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Abstract 
Diabetes Mellitus is a common health problem across the globe. It is a lifestyle disease leading to 
Chronic Non Communicable Disease. India’s prevalence to suffer from diabetes is next to China. 
Gradually diabetes can give impairment in the heart, blood vessels, eyes, kidneys and nerves. It is the 
considerable cause leading to premature mortality. Diabetes gives a large health burden across the globe. 
This research article explores diabetes mellitus in terms of current status of Diabetes Mellitus in North 
East India, strategies for prevention and management interventions of Diabetes Mellitus. Mean Lipid 
profile, FBS and anthropometric parameters of selected pre-diabetic subjects were also tested for 
significance at 5 % level. Pre and post data were collected for both experimental and control group. The 
result showed that Body mass index and waist hip ratio were statistically significant at 5 % level of 
significance. Biochemical parameters were also found to be significant at 5 % level of significance. 
 
Keywords: Diabetes Mellitus, North east, lipid profile, anthropometric measurements 

 
Introduction 
Diabetes mellitus is a metabolic disorder having multiple causation factors. It is signalised by 
chronic hyperglycemia accompanied by interference of carbohydrate, fat and protein 
metabolism. Diabetes is the condition in which the body either doesn't make enough insulin or 
unable to use insulin or both. A hormone called insulin is produce in an organ pancreas that 
lies near the stomach. Insulin aids glucose to get into the cells of our bodies (CDC). 
Diabetes is a combination of heterogeneous disorders commonly presenting with episodes of 
hyperglycaemia and glucose intolerance (Sicree et al., 2006) [34]. The chronic hyperglycaemia 
of diabetes is accompanied by long-term impairment, abnormal functioning, and failure of 
different organs, particularly the eyes, kidneys, nerves, heart, and blood vessels (American 
Diabetes Association 2010) [37]. 
Long-term complications of diabetes include retinopathy with potential loss of vision, 
nephropathy giving rise to renal failure; peripheral neuropathy with probable risk to foot 
ulcers, amputations, and Charcot joints; and autonomic neuropathy causing gastrointestinal, 
genitourinary, and cardiovascular symptoms and sexual dysfunction. Its symptoms include 
weight loss, blurry vision, frequent urination, increased thirst and hunger (Diabetes Care, 
2009) [11]. 
 
Prevalence 
The prevalence of diabetes globally in 2019 is estimated to be 9.3% which is 463 million 
people, by 2030 it would be rising to 578 million i.e, 10.2% and 10.9% which is 700 million 
by 2045. The prevalence is higher in urban (10.8%) than rural (7.2%) areas, and in high-
income (10.4%) than low-income countries (4.0%) (International Diabetes Federation 
Diabetes, 2019) [29]. 
The overall prevalence of diabetes in all 15 states of India was 7·3% (95% CI 7·0–7·5). The 
prevalence of diabetes varied from 4·3% in Bihar (95% CI 3·7–5·0) to 10·0% (8·7–11·2) in 
Punjab and was higher in urban areas (11·2%, 10·6–11·8) than in rural areas (5·2%, 4·9–5·4; 
p<0·0001) and higher in mainland states (8·3%, 7·9–8·7) than in the northeast (5·9%, 5·5–
6·2; p<0·0001) (Ranjit et al., 2017) [30] Age, male sex, obesity, hypertension, and family 
history of diabetes were independent risk factors for diabetes in both urban and rural areas 
Population based cross-sectional study was conducted in Nursing School in Yingkion in Upper 
Siang district of Arunachal Pradesh and diabetes mellitus was observed among 19.78% of the 
participants with additional 12.04% patients with impaired glucose tolerance (IGT). Diabetes 
mellitus was most prevalent among 50-59 years age group (32.10%) (Jaman and Borang, 
2014) [17].
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Study was conducted among selected sub groups of the major 

tribal population comprising the Khasi and Jaintia community 

of the State of Meghalaya. The result from the random survey 

indicate that the average prevalence amongst the urban tribal 

Khasi and Jaintia population of the State was 9.89% and 

12.5% respectively. Further, the prevalence was found to be 

higher for the age group above 40 years, constituting more 

than 80 % of the total diabetic population (Syiem et al. 2012) 
[9]. According to NFHS-5 in West Garo Hills, Women who 

have high risk waist-to-hip ratio (≥0.85) (%) is 74.0 % and 

Women who are overweight or obese (BMI ≥25.0 kg/m2) is 

7.2 %. Blood sugar level - high or very high (>140 mg/dl) or 

taking medicine to control blood sugar level23 (%) is 12.1 % 

for women, Blood sugar level - high or very high (>140 

mg/dl) or taking medicine to control blood sugar level is 

24.7(%) for men (NFHS-5). 

