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INTRODUCTION AND JUSTIFICATION 

Non communicable diseases have replaced communicable diseases as the leading 

cause of global morbidity and mortality. With industrialization and economic 

growth, health problems and mortality patterns faced by the countries also are 

changing from predominantly infectious diseases and nutritional disorders to that of 

non-communicable disease. While developed countries are struggling with non-

communicable diseases which are lifestyle dependent, developing countries on the 

other hand are fighting with infectious diseases, nutritional disorders and maternal 

and child health issues. India is facing the dual burden of fighting both infectious 

diseases and non-communicable diseases(NCD) together (1–3). 

Globally the morbidity and mortality caused by non-communicable diseases has 

been steadily increasing over the past few decades. NCDs are causing more deaths 

than all other causes combined together. According to world health statistics 2016, 

in the year 2012 alone, non-communicable deaths accounted for about two third of 

total deaths and South East Asia region is the worst affected (3). Nearly one third of 

all deaths and majority of premature deaths had occurred in low and middle income 

countries. Cardio vascular diseases, cancer, diabetes, and chronic respiratory 

diseases are the major causes of (about 82%) NCD deaths. Globally cardiovascular 

disease accounts for nearly one third of the total deaths annually(2,4,5).  

According to the report on cause of death for the year 2001-2003 by Registrar 

general of India, non-communicable diseases are the leading cause of death in India 
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and they are responsible for about 42% of all deaths(6). According to global status 

report on NCDs, in the year 2012 alone, non-communicable diseases led by 

cardiovascular diseases accounted for 60 % of all causes of mortality. 

Cardiovascular diseases accounted for 45% of all NCD deaths followed by chronic 

respiratory disease (22 %), cancers (12 %) and diabetes (3%) (2). 

Increasing prevalence of cardiovascular diseases and their risk factors is a global 

phenomenon. Low and middle income countries are affected the most (2). Global 

prevalence of diabetes is steadily increasing over the past 30 years from 4.7% in 

1980 to 8.6 % in 2014 (7).Globally India is ranked second in terms of burden of 

diabetes mellitus and is projected to become diabetes capital in 2040.According to 

International diabetes federation  prevalence of diabetes in India is 

9.1%(2014)(8).Global prevalence of hypertension is about 40% and 23% of Indians 

are having raised blood pressure (2,9).Global prevalence of high cholesterol is 39% 

and high cholesterol among Indians is ranging from 13.9% to 31.7%(10–12).Global 

prevalence of metabolic syndrome is varying from estimated 10% to 80% depends 

upon various definitions and the prevalence among Indians is varying from 18-

26%(13–16).  

Recent studies have shown that the prevalence of almost all the cardiovascular risk 

factors in India are showing rising trend and have doubled over the past few 

decades(17). Recent years witnessed increasing prevalence of hypertension, 

diabetes mellitus, dyslipidaemia, metabolic syndrome, obesity, insufficient physical 

activity, tobacco use and alcohol use among tribal population(18–22). Economic 

development, acculturation, changing dietary patterns, migration, education, change 
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in physical activity, change in behavioral risk factors like more tobacco and alcohol 

use are the possible factors blamed for the recent  increase in non-communicable 

diseases burden among tribal population (22). 

World health organization has developed global action plan to prevent and control 

non communicable diseases by 2020 based on sustainable development goals. 

Global targets for NCDs to be achieved by 2020 have been developed(4). 

Government of India has launched National programme for prevention and control 

of diabetes, cardiovascular diseases and stroke to fight against non-communicable 

diseases(23). 

It is evident from north Karelia project in Finland that if the population risk factors 

like cholesterol, diabetes, hypertension and behavioral risk factors were reduced, the 

overall mortality due to cardiovascular diseases can be reduced. Evidences from 

various interventions indicates that adopting healthy lifestyle, early detection and 

treatment of risk factors, policy changes to reduce the behavioral risk factors are the 

proven interventions that can impact the pattern of  CVD morbidity and mortality in 

the community(2–4,7,24). 

Though plenty of studies are available regarding cardiovascular risk factors and 

their prevalence in India, studies among tribal populations are very limited. This 

study aims to estimate the prevalence of cardiovascular risk factors like diabetes 

mellitus, hypertension, dyslipidaemia, metabolic syndrome and factors associated 

with them among the tribal population of Jawadhu hills in Tamil Nadu. It will serve 

as a useful resource for future health planning in Jawadhu hills in Tamil Nadu. 
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OBJECTIVES 

 

1. To estimate the prevalence of diabetes mellitus, hypertension and dyslipidaemia 

and metabolic syndrome among the population aged 30 to 60 years in Jawadhu 

hills, Tamil Nadu. 

2. To measure the factors associated with diabetes mellitus, hypertension and 

dyslipidaemia and metabolic syndrome among the population aged 30 to 60 years in 

Jawadhu hills, Tamil Nadu. 
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LITERATURE REVIEW 

3.1 Non-communicable diseases 

3.1.1   Introduction 

Non-communicable diseases (NCDs) are otherwise called as chronic diseases. They 

include cardiovascular diseases, cancer, diabetes mellitus, chronic respiratory 

diseases and psychiatric conditions. Cardiovascular diseases, cancer, diabetes and 

chronic respiratory diseases are the major non-communicable diseases causing more 

than 80 percent of global disease morbidity and mortality. Cardiovascular diseases 

are the leading cause of global mortality and morbidity (2). 

 Cardiovascular diseases are a group of disorders affecting heart and blood vessels. 

They include coronary heart diseases, rheumatic heart diseases, peripheral vascular 

diseases, stroke, congenital heart diseases and pulmonary embolism. Risk factors 

can be modifiable or non-modifiable. Non modifiable risk factors include age, sex, 

ethnicity, and family history of heart disease. Modifiable risk factors include 

behavioral risk factors and metabolic risk factors.  

Modifiable behavioral risk factors: 

Tobacco use, physical inactivity, harmful use of alcohol and unhealthy diet are the 

modifiable risk factors for cardiovascular diseases. 

Metabolic risk factors: 

Raised blood pressure, overweight/obesity, hyperglycemia (high blood glucose 

levels) and raised lipid levels are the metabolic risk factors and are caused in part by 
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the behavioral risk factors(9,25,26). Risk factors of cardio vascular diseases are 

shown in figure 3.1.   

FIG.3.1 Risk factors of cardiovascular diseases 
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increase in fertility (India). With economic development and population control, 

health problems faced by the countries also change from predominantly infectious 

diseases oriented to that of non-communicable diseases(27). 

Developing countries are still grappling with infectious diseases because of 

traditional risk factors like poor sanitation and hygiene, unsafe water, inadequate 

nutrition and unsafe sex which are associated with poverty. On the other hand 

developed countries are facing the burden of non-communicable diseases because 

of modern risk factors which are lifestyle related(1,12,28). 

Yusuf et al have described the cardiovascular model of disease transition theory in 5 

stages(29). First stage: In this early development stage, rheumatic heart diseases and 

nutritional cardiomyopathies are the common cardiovascular morbidities 

encountered (Sub Saharan African countries). 

Second stage: This is characterized by hypertensive heart diseases and hemorrhagic 

stroke (China and most of the Asian countries).  

Third stage:  Atherosclerotic cardiovascular diseases like ischemic heart diseases 

and athero thrombotic stroke are the leading cause for mortality, especially causing 

early deaths before 50 years of age (Urban India, Latin American countries).  

Fourth stage: 

 In the fourth stage, because of more effective methods of diagnosis, treatment and 

prevention of CHD and stroke, premature deaths due to these diseases are prevented 

and life expectancy is increased (Western Europe, North America). 



8 
 

Fifth stage: 

 In situations of natural calamities and war, there may be down trending of the 

existing health and social structures, leading to a condition similar to earlier stages 

(Russia) (29).   

Unfortunately, India is facing the dual burden of combating all these issues 

together, with urban India is witnessing more cardio vascular morbidity and 

mortality and rural India is still battling against nutritional diseases, infectious 

diseases. Rapid economic growth, increasing life expectancy (68.3 percent in 

2015)(2) and increasing urbanization (nearly 32 percent are living in urban areas) 

have attributed to this transition(5,29). 

3.1.2Burden of non-communicable diseases: 

a) Global burden of NCDs 

Ever increasing burden of non-communicable diseases and their adverse social and 

financial impacts are posing a real threat to the modern world especially developing 

countries. Globally high blood pressure, tobacco use, high blood glucose, 

insufficient physical activity, and obesity are the leading risks for mortality. 

Insufficient physical activity, unhealthy dietary habits, alcohol and smoking are the 

four behavioral risk factors contributing significantly to NCD burden(3,30). 

NCDs are causing more deaths than all other causes combined. According to the 

world health statistics 2016 (WHO), in the year 2012 alone, non-communicable 

deaths accounted for about 68 percent of total deaths and South East Asia region is 
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the worst affected. Nearly 28 million deaths and 82  percent of premature deaths 

had occurred in low and middle income countries.Out of 56 million total deaths 

reported in that year,38 million deaths were due to non-communicable diseases 

(NCD)(30). Ischemic heart disease and stroke were among the top ten causes for 

burden of diseases in 2004(31). It is projected that annual deaths caused by non-

communicable diseases will go up to 55 million (75 percent all deaths) by the year 

2030.It is expected that ischemic heart disease, stroke, chronic obstructive 

pulmonary disease and lower respiratory infections will be the top four causes of 

deaths by 2030(3). 

Cardio vascular diseases, cancer, diabetes, and chronic respiratory diseases 

accounted for 82 percent of total NCD deaths in the year 2012 alone. Cardio 

vascular diseases accounted for about 52 percent of premature deaths (death before 

70 years) and 42 percent of all deaths due to NCDs.Globally cardiovascular disease 

accounts for approximately 17.5 million deaths a year (nearly one third of the total 

deaths), followed by cancers (8.2 million), respiratory diseases (4 million), and 

diabetes (1.5 million).Nearly 80 percent of cardio vascular deaths are occurring in 

low and middle income countries. Cardiovascular deaths are expected to increase 

from 17.1 million in 2004 to 23.4 million in 2030.It is worth to note that most of the 

deaths are expected in low and middle income countries and majority of them could 

be prevented(3,9,30). 

High blood pressure, high blood glucose, high cholesterol, low physical activity, 

inadequate intake of fruits and vegetables and obesity together are responsible for 

57 percent of all NCD deaths,19 percent of global mortality and 7 percent of global 
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DALYs. Raised blood pressure is the leading risk factor  responsible for global 

mortality and responsible for 12.8 percent of all deaths(3). 

b) Burden of NCDs in India 

India is one of the fastest growing economies and 7
th

 largest economy in the world 

in terms of Gross domestic product (GDP). After the year 2000, Indian economy is 

growing rampantly at around 7-8 percent every year(32). Like economic growth, 

health status of our country is also characterized by gross inequalities between 

different regions and states(33).According to the report on cause of death for the 

year 2001-2003 by Registrar General of India, NCDs are the leading cause of death 

in India and they are responsible for about 42 percent of all deaths. Cardiovascular 

diseases causes two million deaths annually and are  the single largest cause of 

deaths in men (20.3 percent) as well as women (16.9 percent)(6). The WHO has 

predicted that Disability adjusted years (DALYs) lost due to coronary heart disease 

(CHD) will double between the years 2000 to 2020(from 7.7 from and 5.5 million 

for men and women respectively). According to global status report on NCDs, in 

the year 2012 alone, non-communicable diseases led by cardiovascular diseases 

caused 5.87 million deaths and accounted for 60 percent of all causes of mortality. 

Cardiovascular diseases accounted for 45 percent of all NCD deaths followed by 

chronic respiratory disease (22 percent), cancers (12 percent) and diabetes (3 

percent).Probability of dying prematurely due to any of the non-communicable 

diseases is 26.2 percent (2012)(12). 
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c) Burden of NCDs in tribal areas in India 

According to Census 2011, the tribal population constitutes 8.6 percent of the total 

population and roughly 10.4 crores. Scheduled tribe population in Tamil Nadu 

constitutes less than 5 percent of the total population(34).Health problems of tribal 

population are multiple, ranging from maternal and child health, nutritional 

problems, communicable and non-communicable diseases. Recent years have 

witnessed increased prevalence of cardiovascular risk factors like diabetes, 

hypertension, dyslipidaemia, metabolic syndrome (18,21,22,35–38). Increased 

prevalence of  behavioral and metabolic risk factors like tobacco use, alcohol use, 

insufficient physical activity, low intake of fruits and vegetables and obesity have 

also been reported among tribal populations (19,21,22,39). 

