the rod with thumb and index finger. The head should be positioned such that the imaginary line drawn from tragus of the ear to the infra-orbital margin, i.e., lower border of the socket of the eye (Frankfurt horizontal/plane) is parallel to ground. By holding the head in this position, a gentle upward pull is applied (taking care that the subject does not lift his/her heels) to straighten any curvature in the spinal cord then the sliding headpiece of the rod is brought down so as to touch the crown firm pressing the hair, taking care that the blade is in the sagital plane (midline of the body). At this juncture, the height is read from the window of the head piece. This process is repeated thrice and the consistent reading is obtained. Record the height in cms upto the nearest mm (Brahmam et al., 2005).


The above mentioned procedure was used to record the height for the selected one hundred diabetics.
· Measurement of weights

 
Body weight is the most widely used simplest reproducible anthropometric measurement for the evaluation of nutritional status of the population. It is a more sensitive measure of nutritional adequacy than that of height and reflects recent nutritional status. Weight also provides a crude evaluation of overall fat and muscle stores (Whitney, 2002).


To record the actual body weight the subject was made to stand on the platform of the digital electronic balance without footwear with minimal clothing, ensure that he/she does not hold any other person for support. The weight should be recorded to the nearest 100g (Brahman et al., 2005).


Using the above procedure weight was recorded for the selected one hundred diabetics (Appendix I). 

· Body Mass Index (BMI)

The Body Mass Index was calculated by dividing the individuals weight in kilogram by the square of his or her height in meters. BMI was calculated for all the selected subjects.

The adult male and female was categorized according to nutritional status based on BMI, as suggested by James et al. Classification (1988), WHO (1999) and (Bhahman et al., 2005).
BODY MASS INDEX
	BMI
	NUTRITIONAL GRADE

	( 17.0 – < 18.0
	I degree CED*

	( 18.5 - < 20.0
	Low Normal

	( 20.0 - < 25.0
	Normal

	( 25.0 - < 30.0
	Overweight

	( 30.0 – 34.9
	Obesity I

	( 35.0 – 39.9
	Obesity II

	( 40
	Obesity III


* Chronic Energy Deficiency 

· Measurement of Waist and Hip Circumference (WHR)

Waist Circumference


In the recent past, particularly with increasing incidence of obesity, considering the significance of abdominal adiposity in diet related chronic diseases, waist and hip circumferences are used to evaluate the abdominal adiposity in subjects. The subject should stand erect with weight evenly balanced on both feet, which are placed about 25-30cms apart. Mark the level of the lowest rib margin. Feel the iliac crest in the mid-axiallary line and make a mark. Pass the measuring tape around the waist horizontally midway between the lowest rib margin and iliac crest and measure the circumference in cms up to the nearest cm. It is advised that the observer should sit on a stool in front of the subject while taking the measurement (Brahmam et al., 2005).

Hip Circumference


According to Krause (2000) the hip circumference was defined as the largest circumference between waist and knees. Place the tape horizontally over the buttocks and measure the circumference at the point yielding the maximum circumference in cms up to the nearest mm (Brahmam et al., 2005).

Calculation of Waist and Hip Circumference Ratio (WHR)


WHR = 
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All the adult males with waist hip ratio of (0.95 and women (0.80 will be identified as obese (Brahmam et al., 2005). For all the selected subjects WHR was calculated and compared with the standard values suggested by ICMR. Anthropometric data were recorded (Plate I) for the control and experimental group before and after the study period to evaluate the effect of supplementation.
2.
Dietary Survey

From the one hundred selected diabetics, one tenth were selected and for them individual dietary consumption was done using 24-hour recall method (five from the control group and five from the experimental group). This method is followed to assess the nutritional status for the specific individual. 

In this recall method of oral questionnaire diet survey, a set of standardized cups, suited to local conditions are used. Information on the total cooked amount of each preparation is noted in teems of standardized cups. The cups are used mainly to aid the respondent recall the quantities prepared and fed to the individual members (Srilakshmi, 2006). 

3.
Biochemical Estimations 


Variations in the intake of different nutrients present in the diet are reflected by changes in the concentration of the corresponding nutrients or metabolities influenced by the nutrients, in blood, tissues and urine (Swaminathan, 1999).


For the total one hundred selected diabetics, the blood glucose (fasting and post prandial) analysis was conducted and the values were recorded. Among the one hundred diabetics whose fasting blood glucose level between 140-200 mg/dl and post prandial blood glucose levels ranged between 160 to 240 mg/dl were selected for the indepth study (20 as experimental group and 20 as control group). Before and after supplementation period the blood glucose (fasting and post prandial) analysis were conducted for the experimental diabetics and control every month to record the effect of herbal supplementation.
E.
SUPPLEMENTATION OF HERBAL POWDER (THULSI AND VILVAI LEAVES)

Herbs in ayurveda are used to prevent and treat most of the disease conditions. There are herbal remedies for asthma, fever, intestinal disorder and cold treatment. Treatments designed to control blood sugar improve energy levels, reduce pain and inflammation and improve digestion are also a part of ayurvedic medicine (www.herbal-supplement-resource.com, 2006).


Herbs and herbal combinations make up a large part of ayurvedic medicine. Most ayurvedic herbal remedies are combinations rather than single herb (www.herbal-supplement-resource.com, 2006).

 
Thulsi leaves powder at a level of one per cent was fed to normal and diabetic rats for one month. A significant reduction in cholesterol and triglyceride levels in the liver, a reduction of total lipids in the kidney and a fall in total cholesterol and phospholipids in the heart were absorbed (Rai, 1997).


People in India workship this plant as it has tremendous medicinal properties. Regular use of leaves of this plant controls blood sugar levels very effectively (Chauhan, 2007).


Thulsi leaf powder was fed at one per cent level in normal and diabetic rats for a period of one month to explore the effect on fasting blood sugar, uronic acid, total amino acids and the lipid profile in serum and tissue lipids. The results indicated a significant reduction in fasting blood sugar uronic acid, total amino acids, total cholesterol, triglyceride, phospholipids and total lipids (Rai, 1997).


Vilvai leaves (Aegle marmelos) a moderate sized tree, 6.0-7.5cm high, branches armed with straight, sharp, axiallary, 2.5cm long spines. Leaves, occasionally digitate leaflets ovate or ovate-lanceolate, acuminate, crenate, lateral sessile, terminal long period (Sharma, 2000).


In an alloxan-induced animal mode, the oral administration of vilvai leaf extract (1 gm/kg) prior to the experiment resulted in a significant increase in glucose tolerance (Panikkar, 1993).


The leaves of vilvai are excellent for diabetes. The leaves are dried and powder is made and mixed with other herbs for better results (Chauhan, 2007).


Vilvai leaves has astringent, laxative and expectorant and thulsi leaves has pleasant smell and good taste. Combination of both leaves were more acceptable.


Both vilvai and thulsi leaves have the effect of reducing the blood sugar level. So combination of these two leaves has been selected for the supplementation study for diabetics.

Preparation of Thulsi and Vilvai leaves powder


Thulsi leaves were plucked, cleaned, shadow dried and powdered using a blender. Same processing were adopted for the vilvai leaves also. One gram of thulsi and one gram of vilvai leaves powder are mixed together and packed in a zip lock polythene cover very hygienically (Plate II).  The packed zip lock polythene covers were distributed to the selected 20 diabetics in the experimental group once in 30 days. The packets were distributed in the clinic, periodically, during their regular checkup. The diabetics were asked to consume this supplement early morning in the empty stomach along  with hot water / buttermilk. After one week, as per the satisfaction of the diabetics, the supplementation period is prolonged for three months. The mid values are taken to see the effect of supplementation of herbal supplements. Blood glucose - fasting and post prandial, are estimated for the experimental and control group for consecutive three months.
F.
ANALYSIS OF DATA AND INTERPRETATION OF THE RESULTS

Data collected were classified, tabulated and analyzed the results were interpreted with statistical appraisal. 

4. RESULTS AND DISCUSSION

The results pertaining to the study on “Effect of supplementation of Thulsi (Ocimum sanctum) and Vilvai (Aegle marmelos) leaves combination on Type II Diabetics” is discussed under the following headings:

A. 
SOCIO ECONOMIC PROFILE OF THE SELECTED TYPE II 
DIABETICS 

1.
Age and sex wise distribution of the selected type II diabetic subjects

2.
Educational status 

3.
Type of activity 

4.
Occupational status 

5.
Income level  

6.
Type of the family

B.
DIETARY PATTERN OF THE SELECTED TYPE II DIABETICS

1.
Dietary habits of the selected type II diabetics

2.
Meal pattern of the selected type II diabetics

3.
Dietary consumption pattern in selected type II diabetics

a)
Frequency of food consumed by the selected diabetics

b)
Quantity of food consumed by the selected diabetics

4.
Consumption pattern of fats and oils

5.
Consumption pattern of junk foods 

6.
Type of fast foods consumed

C.
LIFE STYLE PATTERN OF THE SELECTED TYPE II DIABETICS

1.
Exercise pattern of the selected type II diabetics

2.
Smoking pattern of the selected type II diabetics

3.
Alcohol consumption pattern 

4.
Chewing habit of the selected type II diabetics

5.
Consumption pattern of coffee/tea/health drinks

D.
FAMILY HISTORY OF THE TYPE II DIABETICS

1.
Family history of the selected diabetics

2.
Mode of treatment  

3.
Duration of the disease 

4.
Complications among the selected type II diabetics

E.
NUTRITIONAL ASSESSMENT OF THE SELECTED TYPE II 
DIABETICS BEFORE AND AFTER SUPPLEMENTATION

1.
Anthropometric measurements

a.
Height measurement  

b.
Weight measurement   

c.
Body Mass Index  

d.
Waist-Hip Ratio  

2. 
Food and nutrient intake of the selected type II diabetics

a.
Mean food intake of the selected type II diabetics

b.
Mean nutritent intake of the selected type II diabetics

3.
Biochemical profile of the selected type II diabetics

a.
Fasting and post prandial blood glucose level

F.
EFFECT OF SUPPLEMENTATION OF VILVAI AND THULSI LEAVES POWDER ON TYPE II DIABETICS 

1.
Body Mass Index of the experimental and control group

2.
Waist-Hip Ratio of the experimental and control group

3.
Fasting blood glucose level before and after supplementation

4.
Post prandial blood glucose level before and after supplementation

A. 
SOCIO-ECONOMIC PROFILE OF THE SELECTED TYPE II 
DIABETICS 


According to Rahman et al. (2002) level demographic factors like age, sex, martial status, type of family and income are the factors that influence the socio-economic profile and also play an important role in the consumption pattern of food and the nutrient intake.

1.
Age and sex wise distribution of the selected type II diabetics 

Age and sexwise distribution of the selected type II diabetic subjects are shown in Tale I.