A cross-sectional hospital-based study was conducted at Tura 

Civil Hospital, Meghalaya in the Out Patient Department 

(OPD) for Non-Communicable Disease (NCD) for a period of 

2 months. A total of 100 outpatients were randomly selected 

and data were collected by interview method using a pre-

designed and pre structured questionnaire. The results showed 

that the prevalence of Diabetes was very high, with the 

incidence of Diabetes higher in the age group of fifty to sixty 

years (44%), with more males (64%) suffering from Diabetes 

than females (36%). In comparison to the rural area, the urban 

area had a higher percentage (55%) suffering from Diabetes. 

Non vegetarians (88%) and patients who lived a sedentary 

lifestyle (73%). (Marak, Momin & Sharma, 2018) [28]. 

 

Strategies for Prevention and Management of Diabetes 

Strategies for prevention and management of diabetes would 

include implementing combined diet and physical activity 

promotion programs to prevent type 2 diabetes for people at 

increased risk. (Tuomileto J et al, 2001) [23]. Counseling, 

coaching, or a combination of both could be incorporated 

(ADCES, 2020 & Ruey-Yu Chen et al) [31]. 

 Engage community health workers in diabetes prevention 

programs to improve glycemic control and weight-related 

outcomes for people at increased risk for type 2 diabetes 

(ADA, 2015) [1]. 

 Develop intensive lifestyle interventions for patients with 

type 2 diabetes to improve glycemic control and support 

dietary modification, regular physical activity, and weight 

management (ADA, 2017 & Uusitupa, et al. 2019).  

 Develop team-base care interventions to help patients 

manage type 2 diabetes and improve blood glucose, 

blood pressure, and lipid levels. Intensive lifestyle 

interventions: Dietary components may include tailored 

advice, and physical activity components may include 

structured and personalized guidance or supervised 

exercise training. Programs may have weight loss goals 

or include additional components related to weight loss 

or maintenance (ADA, Diabetes Care) 

 

Type 2 diabetes can often be prevented by 

 Eating smaller portions and healthy foods can help 

prevent or delay diabetes diagnoses (NIDDK, 2016) [12] 

 Physical activity can help control blood glucose levels, 

weight, and blood pressure, as well as raise “good” 

cholesterol and lower “bad” cholesterol. (H. Kahleova) 

 Losing just a small amount of weight (between 5 and 7 

percent of total body weight) can prevent or delay type 2 

diabetes for those who are at high risk for the disease 

(Wilding, 2014) [22] 

 Combined diet and physical activity promotion programs 

are effective in reducing new-onset diabetes. It also 

improve diabetes and cardiovascular disease risk factors, 

including overweight, high blood glucose, and high blood 

pressure. They are designed to prevent type 2 diabetes 

among people who are at increased risk for the disease. 

Diet and physical activity programs actively encourage 

people to improve their diet and increase their physical 

activity. (Balk et al, 2015) [16]. 

 Team-based care is a health systems-level, organizational 

intervention that allots a multidisciplinary team to assist 

patients manages type 2 diabetes. Each team includes the 

patient, the patient’s primary care provider, and health 

professionals. They assist patients for medical tests, use 

medications to manage risk factors, adhere to treatment, 

and make healthy behaviour and lifestyle alternatives 

(Community Guide, 2016) [13]. 

 Interventions engaging community health workers for 

diabetes prevention improves blood sugar control and 

weight-related outcomes for people at risk for type 2 

diabetes. Community health workers are frontline public 

health workers who serve as a bridge between 

underserved communities and healthcare systems. 

Programs may include education about diabetes 

prevention and lifestyle changes, or counselling for 

people at higher risk for diabetes (Community Guide, 

2020) [14].  

 Intensive lifestyle interventions help type 2 diabetes 

patients improve glycemic control and reduce risk factors 

for cardiovascular disease. Patients with type 2 diabetes 

get counselling and support to change their diet or level 

of physical activity. Programs provide ongoing 

counselling, coaching, or individualized guidance on 

dietary modifications, regular exercise, or both. (Diabetes 

Care, 2017) [25]. 

 

Management of Noninsulin-Dependent Diabetes Mellitus  

Basic principles  

 Precise diagnosis is crucial. Therefore priority should be 

on using appropriate diagnostic criteria. 