3.1.3Economic burden of non-communicable diseases: 

Economic impact of non-communicable diseases is huge especially in low and 

middle income countries. Even though high income countries are sharing the 

maximum disease burden, low and middle income countries are affected most in 

terms of mortality and economic loss. It is projected that over the period of 2011-

2025, the cumulative lost output in low- and middle-income countries caused by 

non-communicable diseases will be around US $ 7.28 trillion. Cardiovascular 

diseases including hypertension accounts for nearly half of the cost(40). 

 Non-communicable diseases constitute significant economic burden in India. Many 

lower middle class families are pushed below the poverty line because of 

unexpected huge hospitalization expenses due to NCDs. In 2004, Indians spent 
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nearly INR 846 billion out of pocket on health care expenses(3.3 percent of 

GDP)(41). NCDs accounted for 40 percent of all hospital stays and 35 percent of all 

outpatient visits in that year. More than 50 percent of the household expenses go 

towards purchasing of medicines, diagnostic tests. Health financing in India comes 

mainly from out of pocket expenditure from public (72 percent) with only 20 

percent from government contribution (41).  

It was estimated that annual income loss from NCDs amounted to one trillion 

rupees in the year 2004 alone. More than one-third of all income losses were due to 

CVD and hypertension. NCDs together accounted for about more than 643 billion 

rupees annual wage loss in the year 2004 alone, with diabetes, CVD and 

hypertension causing nearly 50 percent of the wage loss (42). By 2030, India will 

lose 17.9 million productive years due to non-communicable diseases(43) 

3.1.4 Strategies for non-communicable diseases: 

WHO has developed global action plan to prevent and control non- communicable 

diseases by 2020 based on sustainable development goals(4). Global targets for 

NCDs to be achieved by 2020 have been developed. Voluntary targets  have been  

adopted by all countries to be achieved by 2025.Cardio vascular diseases, cancer, 

diabetes and chronic respiratory diseases  are the top four diseases targeted for 

action(44). 

Government of India has planned to invest and give higher priority for NCDs in the 

12
th

five year plan(45). The National Programme for Prevention and Control of 

Diabetes, Cardiovascular diseases and Stroke was launched by the government of 
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India in the year 2007. NCD management is now integrated with public health 

system. Health promotive activities targeting behavioral risk factors among general 

population, schools and colleges; opportunistic screening and treatment for diabetes, 

hypertension, carcinoma breast and carcinoma cervix and capacity building at 

various levels are the main strategies of the programme (23). 

3.1.5 STEP wise approach: 

The WHO recommends a step-wise approach for surveillance of non-communicable 

risk factors. The STEPS includes the following sequential phases: collection of 

information on socio-demographic variables and behavioral risk factors (tobacco 

use, alcohol use, physical inactivity, diet and related factors) using a questionnaire 

(STEP 1); obtaining clinical measurements such as weight, height, waist 

circumference and blood pressure (STEP 2); acquiring biochemical measurements 

such as fasting blood glucose, serum total cholesterol, high density lipoprotein 

(HDL) cholesterol, blood glucose and triglycerides using fasting blood samples 

(STEP 3)(46,47). 

3.2 Diabetes mellitus 

3.2.1 Burden of diabetes mellitus: 

a) Global scenario: 

Worldwide, the number of people with diabetes mellitus is increasing steadily over 

the years. Diabetes mellitus is one of the top four non-communicable diseases that 

is targeted for action by world leaders(4). Globally fourfold rise of diabetes mellitus 
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has been documented over the past three decades. In 1980 the estimated diabetic 

population was 108 million and in 2014, it became 422 million. Wild et al estimated 

the global prevalence of diabetes in the year 2000 as  2.8 percent and projected that 

by the year 2030 it will reach 4.4 percent(48). Global prevalence of diabetes is 

increasing alarmingly and has crossed the projected value of 4.4 percent and 

reached 8.5 percent as early as 2014, well before 2030. According to global report 

on diabetes 2016 by WHO, globally about 422 million people are having diabetes 

mellitus and the global prevalence is 8.5 percent(7). About 80 percent of the 

diabetic people are living  in low and middle income countries (8). 

Globally 5 million people died of diabetes in the year 2015 which is more than the 

numbers of communicable diseases combined together. Cardiovascular diseases are 

the leading cause for death among diabetes population and nearly 50 percent of 

diabetics are dying due to cardio- vascular diseases. Diabetes accounts for 14 

percent of mortality among adults aged more than 18 years and nearly 50 percent of 

deaths due to diabetes are among those under 60 years. The health care delivery 

system also can get over-burdened because of diabetes. Globally about 673 billion 

US dollars were spent for diabetes in the year 2015 (8). 

b) Indian scenario: 

Diabetes mellitus is an important public health problem in India. India is ranked 

second next to China in the list of countries with the most number of diabetics for 

the year 2015.Wild et al estimated that 31 million had diabetes in India in the year 

2000 and projected that by 2030 India will have 79 million with diabetes, the 
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highest number globally (49). According to the International Diabetes Federation, 

India had about 69 million people with diabetes in the year 2015 and this number is 

expected to reach 123 million in the year 2040. There are around 36 million people 

with impaired glucoses tolerance in India (8).According to the WHO, 9.5 percent  

Indians have high blood glucose (12). As per government estimates prevalence of 

diabetes in India ranges from 5 percent to15 percent in urban areas, 4 percent to 6 

percent in semi urban areas and 2 to 5  percent in rural areas (45).   

There are numerous prevalence studies on diabetes mellitus especially in south 

India. Population studies across the country are reporting increasing trends of 

prevalence of diabetes over the last 20 years. There are some regional differences in 

prevalence of diabetes. Southern states are reporting higher prevalence whereas few 

northern and north eastern states are reporting lesser prevalence(50). 

The national urban diabetes survey was a multi-centric urban study by 

Ramachandran et al, done in six metropolitan cities in the year 2000, which reported 

the prevalence of diabetes as 12.1 percent and  impaired glucose tolerance as 14 

percent (122).Higher prevalence was noted in southern cities like Chennai (13.5 

percent), Hyderabad (16 percent) and lower prevalence in Mumbai (9.3 percent), 

rural Goa (10.3 percent) and Kashmir (4.3 percent).  

ICMR INDIAB study is a pan India community based cross sectional study by the 

Indian Council of Medical Research to provide nationwide estimate of prevalence 

of diabetes mellitus and NCD risk factors across the country. Phase I of the study 

was done between 2008 -2011 in three states (Tamil Nadu, Maharashtra, and 
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Jharkhand) and union territory of Chandigarh. According to preliminary reports of 

this study, prevalence rates of diabetes in Tamil Nadu, Maharashtra, Jharkhand and  

Chandigarh were 10.4 percent, 8.4 percent 5.3 percentand13.65 percent respectively 

and pre diabetes rates were 8.3 percent,12.8 percent,8.1 percent and 14.6 percent 

respectively (52). 

National non-communicable diseases (NCD) risk factor surveillance was conducted 

by ICMR in 2003-2006 in different geographical locations (North, South, East, 

West/Central) in India and CVD risk factors were studied using modified WHO 

STEPS approach. Prevalence of self-reported diabetes was highest in Trivandrum, 

Kerala (9.2 percent), followed by Chennai, Tamil Nadu (6.4 percent), Delhi (6.0 

percent), Ballabgarh in Uttar Pradesh (2.7%), Dibrugargh in Assam (2.4 percent) 

and the lowest was observed in Nagpur in central India (1.5 percent)(53).  

According to recent studies, Kerala is the state with highest prevalence of cardio 

vascular risk factors in India. The Eluru study which was done in rural south India 

in 1988 reported that prevalence of known diabetes (self-reported )was 6.1 percent 

among adults aged more than 40 years (54).A cross sectional study done in a small 

urban settlement in Kerala by Kitty et al  in the year 1999,showed a higher 

prevalence (16.3 percent) (55). Amrita diabetes and endocrine population 

survey(ADEPS) which was  done in urban Kerala revealed higher prevalence of 

diabetes(19.5 percent)(56).An ICMR NCD risk factor study done in Kerala in 2010 

showed a diabetes prevalence of 15 percent(57). 
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It is estimated that, from 1989 to 2006, over the last 16 years prevalence of diabetes 

in urban areas has increased 2.3 times from 8.2  percent to 18.6 percent and in rural 

areas 3.8 times from 2.4 to 9.2 percent in India (58).Prevalence of diabetes in India 

in the year 1999-2000 was 4.3 percent and prediabetes was 5.2 percent. In 2009-

2010 diabetes was 19.8  percent in rural and 11.1  percent in urban areas and 

prediabetes was 12  percent in rural areas and  13.25  in urban areas(59). 

a) Tamil Nadu scenario: 

Prevalence of diabetes and prediabetes in Tamil Nadu is rapidly increasing over the 

last 20 years. In 1988, Ramachandran et al studied the rural and urban difference of 

diabetes in south India among adults aged more than 20 years and reported more  

prevalence of diabetes mellitus in urban areas (8.2 percent) as compared to rural 

areas (2.4 percent)(60). A repeat cross sectional study done in the same area after 

five years(in 1994-95), revealed a rising trend of prevalence of diabetes mellitus 

with age standardized prevalence rising from 8.2 percent to 11.6 percent (61). 

Chennai urban population study (CUPS-19), a cohort study started in 1996 among 

two different urban settlements of Chennai revealed 12 percent prevalence of 

diabetes at the baseline. Those with normal blood sugar and pre-diabetics were 

followed up and incidence of diabetes after eight years was found to be 15.4  

percent or 20.2 per 1000 person years (62). 

The Chennai urban and rural epidemiology study (CURES) was done to in 2004 and 

26,001 persons aged more than 20 years from all the 10 zones of Chennai were 

included. According to this study Chennai had 14.3 percent of people with diabetes 
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and 10.2 percent of people had impaired glucose tolerance (IGT). Ramachandran et 

al reported that prevalence of diabetes in Chennai increased to 18.6 percent in 2006 

and in rural area it was 9.2 percent in1988(63). Between1988 and 2006 massive 

increase in prevalence of diabetes in both urban and rural areas of Tamil Nadu was 

documented (urban areas from 8.2  percent to 18.6 percent and rural areas from 2.4  

percent to 9.2 percent)(58). 

Oommen et al have also demonstrated the rising trend of diabetes mellitus in both 

urban and rural Vellore, Tamil Nadu. They compared the prevalence of diabetes 

between 1991-1994 and 2010-2012 by a repeat cross sectional study in the same 

area. Age adjusted prevalence of diabetes in rural Vellore had increased by three 

fold from 2.9 to 9.2 percent and from urban Vellore from 6.6 percent to 18.8 

percent. Prevalence of diabetes mellitus in rural Vellore among males and females 

was 10.1 percent and 8.4 percent respectively  and that of urban Vellore was 20.12 

percent and 17.7 percent respectively(64).  

d) Tribal scenario: 

Prevalence of diabetes among indigenous groups varies and it is high in some 

groups like New Zealand Maori, Greenland Inuit while it is low in some traditional 

populations like Orang Asli of Malaysia(7).Highest incidence of diabetes was 

reported among Pima Indians living in Arizona in United States of America (49). 

Prevalence of diabetes and prediabetes among tribal population of India is low 

when compared to the general population. Agrawal et al reported that 4.6 percent of 

the Raica community in Rajasthan has diabetes and it was absent among camel milk 
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consuming people from the same community in 2002 (65). A study done in  tribal 

population of Arunachal Pradesh in 2012 showed that the prevalence of diabetes 

was 8.3 percent and of  impaired glucose tolerance was 21.8 percent(66).A cross 

sectional study done by Kapoor et al in 2010 in Himachal Pradesh demonstrated 

that migration of traditional tribes into a urban community increases their cardio 

vascular risk factors. Prevalence of diabetes among urban tribals was 9.2 percent 

whereas among traditional tribes it was 6.7 percent (20).Zaman et al reported high 

prevalence of diabetes among tribal people of north east India where 19.8 percent of 

the people had diabetes with another 12 percent pre diabetes. (67). Radhakrishnan et 

al documented that around 5 percent of the tribal population of Yercaud hills in 

Tamil Nadu had diabetes and 7.5 percent of them had pre diabetes(68).According to 

a systematic review by Upadhyay RP et al the prevalence of diabetes in tribal India 

was 5.9 percent, ranging from 0.7 percent to 10.1 percent. Prevalence of impaired 

fasting glucose was 5.1 percent - 13.5  percent and impaired glucose tolerance was 

6.6 percent - 12.9 percent(69).      