TABLE I

AGE AND SEXWISE DISTRIBUTION OF THE SELECTED TYPE II DIABETICS
	AGE IN YEARS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	45-50
	12
	30
	26
	43.3
	38
	38

	51-55
	14
	35
	17
	28.3
	31
	31

	56-60
	9
	22.5
	15
	25
	24
	24

	61-65
	5
	12.5
	2
	3.3
	7
	7

	TOTAL
	40
	100
	60
	100
	100
	100



The above table I revealed that out of the 100 subjects surveyed, majority (60 per cent) were female, followed by male (40 per cent). Between the age of 45-50 years, there were 38 per cent of diabetic subjects and 31 per cent of diabetics in the age range of 51-55 years. In 56-60 years age range, there were 24 per cent  of diabetics. Finally, 7 per cent of the diabetics were in the age group of 61-65 years. 


The prevalence of diabetes among males was 10.38 per cent, females was 7.69 per cent and the prevalence was 18.24 per cent in the age group 40-49 years, which was quite high compared with other age groups. According to the family history of diabetes, the prevalence of diabetes amongst family members with diabetes father was 6.48 per cent, diabetic mother 10 per cent and both parents being diabetic was 14.94 per cent (Jali and Sanjay, 2006).

2.
Educational status 


The educational status of the selected type II diabetics are given in Table II.

TABLE II
EDUCATIONAL STATUS 

	EDUCATIONAL 

STATUS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Primary 
	3
	7.5
	9
	15.0
	12
	12

	High school
	17
	42.5
	24
	40.0
	41
	41

	Higher secondary
	7
	17.5
	5
	8.3
	12
	12

	Undergraduate
	5
	12.5
	4
	6.6
	9
	9

	Post graduate
	3
	7.5
	1
	1.6
	4
	4

	Illiterates
	5
	12.5
	17
	28.3
	22
	22

	TOTAL
	40
	100
	66
	99.8
	100
	100



From the above table II it is clear that 7.5 per cent of male and 15 per cent of female were studied only upto primary school level and 42.5 per cent of male and 40 per cent of female had their education upto high school, 17.5 per cent of males and 8.3 per cent of females had their education upto higher secondary. Among the diabetics selected 12.5 per cent of male and 6.6 per cent of female were graduates and 7.5 per cent of male and 1.6 per cent of female were postgraduates. Remaining 12.5 per cent of male and 28.3 per cent of female were illiterates.

3.
Type of activity 

The type of activity of the selected type II diabetics are given in Table III.

TABLE III
TYPE OF ACTIVITY

	TYPE OF 

ACTIVITY
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Sedentary
	32
	80
	60
	100
	92
	92

	Moderate
	8
	20
	Nil
	Nil
	8
	8

	Heavy
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	TOTAL
	40
	100
	60
	100
	100
	100



Among the selected 100 type II diabetic subjects, majority of the male diabetics (80 per cent) and female diabetics (100 per cent) were doing sedentary type of activity. Remaining 20 per cent of male were doing moderate type of activity. None of the selected diabetics belongs to heavy activity group.

4.
Occupational status  


The occupational status of the selected diabetics is discussed in Table IV.

TABLE IV

OCCUPATIONAL STATUS  

	OCCUPATIONAL

STATUS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Business 
	13
	32.5
	12
	20
	25
	25

	Coolie
	4
	10
	Nil
	Nil
	4
	4

	Agriculture
	5
	12.5
	Nil
	Nil
	5
	5

	Government sector
	6
	15
	Nil
	Nil
	6
	6

	Private sector
	12
	30
	38
	63.3
	50
	50

	Unemployed
	Nil
	Nil
	10
	16.6
	10
	10

	TOTAL
	40
	100
	60
	99.9
	100
	100



From the one hundred selected diabetic subjects, 32.5 per cent of male and 20 per cent of female were doing their own business, 10 per cent of male were coolies and 12.5 per cent of the male diabetics were agriculturists, 15 per cent of the male belong to Government sector, 30 per cent of male and 63.3 per cent of female were doing their job in private sectors. Remaining 16.6 per cent were unemployed and housewives. None of the female is doing neither agricultural job nor working in the Government sector.

5.
Income level 


The monthly income level of the selected type II diabetics is shown in Table V.

TABLE V

INCOME LEVEL  

	INCOME LEVEL

(HUDCO, 2004)
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Low income (< Rs.4500)
	5
	12.5
	27
	45
	32
	32

	Middle income (Rs.4501-7500)
	18
	45
	23
	38.3
	41
	41

	High income (> Rs. 7501)
	17
	42.5
	10
	16.6
	27
	27

	TOTAL
	40
	100
	60
	99.9
	100
	100



According to HUDCO (2004), classification families with income range of less than Rs. 4500/- belong to low income, income range Rs. 4501-Rs.7500 belong to middle income and above Rs.7501 belong to high income group. The data given in the Table V revealed that majority (41 per cent) of the families had earned their monthly income of Rs. 4501-Rs.7500 (middle income), 27 per cent are earning above Rs. 7500 (high income) and 32 per cent are earning less than Rs.4500 (low income) per month. This study shows that the prevalence of diabetes is tremendously increased in middle income groups than the low and high income groups.

6.
Type of the family


Among the one hundred subjects surveyed, 70 per cent of diabetic subjects lived in nuclear families, while 30 per cent of the subjects lived in joint families. These findings are in accordance with those of the life insurance corporation of India (2000) which reports that nuclear families are greater than joint families in India.

B.
DIETARY PATTERN OF THE SELECTED TYPE II DIABETICS


Cypress (2001) opines that the right kind of food is the single most important factor in the promotion of health and the wrong kind of food is the single most important factor in the promotion of the disease.
1.
Dietary habits of the selected type II diabetics


Among the one hundred selected diabetics, it is revealed that the majority of the male (90 per cent) and female (90 per cent) are consuming non-vegetarian items, only 10 per cent of the male and female were consuming vegetarian diet, which is on par with the study conducted by Davies  et al. (2003), who found that 78 per cent of the people who consumed non-vegetarian foods were diabetics.
2.
Meal pattern of the selected type II diabetics


Meal pattern of the selected type II diabetic subjects are discussed below.  

TABLE VI

MEAL PATTERN OF THE SELECTED DIABETICS

	No. OF MEALS 

CONSUMED / DAY
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Less than three
	2
	5
	8
	13.3
	10
	10

	Three
	34
	85
	46
	76.6
	80
	80

	More than three
	4
	10
	6
	10
	10
	10

	TOTAL
	40
	100
	60
	99.9
	100
	100



From table VI it is recorded that majority of the diabetic male (85 per cent) and female (76.6 per cent) had the habit of consuming three meals per day, only five per cent (male), 13.3 per cent (female) of the selected subjects consumed less than three meals per day and only 10 per cent of the male and female consumed more than three meals per day. Lee (2003) observed that limiting the meal intake stimulates the snacking habits, which could result in many health problems.

3.
Dietary consumption pattern of selected type II diabetics

a)
Frequency of food consumed by the selected diabetics


Food frequency of the selected diabetics is discussed in the Table VII.

TABLE VII

FREQUENCY OF FOOD CONSUMED BY THE SELECTED DIABETICS

	FOOD GROUPS
	FREQUENCY
	MALE
	FEMALE

	
	
	N
	%
	N
	%

	Cereals
	Daily 
	40
	40
	60
	60

	Pulses
	Daily 
	24
	60
	37
	61.6

	
	Weekly
	4
	10
	9
	15

	
	Weekly twice
	12
	30
	14
	23.3

	Green leafy vegetables
	Daily 
	-
	-
	8
	13.3

	
	Weekly
	19
	47.5
	22
	36.6

	
	Weekly twice
	18
	45
	26
	43.3

	
	Fortnight
	3
	7.5
	-
	-

	
	Occasional
	-
	-
	4
	6.6

	Other vegetables
	Daily 
	12
	30
	32
	53.3

	
	Weekly
	7
	17.5
	9
	15

	
	Weekly twice
	21
	52.5
	19
	31.6

	Roots and Tubers
	Daily 
	14
	35
	21
	35

	
	Weekly
	19
	47.5
	29
	48.3

	
	Weekly twice
	-
	-
	-
	-

	
	Fortnight
	-
	-
	2
	3.33

	
	Occasional
	7
	17.5
	8
	13.3

	Fruits
	Daily 
	-
	-
	11
	18

	
	Weekly
	3
	7.5
	9
	15

	
	Weekly twice
	-
	-
	-
	-

	
	Fortnight
	9
	22.5
	24
	40

	
	Occasional
	28
	70
	16
	26.6

	Milk and milk products
	Daily 
	40
	40
	60
	60

	Non-vegetarian
	Daily 
	-
	-
	-
	-

	
	Weekly
	13
	35.1
	36
	67.9

	
	Weekly twice
	21
	56.7
	11
	20.7

	
	Fortnight
	3
	8.1
	6
	11.3

	
	Occasional
	-
	-
	-
	-

	Nuts and oil seeds
	Daily 
	29
	72.5
	39
	65

	
	Weekly
	-
	-
	-
	-

	
	Weekly twice
	11
	27.5
	21
	35

	Fats and oils
	Daily 
	40
	40
	60
	60



Majority of the male (40 per cent) and female (60 per cent) consume cereals every day. Sixty per cent of male and 61.6 per cent of female consumed pulses every day, only 10 per cent of male and 15 per cent of female consumed pulses once in a week and 30 per cent of male and 23.3 per cent of female consumed pulses twice in a week. Among the diabetics selected only 13.3 per cent of the female consumed green leafy vegetables every day and 47.5 per cent of male and 36.6 per cent of female consumed green leafy vegetables once in a week, 45 per cent of male and 43.3 per cent of female consumed green leafy vegetables twice in a week. Only 7.5 per cent of male consumed once in fortnight. Only 6.6 per cent of female consumed green leafy vegetables occasionally. Other vegetables are consumed by male (30 per cent) and female (53.3 per cent) daily and 17.5 per cent of male and 15 per cent of female consumed weekly and 52.5 per cent of male and 31.6 per cent of female consumed vegetables twice in a week. 


Roots and tubers are not good for diabetic subjects but because of onion, 35 per cent of male and 35 of female consuming this roots and tubers, 47.5 per cent of male and 48.3 per cent of female consumed roots and tubers once in a week. 3.33 per cent of female consumed roots and tubers once in fortnight. 17.5 per cent of male and 13.3 per cent of female consumed occasionally. Fruits that contain more sugar not fit for diabetic subjects but also there are 18.3 per cent of female consuming fruits everyday. 7.5 per cent of female and 15 per cent of female consumed fruits once in a week. 22.5 per cent of male and 40 per cent of female consumed once in fortnight. Mostly, 70 per cent of male and 26.6 per cent of female consumed fruits occasionally. Majority of male (40 per cent) and female (60 per cent) consumed milk and milk products every day. In the 100 subjects surveyed, most of them are non-vegetarian, so 35.1 per cent of male and 67.9 per cent of female consumed non-vegetarian foods once in a week. 56.7 per cent of male and 20.7 per cent of female consumed twice in a week. Eight per cent of male and 11.3 per cent of female consumed once in fortnight. 