 Treatment should also consider on the correction of any 

related CVD risk factors such as smoking, 

hyperlipidemias, and obesity and keeping track of blood 

pressure and treatment of hypertension. 

 Personal care is crucial. Knowledge about diabetes is the 

base for management of diabetes. In lack of education the 

desired therapy targets will be difficult to achieve. Active 

participation of the patient is to be encourage and enabled 

in managing and monitoring the condition. 

 Good control is essential. Self-monitoring enhance the 

quality and safety of therapy. 

 The health care system should ensure that people with 

diabetes have access to the basic requirements essential to 

practise self-care.  

 Record-keeping is important and a basic requirement for 

the management and follow-up of diabetes patient. 

(WHO, Management of Diabetes Mellitus, 1994) 

 

General objectives of diabetes management  

 To relieve symptoms  

 To correct associated health problems and to reduce 

morbidity and mortality  

 To prevent possible acute and long-term complications 
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and to provide timely intervention 

 To improve the quality of life and productivity of the 

individual with diabetes (WHO, Management of Diabetes 

Mellitus, 1994) 

 

Basic educational requirements  

The person with diabetes should acquire adequate knowledge 

and skills in the following:  

 individual therapy targets  

 individual nutritional requirements and meal planning  

 type and extent of exercise and physical activity  

 Interaction of food intake and physical activity with oral 

hypoglycaemic drugs/insulin  

 Improvements in lifestyle, for example harmful effects of 

smoking, obesity and alcohol intake (Uusitupa et al, 

2019) 

 Self-monitoring and significance of results and actions to 

be taken 

 how to cope with emergencies (illness, hypoglycaemia)  

 how to avoid complications and detect them at an early 

stage, e.g. how to take care of the feet. (WHO, 

Management of Diabetes Mellitus,1994) 

 

Dietary treatment should aim at 

 ensuring weight control, providing nutritional 

requirements  

 allowing good glycaemic control with blood glucose 

levels as close to normal as possible 

 correcting any associated blood lipid abnormalities 

 ensuring consistency and compatibility with other forms 

of treatment if used, for example oral agents or insulin. 

(WHO, Management of Diabetes Mellitus,1994) 

 The following principles are recommended as dietary 

guidelines for people with diabetes:  

 Dietary fat should provide 25-35% of total intake of 

calories but saturated fat intake should not exceed 10% of 

total energy. Cholesterol consumption should be 

restricted and limited to 300 mg or less daily. 

 Protein intake can range between 10-15% total energy 

(0.8-1 g/kg of desirable body weight). (Gosby et.al, 

2011) [19] Requirements increase for children and during 

pregnancy. Protein from both animal and vegetable 

sources should be derived. Carbohydrates provide 50-

60% of total caloric content of the diet. Although it has 

been traditionally recommended that carbohydrates 

should be complex and high in fibre, more emphasis 

should be placed on the total amount of carbohydrates 

consumed than the source of carbohydrate.  

 Excessive salt intake is to be avoided. It should be 

particularly restricted in people with hypertension and 

those with nephropathy (Horikawa and sone, 2017). 

 Artificial sweeteners sorbital and fructose are to be used 

in moderation as it has a potential detrimental impact on 

body weight, insulin sensitivity, and blood lipids. 

(Johnson et al., 2009; Stanhope et al., 2009) 

 The same precautions regarding alcohol intake that apply 

to the non diabetic population also apply to people with 

diabetes. Additionally, however, alcohol tends to increase 

the risk of hypoglycemia in those taking antidiabetic 

drugs and should be particularly avoided in those with 

lipid abnormalities and patients with neuropathy.  

 Except in special conditions like pregnancy and lactation, 

routine vitamin and mineral supplementation is generally 

not needed in people with a well balanced diet. There is, 

at present, no definite evidence to confirm that such 

treatment has any benefits. (WHO, Management of 

Diabetes Mellitus,1994) 

 

Meal planning 

 Assessment of dietary intake and individual needs of 

those with diabetes should be made as part of the initial 

management. Under optimal circumstances, this task is 

the responsibility of an experienced dietician, in 

consultation with the treating physician. However, after 

appropriate training the physician and the nurse can take 

on this responsibility in places where dietitians are not 

available. Meals and food intake should be planned in 

relation to economic factors and local circumstances 

concerning availability and cultural and social values. 

Special consideration should be given to meal planning 

during the month of Ramadan. 

 Meals should be evenly distributed throughout the day. 