3.2.2 Diabetes mellitus – pathophysiology: 

Diabetes mellitus is defined as a metabolic disorder of multiple aetiology 

characterized by chronic hyperglycaemia with disturbances of carbohydrate, fat and 

protein metabolism resulting from defects in insulin secretion, insulin action or 

both(70). 

As per the current understandings, defective insulin secretion and insulin resistance 

are the important pathologic changes that are associated with diabetes(71). Most of 

the patients with diabetes are asymptomatic even though some may present with 
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increased thirst, hunger and urination, weight loss and tiredness. It is very common 

to see patients with micro and macro vascular complications at diagnosis. It is 

evident that type 2 diabetes starts at least 9 to 12 years before clinical diagnosis 

(72).Abnormal fasting glucose and abnormal post prandial glucose are not 

necessarily the continuum in the evolution of diabetes. People progressing with 

abnormal postprandial blood glucose values (normal glycaemic  status to IGT then 

to diabetes) may have normal fasting values and likewise people with abnormal 

fasting glucose values (from IFG to diabetes) may have normal post prandial blood 

glucose values(73).  

3.2.3 Risk factors of diabetes mellitus: 

Following are some of the risk factors that are found to be associated with the 

development of diabetes mellitus:  

1. Age: 

Prevalence of diabetes increases with increasing age,  common in the 45-64 years 

age group in developing  countries and older age group(>65 years) in developed 

countries(49). 

2. Ethnicity: 

Pima Indians living in Arizona of United states of America are the population with 

highest prevalence of diabetes(49).Based on the prospective Nurses’ Health Study, 

some populations like American Asians, Hispanics, and blacks are more susceptible 

to diabetes than whites(74). Recent evidences are concluding that Asians and 

Indians in particular are more prone to develop diabetes(58,75–77).  
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3. Birth weight: 

An inverse relationship was observed between birth weight and diabetes. Both low 

and high birth weight are associated with development of diabetes in later life. 

There is a ‘U’ shaped relationship existing between birth weight and diabetes 

mellitus. Low birth weight children who later become obese in middle age are more 

prone for diabetes. More than 4 kg birth weight is also associated with diabetes in 

later life (78,79). 

4. Family history: 

Family history is a strong independent risk factor for diabetes. First degree relatives 

of individuals with type 2diabetes have three times more risk of developing diabetes 

compared to others without a positive family history (80–82).Lifetime risk of 

developing diabetes with one parent is nearly 40 percent (more if the mother had 

diabetes) and nearly 70 percent if both the parents are diabetic(83,84). Those with 

both parents who are diabetic have five times more risk of developing diabetes 

mellitus than others(84). 

5. Physical inactivity and sedentary behavior: 

Reduced physical activity and sedentary behavior are associated with increased risk 

of developing diabetes(85). Amount of time spent on TV viewing is directly related 

with risk of developing  diabetes, with every 2 hour increment in TV viewing 

carrying a 14  percent increased risk of diabetes(86,87).Intervention trials 

promoting regular physical activities have shown to decrease the progression of 

prediabetes to diabetes by reducing body weight(88–90). The American Diabetes 
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Association recommends 150 minutes of moderate to severe intensity physical 

activity per week, with healthy diet and moderate energy restriction for people with 

prediabetes as a primary preventive measure(91). Weekly regular physical activity 

of at least 150 minutes of moderate intensity physical activity has shown to be as 

effective as metformin in the preventing the  development of diabetes, especially 

among people with high risk of developing diabetes(92,93). 

 6. Prediabetes (intermediate hyperglycemia): 

WHO has introduced a new term called intermediate hyperglycemia for prediabetes 

to include both impaired fasting glucose and impaired glucose tolerance. People 

with isolated impaired fasting glucose have hepatic insulin resistance, whereas those 

with isolated impaired glucose tolerance predominantly have muscle insulin 

resistance(94). Prediabetes is one of the components of metabolic syndrome and is 

associated with increased future cardiovascular risk(95).Prediabetes carries a 

significant cardiovascular risk regardless of its progression into diabetes(96). 

A significant proportion of people with prediabetes can progress into diabetes, the 

risk of which is increasing with time (97). Annual risk of progression of prediabetes 

to diabetes is5 percent to 10 percent(98,99). Nichol et al  reported that 25 percent of 

pre-diabetics developed diabetes within a short period of four years(100). Another 

study done by Mohan et al showed that 40 percent of people with prediabetes 

became diabetics by the end of eight years(62). 

 

 



23 
 

7. Obesity: 

Obesity is an independent risk factor for diabetes mellitus and also most type II 

diabetic patients are obese. Obesity increases resistance to insulin mediated glucose 

uptake in muscles, adipose tissue and liver(101).Risk of developing diabetes 

increases with increasing body weight and body mass index(BMI)(102).The 

markers of central obesity like waist- hip ratio and waist circumference are also 

good  predictors of diabetes and cardio vascular diseases(103).People with central 

obesity have 2.14 times more risk of developing diabetes mellitus(104). 

8. Smoking: 

Smoking is also an independent risk factor for diabetes. Recent meta-analysis by 

Willi et al showed that current smokers have 1.4 times more risk of getting diabetes 

when compared to non-smokers(105). Possible mechanisms as per the recent 

evidences might be due to smoking induced increased blood glucose after 

meals(106) or due to decreased insulin sensitivity and increased abdominal fat 

distribution (especially heavy smokers)(107). 

9. Diet: 

Unhealthy dietary pattern is also one of the important risk factors of diabetes. Diet 

rich in red meat, processed meat, saturated fat, fried foods are associated with 

development of diabetes(108–110). Excess intake of sugar sweetened beverages, 

vitamin D deficiency, high iron intake show some associations but further research 

is needed to confirm the existence(111). Diets rich in vegetables, fruits, fish, 

poultry, whole grains and olive oil (Mediterranean diet) have been found to lower 

the risk(112). WHO recommends limiting saturated fatty acids to less than 10  



24 
 

percent of total energy intake, minimum daily intake of 20 grams of dietary 

fibre(fruits, vegetables, whole grains, legumes)and reducing free sugar to less than 

10 percent of total energy intake for the prevention of diabetes(7). 

b) Gestational diabetes: 

Women who had gestational diabetes (GDM) have increased risk of developing 

diabetes at a later stage. Nearly 15 percent of women with gestational diabetes 

progress to diabetes (113). Another study which followed up those with GDM for 

nine years, concluded that nearly 20 percent of them progressed to diabetes (114). 

Bellamy et al showed that women who developed gestational diabetes have 7.4 

times more risk of developing diabetes mellitus later(115). 

3.2.4 Classification of diabetes mellitus: 

The etiological classification of diabetes is shown in table 3.1. With the course of 

the disease a significant number of type II diabetes patients also will need insulin 

for maintaining normoglycaemic status (119). 

Table 3.1 Etiological classification of diabetes mellitus: 

I Type I diabetes mellitus (absolute insulin deficiency due to β cell destruction)  

a) Immune mediated b) Idiopathic  

II Type II diabetes mellitus 

 (mainly insulin resistance with relative insulin deficiency to a mainly secretary 

defect  with varying  degree of insulin dependence) 

III Specific types (secondary to other abnormalities) 

IV Gestational diabetes 
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3.2.5 Diagnosis of diabetes mellitus: 

The WHO recommends that oral glucose tolerance test (75 gm) should be used 

whenever feasible. Oral glucose tolerance test is more sensitive and more specific 

than fasting blood glucose, but OGTT has poor reproducibility. Fasting blood 

glucose is preferred because of patient compliance and ease of testing. Elevated 2 

hour postprandial glucose is associated with increased complications like 

retinopathy, even with low fasting blood glucose values(117).According to WHO 

guidelines, the cut-off for the diagnosis of  diabetes  and intermediate 

hyperglycemia is as follows: (117–119). 

Table 3.2 Diagnostic criteria of diabetes mellitus (WHO) 

Parameter 

/Diagnosis(70,95,120) 

 

Diagnostic cut 

off for diabetes 

(mg/dl ) 

Impaired Fasting 

Glucose 

(mg/dl ) 

Impaired Glucose 

Tolerance 

(mg/dl ) 

Fasting blood glucose ≥126 110-125 <110 

2 hour post prandial (75 g 

glucose) 

(venous ) 

≥200 <140 140-200 

2 hour post prandial (75 g 

glucose) 

(capillary plasma) 

≥220 <140 160-220 

Random blood glucose *with 

symptoms 

≥200 ----- ----- 

HbA1C ≥6.5 % 5.8-6.4 % is pre-diabetes 
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WHO recommends 110mg/dl as the fasting blood glucose cut-off value for 

diagnosing impaired fasting glucoseeven though American diabetes association has 

reduced the cut off to100mg/dl (117,118,121,122). WHO recommends venous 

plasma glucose as the standard method of diagnostic tool. Capillary plasma values 

can be used in resource limited settings instead of venous plasma glucose 

measurement(118). Cut off values for capillary fasting values will be same as that 

of venous values and some corrections have been proposed for post prandial values 

as shown in table 3.2(70,95). 

a) Choice of screening test: 

As per the WHO guidelines, diagnosis of diabetes mellitus in asymptomatic 

individuals should not be made on the basis of single abnormal blood sugar value. 

At least one additional blood glucose test value within a diabetic range is essential 

and it may be either fasting blood sugar, random blood sugar or the oral glucose 

tolerance test (OGTT) (121). If fasting blood glucose alone is done, 30 percent of 

cases of diabetes will go undiagnosed. Postprandial glucose test is the only way to 

diagnose impaired glucose tolerance. WHO recommends that post prandial blood 

glucose (2 hour post 75 gm glucose) should be done at least for those with impaired 

fasting glucose values. Any one of the above methods can be used for screening of 

diabetes mellitus in asymptomatic populations(95). As per the American Diabetes 

Association 2016 guidelines, if there is no clear clinical diagnosis with single high 

blood glucose value, the test should be repeated immediately. If the repeated test 

result is also high then the diagnosis is confirmed(121). 
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b) Role of glycated hemoglobin (HbA1c): 

HbA1c is a measure of average plasma glucose over the previous 2-3 months and it 

can be done at any time regardless of food intake.HbA1c can be used for diagnosing 

diabetes mellitus, but it is limited by the fact that measurement of HbA1c is not yet 

standardised universally and has significant biological variation when used for 

screening general population. HbA1C test is not available everywhere; also normal 

value doesn’t exclude diabetes mellitus(118,119,123).So HbA1c is not widely used 

as a screening tool for diabetes mellitus in general population. Normal range of 

HbA1C is 4.8-5.7 percent, values between 5.8-6.4 percent is considered as  

prediabetes and values  ≥ 6.5 percent is diagnostic of diabetes mellitus(119). 

3.2.6 Complications of diabetes mellitus: 

The chronic hyperglycaemia associated with diabetes leads to plenty of long term 

complications. Complications of diabetes can be broadly classified as macro 

vascular and micro vascular(124). 

a) Macro vascular complications: 

Cardio vascular diseases, cerebro vascular accident (stroke), peripheral artery 

disease are the macro vascular complications. Basic mechanism in macro vascular 

complications is atherosclerosis and vasoconstriction of arterial walls. In addition 

increased platelet adherence, hypercoagulability and impaired fibrinolysis are also 

important factors (124).Cardiovascular complications caused by diabetes are 

coronary artery disease and cardiomyopathy. Risk of myocardial infarction/events 

among diabetic patients is nearly equivalent among non-diabetics with history of  
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previous myocardial infarction; hence diabetes is considered as a coronary artery 

risk equivalent rather than a risk factor for coronary artery disease (125). Coronary 

artery diseases is the leading cause for the morbidity and mortality among 

diabetics(126). According to the American Heart Association, nearly 60 percent of 

deaths among diabetic patients are due to cardiovascular diseases. People with 

diabetes are prone to develop myocardial dysfunction resulting in more cases of 

congestive cardiac failure. According to the Multiple Risk Factor Intervention Trial, 

people with diabetes are three times more prone to cardiovascular deaths than non-

diabetic patients (83, 84). Diabetic patients are also at three times increased risk of 

dying due to stroke(127,128).Peripheral vascular diseases are one of the dreaded 

complications of diabetes, as significant proportions of them end up with lower limb 

amputation(86).  

b) Micro vascular complications: 

Diabetic retinopathy, diabetic nephropathy and diabetic neuropathy are the micro 

vascular complications caused by diabetes. Diabetic retinopathy is the most 

common micro vascular complication. Risk of developing retinopathy depends on 

duration and severity of the disease. Retinopathy may start to develop seven years 

before the clinical diagnosis of type 2 diabetes (129).Diabetic nephropathy will 

affect nearly 40 percent of both type 1 and type 2 diabetes patients in their lifetime. 