Nuts and oil seeds are consumed by the male (72.5 per cent) and female (65 per cent) every day. 27.5 per cent of male and 35 per cent of female consumed twice in a week. Mostly fats and oils are consumed by the male (40 per cent) and female (60 per cent) every day.

b)
Quantity of Food Consumed by the selected diabetics
Quantity of foods consumed by the selected diabetics is discussed in Table VIII.

TABLE VIII

QUANTITY OF FOODS CONSUMED BY THE SELECTED DIABETICS

	FOOD GROUPS
	QUANTITY (g)
	MALE
	FEMALE
	TOTAL

	
	
	N
	%
	N
	%
	N
	%

	Cereals
	100-150
	4
	10
	26
	43.3
	30
	30

	
	150-200
	24
	60
	24
	40
	48
	48

	
	200-250
	12
	30
	10
	16.6
	22
	22

	
	Total 
	40
	100
	60
	99.9
	100
	100

	Pulses
	20-30
	12
	30
	28
	46.6
	40
	40

	
	30-40
	22
	55
	32
	53.3
	54
	54

	
	40-50
	6
	15
	Nil
	Nil 
	6
	6

	
	Total 
	40
	100
	60
	99.9
	100
	100

	Green leafy vegetables
	20-30
	19
	47.5
	38
	63.3
	57
	57

	
	30-40
	18
	45
	15
	25
	33
	33

	
	40-50
	3
	7.5
	7
	11.6
	10
	10

	
	Total 
	40
	100
	60
	99.9
	100
	100

	Vegetables
	50-100
	11
	27.5
	42
	70
	53
	53

	
	100-150
	23
	58
	12
	20
	35
	35

	
	150-200
	6
	14.5
	6
	10
	12
	12

	
	Total 
	40
	100
	60
	100
	100
	100

	Roots and Tubers
	50-100
	29
	72.5
	34
	56.6
	63
	63

	
	100-150
	8
	20
	17
	28.3
	25
	25

	
	150-200
	3
	7.5
	9
	15
	12
	12

	
	Total 
	40
	100
	60
	99.9
	100
	100

	Fruits
	50-100
	32
	80
	48
	80
	80
	80

	
	100-150
	5
	12.5
	10
	16.6
	15
	15

	
	150-200
	3
	7.5
	2
	3.3
	5
	5

	
	Total 
	40
	100
	60
	99.9
	100
	100

	Milk and milk products
	100-200ml
	26
	65
	52
	86.6
	78
	78

	
	200-300ml
	14
	35
	8
	13.3
	22
	22

	
	Total 
	40
	100
	60
	99.9
	100
	100

	Non-vegetarian
	50-100
	7
	19.4
	39
	72.2
	46
	46

	
	100-150
	15
	41.6
	15
	27.7
	30
	30

	
	150-200
	14
	38.8
	Nil
	Nil
	14
	14

	
	Total 
	36
	100
	54
	99.9
	100
	100

	Fats and oils
	<10
	4
	10
	15
	25
	19
	19

	
	10-20
	24
	60
	40
	66.6
	64
	64

	
	>20
	12
	30
	5
	8.3
	17
	17

	
	Total 
	40
	100
	60
	99.9
	100
	100



Quantity of cereals consumed by the male (10 per cent) and female (43.3 per cent) within the range of 100-150g. Sixty per cent of male and 40 per cent of female consumed cereals within the range of 150-200. Thirty per cent of male and 16.6 per cent of female consumed cereals within the range of 200-250g per day. Quantity of pulses consumed by the male (30 per cent) and female (46.6 per cent) within the range 20-30g, 55 per cent of male and 53.3 per cent of female consumed pulses within the range 30-40 g/day. Fifteen per cent of male consumed 40-50 g per day of pulses.


Green leafy vegetables consumed by the male (47.5 per cent) and female (63.3 per cent) within the range of 20-30 g per day. Forty five per cent of male and 25 per cent of female consumed green leafy vegetables within the range of 30-40 g. 7.5 per cent of male and 11.6 per cent of female consumed, 40-50 g of green leafy vegetables per day. Vegetables consumed by the male (27.5 per cent) and female (70 per cent) within the range of 50-100g. Fifty eight per cent of male and 20 per cent of female consumed vegetables within the range 100-150g. 14.5 per cent of male and 10 per cent of female consumed 150-200 g of vegetables per day.


Roots and tubers are consumed by the male (72.5 per cent) and female (56.6 per cent) within the range 50-100 g. Twenty per cent of male and 28.3 per cent of female consumed 100-150 g of roots and tubers. 7.5 per cent of male and 15 per cent of female consumed 150-200g of roots and tubers. Majority of male (80 per cent) and female (80 per cent) consumed 50-100 g of fruits. 12.5 per cent of male and 16.6 per cent of female consumed 100-150 g of fruits. 7.5 per cent of male and 3.3 per cent of female consumed 15-200 g of fruits per day. 


Majority of the male (65 per cent) and female (86.6 per cent) consumed 100-200ml of milk per day. Thirty five per cent of male and 13.3 per cent of female consumed 200-300ml of milk per day.


Non-vegetarian foods consumed by the male (19.4 per cent) and female (72.2 per cent) within the range 50-100 g per day. 41.6 per cent of males and 27.7 per cent of females consumed 100-150 g of non-vegetarian foods, 38.8 per cent of male consumed 150-200g of non-vegetarian foods.


Quantity of fats and oil consumed by male (10 per cent) and female (25 per cent) within the range of less than 10 ml. Sixty per cent of male and 66.6 per cent of female consumed 10-20ml of fats and oils, 30 per cent of male and 8.3 per cent of female consumed more than 20ml of fats and oils per day.
4.
Consumption pattern of fats and oils
         
Consumption pattern of oils of the selected diabetics is discussed in            Table IX.
TABLE IX

CONSUMPTION PATTERN OF FATS AND OILS

	TYPE OF OIL
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Sunflower oil
	15
	37.5
	14
	23.3
	29
	29

	Gingely oil
	2
	5
	3
	5
	5
	5

	Refined oil
	18
	45
	32
	53.3
	50
	50

	Groundnut oil
	4
	10
	5
	8.3
	9
	9

	Rice bran oil
	1
	2.5
	6
	10
	7
	7

	TOTAL
	40
	100
	60
	99.9
	100
	100



From the Table IX, it was observed that male (37.5 per cent) and female (23.3 per cent) consumed sunflower oil daily, where as five per cent male and female consumed gingely oil, only male (45 per cent) and female (53.3 per cent) consumed refined oil every day. Ten per cent of male and 8.3 per cent of female consumed gingelly oil every day and 2.5 per cent of male and ten per cent of female consumed rice bran oil every day.


The recommended allowance of oil for adult male is 35 g per day and for female (ICMR, 2000).

5.
Consumption pattern of junk foods 


Consumption pattern of junk foods of the selected diabetics are discussed in Table X.

TABLE X

CONSUMPTION PATTERN OF JUNK FOODS

	CONSUMPTION OF 

JUNK FOODS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Daily
	2
	5
	1
	1.6
	3
	3

	Once in a week
	5
	12.5
	7
	11.6
	12
	12

	Once in a fortnight
	13
	32.5
	21
	35
	34
	34

	Occasionally
	11
	27.5
	19
	31.6
	30
	30

	Nil
	9
	22.5
	12
	20
	21
	21

	TOTAL
	40
	100
	60
	99.8
	100
	100



Majority of male (32.5 per cent) and female (35 per cent) consumed junk foods once in a fortnight whereas male (27.5 per cent) and female (31.6 per cent) consumed junk foods occasionally. Only male (12.5 per cent) and female (11.6 per cent) consumed junk foods once in a week. Five per cent of male and 1.6 per cent of female consumed junk foods daily and 22.5 per cent of male and 20 per cent of female do not eat junk foods.


According to Rojarani et al. (2000) in the urban populated areas, there is marked increase in the intake of fat in the form of fried, refined and processed foods which is in par with the present study.
6.
Types of fast foods consumed

Information regarding the types of fast foods consumed by the diabetics are discussed in Table XI.

TABLE XI

TYPES OF FAST FOODS CONSUMED

	TYPES OF FOODS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Chat items
	9
	22.5
	21
	35
	30
	30

	Bakery items
	8
	20
	13
	21.6
	21
	21

	Beverages
	-
	-
	-
	-
	-
	-

	Pastries
	4
	10
	15
	25
	19
	19

	Tiffins
	12
	30
	6
	10
	18
	18

	None
	7
	17.5
	5
	8.3
	12
	12

	TOTAL
	40
	100
	60
	99.9
	100
	100



Chat items consumed by the male (22.5 per cent) and female (35 per cent). Twenty per cent of male and 21.6 per cent of female consumed baked items like cake. No one had the habit of taking beverages like cococola, fanta, etc. Ten per cent of male and 25 per cent of female consumed pastries, 30 per cent of male and 10 per cent of female had the habit of taking tiffins outside. Almost 17.5 per cent of male and 8.3 per cent of female was not consuming fast foods. 

C.
LIFE STYLE PATTERN OF THE SELECTED TYPE II DIABETICS

According to Vijayalakshmi et al. (2003) health is a dynamic life process which begins at birth and healthy life expectancy is determined by genetic, nutritional and environment factors throughout life.
1.
Exercise pattern of the selected type II diabetics


Table XII gives the exercise pattern of the selected type II diabetics.
TABLE XII

EXERCISE PATTERN OF THE SELECTED TYPE II DIABETICS

	TYPES OF EXERCISE
	MALE
	FEMALE
	TOTAL

	
	½ Hr
	1 Hr
	2 Hrs
	½ Hr
	1 Hr
	2 Hrs
	N
	%

	
	N 
	%
	N 
	%
	N 
	%
	N 
	%
	N 
	%
	N 
	%
	
	

	Moderate intensity

	Walking
	12
	30
	13
	32.5
	3
	7.5
	15
	25
	24
	40
	-
	-
	67
	67

	Gardening
	-
	-
	2
	5
	-
	-
	-
	-
	-
	-
	-
	-
	2
	2

	Housework
	-
	-
	-
	-
	-
	-
	-
	-
	18
	30
	3
	5
	21
	21

	Vigorous intensity

	Jogging
	1
	2.5
	
	
	
	
	
	
	
	
	
	
	1
	1

	Cycling
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Swimming
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Shuttle tennis
	-
	-
	2
	5
	-
	-
	-
	-
	-
	-
	-
	-
	2
	2

	Volley ball
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Nil
	7
	17.5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	7
	7

	TOTAL
	20
	50
	17
	42.5
	3
	7.5
	15
	25
	42
	70
	3
	5
	100
	100



From the table XII, it was clear that 30 per cent of male and 25 per cent of female had the habit of going walking about half an hour daily, 32.5 per cent of male and 40 per cent of female had the habit of going walking for one hour daily with regard to men, 7.5 per cent had the habit of walking for 2 hours. About five per cent of male had the habit of maintaining the garden for the frequency of one hour daily. Thirty per cent of female are engaged with house work for one hour and five per cent of female are engaged with the household work for two hours. About 2.5 per cent of male had the habit of going jogging for ½ an hr and only five per cent of male were engaged in playing shuttle daily for a period of one hour, 17.5 per cent of male and female do not have the habit of doing any exercise after the onset of diabetes. 