Consistency of food timing and energy intake from day to 

day should be emphasized, especially by those taking 

insulin. Exercise Physical activity promotes weight 

reduction and improves insulin sensitivity, thus lowering 

blood glucose levels. Together with dietary treatment, a 

programme of regular physical activity and exercise 

should be considered for each person. Such a programme 

must be tailored to the individual’s health status and 

fitness. People should, however, be educated about the 

potential risk of hypoglycaemia and how to avoid it. 

(Russell et al., 2016 & WHO, Management of Diabetes 

Mellitus, 1994) [26]. 

 

Management of Insulin-Dependent Diabetes Mellitus 

(IDDM)  

Emphasis should be placed on 

 empowering the person with diabetes to take an active 

part in the management and monitoring of his/her 

condition;  

 ensuring accessibility to the minimum standards of 

diabetes care, especially insulin and facilities for self-care 

and observation 

 providing adequate education of the person with diabetes 

and family concerning all aspects of management 

 developing an organized system of health care and 

regular follow-up with recordkeeping in all cases 

 providing adequate time for the health care consultation 

and easy and immediate access to medical advice in 

emergency situations; and  

 ensuring regular review of self-management skills, 

particularly those required for insulin injection; regular 

enquiry on the occurrence of potential side effects of 

therapy and inspection of injection sites for local 

complications. (WHO, Management of Diabetes 

Mellitus, 1994) [26]. 

 

Dietary therapy  
Dietary therapy should be directed to match food intake with 

insulin therapy to keep away from uncontrolled swings in 

blood glucose levels and avoid hypoglycaemia. (Russell et al., 

2016, WHO, Management of Diabetes Mellitus, 1994) [26]. 

 

Meal planning should receive adequate emphasis in IDDM  

 Food intake to meet the requirements for normal growth 

and development.  

 Calories to be distributed into main meals and regular 
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snacks, taking into consideration local circumstances and 

the type of insulin therapy. It can be of three main meals 

with snacks in between and at bedtime, frequency and 

energy content of the snacks depends on the treatment 

and calorie requirements. 

 People with diabetes needs to trained to adjust their 

calorie intake and insulin according to self-monitoring 

results and adjust it with physical exercise. Additional 

carbohydrate intake is required to prevent hypoglycaemia 

which may result from prolonged or unaccustomed 

physical activity (WHO, Management of Diabetes 

Mellitus, 1994) [26]. 

Materials and Methods 

Pre diabetic subjects of statistically significant number were 

selected randomly for both experimental and control group. 

Criteria for excluding the subjects were hypothyroidism or 

hyperthyroidism, renal, cardiac or GIT disturbance.  

Written consent was taken from the subjects prior to conduct 

the study. Institutional Ethical clearance was also taken for 

project work. Feeding trial was done with developed mixes 

for three months. Pre post assessment was done for 

anthropometric and biochemical parameters of the selected 

subjects. 

 
Table 1: Mean and SD Table for Lipid profile, FBS and anthropometric parameters of selected pre-diabetic subjects 

 

Parameter 

Experimental (n=30)  Control (n=30) 

Pre post T value Pre post T value 

Mean/SD Mean/SD  Mean/SD Mean/SD  

Total Cholesterol (mg/dl) 165.97/16.87 159.70/16.96 6.20ns 110.80/12.79 109.30/12.66 0.01 

Triglycerides (mg/dl) 88.63/12.91 85.10/12.14 2.41ns 78.97/6.65 79.13/7.00 0.46 

High Density Lipoprotein (mg/dl) 49.87/4.19 49.67/4.01 0.08* 48.73/3.93 49.87/4.29 0.01 

Low Density Lipoprotein (mg/dl) 98.37/18.53 98.37/18.53 0.5* 46.27/13.79 46.32/13.72 0.20 

Very Low-Density Lipoprotein (mg/dl) 17.73/2.58 17.02//2.43 0.27* 15.79/1.33 15.79/1.33 1 

Total Cholesterol/High Density Lipoprotein 3.11/0.55 3.25/0.51 0.33* 2.29/0.33 2.21/0.33 0.34 

Low Density Lipoprotein/High Density Lipoprotein 2.00/0.49 2.01/ 0.49 0.95* 0.96/0.32 0.94/0.31 0.80 

Random BloodSugar (mg / dl) 98.33/8.25 95.90/8.63 0.26* 99.33/10.50 99.33/10.50 1 