(130).Diabetic neuropathy has been defined as the presence of symptoms and/or 

signs of peripheral nerve dysfunction in people with diabetes after the exclusion of 

other causes (124,131).Chronic sensory motor distal symmetrical poly neuropathy is 
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the common form. Diabetic neuropathy is quite common and it can affect nearly 30-

50 percent of people with diabetes(132). 

 3.2.6 Screening for diabetes: 

Screening aims to detect the disease among the asymptomatic individuals. WHO 

recommends screening for early diagnosis and treatment of diabetes because of the 

following reasons: 

1. There is a long asymptomatic period before clinical diagnosis 

2. Nearly 50 percent of the people with the disease are undiagnosed 

3. There is a steady increase in diabetes  

4. Substantial proportion of newly diagnosed people with diabetes has micro 

vascular complications 

5. Acute and chronic life threatening complications of diabetes 

6. Effective treatment is available 

7.Evidences for strict sugar control and control of other risk factors like  

hypertension and dyslipidaemia among diabetics leading to reduction of 

complications(133). 

As per the WHO guidelines the following tools can be used for screening:  risk 

assessment questionnaires, blood glucose measurement and urine glucose 

measurement. There are various diabetes risk questionnaires available like ‘Take the 

test; know the score ‘ developed by American Diabetes Association(134), ‘CDC 
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prediabetes test’ by Center for Disease Control (CDC) (135), type 2 diabetes 

mellitus risk assessment score by Finnish Diabetic Association(136), Indian 

Diabetes Risk score by Madras Diabetic Research Foundation, and the Achutha 

Menon Centre score (137–139).The Indian Diabetes Risk Score (IDRS) 

questionnaire was used in our study. 

3.2.7 Indian Diabetes risk score (IDRS): 

Indian Diabetes Risk Score is a simple score derived using multiple logistic 

regression models from Chennai Urban Rural Epidemiology Study (CURES), a 

population-based study done in Chennai. It consists of age, abdominal obesity, 

family history of diabetes and physical activity and is a simplified screening tool for 

diabetes among Indian population. 

Table 3.3.Interpretation of Indian diabetic risk score: 

IDRS score Interpretation 

< 30 Low risk 

30-60 Medium  risk 

≥60 High risk 

 

IRDS score of ≥60 can be considered as test positive and can be compared with 

fasting and post prandial glucose values. Sensitivity of the score in determining 

diabetes status is 72.5 percent and specificity is 60.1 percent. It has a positive 

predictive value of 17.0 percent and a negative predictive value of 95.1 percent. 

Several studies have been done to validate the IDRS as a screening tool for diabetes 

in communities but it is not tested in tribal populations (137,140–142). 
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3.3 Hypertension: 

3.3.1 Burden of hypertension: 

a) Global scenario: 

Globally about one billion people are affected by hypertension. Hypertension 

caused 9.7 million deaths in 2010 and 7 percent of disease burden (DALYs) were 

contributed by hypertension(143). High blood pressure is the leading risk factor for 

death worldwide. In the year 2000, Kearney et al estimated the global prevalence of 

hypertension as 26.5 percent and 972 million people were estimated to have 

hypertension. It is projected to increase to 1.56 billion by 2025(144). According to 

the WHO, global prevalence of hypertension was 40 percent by 2008(9).  

b) Indian scenario: 

Generally there is an increasing trend of hypertension prevalence in India, 

especially among the urban population. Regional variation does exist where east 

India is reporting more prevalence than other parts of the country(145,146).  

According to the report of Working Group on non-communicable diseases, number 

of people with hypertension were estimated to be 118 million in India in the year 

2000, and this was projected to go up to 213.5 million by 2015.According to 

government estimates, prevalence of hypertension in urban India was estimated as 

25  percent and in rural areas it was 10 percent (147).According to the NCD country 

profile (WHO) 23 percent of Indians have a raised blood pressure and males are 

affected more (23.4 percent) when compared to females(22.6 percent)(12).  
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According to a systemic review by Anjala et al, overall prevalence for hypertension 

in India is 29.8 percent. Significant differences in hypertension prevalence were 

noted between rural and urban parts (27.6 percent and 33.8 percent respectively). 

Regional estimates for the prevalence of hypertension for rural and urban areas 

respectively were as follows: 14.5 percent and 28.8 percent  for rural north,31.7 

percent  and 34.5 percent for  rural east,18.1 percent and  35.8 percent for rural west 

and 21.1 percent and 31.8 percent for  south India(145). According to national non-

communicable diseases (NCD) risk factor surveillance by ICMR, the prevalence of 

hypertension was highest among urban people (self-reported: 15.1 percent, newly-

diagnosed: 19.3 percent), followed by peri-urban/slum (self-reported: 9.9 percent, 

newly diagnosed: 20.8 percent) and rural residents (self-reported: 7.2 percent, newly 

diagnosed: 17.4 percent)(148). 

According to National Family Health Survey - 4 (2015-2016) 9  percent of women 

and 16 percent  of men in Tamil Nadu have elevated blood pressure(149).The IDSP 

NCD risk factor survey (Phase I) was done among 7 states in the year 2007-08 and 

according to that report Tamil Nadu had 20 percent hypertensive patients(150). 

According to a study done by Oommen et al, prevalence of hypertension in rural 

Vellore among males and females was 17 percent and 12.1 percent respectively  and 

that of urban Vellore was 26.6 percent and 22.4 percent respectively(64). 

c) Tribal scenario: 

A study done by Kumar et al among a tribal population in Madhya Pradesh reported 

that 22 percent of the people had hypertension and 32.7 percent had pre-
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hypertension(151). Misra et al reported that 26 per cent of tribal people of the state 

of Assam had hypertension(22). A study done among Toto and Bhutia tribal 

population in  West Bengal showed that 30 -50 percent of people had 

hypertension(152).A recent unpublished NCD risk factor survey among Kani tribal 

people of Kerala done by Priyanka et al showed high prevalence of 

hypertension(153).Radhakrishnan et al documented that 31 percent of the tribal 

population of Yercaud hills in Tamil Nadu had hypertension and 36 percent had pre 

hypertension(68). Rizwan et al analyzed the pooled prevalence of hypertension 

among tribal population from 1981 to 2011and concluded that estimated  prevalence 

of hypertension among tribal population was 16.1 percent with wide range of 7 

percent-65 percent (38). 

3.3.2 Hypertension an overview: 

Hypertension is defined as elevated systolic blood pressure of ≥ 140 mm Hg and/or 

diastolic blood pressure of ≥90 mm hg. High blood pressure is the leading risk 

factor for global mortality and important risk factor for CVD(3). Prevalence of 

hypertension has increased dramatically in the last few decades. Population growth, 

ageing ,increasing behavioral risk factors like tobacco use, alcohol use, un healthy 

diet, persistent stress and lack of physical activity are the factors attributed for this 

high prevalence(143). 

 3.3.3 Diagnosis of hypertension: 

According to the Joint National Committee 7 report, following criteria are 

recommended for diagnosis of hypertension in adults, shown in table 3.4 (154). 
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Table 3.4 Diagnostic criteria for hypertension: 

Category  Blood pressure (mm Hg) 

Normal  SBP <120 and  DBP <80 

Pre hypertension  SBP 120-139  or  DBP 80-89 

Stage I  hypertension  SBP 140-159 or   DBP 90-99 

Stage II hypertension SBP ≥160  or  DBP ≥100 

 

3.3.4 Risk factors of hypertension: 

a) Age: 

For people older than 50 years systolic blood pressure is an important risk factor for 

CVD than diastolic blood pressure. Probability of developing hypertension 

progressively increases with ageing. According to the Framingham Heart Study 

even  normotensive people at the age of 55 years have 90  percent lifetime risk of 

getting hypertension(155). 

b) Family history: 

Hypertension runs in families and has strong genetic connections. Men whose 

parents are hypertensive have 2.4 times more risk of developing hypertension than 

others, 1.5 times if mother alone is hypertensive and 1.8 more risk if father alone is 

hypertensive. Men have 20 times higher risk of hypertension if parents had 

hypertension before the age of 35 years(156). 
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c) High sodium intake: 

High dietary salt intake is a strong risk factor for hypertension and other cardio 

vascular diseases. Apart from the traditional cooking practices, free availability of 

processed and readymade foods increase the average consumption of salt in the 

community(12).Diet low in salt has shown to reduce blood pressure. Modest 

reduction of salt intake has shown to reduce both normal and elevated blood 

pressure(157). 

d) Harmful levels of alcohol use: 

Regular use of three or more drinks is associated with the development of 

hypertension. Those drinking three drinks a day have a 1.5-2 times higher risk of 

hypertension while moderate usage is cardio protective(158). 

e) Physical inactivity: 

Insufficient physical activity is a risk factor for  hypertension and increased physical 

activity by promoting exercises is shown to reduce blood pressure(159). 

Recreational physical activity is shown to reduce incidence of hypertension more 

than work related physical activity(160). 

f) Obesity: 

Obesity is an independent risk factor for hypertension. BMI  more than 25 is 

consistently associated with development of hypertension(161).Overweight men are 

having 1.46 times more risk and overweight women are having 1.75 times more risk  

of developing hypertension (162).  
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g) Dyslipidaemia: 

Studies have shown that dyslipidaemia is an independent risk factor for 

hypertension. Total cholesterol levels, HDL, TC/HDL ratio are good predictors of 

incident hypertension and future research is needed as limited studies are 

available(163). 

3.3.5 Complications of hypertension: 

Renal failure, heart failure, myocardial infarction, blindness, and cerebrovascular 

diseases are the common complications caused by uncontrolled hypertension(12). 

Hypertension is the leading risk factor for coronary heart disease. People with 

hypertension have 2-3 fold increased risk of getting cardio vascular 

events(162,164).CHD risk has a curvilinear relationship with blood pressure. CHD 

risk starts at blood pressure of 115/75 mm Hg. Beginning at 115 mm Hg, the risk 

for CHD death doubles for each increase of 20 mm Hg in SBP and similarly, with 

each increase of 10 mm Hg in DBP beginning at 75 mm Hg (165).Risk is more 

profound when other risk factors are also co-existing. People with hypertension 

have three fold risk of developing stroke and 80 percent of the stroke patients have 

history of hypertension (166). 
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3.4 Dyslipidaemia: 

3.4.1 Burden of dyslipidaemia: 

a) Global and Indian scenario: 

The global prevalence of high cholesterol is 39 percent (12,143). According to the 

Lipid Association of India, prevalence of hypercholesterolemia is 10-15 percent in 

rural and 25-30 percent in urban populations(11). 

ICMR –INDIAB study revealed that prevalence of dyslipidaemia among Indian 

population was 79 percent. The prevalence of hypercholesterolemia was 14 percent, 

high LDL11 percent, low HDL 72 percent and hyper triglyceridemia30 percent. In 

Tamil Nadu, prevalence of hypercholesterolemia was18 percent(167). A 

cardiovascular risk factor study conducted by ICMR in Kerala (2010) revealed a 

high prevalence of dyslipidaemia and hypercholesterolemia (56  percent)(57). 

According to the India Heart Watch study, prevalence of high total cholesterol and 

high LDL cholesterol were 25 percent and15.7 percent respectively. High 

prevalence of low HDL cholesterol (33.6 percent and 52.8 percent among males and 

females respectively), and high prevalence of high total cholesterol: HDL 

cholesterol ratio (23.1 percent) and high triglycerides (37.5 percent) were reported. 

Higher socioeconomic status, higher body mass index and high waist circumference 

were the factors associated with high total cholesterol and high triglycerides (72). 

Jaipur Heart Watch is a series of repeated cross sectional studies from western India 

measuring the prevalence of dyslipidaemia. They showed an increasing trend of 

dyslipidaemia over the years except for total cholesterol (168).  
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According to Oommen et al in rural Vellore, 26.7 percent of the males and 22.9  

percent of the females had high total cholesterol; 64.8 percent of the males and 53.7  

percent of the females had low HDL, 19.2 percent of the males and 9.5  percent of 

the females had high triglycerides. Significant increase in all the lipid parameters 

were observed in both urban and rural areas over 20 years.Prevalence of high total 

cholesterol doubled in the rural area over the period of 20 years(64). 

b)  Tribal scenario: 

According to a study done among tribals in the Niligiris, Tamil Nadu, prevalence of 

high total cholesterol was 21.2  percent, 39.4 percent had high triglycerides, 45.4 

percent had high LDL and 87.9 percent had low HDL(169). According to a study 

done by Sarkar et al among two tribal populations in north east India, prevalence of 

high triglycerides was more among males (27 percent-64.7 percent) than 

females(23.4 percent-36.6 percent) and prevalence of low HDL among females was 

higher (66 percent-100 percent) than males(33 percent-82 percent)(36). 