Diabetes prevention program shows the risk of developing type II diabetes mellitus can be reduced by (1) participating in 150 minutes to moderate physical activity such as brisk walking per week (2) consuming a diet with less than 30 per cent of energy as fat and less than 10 per cent energy as saturated fat. (3) Consuming a diet of low energy density with a wide range of carbohydrate foods rich in dietary fiber and of low glycemic index (Cereals, vegetables, legumes, fruits) (Simons et al., 1999; Janiwaki et al., 1999).

2.
Smoking pattern of the selected type II diabetics

Table XIII represents the smoking pattern of the selected type II diabetics.

TABLE XIII

SMOKING PATTERN OF THE SELECTED TYPE II DIABETICS

	S.No
	PATTERN OF SMOKING
	N
	%

	1
	Yes 
	21
	52.5

	
	No
	19
	47.5

	
	TOTAL
	40
	100

	2
	Type
	
	

	
	Cigarette 
	14
	66.6

	
	Beedi
	5
	23.8

	
	Cigar
	2
	9.5

	
	TOTAL
	21
	99.9

	3
	Number/day
	
	

	
	1-5
	5
	23.8

	
	6-10
	6
	28.5

	
	11-20
	10
	47.6

	
	21-30
	Nil
	Nil

	
	TOTAL
	21
	99.9

	4
	Duration of smoking
	
	

	
	1-3 Years
	2
	9.5

	
	4-6 Years
	3
	14.2

	
	7-9 Years
	4
	19

	
	> 9 Years
	12
	57.1

	
	TOTAL
	21
	99.8

	5
	Frequency
	
	

	
	Twice in a week
	Nil 
	Nil

	
	Once in a week
	Nil
	Nil

	
	Daily
	21
	100

	
	TOTAL
	21
	100



From the table XIII it was revealed that among 40 selected male diabetics, 52.5 per cent of male had  the habit of smoking and 47.5 per cent of male do not have the habit of smoking. Among the smokers, 66.6 per cent had the habit of smoking cigarette and 23.8 per cent had the habit of smoking beedi and only 9.5 per cent had the habit of smoking cigar.


Among the 21 selected male subjects, 23.8 per cent smoke 1-5 cigarettes per day. 28.5 per cent smoke 6-10 cigarettes per day and 47.6 per cent smoke 11-20 cigarettes daily.


Among the 21 male subjects, 9.5 per cent of male had the habit of smoking less than 1-3 years, 14.2 per cent had the habit of smoking within 4-6 years, 19 per cent of male had the habit of smoking within 7-9 years. 57.1 per cent of male had the habit of smoking above 9 years. Mostly all the subjects are engaged with smoking daily.


According to nurse health study, women who smoked more than 25 cigarettes per day had a 42 per cent greater risk of developing diabetes than those who had never smoked, after adjustment for obesity and other risk factors (Rimm et al., 1993). Men who smoked cigarettes had a 74 per cent higher risk of developing diabetes than those who had never-smoked, after adjustment for age and body mass index (Rimm et al., 1993).

3.
Alcohol consumption pattern 


Consumption of alcohol consumed by the selected 40 male diabetics was very less. Only 10 per cent of the male diabetics are having the habit of consuming alcohol occasionally with the quantity of 100-150ml.

4.
Chewing habit of the selected type II diabetics


Table XIV gives the information regarding the chewing habit of the diabetics.

TABLE XIV

CHEWING HABIT OF THE SELECTED TYPE II DIABETICS

	ITEMS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Tobacco
	4
	10
	Nil
	Nil
	4
	4

	Pan masala
	3
	7.5
	Nil
	Nil
	3
	3

	Betel leaves
	12
	30
	9
	15
	21
	21

	None
	21
	52.5
	51
	85
	72
	72

	TOTAL
	40
	100
	60
	99.9
	100
	100



From the table XVI above, it is observed that 10 per cent of male had the habit of chewing tobacco and only 7.5 per cent of male had the habit of chewing pan masala, and 30 per cent of male and 15 per cent of female had the habit of chewing betel leaves and 52.5 per cent of male and 85 per cent of female not having the habit of chewing.

5.
Consumption pattern of coffee/tea/health drinks


Details regarding the consumption of coffee/tea/health drinks by the selected type II diabetics are given in Table XV.

TABLE XV

CONSUMPTION PATTERNS OF COFFEE/TEA/HEALTH DRINKS

	PARTICULARS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	1. Items
	
	
	
	
	
	

	Coffee
	14
	35
	28
	46.6
	42
	42

	Tea
	20
	50
	32
	53.3
	52
	52

	Health drinks
	6
	15
	Nil
	Nil
	6
	6

	TOTAL
	40
	100
	60
	99.9
	100
	100

	1. Items
	
	
	
	
	
	

	2 cups
	18
	45
	42
	70
	60
	60

	3 cups
	13
	32.5
	15
	25
	28
	28

	4 cups
	9
	22.5
	3
	5
	12
	12

	5 cups and above
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	TOTAL
	40
	100
	60
	99.9
	100
	100



From the Table XV it was observed that 35 per cent of male and 46.6 per cent of female had the habit of drinking coffee daily and 50 per cent of male and 53.3 per cent of female had the habit of drinking tea every day. Fifteen per cent of male had the habit of drinking health drinks every day.


Forty five per cent of male and 70 per cent of female drink coffee/tea/health drink 2 cups per day, 32.5 per cent of male and 25 per cent of female drink 3 cups of coffee/tea/health drink per day and 22.5 per cent of male and five per cent of female drink four cups per day. No one had the habit of drinking coffee/tea/health drink more than five cups and above.

D.
FAMILY HISTORY OF THE SELECTED TYPE II DIABETICS
1.
Family history of the selected diabetics


The family history of the diabetic subjects are discussed in the Table XVI.

TABLE XVI

FAMILY HISTORY OF THE SELECTED DIABETICS (N=100)

	FAMILY MEMBERS
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Father
	23
	57.5
	33
	55
	56
	56

	Mother
	12
	30
	21
	35
	33
	33

	Grand Father
	1
	2.5
	2
	3.3
	3
	3

	Grand Mother
	1
	2.5
	Nil
	Nil
	1
	1

	Other Relatives
	3
	7.5
	4
	6.6
	7
	7

	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	TOTAL
	40
	100
	60
	99.9
	100
	100



From the Table XVI, it was revealed that there is an increased prevalence of family history of the subjects. About 57.5 per cent of male and 55 per cent of female had their family history from their father, 30 per cent of male and 35 per cent of female had their family history from their mother and 2.5 per cent of male and 3.3 per cent of female had their family history from their grand father. Only 2.5 per cent of male had their family history from grandmothers. Some 7.5 per cent of the diabetic male and 6.6 per cent of the diabetic female had the family history from their other relatives.

2.
Mode of treatment 


Mode of treatment of the diabetic subjects is given in Table XVII.

TABLE XVII

MODE OF TREATMENT

	TYPE OF 

TREATMENT
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	Ayurvedic 
	2
	5
	3
	5
	5
	5

	Siddha 
	1
	2.5
	Nil
	Nil
	1
	1

	Allopathhy
	34
	85
	57
	95
	91
	91

	Naturopathy
	2
	5
	Nil
	Nil
	2
	2

	Unani
	1
	2.5
	Nil
	Nil
	1
	1

	None
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	TOTAL
	40
	100
	60
	100
	100
	100



Majority of the male (85 per cent) and female (95 per cent) subjects were solely based on allopathic treatment, whereas five per cent of male and female subjects followed ayurvedic treatment. 2.5 per cent of male are following a siddha treatment. Around five per cent of male follow naturopathy treatment and 2.5 per cent of male following unani treatment respectively.


Individual diagnosed with type II diabetes are treated with allopathic treatment. Commonly prescribed medications are used specifically to treat type II diabetes which includes sulfonyl ureas (Rajiv, 1999).
3.
Duration of the disease  

Duration of the disease conditions of the disease condition of the selected type II diabetic subjects are discussed below.

TABLE XVIII

DURATION OF THE DISEASE  

	DURATION OF THE 

DISEASE (Years)
	MALE
	FEMALE
	TOTAL

	
	N
	%
	N
	%
	N
	%

	1-5
	7
	17.5
	11
	18.3
	18
	18

	6-10
	23
	57.5
	44
	73.3
	67
	67

	11-20
	10
	25
	5
	8.3
	15
	15

	TOTAL
	40
	100
	60
	99.9
	100
	100



From Table XVIII, it is observed that 17.5 per cent of male and 18.3 per cent of female are suffering from type II diabetes for the duration of 1-5 years. Majority of the male (57.5 per cent) and female (73.3 per cent) are suffering from type II diabetes for the duration of 6-10 years. Only 25 per cent of male and 8.3 per cent of female is suffering from type II diabetes for the duration of 11-20 years.


Due to the advancement in medical field, the early detection and treatment may reduce the burden of selected type II diabetes and its complications, screening of diabetes may be appropriate under certain circumstance (ADA, 2000).

4.
Complications among the selected type II diabetics


Types of complications and other disorders among the selected type II diabetics are given in Table XIX.

TABLE XIX

COMPLICATIONS AMONG THE SELECTED TYPE II DIABETICS

	S.No
	TYPES OF AILMENTS
	MALE
	FEMALE
	TOTAL

	
	
	N
	%
	N
	%
	N
	%

	1. 
	Hypertension
	11
	27.5
	39
	65
	50
	50

	2. 
	Diabetic foot disease
	2
	5
	3
	5
	5
	5

	3. 
	Kidney disease
	1
	2.5
	Nil
	Nil
	1
	1

	4. 
	Cardiovascular disease
	3
	7.5
	2
	3.3
	5
	5

	5. 
	Diabetic retinopathy
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	6. 
	Diabetic neuropathy
	1
	2.5
	Nil
	Nil
	1
	1

	7. 
	Liver disease
	2
	5
	Nil
	Nil
	2
	2

	8. 
	Hypertension + CVD
	8
	20
	5
	8.3
	13
	13

	9. 
	Hypertension + Kidney disease
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	10. 
	CVD + Liver disease
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil

	11. 
	None
	12
	30
	11
	18.3
	23
	23

	
	TOTAL
	40
	100
	60
	99.9
	100
	100



From the Table XIX, 27.5 per cent of male and 65 per cent of female are suffering from diabetes along with hypertension. Five per cent of male and female are suffering from diabetic foot disease along with diabetes only 2.5 per cent of male are suffering from kidney disease. About 7.5 per cent of male and 3.3 per cent of female are suffering from cardiovascular disease, 2.5 per cent of male are suffering from diabetic neuropathy along with diabetes. Five per cent of male are suffering from liver disease along with type II diabetes. Twenty per cent of male and 8.3 per cent of female are suffering from the combinations of hypertension and cardiovascular disease along with diabetes. Thirty per cent of male and 18.3 per cent of female had no other complications other than diabetes.