HbA1C Glycated haemoglobin 5.96/ 0.24 5.76/0.24 1.64* 6.03/0.24 6.04/0.23 0.57 

Heamoglobin 11.15/0.88 11.44/0.88 0.20 11.44/0.77 11.44/0.77 1 

Height(m) 1.55/0.05 - 1 1.56/0.04  1 

Weight(kg) 58.22/4.07 57.00/3.87 4.06ns 53.07/4.40 53.23/4.26 0.25 

Body Mass Index 24.13/0.82 23.62/0.75 1.35* 21.91/1.56 21.98/1.46 0.28 

Waist Circumference(cm) 79.30/6.32 77.70/6.47 2.64ns 75.30/6.32 75.27/6.29 0.32 

Hip Circumference(cm) 97.67/8.46 97.70/8.48 0.98* 94.67/8.46 94.67/8.46 1 

Waist Hip Ratio 0.81/0.03 0.80/0.02 0.01* 0.80/0.03 0.80/0.03 0.95 

 

 
 

Fig 1: Anthropometric parameters of selected experimental and control pre-diabetic subjects shown as bar diagram. 
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Fig 2: Lipid profile, RBS, Heamoglobin and HbA1C of selected experimental and control pre-diabetic subjects shown as bar diag 

 

Discussion 

In this study 60 pre diabetic subjects were evaluated. Mean 

HbA1C was 5.96 g/dl in experimental group and 6.03 g/dl in 

control group. According to American Diabetes Association, 

2011& 2014 [2, 3], HbA1c range of non diabetes falls between 

4.0%–5.6%. While the pre-diabetes usually has HbA1c levels 

as 5.7%–6.4%, and those with 6.4% or higher HbA1c levels 

have diabetes.  

Several previous studies have observed that BMI, waist 

circumference was a good predictor of pre-diabetes (Pandey 

U.et al. 2017, and Vineetha K. et al.,2018) [38, 40]. Results in 

this study however have shown that BMI were in somehow 

nearer to normal range in Pre-Diabetes i.e. mean BMI 24.13 

in experimental group and 21.91 mean BMI in control group 

at Pre-test. Similarly in other studies too, it has indicated that 

Asian subjects are at risk to diabetes and cardiovascular 

diseases even at lower levels of BMI when compared with the 

white population (Mckeigue PM et al. 1991 and Enas. E.A. et 

al,1992) [21, 15]. This can be attributed to body fat distribution; 

Asian Indians tend to have more visceral adipose tissue, 

causing higher insulin resistance, despite having lean BMI 

(Chandalia M et al.,1999 and Banerji, 1999.) [7, 4].  

In this study it was found that triglyceride (TG) levels were 

normal i.e. mean TG value 88.63 mg/dl for experimental and 

mean 78.97 g/dl for control in pre test and after feeding trials 

mean TG value was reduced to 85.10 g/dl in experimental 

group. HDL mean value in experimental group was 49.87 g/dl 

and 48.73g/dl in control group at Pre-test. During Post test, 

after feeding trials mean HDL value was reduced to 49.67g/dl 

in experimental group. 

According to study conducted by Vineetha K.et al.,2018 [40], 

waist circumference was one of the most predictive measure. 

However, contrary to this finding as all subjects of this study 

was farm women of hilly region mean waist circumference 

and mean waist hip ratio is falling in normal category i.e. 

79.30 and 0.81 respectively. Waist hip ratio has weakest 

correlation as in study done by Jerzy, 2003 and waist 

circumference showed strongest correlation. Another study 

conducted by Silke et.al, 2010 [35] there was positive 

association between waist circumference and risk of diabetes 

in persons with lower BMI. Findings of this study can be 

justified on the basis of their food consumption pattern. A 

study conducted by IIPS University in Mumbai reported that 

Natives of Indian states where a non-vegetarian diet is 

common are more likely to be living with diabetes. A 74 % 

state level correlation between diabetes prevalence and 

consumption of meat, fish and eggs was reported. In another 

published peer reviewed Kerela and West Bengal were the 

states with the highest calorie consumption of non-vegetarian 

food groups found higher prevalence of diabetes (Quartz 

India, 2019) [42]. 

In this study the difference between mean pre and post 

intervention in experimental group was found significant for 

Body mass index, waist hip ratio, High Density Lipoprotein 

Low Density Lipo protein, Very Low-Density Lipoprotein, 

Random Blood sugar and HbA1C Glycated haemoglobin at 5 

percent level of significance. 

 

Conclusion 

Diabetes mellitus is a growing health problem in the world 

that causes severe morbidity and mortality. The above review 

has given the information about diabetes, its prevalence, 

strategies for prevention and management. High fibre mixes 

have shown positive impact on health management. 
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