3.4.2 Dyslipidemia: pathophysiology 

Dyslipidaemia refers to presence of any one of the lipid abnormalities. 

Dyslipidemia is an important risk factor of hypertension, cardiovascular diseases 

and cerebrovascular diseases(170). Prevalence of dyslipidaemia in diabetes is not 

high when compared to  the general population but it increases the mortality among 

diabetes  profoundly(171). Indians tend to have low HDL, increased triglycerides 

and lower total cholesterol levels than that of western population. Low HDL, high 

triglycerides, borderline high total cholesterol and increased low density LDL are 
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metabolically interlinked and their association is called as atherogenic 

dyslipidaemia. Atherogenic dyslipidaemia is common in south Asians and it is 

strongly associated with type 2 diabetes mellitus, metabolic syndrome, premature 

CHD(11). High total cholesterol is directly linked with CHD, CVD and all-cause 

mortality. Men with serum cholesterol levels of  ≥240 mg/dl  have  2.15 to 3.63 

times  more  CHD mortality risk;  and have 2.10 to 2.87 times  more CVD disease  

mortality risk; and 1.31 to1.49 times more risk of  all-cause mortality  (172) 

3.4.3 Diagnosis of dyslipidaemia: 

Criteria  recommended by American Association of Clinical Endocrinologists for 

management of dyslipidaemia and prevention of atherosclerosis was  used in this 

study(173), Table 3.5. 

Table3.5 Diagnostic criteria for dyslipidaemia 

 

 

Parameter/ 

(mg/dl) 
Optimum level Borderline  risk High  risk 

Very 

high 

risk 

Total cholesterol < 200 200-239 ≥240  

HDL ≥60 
40-59 (males) 

50-59   (females) 

<40 (males) 

<50 (females) 
 

TGL <150 150-199 200-499 ≥500 

LDL 
<100:       optimal 

100-129:  near optimal 
130-159 160-189 ≥190 
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3.4.4 Risk factors of dyslipidaemia: 

High body mass index (obesity) and central obesity were found to be significantly 

associated with dyslipidaemia(168,174).Smoking is an independent risk factor for 

dyslipidaemia. Current smokers have high triglyceride levels and low HDL levels 

regardless of other risk factors. Further research is needed to find out the strength of 

association (175).Daily alcohol intake is a risk factor for hyper triglyceridemia. 

Age, duration of drinking, and BMI were all closely associated with 

hypercholesterolemia(176).Elevated triglycerides and low HDL, increased post 

prandial total cholesterol, elevated small density LDL are the common lipid 

abnormalities found among diabetes patients(177). 

3.5 Metabolic syndrome:  

3.5.1 Burden of metabolic syndrome: 

a) Global and Indian scenario: 

Global prevalence of metabolic syndrome varies from10 percent to 80 percent, 

depending upon various definitions used for diagnosis. Prevalence of metabolic 

syndrome increases with advancing age (13–15).Deepa et al compared the 

prevalence of metabolic syndrome using three different definitions in urban 

Chennai. According to WHO criteria, 23.5 percent of the people had metabolic 

syndrome, with the ATP III criteria 18.3 percent and according to IDF criteria 25.8 

percent people had metabolic syndrome(178). Prasad et al reported a prevalence of 

33.5 percent which is higher among females(179).CURES study  done in urban 

south India reported a prevalence of 23.2 percent (16). 
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b) Tribal scenario: 

Not many studies are available to know the burden of metabolic syndrome among 

tribal population of India. Sarkar et al compared the prevalence of metabolic 

syndrome between two tribal populations of Toto and Bhutia in east India. Toto 

population had low prevalence(6 percent) and Bhutia population had 42 percent 

prevalence (males- 52.17 percent  and females 27.6 percent)(36). Kandpal et al 

reported high prevalence of (39.2 percent) among the tribal population of 

Uttarakand (180). 

3.5.2Metabolic syndrome: diagnosis and pathophysiology 

Metabolic syndrome refers to co-occurrence of interrelated metabolic risk factors 

that are promoting the development of atherosclerotic cardiovascular disease and 

type 2 diabetes mellitus. These risk factors are considered as prothrombotic and pro 

inflammatory states and include dysglycaemia, high blood pressure, elevated 

triglycerides, low HDL and central obesity. Even though the pathology is still 

unclear, insulin resistance is considered as the underlying linking factor. Decreased 

physical activity, ageing and atherogenic diet, obesity and sedentary lifestyle are the 

other contributing factors(15,181–184). 

Much controversy exists about the diagnosis of metabolic syndrome. WHO defines 

metabolic syndrome as the presence of at least one of the markers of insulin 

resistance and two additional risk factors, including obesity, hypertension, and high 

triglyceride level, reduced high density lipoprotein cholesterol level or 

microalbuminuria (117).  
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According to National Cholesterol Education Program Adult Treatment Panel III 

(ATP III), 3 of the following 5 factors were essential for the diagnosis: abdominal 

obesity, elevated triglyceride, reduced high density lipoprotein cholesterol, elevated 

blood pressure, and elevated fasting glucose (impaired fasting glucose or type 2 

diabetes mellitus)(185). The International Diabetes Federation dropped the WHO 

requirement for insulin resistance and made abdominal obesity as the necessary 

factor out of the 5 factors required for the  diagnosis(186). In 2005 American Heart 

Association/ National Heart, Lung, and Blood Institute (AHA/NHLBI) came up 

with its own guideline which is a modified IDF version. AHA/NHLBI guidelines 

are much similar to IDF guidelines except to the fact that it does not mandate 

central obesity and also differs in defining abdominal obesity(187). IDF allows 

modification in the cut off of abdominal obesity based on ethnic groups and 

geographical regions but AHA/NHLBI does not.  

Even though, both AHA/NHLBI and IDF came to a consensus and released the new 

guidelines in 2009,still differences exists between different organizations(15). 

Accordingly, diagnosis of metabolic syndrome is based on presence of any three out 

of the following 5 factors: 

1. Central obesity (increased waist circumference)  

(Asian cutoff:  ≥90 cm for males and ≥80 cm for females) 

2. Elevated fasting glucose (≥100 mg/dl) 

(Includes those who are on drug treatment for diabetes mellitus)  

3. Low HDL cholesterol (≤40 mg/dl in males, ≤50 mg /dl in females)  

(Includes those who are on drug treatment for low HDL) 
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4. Elevated triglycerides (≥150 mg/dl) 

(Includes those who are on drug treatment for high triglycerides) 

 5. Elevated blood pressure (≥130 mm Hg SBP and/or ≥85 mm Hg DBP)     

(Includes those who are on drug treatment for hypertension). 

3.5.3 Significance of metabolic syndrome: 

Patients with the metabolic syndrome have two times more risk of developing CVD 

and fivefold increased risk of developing type 2 diabetes mellitus over the next 5 to 

10 years as compared to individuals without the syndrome (15).Patients with the 

metabolic syndrome have two times more risk of developing stroke and two times 

more risk of dying of it when compared to normal people (188).  

3.6 Behavioral and metabolic risk factors of cardiovascular diseases 

3.6.1 Burden of behavioral and selected metabolic risk factors: 

 a) Global scenario: 

According to WHO, obesity and overweight are the 5 
th

 leading risk factor for 

global mortality and were responsible for 5 percent of total deaths in the year 2012. 

Globally 39 percent of the adults are overweight (≥25 kg/m
2
) and 13 percent of the 

adults are obese (≥30 kg/m
2
). Obesity has played a major role in rising the non-

communicable diseases burden over the last two decades(12,189). In 2015, it was 

estimated that approximately 2.3 billion adults were overweight and more than 700 

million were obese(190).  
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Physical inactivity is the fourth leading risk factor for global mortality causing 3.2 

million deaths annually (6 percent of global deaths) and 69.3 million DALYs are 

lost each year. According to WHO, about 23  percent of adults aged more than 18 

years have insufficient physical activity (12). 

Globally 2.7 million deaths are attributable to diets low in fruits and vegetables and 

it is estimated to cause about 19 percent of gastrointestinal cancer, 31 percent of 

coronary heart disease and 11 percent of stroke(191). In 2012, an estimated 5.9 

percent (3.3 million) of all deaths  and 5.1 percent of DALYs were attributable to 

alcohol consumption(12,143). Global prevalence of current smoking is 22 percent 

and 6 million deaths are reported annually due to tobacco(3).  

b) Indian scenario: 

National non-communicable diseases (NCD) risk factor surveillance was conducted 

by ICMR in 2003-2006 in different geographical locations of India. According to 

this study, 26.7 percent of men were smokers, 40 percent of rural men were current 

alcohol users. More than 50 percent of the urban residents and 35 percent of rural 

residents had sedentary lifestyle and 41 percent of people never consumed fruits in 

the last week in rural area. Generalized obesity was noticed more among urban 

people (men: 30.7 percent, women: 38.8 percent) when compared to rural people 

(men: 9.4 percent, women: 14.1 percent). Central obesity was also high in urban 

women when compared to rural women (192). 
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IDSP NCD risk factor survey (Phase I) was done among 7 states in the year 2007-

08 and according to that report, Tamil Nadu had 27 percent smokers (male), 22  

percent people had some other form of tobacco use,99 percent had less than five 

servings of vegetables and fruits,66 percent had low physical activity,20  percent 

had hypertension,23 percent were overweight and 25 percent of the people had 

central obesity(150). According to National Family Health Survey 4 (2015-2016) 

Tamil Nadu state report, 32 percent men and 1.5 percent women were using some 

form of tobacco, 46 percent  men and 0.5 percent women were consuming 

alcohol(149). Thankappan et al found a high prevalence of all cardio vascular risk 

factors in Kerala(57). 

Oommen et al reported rising trend of cardio vascular risk factors in a repeat cross 

sectional study done in Vellore, Tamil Nadu in the year 2010-2012. According to 

this study, 25.9 percent among males were current smokers, 37.9 percent of the 

males and 98.5  percent of the females were lifetime abstainers of alcohol while 

43.9 percent of the males and 59.5  percent of the females were overweight.(64). 

According to Global Adult Tobacco Survey 2009-10 estimates, India has 34.6 

percent current tobacco users of any form (47.9 percent of males and20.3 percent of 

females),14 percent current smokers (24.3 percent of males and 2.9 percent of 

females)(193).According to WHO- NCD country profile for India (2014), 

prevalence of current tobacco smoking among males and females is 23.6 percent 

and 2.5 percent respectively. The per capita consumption of pure alcohol (age +15) 

in India is estimated to be 5.2 litres per year (12).  
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b) Tribal scenario: 

Misra et al reported high prevalence of NCD risk factors among the tribal 

population of Assam. While 84 percent of the population used tobacco,64 percent 

were using alcohol, 86  percent reported vigorous physical activity, 60 percent 

consumed less than five servings of fruits and vegetables/day,11 percent had 

abdominal obesity and16 per cent were overweight(22). A recent NCD risk factor 

survey by Priyanka et al among Kani Tribes of Kerala showed 22.1 percent 

prevalence of central obesity, 10.8 percent overweight, 0.7  percent obesity, 9.7 

percent insufficient physical activity, 81.5  percent current users of any form of 

tobacco and 36.2 percent current alcohol users (153).  

3.6.2 Behavioral and metabolic risk factors of cardiovascular diseases an 

overview: 

a) Obesity 

Overweight and obesity are defined as abnormal or excessive fat accumulation that 

presents risks to health. Cut off levels recommended by WHO for defining 

overweight and obesity are shown in table 3.6 (194). 