E.
NUTRITIONAL ASSESSMENT OF THE SELECTED TYPE II DIABETICS BEFORE AND AFTER SUPPLEMENTATION

a.
Anthropometric measurements

1.
Height measurement


Table XX gives the heightwise distribution of the selected type II diabetic subjects.

TABLE XX
HEIGHT MEASUREMENT 








    N=100
	HEIGHT (cm)
	MALE
	FEMALE
	STANDARD 

(NCHS, 2005)

	
	No
	%
	No
	%
	

	140-149
	5
	12.5
	19
	31.6
	Male – 173.5

Female – 159.5

	150-159
	15
	37.5
	36
	60
	

	160-169
	20
	50
	5
	8.3
	

	TOTAL
	40
	100
	60
	99.9
	



Among the one hundred selected diabetics, five per cent of male and 31.6 per cent of female had their height ranged between 140-149 cm which is below the standard value and 37.5 per cent of male and 60 per cent of female had their height ranged between 150-159cm. Among the subjects selected, 50 per cent of male and 8.3 per cent of female had their height ranged between 160-169cm. All the selected male diabetics are below the normal height. With regard to female only 8.3 per cent are above normal level and 31.6 per cent are below the normal height.

2.
Weight measurement  

Table XXI shows the weightwise distribution of the selected type II diabetic subjects.

TABLE XXI
WEIGHT MEASUREMENT  









            N=100
	WEIGHT (kg)
	MALE
	FEMALE
	REFERENCE WEIGHT

(ICMR, 2002)

	
	No
	%
	No
	%
	

	50-55
	-
	-
	14
	23.3
	Male – 60 kg

Female – 50 kg

	56-60
	7
	17.5
	15
	25
	

	61-65
	10
	25
	11
	18.3
	

	66-70
	12
	30
	5
	8.3
	

	71-75
	11
	27.5
	15
	25
	

	TOTAL
	40
	100
	60
	99.9
	



Among the one hundred selected diabetics, 23.3 per cent of female had their weight ranged between 50-55kg, 17.5 per cent of male and 25 per cent of female had their weight ranged between 56-60kg, 25 per cent of male and 18.3 per cent of female had their weight ranged between 61-65kg. Thirty per cent of male and 8.3 per cent of female had their weight ranged between 66-70. 27.5 per cent of male and 25 per cent of female had their weight ranged between 71-75.


From the above table, it is concluded that among the one hundred sample selected all the female diabetics are having their weight above the ideal body weight whereas 82.5 per cent of male diabetics are having their body weight above the normal level.

3.
Body Mass Index   


Table XXII discuss the body mass index of the selected type II diabetic subjects.

TABLE XXII
BODY MASS INDEX  









            N=100
	BMI

(NIN, 2005)
	OBESITY GRADE
	MALE
	FEMALE
	TOTAL

	
	
	No.
	%
	No.
	%
	No
	%

	18.5-20.0
	Underweight
	-
	-
	3
	5
	3
	3

	20.0-25.0
	Normal
	18
	45
	21
	35
	39
	39

	25.0-30.0
	Grade I
	14
	35
	24
	40
	38
	38

	( 30.0
	Grade II
	8
	20
	12
	20
	20
	20

	TOTAL
	
	40
	100
	60
	100
	100
	100



From the one hundred selected diabetic subjects five per cent of female had the BMI between 18.5-20.0, which belongs to the underweight category. Around 45 per cent of male and 35 per cent of female had the BMI normal ranging from 20.0-25.0 that is normal grade, 35 per cent of male and 40 per cent of female had the BMI 25.0-30.0 which belongs to Grade I obesity and 20 per cent of male and 20 per cent of female had the BMI range of ( 30.0 which belongs to grade II obesity.


With regard to the diabetics selected, about 38 per cent of the diabetics are in grade I  obesity  and 20 per cent in grade II obesity category and only 39 per cent are in the normal grade. The present study concluded that obesity is the fundamental risk factor for the precipitation of type II diabetes.

4.
Waist-Hip Ratio   


Table XXIII discuss the waist hip ratio of the selected type II diabetic subjects.

TABLE XXIII

WAIST-HIP RATIO









     N=100
	WAIST-HIP RATIO
	MALE
	FEMALE
	NIN, 2005

	
	No
	%
	No
	%
	

	0.80-0.85

0.86-0.90

0.91-0.95

0.96-1.0
	-

13

23

4
	-

32.5

57.5

10
	24

36

-

-
	40

60

-

-
	Males >=0.95

Female >=0.80

	TOTAL
	40
	100
	60
	100
	



According to NIN (2005) the standard Waist-Hip Ratio for Reference male and female is 0.95 and 0.80 respectively. Majority of the male (57.5 percent) were in the range 0.91-0.95. Majority of the female (60 percent) had the WHR in the range of 0.86-0.90 which is above the normal value. Waist hip ratio of the female was 40 percent the range of 0.80-0.85. 32.5 percent of male were in the range of 0.86-0.90 which is below the desirable value, 10 percent of male were in the range of 0.96-1.0, which is above the normal value.

From the above table it is revealed that 10 per cent of the male diabetics and 100 per cent of the female diabetics had their WHR above the normal range. So it is concluded that abdominal obesity is prevalent among the selected diabetics. 
2.
Food and nutrient intake of the selected type II diabetics 

a.
Mean food intake of the selected type II diabetics 


Table XXIV gives information on the mean food intake of the selected type II diabetic subjects.

TABLE XXIV

MEAN FOOD INTAKE OF THE SELECTED TYPE II DIABETICS 

	FOOD GROUPS (g)
	RDA

(ICMR, 2004)
	EXPERIMENTAL GROUP
	CONTROL GROUP

	
	
	ACTUAL INTAKE
	% DEFICIT/ EXCESS
	ACTUAL INTAKE
	% DEFICIT/ EXCESS

	Cereals 
	420
	257
	-38.8
	21.5
	-48.8

	Pulses
	60
	28
	-53.3
	41
	-31.6

	Green leafy vegetables
	100
	47
	-53
	67
	-33

	Roots and tubers
	200
	23
	-88.5
	59
	-70.5

	Other vegetables
	100
	24
	-76
	52
	-48

	Fruits
	100
	68
	-32
	71
	-29

	Milk and milk products
	300
	211
	-29.6
	198
	-34

	Fats and oils
	20
	24
	+20
	21
	+5

	Sugar
	25
	2
	-92
	4.6
	-81.6

	Meat and Fish
	30
	65
	+16.6
	63
	+210



From the above table XXIV, it was observed that consumption of cereals was less than the recommended intake by more than 39 per cent in experimental group and 49 per cent in control group due to diabetes mellitus. Consumption of pulses was deficient to the tune of 53 per cent in experimental group and 32 per cent in control group. The intake of green leafy vegetables, roots and tubers, other vegetables and fruits were generally deficient in both experimental and control group. The consumption of milk and milk products was than the RDA in both groups by 30 per cent and 34 per cent respectively. Consumption of sugar was very inadequate since they are all suffering from diabetes and so they strictly avoid the intake of sugar in their diet. The intake of meat and fish are more than the RDA range between 65 and 210 per cent in experimental and control group.

b.
Mean nutrient intake of the selected type II diabetics 


Mean nutrient intake of the selected type II diabetic subjects as determined by 24 hour recall method and actual food weighment survey is presented in Table XXV.

TABLE XXV

MEAN NUTRIENT INTAKE OF THE SELECTED TYPE II DIABETICS

	NUTRIENTS
	RDA

(ICMR, 2004)
	EXPERIMENTAL GROUP
	CONTROL GROUP

	
	
	MEAN
	% DEFICIT/EXCESS
	MEAN
	% DEFICIT/ EXCESS

	Energy (kcal)
	1875
	1009
	-46.1
	1230
	-34.4

	Protein (gm)
	50
	29.5
	-41
	31
	-18

	Fat (gm)
	20
	27
	+35
	42
	+110

	Carbohydrates
	328
	289
	-11.8
	176.8
	-46.0

	Fibre (gm)
	40
	12
	-70
	17
	-57.5

	Calcium (mg)
	400
	440
	+10
	348
	-13

	Iron (mg)
	30
	22.4
	-25.3
	26.3
	-12.3

	(-carotene ((g)
	2400
	1800
	-25
	1451
	-39.5

	Thiamine (mg)
	0.9
	1.06
	+17.7
	0.898
	-0.2

	Riboflavin (mg)
	1.4
	3.13
	+195
	3.18
	+127.1

	Vitamin C (mg)
	40
	103
	157.5
	58
	+45



In the experimental group deficit of 12 to 70 per cent in the intake of calories, protein, carbohydrates, fibre, iron and (-carotene were exhibited and other nutrients such as calcium, fat, thiamine,, riboflavin and vitamin C are in excess amount. However, in control group intake of calories, protein, carbohydrates, fibre, calcium, iron, (-carotene and thiamine had the deficit of 13 to 56 per cent and 110 per cent of fat is in excess in control group.


The main reason for the inadequacy in nutrients in experimental group and control group is less consumption of good quality food, poor eating habits, lack of nutritional knowledge which results in faulty dietary habits and poor awareness over the proper selection of foods.

3.
Biochemical profile of the selected type II diabetics
a.
Fasting and post prandial blood glucose level

Fasting and post prandial blood glucose level are discussed in the table XXVI.
TABLE XXVI
FASTING AND POST PRANDIAL BLOOD GLUCOSE LEVEL (N=100)
	BLOOD GLUCOSE 

LEVEL (mg/dl)
	MEAN ( SD
	NORMAL VALUES

(BAMIJI, 2005)

	Fasting

Post Prandial
	168.54 ( 20.396

206.39 ( 23.732
	70-110 mg/dl

80-140 mg/dl



The mean fasting blood glucose level of the selected one hundred type II diabetics was 168.54 mg/dl. But the normal value of fasting blood glucose level is 70-110mg/dl. The mean post prandial blood glucose level for the selected one hundred type II diabetics was 206.39mg/dl but the normal value for post prandial blood glucose level is 80-140mg/dl.
F.
EFFECT OF SUPPLEMENTATION OF VILVAI AND THULSI LEAVES POWDER ON TYPE II DIABETICS 

1.
Body Mass Index of the experimental and control group 


Table XXVII discuss the body mass index of the diabetic subjects in the experimental and control group before and after supplementation.

TABLE XXVII
BODY MASS INDEX OF THE EXPERIMENTAL AND CONTROL GROUP  (N=40)
	BMI

(NIN, 2005)
	OBESITY GRADE
	EXPERIMENTAL GROUP
	CONTROL GROUP

	
	
	INITIAL
	FINAL
	INITIAL
	FINAL

	
	
	N
	%
	N
	%
	N
	%
	N
	%

	18.5-20.0
	Underweight
	2
	10
	1
	5
	-
	-
	-
	-

	20.0-25.0
	Normal
	6
	30
	10
	50
	4
	20
	5
	25

	25.0-30.0
	Grade I
	11
	55
	8
	40
	11
	55
	10
	50

	( 30.0
	Grade II
	1
	5
	1
	5
	5
	25
	5
	25

	TOTAL
	
	20
	100
	20
	100
	20
	100
	20
	100



The above table shows that in experimental group 10 per cent of the subjects were in the underweight category, 30 per cent of the subjects were normal and 55 per cent of the subjects were in grade I obesity and only five per cent of the subject was found to be in grade II obesity before supplementation and after supplementation for a period of three months Grades was observed in only five per cent of the subject. Only one subject was found in the underweight category. Fifty per cent of the subjects were found to be normal, forty per cent subjects were found to be in grade I obesity and only five per cent of the subject was in grade II obesity. In control group, 20 per cent were found to be in normal grade, 55 subjects were in grade I obesity and 25 per cent were in grade II obesity before supplementation and after supplementation, 25 per cent of the subjects were in normal category and 50 per cent of the subjects were found to be in grade I obesity and 25 of the subjects were in grade II obesity (Figure I).


Results recorded for the BMI grade clearly depicted that due to the supplementation in the experimental group subjects from grade I shifted to normal grade, this may be due to the effect of supplementation of  Thulsi and vilvai leaves powder.


Obesity has long been recognized as one of the strongest risk factors for development of diabetes. It has been estimated to account for 60% to 90% of the risk variance (Colditz et al., 1990; Wolf et al., 1998).

2.
Waist hip ratio  of the experimental and control group 


Table XXVIII discuss the waist hip ratio of the selected type II diabetic subjects.

TABLE XXVIII
WAIST HIP RATIO OF THE EXPERIMENTAL AND CONTROL GROUP 












 N=40
	WAIST HIP

RATIO
	EXPERIMENTAL GROUP
	CONTROL GROUP

	
	MALE
	FEMALE
	MALE
	FEMALE

	
	I
	F
	I
	F
	I
	F
	I
	F

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	0.80-0.85
	-
	-
	-
	-
	-
	-
	4
	50
	-
	-
	-
	-
	4
	40
	4
	40

	0.86-0.90
	-
	-
	-
	-
	8
	100
	4
	50
	2
	20
	2
	20
	6
	60
	6
	60

	0.91-0.95
	8
	66.6
	12
	100
	-
	-
	-
	-
	5
	50
	5
	50
	-
	-
	-
	-

	0.96-1.00
	4
	33.3
	-
	-
	-
	-
	-
	-
	3
	30
	3
	30
	-
	-
	-
	-

	TOTAL
	12
	99.9
	12
	100
	8
	100
	8
	100
	10
	100
	10
	100
	10
	100
	10
	100


I – Initial; F – Final 

According to NIN (2005), the standard waist-hip ratio for reference women and men is 0.80 and 0.95 respectively. In  experimental group, 66.6 per cent of male had the waist hip ratio within the range of  0.91-0.95 and 33.3 per cent of male had the waist hip ratio within the range of  0.96-1.0 before the supplementation period. Waist hip ratio had reduced after the supplementation period male (100 per cent) have come to the normal range of 0.91-0.95. In case of female (100 per cent) had above the normal range of 0.86-0.90 before the supplementation but after the supplementation the waist hip ratio had reduced. The waist hip ratio had come to normal for fifty per cent of the female and it remains the same for the rest of the 50 per cent. There is no change in the control group (Figure 2). 


Several studies indicate that a high-waist circumference or a high waist-to-hip ratio (apple shape) is an important risk factor of type II diabetes (Chan et al., 1994).

3.
Fasting blood glucose level before and after supplementation


The fasting blood glucose level of the selected type II diabetic subjects before and after supplementation is presented in Table XXIX.

TABLE XXIX
FASTING BLOOD GLUCOSE LEVEL BEFORE AND AFTER SUPPLEMENTATION

	GROUPS
	N
	FASTING BLOOD GLUCOSE LEVEL (mg/dl)

	
	
	INITIAL

MEAN ( SD
	FINAL

MEAN ( SD
	MEAN

DIFFERENCE
	‘t’ 

VALUE

	Experimental 
	20
	168.96(18.604
	134.3(15.624
	34.665
	13.78**

	Control 
	20
	155.25(14.570 
	153.5(16.097
	1.75
	1.06NS


** Significant at (P < 0.01) level; NS – Not Significant


The mean fasting blood glucose level of experimental group before the supplementation was 168.965 mg/dl and had reduced to 134.3 mg/dl after the supplementation period of three months. The difference showing statistical significance at P (< 0.01)  level. The mean fasting blood glucose level of control group before supplementation was 155.25 mg/dl and had reduced to 153.5 mg/dl through the difference was not statistically significant (Figure 3).


From the results obtained for the fasting blood glucose level, it is concluded that supplementation of thulsi and vilvai leaves powder as a combination in equal proportion is highly helpful to control and manage the blood glucose level among the type II diabetic population.


Vilvai leaf powder capsule is very effective in reducing blood glucose, glycosylated haemoglobin and total cholesterol. LDL cholesterol, VLDL cholesterol and triglyceride level. The effect may be more predominant when consumed for long period of time (Radha, 2007).
4.
Post prandial blood glucose level before and after supplementation


The post prandial blood glucose level of the selected type diabetic subjects before and after supplementation is presented in Table XXX.

TABLE XXX

POST PRANDIAL BLOOD GLUCOSE LEVEL BEFORE AND AFTER SUPPLEMENTATION

	GROUPS
	N 
	POST PRANDIAL BLOOD GLUCOSE LEVEL (mg/dl)

	
	
	INITIAL

MEAN ( SD
	FINAL

MEAN ( SD
	MEAN DIFFERENCE
	‘t’ VALUE

	Experimental 
	20
	212.7(20.30
	160.05(25.30
	52.65
	11.02**

	Control 
	20
	203.21(28.720 
	202.25(27.2568
	0.96
	0.40NS


** Significant at (P < 0.01) level; NS – Not Significant

 
The mean post prandial blood glucose level of the experimental group before supplementation was 212.7 mg/dl and had reduced to 160.05 mg/dl after supplementation period which was statistically significant at P(<0.01) level. The mean post prandial blood glucose level of control group before supplementation was 203.21 mg/dl and had reduced to 202.25 mg/dl. When these values were analyzed statistically, the difference was not found to be significant (Figure 3).


From this result, it is concluded that vilvai and thulsi leaves powder are having hypoglycemic effect especially in lowering the post prandial glucose blood level. So the supplement given in low cost, locally available and indigenous which was highly effective for the proper management of diabetes mellitus.
5.
SUMMARY AND CONCLUSIONS

The summary and conclusion for the present study entitled “Effect of supplementation of Thulsi (Ocimum sanctum) and Vilvai (Aegle marmelos) leaves combination on type II diabetics” is presented below. 


Diabetes mellitus is a silent disease and now recognized as one of the fastest growing threats to public health in almost all the countries of the world, with serious consequences. Diabetes mellitus is characterized by high blood glucose concentration resulting from the defects in insulin secretion, insulin action, or both. This disease is incurable but it is controllable and offers scope.


Thulsi and vilvai leaves have the great potential to lower the blood glucose level. Health benefits of Thulsi leaves are, it is a asthmatic, anti-rheumatic, hypoglycaemic antistress, antibacterial, antifungal, antiviral, antifertility, antiimplantation cataracts,  anti pyretic, gastric, anti-ulcer activity, antitumour, anti-inflammatory, antioxidant, anticancer, immunostimulant, hypotensive. Vilvai leaves and its health benefits are astringent, laxative, expectorant, ophthalmia, deafness and diabetes.


Through a few studies carried out in India have proven many varied effects of Thulsi leaves and Vilvai leaves, the hypoglycemic effect of combination of Thulsi and vilvai leaves is unrevealed in diabetes still. It also has very good potential to control and cure various health disorders. Thus, the present study is a small foot print in this direction to access the effect of combination of thulsi and vilvai leaves on type II diabetes  mellitus is been conducted.


Diabetic centre at Erode and Gobi in Periyar District were selected from the concerned authorities and with the cooperation of the physicians, a group of 100 type II diabetic subjects were selected initially. An interview schedule was formulated and a direct personal interview method was adopted to elicit information regarding the socio-economic status including, age, educational status, income and type of activity, dietary habits, lifestyle pattern such as exercise, presence of additive habits like chewing, smoking, drinking and also health status.


The results pertaining to the study are summarized as follows.

· Majority of the diabetic subjects (35 per cent) were males belonging to the age group of 51-55 years and the majority of the selected females (38 per cent) were in the age group 45-50 years.

· It was noted that majority of the subjects (41 per cent) had their education upto high school level where as 22 per cent were illiterates. Twelve subjects had their primary level of education and 12 per cent of the subjects had their higher secondary level. Nine per cent had their undergraduation and four per cent of the subjects were postgraduates.

· Majority of the subjects (92 per cent) were doing sedentary type of activity and eight per cent of the subjects were doing moderate type of activity.

· Majority of the subjects (50 per cent) had working in the private sector and 25 per cent doing business, 10 per cent was unemployed, four per cent of the subjects were coolies and five per cent of the subjects were agriculturists.

· The data revealed that the 41 per cent of subjects had earned their monthly income about Rs. 4501-7500, 32 per cent are earning less than Rs.5000, 27 per cent of the subjects were earning more than Rs. 7500 as their monthly income.

· It was noted that majority of the subjects lived in nuclear family (70 per cent) while 30 per cent of the subjects lived in joint families.

· From the survey carried out it was found that 90 per cent of the subjects  were non-vegetarians. Only 10 per cent of the selected type II diabetes  were vegetarians. 

· It was seen that majority of the diabetic subjects, 80 per cent consumed three meals per day, 10 per cent of the selected type II diabetics consumed less than three meals per day and another 10 per cent consumed more than three meals per day.

· In the present study, all the diabetic subjects (100 per cent) had rice daily with the quantity of 100-250 g/day.

· Majority of the males (60 per cent) and female (61.6 per cent) were consuming pulses weekly once and weekly twice within the quantity of 20-50 g/day. Majority of the subjects, male (52.5 per cent) and female (53.3 per cent), were consuming vegetables weekly twice and daily respectively within the quantity of 50-200 g/day.