Obesity and overweight are important independent risk factors for cardio vascular 

diseases, hypertension, dyslipidaemia and diabetes (2). 
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Table 3.6 Classification of obesity (Body Mass Index) 

Categories 
WHO Asia criteria 
(kg/m

2
)(194) 

WHO  criteria 
(International)(kg/m

2
) 

Under nutrition 
 
Less than18.5 
 

 
Less than18.5 
 

Normal 
 
18.5-22.99 
 

 
18.50-24.99 
 

Overweight 
 
23-27.49 
 

 
25-29.99 
 

Obesity 
 
≥27.5 
 

 
≥30 
 

 

b) Central obesity:  

Waist circumference is used for measuring central obesity. Waist circumference is 

one of the components of metabolic syndrome. Different cut offs have been 

recommended across different WHO regions. According to WHO, cut off levels 

recommended  for Asian population are ≥90 cm for males and  ≥80 cm for 

females(198). Central obesity is also an important independent risk factor for CHD, 

hypertension, diabetes mellitus (2). 

c) Physical activity: 

Reduced physical activity is an important risk factor for a variety of non-

communicable diseases like cardio vascular diseases, diabetes, hypertension and 

stroke (189). Physical inactivity is a precursor of overweight and obesity.  
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Recently sedentary behavior is getting much attention from researchers worldwide. 

It is an independent risk factor for both diabetes and cardio vascular diseases apart 

from physical inactivity. Amount of time spent on sitting posture without sleeping 

is considered as sedentary behavior(86,87). 

WHO recommends 150 minutes of moderate intensity aerobic physical activity 

/week or 75 minutes of vigorous intensity physical activity/week or equivalent of 

combinations for adults aged between 18 years to 64 years. Muscle strengthening 

exercises can be performed two or three times a week. It includes physical activity 

during work, transport and recreation (196,197).           

a) Measuring physical activity: 

Global physical activity questionnaire was used in this study to assess the physical 

activity status of the population. Physical activity is measured in terms of MET 

(metabolic equivalent), the physiological measure of energy cost of physical 

activity. One MET is defined as the energy cost of sitting quietly, and is equivalent 

to a caloric consumption of 1 kcal/kg/hour. If the person is moderately active, 4 

METs are awarded and if he is vigorously active 8 METs are awarded.              

Moderate-intensity physical activity is defined as physical activity that is performed 

at 3.0–5.9 times the intensity of rest and causes small increase in breathing or heart 

rate for at least 10 minutes (e.g. brisk walking, carrying light loads, cycling or 

swimming). 
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Vigorous-intensity physical activity is defined as physical activity that is performed 

at 6 or more times the intensity of rest and causes large increase in breathing or 

heart rate for at least 10 minutes (e.g. heavy lifting, digging, running or playing 

football)(197).Total physical activity (MET-minutes/week) is the sum of the total 

MET minutes of activity. Based on MET, people are categorised into three groups: 

Highly active : (any one) Vigorous-intensity activity on at least three days achieving 

a minimum of 1500 MET-minute per week or seven or more days of any 

combination of walking, moderate- or vigorous-intensity activities achieving a 

minimum of 3000 MET-minute per week. 

Moderately active:  (not meeting the criteria for the ‘high’ category, but meeting 

any one of the following) Three or more days of vigorous-intensity activity of at 

least 20-minute per day or five or more days of moderate-intensity activity or 

walking for at least 30-minute per day or five or more days of any combination of 

walking, moderate- or vigorous-intensity activities achieving a minimum of 600 

MET-minute per week. If a person is not meeting any of the above-mentioned 

criteria, then he has low physical activity. 

Participants with at least 30-minute of moderate-intensity activity or walking per 

day on at least five days of a typical week; or 20-minute of vigorous-intensity 

activity per day on at least three days of a typical week; or 5 days of any 

combination of walking and moderate- or vigorous-intensity activities achieving a 

minimum of at least 600 MET-minute per week are sufficiently active.   
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METHODOLOGY 

4.1 Description of study area: 

This study was conducted in Jawadhu hills block, Tiruvannamalai district.  

According to census 2011, the total population of the Jawadhu hills block is 51,999 

consisting of 12,622 households with 26483(50.9%) males and 25516 (49.1%) 

females (200).The native tribal group of this hill is called as malayalee (rulers of 

hills) and they are one of the primitive tribes in India. Nearly 90% of the population 

is from tribal community and around 10% are from other communities. Historically 

these people are considered migrated from Kancheepuram. Majority of the people 

are involved in cultivation. Farming is entirely dependent on seasonal rainfall so 

ragi, samai, maize and corn are the main crop cultivated here.  Migration is 

inevitable as no dependable income sources are available so majority of people are 

migrating with families to neighbouring states for at least three months every year. 

Jawadhu hills block consists of 11 village panchayats and more than 250 hamlets. 

Each village is a cluster of 15-100 households.  This area is served by 

Jammunarathur PHC (Primary health center) and Nammiampattu PHC. Though the 

infrastructure of the Government primary health centers have been improved a lot 

with the advent of NRHM, with limited manpower and resources, government is 

still struggling to meet the health needs of the local population. Especially the 

difficult to reach villages are still beyond the reach of PHCS. 

 



51 
 

 

FIG 4.1 DESCRIPTION OF STUDY AREA 
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The department of community health (CHAD), Christian Medical College is 

providing primary health care services in selected areas in Vellore and 

Tiruvannamalai districts. CHAD is conducting mobile clinics in collaboration with 

Tamil Nadu health system project(TNHSP) in 4 panchayat villages attached with 

Nammiampattu PHC in Tiruvannamalai district mostly in difficult to reach areas. 

The department of community health has setup one primary health unit in one of the 

tribal villages (at Veerapanur) to cater to the health needs of the local population. 

Majority of the population are illiterate and literacy rate is around 45%; literacy is 

more among males (57.2%) than females (35.5%)(200).Health seeking behavior of 

the population is also very low. Traditional healers are still the leading service 

providers. Nearly 70% of the deliveries are happening at home. Maternal and infant 

mortality are 4 to 5 times higher than the state and national averages. 

4.2 Study design: 

Community based Cross sectional study 

4.3 Study setting: 

This study was conducted in Nammiampet and Veerapanur panchayat villages of 

Nammiampet PHC, (68 villages) where the Community health department has been 

working closely. 

4.4 Study population: 

Men and women aged between 30 to 60 years 
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4.4.1 Inclusion criteria: 

Permanent residents of Jawadhu hills aged between 30 to 60 years 

Known diabetic patients 

4.4.2 Exclusion criteria: 

Bedridden patients, pregnant mothers 

4.4.3 Time period: 

Data was collected from February 2016 to July 2016 

4.5 Sample size: 

a) To study the prevalence of diabetes mellitus: 

Sample size = 4 pq/d
2
 *design effect 

Expected prevalence of Diabetes mellitus was taken as 10% (16,39,59,201,202) 

P= 10%, Q, = =90% and Absolute Precision =3% 

With high frequency of consanguineous marriages among these population, similar 

or same  food habits and physical activity levels, variability expected between these 

villages  were minimal hence design effect was taken as 1.2 

Required sample size was      =    4 * 10*90/3*3    *1.2 

Final sample size                    =    480 
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b) To study the prevalence of dyslipidaemia: 

Based on the previous studies, expected prevalence of dyslipidaemia was taken  as  

20% (167,203–205)and absolute precision of 6% was considered. 

Required sample size was 178. 

4.6 Sampling method: 

Two stage cluster sampling method was used. 

4.6.1 Sample selection procedure: 

Part one: 

Stage 1: Primary sampling units were villages (clusters).As cluster to cluster 

variation was not expected, it was decided to reduce the number of clusters and 

include more people in each cluster. Hence 16 village clusters were selected and 30 

individuals were included from each village cluster. 

Probability proportionate to size sampling (PPS) method was used to select village 

clusters. Nammiampet and Veerapanur panchayat villages include 68 census 

villages. Population details of the villages were available as per census 2011.Total 

population of these two panchayat villages was 9029. Sampling interval was arrived 

by dividing total population (9029) by number of clusters (16) and the sampling 

interval was 564.Random starting number was generated by Open Epi random 

program and it was 134.The cumulative population of the village in the range of 

sampling interval was selected and next cluster was selected by adding sampling 

interval with the initial start point. Subsequent clusters were determined by 



55 
 

following the same principle. Veerapanur and Puthupattu villages were large so 

they got 2 village clusters each and a total of 14 villages (16 clusters) were selected. 

Village clusters details were described in table 4.1. 

Stage 2:  Secondary sampling units were households /Individuals. Except for a few, 

most of the villages had only one street and households were built in continuation 

with one another. Most of the villages had only 20-50 households except 

Veerapanur, Puthupattu and Nammiampattu. From the starting point of the village, 

first household was identified and the next nearest household was selected in a 

particular (clock wise) direction as per the predefined algorithm until the sample 

size was reached. Village wise distribution of the study population was described in 

table 4.1 

Totally 320 households were visited and people from 9 households didn’t give 

consent for the participation. All those fulfilling the eligibility criteria in a 

household were included (maximum of 4).After getting the informed consent, the 

questionnaire was administered and anthropometric measurements were taken. 

The next day morning after overnight fasting, capillary bloods samples were 

collected for determining fasting blood glucose and 2 hours post prandial blood 

sample was also taken. If the persons were not available during the interview, they 

were tried to reach by next day morning. Even after two consecutive visits, if the 

missing persons were not available after proper intimation, they were excluded from 

the study. A total of 311 households were included for the required sample size of 
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480. Among these (311) households, 16 persons refused to take part in the study 

and 30 persons are not available during the data collection 

Table 4.1 Village wise distribution of study population 

 

SN 

 

Village Name  

 

Male (225) 

 

Female(255) 

 

Total(480)  

Lipid 

Samples(138)  

1 Veerapanur 27(45%) 33(55%) 60 19 

2 Pudupattu 29(48.3%) 31(51.7%) 60 17 

3 Arasavalli 10(33.3) 20(66.7) 30 10 

4 Vallithathankottai 20(66.7) 10(33.3) 30 9 

5 Mandaparai 16(53.3%) 14(46.7%) 30 5 

6 Kilkupusanavur 14(46.7%) 16(53.3%) 30 10 

7 Valliyur 15(50%) 15(50%) 30 8 

8 Kilsaranankuppam 16(53.3%) 14(46.7%) 30 7 

9 Thathankuppam 9(30%) 21(70%) 30 9 

10 Nadupattu 13(43%) 17(56.7%) 30 9 

11 Mutnattur 12(40%) 18(60%) 30 10 

12 Melkupusanavur 16(53.3%) 14(46.7%) 30 9 

13 Nammiampattu 15(50%) 15(50%) 30 8 

14 Kilnadanur 13(43%) 17(56.7%) 30 8 

                       

Part Two: 

Due to financial and practical constraints and considerations, for dietary assessment 

and fasting lipid profile, a subset of 180 people was planned initially. Every 

alternate household from the initial study population were selected and one 

participant per household was selected by lot method. Out of 311 total households, 

eligible households for lipid sample collection were 155 and 12 persons didn’t give 

consent and 5 samples were hemolysed. Final sample size obtained was only 138. 
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The dietary intake was assessed by dietary frequency and 24 hour recall method. 

Fasting venous blood sample were collected for lipid profile. 

FIG.4.2 Diagrammatic algorithm of the study: 
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4.7 Study tools: 

Following tools were used: 

a)  Modified WHO STEPS instrument V 3.1 (206) 

b)  Global physical activity questionnaire (GPAQ) (198,199) 

c)  24 hour Food Recall Questionnaire 

d)  Food frequency Questionnaire 

e)  Indian diabetic risk score(IDRS) 

All were semi structured questionnaires and interviewer administered except the 

Indian diabetic risk score which was derived from other parameters. Both the 

questionnaires were translated to Tamil and were back translated. 

4.8 Data collection techniques: 

4.8.1 Modified WHO STEPS instrument: 

Modified WHO STEPS instrument/Questionnaire was administered by the principal 

investigator. Following variable were collected 

a) Socio-demographic factors and behavioral risk factors (STEP 1 variable): 

Information regarding tobacco use, alcohol use, physical inactivity, diet and social 

demographic factors like age, sex, education, occupation, socio economic status 

were collected. Aadaar card was taken as proof of age and if Aadaar card was not 

available, self-reported age was considered after verifying with traditional/social 

events in the past.  Level of physical activity was determined by global physical 

activity questionnaire (GPAQ). 
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Socio economic status was assessed using modified Kuppusamy scale (Income was 

modified with reference to consumer price index for the month of February 2016). 

b) Metabolic risk factors (STEP 2 variables): 

Weight, height, waist circumference and blood pressure were measured as per the 

guidelines given by WHO STEPS instrument for chronic diseases risk factor 

surveillance. Weight was measured with bathroom weighing scale (rounded off to 

nearest 1 kg). Height was measured using stadiometer (rounded off to nearest 1 cm). 