· Majority of the subjects, male (47.5 per cent) and female (43.3 per cent) consuming green leafy vegetables weekly once and weekly twice respectively within the quantity of 20-50 g/day. The majority of the male (47.5 per cent) and female (48.3 per cent) consuming roots and tubers once in a week within the quantity of 50-200 g/day. Majority of the male (70 per cent) and female (40 per cent) consuming fruits very occasionally and once in fortnight respectively. Majority of the male (40 per cent) and female (60 per cent) consuming milk and milk products within the quantity of 100-300 ml/day.


· About 56.7 per cent and 67.9 per cent of the male and female respectively are consuming non-vegetarian diets twice in a week and weekly once respectively with the quantity of 50-200 g/day.

· Majority of the male (72.5 per cent) and female (65 per cent) consume nuts and oil seeds daily. Fifty per cent of the subjects consumed refined oil daily whereas 29 per cent consumed sunflower oil, nine per cent consumed groundnut oil, seven per cent consumed rice bran oil and five per cent consumed gingerly oil respectively.

· Majority of the male subjects (32.5 per cent) and female subjects (35 per cent) consuming junk foods once in fortnight.

· Thirty per cent of subjects consuming chat items, 21 per cent consuming bakery items, 19 per cent consuming pastries, 18 per cent tiffins outside.

· The present study showed that 32.5 per cent of males and 40 per cent of females had the habit of walking for one hour.  Thirty per cent of male and 25 per cent of female had the habit of walking for ½ an hour time and only 7.5 per cent of male had the habit of walking for two hour daily. Five per cent of male had the habit of maintaining gardening for one hour daily and 30 per cent of female were busy in their household works for a period of one hour and five per cent of the females do their household work for two hours period, 2.5 per cent of male had the habit of jogging. Five per cent of the male had the habit of playing shuttle.

· Among the 40 male diabetic subjects only 52.5 per cent of male had the habit of smoking. Majority of the male diabetics (66.6 per cent) smoke cigarette and 47.6 per cent of male were smoking 11-20 cigarettes per day. Mostly 57.1 per cent of the smokers continue this habit more than nine years.  

· Alcohol consumption by the selected male diabetics was very less. Only 10 per cent of the male diabetics are having the habit of consuming alcohol occasionally with the quantity of 100-150 ml.

· Four per cent of male had the habit of chewing tobacco, three per cent had the habit of pan masala, 21 per cent of the subjects had the habit of chewing betel leaves.

· Majority of the subjects (52 per cent) were drinking tea and 42 per cent coffee and only six per cent of the subjects were drinking health drinks. Mostly 60 per cent of the subjects had the habit of taking two cups of tea/coffee/health drinks daily.

· Majority of the family history of diabetes from the father (56 per cent) and mother (33 per cent).

· About 91 per cent of the subjects were solely based on allopathic treatment, whereas five per cent in Ayurveda, two per cent in naturopathy, one per cent in siddha and unani treatment.

· Most of the subjects (67 per cent) are suffering from selected type II diabetes for a duration of 6-10 years whereas 18 per cent of the selected type II diabetes  for duration of 1-5 years and only 15 per cent for duration 11-20 years.

· With regard to the complications around 50 per cent are suffering from the complications of hypertension along with diabetes. Thirteen per cent had the combinations of complications such as hypertensions, CVD along with diabetes.

· Among the female, 31.6 per cent had their height 140-149 cm and 50 per cent of male and 60 per cent of female had their height 150-159 cm and only 50 per cent of male and 8.3 per cent of female had their height upto 160-169cm.

· Among the one hundred samples selected all the female diabetics are having their weight above the ideal body weight whereas 82.5 per cent of male diabetes are having their body weight above the desirable weight.

· With regard to the BMI of the selected diabetics 39 per cent are in the normal grade. About 38 per cent of the diabetics are in obese grade I, 20 per cent in obese grade II category.

· It is noted that 10 per cent of the male diabetics and 100 per cent of the female diabetics had their waist hip ratio above the normal range. So, it is concluded that abdominal obesity is prevalent among the selected diabetics.

· The mean fasting blood glucose level for the selected one hundred type II diabetes was 168.543 mg/dl. The mean post prandial blood glucose level for the selected one hundred type II diabetics was 206.393mg/dl.

· In concern to the mean food intake, the consumption of cereals, pulses, green leafy vegetables, roots and tubers, other vegetables, fruits, milk and milk products and sugar were deficient in both experimental and control group.

· Regarding the nutrient intake, both control and experimental group showed a deficit in energy, protein, carbohydrates, fibre, iron and (-carotene.

· Results recorded for the BMI grades clearly depicted that in the experimental group subjects due to supplementation grade I obesity were switched over to normal grade, this may be due to the effect of thulsi and vilvai leaves powder.

· In experimental group, 66.6 per cent of male had the waist hip ratio within the range of  0.91-0.95 and 33.3 per cent of female had the waist hip ratio within the range of  0.96-1.0 before the supplementation period. Waist hip ratio had reduced after the supplementation period. About 100 per cent have attained the normal range of 0.91-0.95. In case of female 100 per cent had above the normal range of WHR (0.96-0.90) before the supplementation but after the supplementation the waist hip ratio had reduced. The waist hip ratio had come to normal for fifty per cent of the female and it remained the same for the rest of the 50 per cent.  

· The mean fasting blood glucose level of experimental group before the supplementation was 168.965 mg/dl and had reduced to 134.3 mg/dl after the supplementation period of three months. The difference showing statistical significance at P (< 0.01) level. The mean fasting blood glucose level of the control group before supplementation was 155.25 and had reduced to 153.5 mg/dl through the difference was not statistically significant.

· The mean post prandial blood glucose level of experimental group before supplementation was 212.7 mg/dl and had reduced to 160.05 mg/dl after supplementation period which was statistically significant at P(<0.01) levels. The mean post prandial blood glucose level of control group before supplementation was 203.21 mg/dl and had reduced to 202.25 mg/dl. When the values were analyzed statistically, the difference was not found to be significant.

· Using herbal remedies and plant derivatives to help in the treatment of diabetes should certainly not be discounted. Although numerous “miracle herbal cure” companies exists and champion the ability of herbal compounds to supplement insulin as a treatment.

· Herbs in ayurveda are used to prevent and treat most of the disease conditions. There are herbal remedies for asthma, fever, intestinal disorder and cold treatment. Treatments designed to control blood sugar improve energy levels, reduce pain and inflammation and improve digestion are also a part of ayurvedic medicine (www.herbal-supplement-resource.com, 2006).

· Herbs and herbal combinations make up a large part of ayurvedic medicine. Most ayurvedic herbal remedies are combinations rather than single herb (www.herbal-supplement-resource.com, 2006).

Conclusion


From the results obtained for the fasting blood glucose level, it is concluded that supplementation of thulsi and vilvai leaves powder as a combination in equal proportion is highly helpful to control and manage the blood glucose level among the type II diabetic population.

From this result, it is concluded that vilvai and thulsi leaves powder are having hypoglycemic effect especially in lowering the post prandial blood glucose level. So the supplement given is low cost, locally available and indigenous which was highly effective for the proper management of diabetes mellitus.
RECOMMENDATIONS

1. Thulsi leaves and vilvai leaves can be supplemented for diabetic in the form of recipes.

2. Other type of herbal medicine which are hypoglycemic in nature can be studied.

3. Combinations of different herbal powders can be recommended for treating non-communicable diseases. 
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APPENDIX 1

ANTHROPOMETRIC AND BIOCHEMICAL PARAMETERS

	S.No
	HEIGHT

(cm)
	WEIGHT

(kg)
	BMI
	WAIST

(cm)
	HIP

(cm)
	WHR

(mg/dl)
	BLOOD GLUCOSE LEVEL (mg/dl)

	
	
	
	
	
	
	
	FASTING
	POST PRANDIAL

	Male
	
	
	
	
	
	
	
	

	1. 
	148
	60
	27.3
	89
	92
	0.91
	172
	193

	2. 
	143
	60
	29.36
	92
	97
	0.94
	194.3
	218

	3. 
	146.5
	50
	23.4
	101
	105
	0.96
	173
	232

	4. 
	148
	55
	25.1
	109
	113
	0.96
	188
	239

	5. 
	141
	62
	31.1
	94
	101
	0.93
	148
	182

	6. 
	143
	56
	23.9
	94
	102
	0.92
	167
	200

	7. 
	150
	60
	26.6
	107
	110
	0.97
	152
	178

	8. 
	155
	61
	25.3
	96
	102
	0.94
	147
	237

	9. 
	150
	81
	36
	85
	88
	0.96
	147
	176.3

	10. 
	155
	91
	37.8
	89
	98
	0.90
	165
	229

	11. 
	150
	63
	28
	99
	108
	0.91
	156
	183

	12. 
	156
	77
	31.6
	111
	105
	1.00
	139
	201

	13. 
	150
	64
	28.4
	94
	104
	0.90
	131
	173

	14. 
	151
	66
	28.9
	97
	104
	0.93
	148
	170

	15. 
	154
	65
	27.4
	95
	99
	0.95
	140
	236

	16. 
	153
	55
	23.4
	97
	104
	0.93
	189
	232

	17. 
	151
	75
	32.8
	94
	99
	0.94
	177
	198

	18. 
	160
	58
	22.3
	96
	107
	0.96
	183
	231

	19. 
	161
	62
	23.9
	99
	107
	0.92
	151
	184

	20. 
	163
	63
	23.7
	94
	103
	0.94
	198
	221

	21. 
	169
	75
	26.2
	96
	102
	0.94
	166
	198

	22. 
	160
	67
	26.1
	98
	102
	0.96
	185
	235

	23. 
	166
	75
	27.2
	89
	98
	0.90
	199
	215

	24. 
	169
	69
	24.1
	99
	108
	0.91
	200
	212

	25. 
	168
	65
	23
	99
	110
	0.90
	192
	215

	26. 
	161
	71
	27.3
	95
	96
	0.98
	197
	222

	27. 
	163
	74
	27.8
	86
	98
	0.87
	188
	203

	28. 
	165
	66
	24.2
	97
	111
	0.87
	152
	179

	29. 
	163
	61
	22.9
	103
	119
	0.86
	162
	199

	30. 
	162
	58
	22.1
	89
	99
	0.89
	137
	187

	31. 
	167
	63
	22.5
	95
	105
	0.90
	181
	204

	32. 
	169
	74
	25.9
	97
	104
	0.93
	198
	214

	33. 
	166
	68
	24.6
	85
	100
	0.85
	186
	200

	34. 
	161
	64
	21.6
	87
	93
	0.93
	164
	189

	35. 
	163
	68
	25.5
	78
	89
	0.87
	189
	201

	36. 
	169
	75
	26.2
	101
	122
	0.82
	172
	192

	37. 
	165
	67
	24.6
	95
	112
	0.84
	168
	222

	38. 
	156
	77
	31.6
	108
	120
	0.90
	141
	164

	39. 
	154
	78
	32.8
	91
	102
	0.89
	143
	243

	40. 
	160
	76
	29.6
	86
	98
	0.87
	162
	258

	Female
	
	
	