Approximate midpoint between lower margin of last palpable rib and the top of iliac 

crest was used for measurement of waist circumference. Measurements were made 

with the close fitting tape, but not constricting and at a level parallel to the floor. 

For females light clothing is allowed and family members were utilized for holding 

the tape. Blood pressure was recorded by using OMRON automatic BP apparatus. 

(Totally three readings were recorded; first one was discarded and average of 

second and third readings were taken for analysis).Left upper arm in sitting position 

was used.                

c) Biomedical risk factors (STEP 3 variables): 

Biochemical risk factors were measured in this step. Fasting and 2hour post prandial 

blood glucose samples were collected. Capillary blood glucose was measured using 

Acuchek- active glucometer. Fasting lipid samples from the venous samples (among 

the subset of 138) were collected and were transported to the lab within 4 hrs of 

collection in cold chain. Lipid samples were analyzed at biochemistry lab, CHAD 
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hospital, Christian medical college, Bagayam. ERBA auto analyzer was used for 

lipid analysis (107). 

4.8.2 Global physical activity questionnaire: 

Self-reported physic al activity in the domains of work, travel and recreational 

activities were assessed. Some parts of questionnaire like recreational activities are 

not applicable to the study population. 

              4.8.3 Assessment of Dietary intake: 

a) Semi-structured questionnaire for 24 hour Food Recall: 

Calorie intake of the population was assessed by 24 hour recall method. Standard 

cups, glasses, ladles and spoons were used to assess the actual amount of food 

consumed. Then the nutrients present in the raw ingredients were calculated using 

the database of ‘Nutritive Value of Indian Foods’ had given by the National 

Institute of Nutrition (NIN)(207). 

b) Food frequency questionnaire: 

Dietary habits of the population over the past one month were assessed by food 

frequency method without including  portion size.Modified food frequency 

questionnaire based on dietary guidelines by National Institute of Nutrition, 

Hyderabad  was  used (207). 

4.9 Data analysis and statistical methods: 

Data entry was done using Epidata 3.1 and data was analyzed using SPSS version 

16. Statistical significance was fixed at P value of <0.05. Descriptive analysis was 
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done to study the baseline demographic characteristics. Student t test was used for 

testing the statistical significance of continuous variables. Chi square test was used 

for testing the statistical significance of categorical variables. Multivariate logistic 

regression model was built using the all significantly associated factors and the 

biological (risk) factors that can affect the outcome(208). 

4.10 Definition of variables (STEPS variables): 

4.10.1 Behavioural risk factors (STEP1 variables): 

a) Tobacco use 

Ever smoker means ever smoked at least 100 beedis or cigarettes .Current tobacco 

user means, beedi, cigarettes or smokeless tobacco usage within the past 30 days. 

Current smokers: Smoked beedi, cigarettes or others within the past 30 days 

b) Alcohol use: 

Ever user of alcohol means ever consumption of any alcoholic drinks such as beer, 

whisky, rum, gin, brandy or local preparations. Current user of alcohol means 

consumption of alcohol within the past 30 days. 

c) Physical activity (GPAQ) 

Global physical activity questionnaire was used to assess the physical activity. Total 

physical activity MET-minutes/week = the sum of the total MET minutes of 

activity.  Based on METs, people were categorised into three groups: 

Inactive or low physical activity(< 600 METS) / Moderate(600- 2999 METS)/ 

Vigorous (≥ 3000 METS)(196,197). 
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4.10.2 Metabolic risk factors (STEP 2 variables): 

a) Obesity: 

Body mass index (BMI) was used for assessing obesity.BMI=weight (kg)/height 

m)
2
. According to WHO, overweight is BMI ≥25 kg/m

2
, obesity is  ≥30 kg/m

2
.For 

Asian populations the cutoff has been lowered to 23 kg/m
2
 and 27.5 23 kg/m

2
  

respectively(194).In this study WHO Asia cut offs have been used. 

b) Central Obesity: 

Central obesity was measured with waist circumference. WHO cutoff for waist 

circumference (International):  ≥102 cm for men and ≥88 cm for women. Cut off  

for Asian population:   ≥90 cm for men and ≥80 cm for women(195). This cut off is 

used in this study. 

c) Hypertension: 

Hypertension is defined as systolic blood pressure ≥140 mm of Hg or diastolic 

blood pressure ≥90 mm of Hg or currently taking any medication for hypertension. 

Hypertension Stage I: Blood pressure between 140-159 mm Hg systolic or 90-99 mm 

Hg diastolic. Hypertensive Stage II: Blood pressure between ≥160 mm Hg systolic or 

≥100 mm Hg for diastolic(154,209). 

4.11 Ethical considerations: 

Ethical clearance was obtained from Institutional Ethics Committee/review board, 

Christian Medical College, Vellore (Ref: IRB Min No: 9558 [OBSERV] dated 
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05.08.2015).Permissions were got from the local village headman/ Ooran in every 

village. This study was funded by Christian Medical College, Vellore. 

4.11.1 Informed Consent: 

Informed written consent was obtained from the participants after explaining about 

the study in local understandable language (Tamil).If the participants are not able to 

read, consent was got in the presence of local volunteers who were literate. 

4.11.2 Privacy and confidentiality: 

Adequate privacy was provided during the physical examination. The personal 

details about the participants and the responses were kept confidential. The data will 

be stored for two years for any further clarifications and references. 

Persons who were diagnosed as diabetes mellitus were subjected to further 

investigations (hba1c) to confirm the diagnosis. They were advised diet or started 

on treatment accordingly. Hypertensive patients were started on treatment and were 

referred to nearby PHC or mobile clinics/ Veerapanur clinic for continuation of 

medical care. 
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5. RESULTS 

A total of 480 people in the age group of 30 to 60 years participated in this study. 

Results are described under the following titles: 

5.1    Baseline characteristics 

5.2    Prevalence of non-communicable diseases and cardio vascular risk factors 

5.3    Prevalence of other cardio vascular risk factors 

5.4   Association of various risk factors with non-communicable diseases 

5.1 Baseline characteristics 

         5.1.1 Socio demographic characteristics of study population: 

Baseline characteristics of the study population are summarized in table 5.1. Among 

the study population, 46.9% were males. Mean age of the population was 45.16 

years with a standard deviation of 8.5 years. Age and sex distribution of the 

population is described in figure 5.1. 

Figure.5.1 Age and sex distribution of the population 
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Table 5.1 Socio demographic characteristics of study population 

 

 

Characteristics Categories Male(N=225) 

N (%) 

Female(N=255) 

N (%) 

Total(N=480) 

N (%) 

Age 

distribution 

30-35 years 29(12.9) 43(16.9) 72(15) 

36-40 years 44(19.6) 53(20.8) 97(20.2) 

41-45 years 39(17.3) 37(14.5) 76(15.8) 

46-50 years 42(18.7) 37(14.5) 79(16.5) 

51-55 years 31(14.2) 54(21.2) 85(17.7) 

56-60 years 40(17.3) 31(12.2) 71 (14.8) 

Religion Hindu 224(99.6) 254(99.6) 478(99.6) 

Christian 1(0.4) 1(0.4) 2 (0.4) 

Occupation Unemployed/housewife 3(1.3) 4(1.6) 7(1.5) 

Unskilled 51(22.7) 87(34.1) 138(28.8) 

Semiskilled 10(4.4) 7(2.7) 17(3.5) 

Skilled 4(1.8) 0 4(0.8) 

Farmer 147(65.3) 156(61.2) 303(63.1) 

Shopkeeper/business 10(4.4) 1(0.4) 11(2.3) 

Education 

 

 

 

 

No education 120(53.3) 245(96.1) 365(76) 

Primary school 53(23.6) 5(2) 58(12.1) 

Middle school 21(9.3) 4(1.6) 25(5.2) 

High school 25(11.1) 1(0.4) 26(5.4) 

Post high school 5(2.2) 0 5(1) 

Graduate 1(0.4) 0 1(0.2) 

Socio economic 

status (Modified 

Kuppusamy scale) 

Upper middle 5(2.2) 4(1.6) 9(1.8) 

Lower middle 27(12) 18(7.1) 45(9.4) 

Upper lower 193(85.8) 233(91.4) 426(88.8) 
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Only 2 participants were Christians and all others belonged to Hindu religion. 

Among the study population, 63.1% were farmers and 28.8% were manual 

labourers. Modified Kuppusamy scale was used to assess the socio economic status 

of the population. Majority (88.2%) of the population were in the lower socio 

economic status category (upper lower). 

Among the study population 76% had no formal education and only 11.8% has 

education beyond primary level. There was a significant difference in the 

educational status of males and females in the study group 

Fig 5.2 Sex wise distribution of educational status 

  

                                  Yes- Educated       No-No education / some education  

Among females, 96.1% did not have any formal education as compared to 53.3% 

among males. 23.6% of the males had completed primary school as compared to 2% 

among females and the difference was statistically significant. 
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5.1.2 Treatment history of known chronic diseases 

Among the study population, 17(3.5%) were known to have hypertension and only 

6 of them were under treatment. Among the study population 5 were known to have 

diabetes mellitus(1%).Only 1 person had family history of diabetes mellitus(father). 

Table 5.2 Proportion of people with known chronic diseases: 

Disease  Numbers  Percentage  

Hypertension  17 3.5 

Diabetes mellitus  5 1 

 

5.2 Prevalence of non-communicable diseases and cardio vascular risk factors: 

Prevalence of diabetes mellitus, hypertension, dyslipidaemia and metabolic 

syndrome and behavioral risk factors like alcohol and tobacco use, low physical 

activity, overweight and central obesity is discussed here. 

5.2.1 Diabetes mellitus: 

Among the study participants, 3.3% (16 people) had diabetes mellitus. Out of the 

total 16 people with diabetes, 11 were newly diagnosed during this study.  

Prevalence of pre diabetes was 7.6% and the sex wise prevalence is summarized in 

table 5.3. Out of 35 patients with pre diabetes, 23 had impaired fasting glucose 

(IFG) alone, 10 patients had impaired glucose tolerance (IGT) and 2 patients had 

both IFG and IGT. 
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Table 5.3 Prevalence of diabetes mellitus 

Characteristics Male(n=225) Female(n=255) 
Total 

(n=480) 

95%CI   

(%) 

Prevalence of diabetes 

mellitus             

9(4%) 

 

7(2.8%) 16(3.3%) 1.7- 5 

 

Prevalence of  Pre diabetes 

(IFG+IGT)                        

20(8.8%)      15(5.8%) 35(7.6%) 

 

4.9 -9.7 

              

5.2.2 Hypertension: 

Prevalence of hypertension among the study population was 17.7% (85 people) and 

19.6 % (44)) among males had hypertension. Among the people with hypertension, 

68 were newly diagnosed during the study. Eight persons had both diabetes and 

hypertension and among them two were known diabetic patients. Among the newly 

diagnosed hypertensive patients, 7 of them had diabetes mellitus also. 

Table 5.4 Prevalence of hypertension 

Characteristics Male(n=225) Female(n=255) 
Total  

(n=480) 

95%CI 

(%) 

Prevalence of 

hypertension    

44(19.6%) 41(16.1%) 85(17.7%) 14.2-21.2 

 

49.9 percent of the study population had pre hypertension which was equally 

distributed among both sexes. Among the newly diagnosed hypertensives, 10.6% 

were in stage I hypertension and 4.1% were in stage 2 hypertension. Rising trend of 

increase in prevalence of hypertension was noticed with advancing age and was 

described in table 5.5. 
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Table 5.5 Association of age with hypertension 

Age group Hypertension N (%) Odds ratio  

Yes No 

31-40 years 15(8.9) 154 1 

41-50 years 25(16.1) 130 1.97 

51-60 years 45(28.8) 111 4.16 

Extended Mantel- Haensze Chi square value is 21.33, P value is <0.001 

 

5.2.3 Prevalence of dyslipidaemia: 

Among the total study population of 480 people, a sub group of 138 people were 

included for fasting lipid profile and dietary assessment. Prevalence of any form of 

dyslipidaemia was 51.5% and almost equal number of males and females (53% and 

50% respectively) had any one of the lipid abnormalities. Prevalence of various 

lipid abnormalities is summarized in table 5.6. 

Prevalence of hypercholesterolemia was 16.7% and 24.6% had hyper 

triglyceridemia. Hyper triglyceridemia was more prevalent among males (34.8% 

among males and 15.3% and females) and the difference is statistically 

significant.18.1% of the population had high levels of LDL. 