	
	
	
	
	

	41. 
	154
	67
	28.25
	89
	99
	0.87
	198
	238

	42. 
	154
	61
	25.7
	88
	98
	0.89
	157
	210

	43. 
	155
	63
	26.2
	96
	109
	0.88
	163
	203

	44. 
	157
	71
	29.5
	89
	99
	0.89
	149
	198

	45. 
	165
	75
	27.5
	104
	118
	0.88
	181
	240

	46. 
	140
	54
	27.5
	78
	90
	0.86
	178
	197

	47. 
	168
	55
	19.4
	88
	99
	0.88
	155
	203

	48. 
	145
	50
	23.7
	103
	119
	0.86
	189
	234

	49. 
	143
	56
	27.3
	88
	100
	0.88
	168
	233

	50. 
	153
	62
	26.4
	94
	109
	0.86
	148
	174

	51. 
	155
	50
	26.8
	85
	99
	0.85
	182
	210

	52. 
	158
	57
	22.8
	85
	100
	0.85
	149
	188

	53. 
	166
	65
	23.5
	105
	120
	0.87
	151
	205

	54. 
	150
	53
	23.5
	75
	89
	0.84
	168
	210

	55. 
	140
	71
	36.2
	109
	110
	0.90
	194.3
	218

	56. 
	141
	68
	34.2
	89
	99
	0.89
	141
	164

	57. 
	153
	69
	29.4
	78
	90
	0.86
	176
	194

	58. 
	148
	74
	33.7
	98
	109
	0.89
	163
	199

	59. 
	149
	56
	22.1
	92
	109
	0.84
	174
	199

	60. 
	142
	66
	32.7
	102
	113
	0.90
	174
	191

	61. 
	159
	70
	27.6
	96
	110
	0.87
	188
	208

	62. 
	153
	55
	23.4
	99
	100
	0.90
	199
	223

	63. 
	154
	68
	28.36
	104
	112
	0.88
	199
	223

	64. 
	155
	55
	22.8
	105
	118
	0.88
	187
	229

	65. 
	156
	53
	21.7
	98
	115
	0.85
	175
	230

	66. 
	150
	58
	25.7
	88
	99
	0.88
	191
	231

	67. 
	159
	65
	25.7
	87
	96
	0.90
	189
	219

	68. 
	154
	74
	31.2
	98
	109
	0.89
	200
	234

	69. 
	155
	59
	24.5
	109
	123
	0.88
	133
	182

	70. 
	156
	63
	25.8
	91
	101
	0.90
	143
	189

	71. 
	143
	60
	29.3
	88
	99
	0.88
	182
	208

	72. 
	142
	66
	32.7
	102
	113
	0.90
	1877
	248

	73. 
	159
	70
	27.6
	92
	102
	0.90
	198
	168

	74. 
	157
	153
	21.5
	88
	99
	0.88
	193
	251

	75. 
	162
	58
	22.1
	89
	99
	0.89
	184
	223

	76. 
	155
	56
	23.3
	88
	98
	0.89
	144
	191

	77. 
	140
	61
	31.1
	96
	109
	0.88
	147
	183

	78. 
	153
	58
	24.7
	95
	109
	0.87
	156
	197

	79. 
	151
	61
	26.7
	110
	121
	0.90
	189
	208

	80. 
	156
	60
	24.6
	98
	108
	0.90
	194
	218

	81. 
	154
	75
	31.6
	108
	133
	0.81
	181
	209

	82. 
	155
	71
	29.5
	94
	107
	0.87
	158
	184

	83. 
	158
	59
	23.6
	86
	98
	0.87
	162
	196

	84. 
	158
	74
	29.6
	108
	128
	0.84
	181
	243

	85. 
	151
	63
	27.6
	112
	131
	0.85
	142
	174

	86. 
	149
	74
	33.3
	90
	99
	0.90
	138
	169

	87. 
	141
	73
	36.7
	102
	115
	0.88
	129
	171

	88. 
	157
	53
	21.5
	88
	99
	0.88
	143
	184

	89. 
	162
	58
	22.1
	89
	99
	0.89
	183
	209

	90. 
	155
	56
	23.3
	88
	98
	0.89
	189
	239

	91. 
	148
	68
	31.0
	100
	110
	0.88
	187
	212

	92. 
	167
	63
	22.5
	95
	105
	0.91
	193
	248

	93. 
	158
	60
	24.0
	94
	111
	0.84
	173
	206

	94. 
	144
	73
	35.2
	85
	99
	0.85
	186
	210

	95. 
	166
	68
	24.6
	85
	100
	0.85
	177
	200

	96. 
	154
	59
	24.8
	98
	120
	0.81
	189
	241

	97. 
	150
	75
	33.3
	75
	89
	0.84
	137
	181

	98. 
	159
	58
	22.9
	107
	125
	0.85
	149
	173

	99. 
	149
	57
	25.6
	83
	98
	0.84
	154
	189

	100. 
	144
	54
	26
	79
	88
	0.89
	194
	218


	S.NO
	HEIGHT (cm)
	WEIGHT (kg)
	BMI
	WAIST (cm)
	HIP (cm)
	WTH  Ratio
	Fasting Blood Glucose Level

(mg/dl)
	Post Prandial Blood 

Glucose Level(mg/dl)

	
	Before
	After
	Before
	After
	Before
	After
	Before
	After
	Before
	After
	Before
	After
	Initial
	Final
	Initial
	Final

	ANTHROPOMETRIC AND BIOCHEMICAL PARAMETERS OF EXPERIMENTAL GROUP 

	Male

1

2

3

4

5

6

7

8

9

10

11

12

Female

13

14

15

16

17

18

19

20
	143

160

153

150

146.5

168

155

161

163

148

169

141

154

154

155

157

165

140

168

145
	143

160

153

150

146.5

168

155

161

163

148

169

141

154

154

155

157

165

140

168

145
	60

58

56

60

50

54

61

62

63

55

75

62

67

61

63

71

75

54

55

50
	59

54

55

57

50

53

61

59

62

52

71

60

66

58

63

68

74

54

52

48
	29.3

22.6

23.9

26.6

23.4

19.1

25.3

23.9

23.7

25.1

26.2

31.1

28.25

25.7

26.2

29.5

27.5

27.5

19.4

23.7
	28.8

21.0

23.4

25.3

23.4

18.7

25.3

22.7

23.3

23.7

24.8

30.1

27.8

24.4

26.2

27.5

27.1

27.5

18.4

22.8
	92

96

94

107

101

103

96

99

97

109

96

94

89

88

96

89

104

78

88

103
	90

93

93

102

99

98

94

94

94

103

94

93

87

81

94

84

98

76

88

99
	97

107

102

110

105

110

102

107

103

113

102

101

99

98

109

99

118

90

99

119
	95

99

101

108

104

105

100

103

100

113

100

99

98

95

107

99

117

89

99

118
	0.94

0.96

0.92

0.97

0.96

0.93

0.94

0.92

0.94

0.96

0.94

0.93

0.89

0.89

0.88

0.89

0.88

0.86

0.88

0.86
	0.94

0.93

0.92

0.94

0.95

0.93

0.94

0.91

0.91

0.91

0.94

0.93

0.88

0.85

0.87

0.84

0.83

0.85

0.88

0.83
	194.3

183

167

152

173

142

147

151

198

188

166

148

198

157

163

149

181

178

155

189
	148

132

141

120

138

111

126

131

162

144

153

126

158

129

138

108

139

124

109

149
	218

231

200

178

232

211

237

184

221

239

198

182

238

210

203

198

240

197

203

234
	149

175

138

159

199

163

179

136

193

182

124

130

187

148

136

143

197

144

130

189

	ANTHROPOMETRIC AND BIOCHEMICAL PARAMETERS OF CONTROL GROUP 

	Male

1

2

3

4

5

6

7

8

9

10

Female

11

12

13

14

15

16

17

18

19

20
	150

160

158

155

150

148

156

150

151

154

143

153

155

154

158

166

150

156

153

160
	150

160

158

155

150

148

156

150

151

154

143

153

155

154

158

166

150

156

153

160
	81

67

58

91

63

60

77

64

66

65

56

62

50

78

57

65

53

77

63

76
	81

67

58

90

62

60

77

63

66

65

56

62

49

78

57

64

53

74

63

75
	36

26.1

23.2

37.8

28

27.3

31.6

28.4

28.9

27.4

27.3

26.4

26.8

32.8

22.8

23.5

23.5

31.6

26.9

29.68
	36

26.1

23.2

37.4

27.5

27.3

31.6

28

28.9

27.9

27.3

26.4

20.3

32.8

22.8

23.2

23.5

30.4

26.9

26.6
	85

98

70

89

99

84

111

94

97

95

88

94

85

91

85

105

75

108

95

86
	85

98

70

89

99

84

110

89

97

95

87

94

82

89

85

105

70

109

90

85
	88

102

75

98

108

92

105

104

104

99

100

109

99

102

100

120

89

120

112

98
	88

102

75

98

108

92

115

98

103

99

100

109

94

100

100

120

84

120

111

97
	0.96

0.96

0.93

0.90

0.91

0.91

1.0

0.90

0.93

095

0.88

0.86

0.85

0.89

0.85

0.87

0.84

0.9

0.84

0.87
	0.96

0.96

0.93

0.90

0.91

0.91

0.96

0.90

0.94

0.95

0.87

0.86

0.87

0.89

0.85

0.87

0.83

0.90

0.81

0.87
	147

185

152

165

156

172

139

131

148

140

168

148

182

143

149

151

168

141

158

162
	143

186

150

167

153

168

138

136

140

139

160

153

180

138

139

156

161

139

142

182
	176.3

235

167

229

183

193

201

173

170

236

233

174

210

243

188

205

210

164

216

258
	184

230

168

234

178

198

197

178

168

243

213

184

222

231

160

211

218

168

218

242


SELECTION OF DIABETIC SUBJECTS (N=100)


AGE (45-65 YEARS)





COLLECTION OF DETAILS ON BACKGROUND INFORMATION, DIETARY HABITS, HISTORY OF DIABETES AND LIFESTYLE PATTERN 





ASSESSMENT OF NUTRITIONAL STATUS





BIOCHEMICAL ASSESSMENTS 


(Fasting and post prandial blood glucose level)








DIETARY SURVEY





ANTHROPOMETRIC MEASUREMENTS


(Height, weight, BMI and WHR)





SUPPLEMENTATION STUDY





CONTROL GROUP 


(N = 20)





EXPERIMENTAL GROUP (N = 20)





NO SUPPLEMENTATION





HERBAL SUPPLEMENTATION


(1g of Thulsi (Ocimum sanctum) powder + 1g of Vilvai (Aegle marmelos) powder combination daily in empty stomach for 3 months)





PARAMETERS USED TO ASSESS THE EFFECT OF SUPPLEMENTATION BEFORE AND AFTER 


(BMI, WHR and fasting and post prandial blood glucose levels)
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