26.8% of the population had low levels of HDL and 36.1% of the females had low 

HDL levels as compared to16.7% among males which was statistically 

significant.10.8% of the population had high total cholesterol /HDL ratio and it was 

more among males(19.7%) than females(2.8%)which was statistically significant. 
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Table 5.6 Prevalence of dyslipidaemia 

Characteristics (mg/dl) 

Male     

(N=66) 

  N (%) 

  

Female 

(N=72) 

  N (%) 

Total 

(N=138) 

  N (%) 

95% CI 

(%) 

Prevalence of hypercholesterolemia 

(≥200) 

13(19.7) 

 

10(13.9) 

 

23(16.7) 

 

10.3-23 

 

Prevalence of hyper triglyceridemia 

(≥150) 

23(34.8) 

 

11(15.3) 

 

34(24.6)

* 

 

17.3-32 

 

Prevalence of  low HDL 

(Male<40,female<50) 

11(16.7) 

 

26(36.1) 

 

37(26.8)

* 

 

19.3-34.3 

 

Prevalence of high LDL   (≥130) 
13(19.7) 

 

12(16.7) 

 

25(18.1) 

 

11.6-24.7 

 

Prevalence of high total 

cholesterol/HDL ratio ( ≥4.5) 

13(19.7) 

 

2(2.8) 15(10.8) 5.5-16.1 

Prevalence of  any form of 

dyslipidaemia 

35(53) 

 

36(50) 

 

71(51.5) 46.8-56 

          * Statistically significant              

5.2.4 Prevalence of metabolic syndrome 

Presence of any three of following factors are essential for the diagnosis of 

metabolic syndrome. Prevalence of these factors is summarized as below: 

a) High fasting blood glucose (≥100 mg /dl) - 21.7% 

b) High blood pressure (≥130 or ≥85 mm Hg)-31.2%      

c) Low HDL -26.8% 

d) Hyper triglyceridemia -24.6%                                           

 e) High waist circumference-11.6% 
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Prevalence of metabolic syndrome was 12.3%.and prevalence was almost equal 

among males and females. 

Table 5.7 Prevalence of metabolic syndrome 

Characteristics (mg/dl) 

Male 

(N=66) 

N (%) 

Female 

(N=72) 

N (%) 

Total 

(N=138) 

N (%) 

95% CI 

(%) 

Prevalence of metabolic 

syndrome 

 

9(13.6) 

 

8(11.1) 

 

17(12.3) 

 

 

6.7-17.9 

 

 

 

5.3 Prevalence of other cardio vascular risk factors: 

Prevalence of behavioral risk factors like tobacco use, alcohol use, physical activity 

and metabolic risk factors like obesity (BMI), central obesity (waist circumference) 

are summarized in table 5.8.and 5.9. 

5.3.1 Alcohol and tobacco use: 

Of the 480 participants, prevalence of ever alcohol use was 34.2%and current 

alcohol use was 30%.Alcohol use was not reported among females. Among the 

males 72.9% were ever users.64% of the males were current alcohol users. 

Prevalence of ever tobacco users was 23.8% and prevalence of current tobacco 

users was 19.8%.Tobacco use was not reported among females. Among the males 

50.7% were ever users and 42.2% of the males were current tobacco users. Beedi 

(97.9%) is the preferred tobacco product and only one person was found using 

smokeless tobacco. 52.5% of the tobacco users were using it for morethan10 years 

 



72 
 

Table 5.8 Prevalence of behavioral risk factors 

 

5.3.2 Low Physical activity: 

Prevalence of low physical activity was 11.7%. Males had high prevalence (14.7%) 

than females (9%). Mean duration of daily total physical activity was 70.3 minutes 

with standard deviation of 28.8 and median was 72.9 minutes. Work related 

activities contributes about 54.2 %( 38.1 minutes) of the mean duration of daily 

total physical activity and the rest (45.8%) was contributed by travel related 

activities. No recreational activities were reported among the study population. 

Characteristics Categories Male 

N=225) 

N (%) 

Female 

(N=255) 

N (%) 

Total 

(N=480) 

N (%) 

95% CI 

(%) 

Ever alcohol use 

 

Yes 164(72.9) 0 

 

164(34.2) 29.9-38.5 

No 

 

61(27.1) 255(100) 316(65.8) 

Current alcohol 

use 

Yes 

 

144(64) 0 144(30) 25.8-34.2 

 

 

 
No 81(36) 0 336(70) 

Ever tobacco use 

 

Yes 

 

114(50.7) 

 

0 114(23.8) 19.9-27.7 

 

 

 
No 111(49.3) 255(100) 366(76.2) 

 

Current  tobacco 

use 

Yes 

 

95(42.2) 0 95(19.8) 

 

16.2-23.4 

No 130(57.8) 255(100) 385(80.2) 

Physical activity Low 

(<600 MET) 

33(14.7) 23(9) 56(11.7) 

 

8.7-14.6 

Moderate 

(600-2999 MET) 

122(54.2) 199(78.1) 321(66.9) 

Vigorous 

(≥3000 MET) 

70(31.1) 33(12.9) 103(21.5) 
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21% of the people reported vigorous physical activity. 31.1% of the males and 

12.9% of the females were engaged in vigorous physical activity. 

5.3.3 Overweight and central obesity: 

Body mass index was used for assessing obesity and WHO cut off for Asian 

population was used. Mean BMI was 20.6 with standard deviation of 3.5 and was 

ranging from 12.9 to 36.5 and the median BMI was 20.2. Prevalence of overweight 

(≥23 kg/m
2
) among this population was 20 % and obesity was 4.8%. Overweight 

was more prevalent among males (22.7%) as compared to females (17.6%) and 

females (5.4%) were more obese. . According to international cut off for BMI, 11% 

of population was overweight and 2% were obese. Prevalence of central obesity was 

9.8% and 12.2 % of females had central obesity as compared to 7.1% among males. 

Table 5.9 Prevalence of metabolic risk factors 

Characteris

tics 

Categories Male 

N=225) 

N (%) 

Female 

(N=255) 

N (%) 

Total 

(N=480) 

N (%) 

95% CI 

(%) 

 

Obesity 

(BMI –

WHO/Asia 

Criteria) 

Underweight (<18.5) 62(27.6) 79(31) 141(29.4) 25.2-33.5 

Normal  (18.5-22.99) 112(49.7) 131(51.4) 243(50.6)  

Overweight (23-27.49) 42(18.7) 31(12.2) 73(15.2) 11.9-18.5 

Obesity      (≥27.5) 9(4) 14(5.4) 23(4.8) 2.9-6.8 

Central 

obesity  

 

Yes 16(7.1) 31(12.2) 47(9.8) 7.1-12.5 

No 209(92.9) 224(87.8) 433(90.2)  
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5.3.4 Indian diabetic risk score (IDRS) 

 Out of 475 non diabetic people, 51 (10.6%) got risk score of 60 and above and 

were in high risk category and more females had high risk score. 

Table 5.10 Indian diabetic risk score (IDRS) categories 

        Categories Male 

(n=224) 

Female 

(n=251) 

Total 

(n=475*) 

Low risk  (Less than 30) 11(4.9%) 32(12.7%) 43(9%) 

Moderate risk    (30-60) 192(85.7%) 190(75.7%) 386(80.4%) 

High  risk (≥60) 21(9.4%) 29(11.6%) 51(10.6%) 

*5 known diabetics were excluded 

5.3.5 Dietary assessment: 

Dietary habits of the population and mean nutrients intake were assessed among a 

sub group of 138 people. The mean energy intake was 1684.6 + 180.8 and 1467.4 + 

152.1 calories/day in the male and female population respectively. The intake of 

proteins was below the recommended allowances for Indians (males: 40.6 + 

4.5gm/day; females: 36.3 + 4.4 gm/day).There was a gross deficit in the intake of 

minerals like Calcium, Iron and vitamins like thiamine, riboflavin, niacin, folic 

acid, carotene and vitamin C in both the male and female population. 

The nutritional data indicates that this population consumes three major meals per 

day. Polished rice is the staple food and constitutes the major portion of their three 

meals. The high fiber millets like ragi are less frequently consumed (less than thrice 

a week). The intake of fruits and vegetables was very poor. It was consumed on a 

weekly basis.  
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All of people were consuming less than 5 servings of fruits and vegetables. Our 

data indicated a low intake of fruits and vegetables which was far below the 

recommended intake with a subsequent deficit in micronutrient intake. The 

intake of protein foods was inadequate. Horse gram was the popular pulse 

which was cooked into a thin gruel and consumed on a daily basis in 95% of 

the population. More than three-fourth of the population consumed animal 

proteins (milk, beef, eggs and fish) less than twice a month and chicken was 

consumed fortnightly. 

5.4 Association between various risk factors and non-communicable diseases 

(Bivariate analysis and multivariate analysis by logistic regression) 

Socio demographic characteristics of the population, behavioural risk factors and 

metabolic risk factors (independent variables) were dichotomized. Age was 

dichotomized by using 45 years as cut off as the mean age of the population was 45 

years .Education was categorized into no education and some education. 

Occupation was dichotomized into manual or non-manual work. Physical activity 

was dichotomized into low or normal. BMI was categorized into overweight or 

normal based on WHO cut off for Asian population (≥23). Relationships between 

these various factors and diabetes mellitus, hypertension, dyslipidaemia and 

metabolic syndrome (dependent variables) were analyzed by Chi square test. 

Multivariate logistic regression model was built with significant risk factors from 

bivariate analysis and also biological risk factors of the outcome variable. 
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5.4.1 Diabetes mellitus: 

a) Bivariate analysis: 

Low physical activity, overweight, central obesity and hypertension were 

significantly associated with diabetes mellitus. Bivariate analysis for risk factors 

associated with diabetes mellitus is shown in table 5.11.  

Prevalence of diabetes mellitus among people with low physical activity was 10.7% 

as compared to 2.4% among those with normal physical activity. The odds of 

developing diabetes mellitus among those with low physical activity was 5(95% CI: 

1.7-14.3) as compared to people with normal physical activity and it was 

statistically significant (P value =0.001). 

People with overweight had high prevalence of diabetes mellitus (9.4%) as 

compared with people without overweight(1.8%)and they had 5.6 (95% CI: 2.02-

15.4) times higher probability of developing diabetes mellitus as compared to 

people without overweight and it was statistically significant (P value< 0.001).                   

 Prevalence for diabetes mellitus among people with central obesity was 12.8% as 

compared to 2.3% among those without central obesity. The odds of developing 

diabetes mellitus among those with central obesity was 6.2 (95% CI: 2.1-17.9) as 

compared to people without central obesity and it was statistically significant (P 

value <0.001). 
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Table 5.11 Association of various risk factors with diabetes mellitus 

Characteristics Categories Diabetes mellitus  

N (%) 

Unadjusted 

OR 

(95% CI) 

 

Adjusted OR 

(95% CI) 

 Present 

(16) 

Absent 

(464) 

 

Age 

 

>45 yrs 11(4.7) 224(95.3) 2.4(0.8-6.9) 1.5(0.5-4.8) 

 
≤45yrs 5(2) 240(98) 

 

Sex 

Male 9(4) 216(96) 1.5(0.5-4) 1.3(0.4-3.96) 

 
Female 7(2.7) 248(97.3) 

Socioeconomic 

score(Modified 

Kuppusamy) 

≥11 3(5.6) 51(94.4) 1.9(0.5-6.8) 1.68(0.4-6.8) 

<11 13(3.1) 413(96.9) 

 

Education 

Educated 6(5.2) 109(94.8) 1.9(0.7-5.5) --- 

No  10(2.7) 355(97.3) 

Occupation-non 

manual work  

 

Yes 3(7.7) 36(9.3) 2.7(0.75-10.1) 0.99(0.2-4.7) 

No  13(2.9) 428(97.1) 

Current tobacco user Yes 4(4.2) 91(95.8) 1.37(0.4-4.34) 1.15(0.3-4.9) 

No 12(3.1) 373(96.9) 

Ever  tobacco user Yes 5(4.4) 109(95.6) 1.5(0.5-4.4) ---- 

No 11(3) 355(97) 

Current alcohol use Yes 5(3.5) 139(96.5) 1.06(0.36-3.1) 0.92(0.2-4.09) 

No 11(3.3) 325(96.7) 

Ever alcohol use Yes 7(4.3) 157(95.7) 1.5(0.56-4.2) --- 

No 9(2.8) 307(97.2) 

Low physical 

activity 

 

Yes 6(10.7) 50(89.3) 5(1.7-14.3) 

* 

1.56(0.4-6.4) 

No 10(2.4) 414(97.6) 

Overweight 

(BMI*Asia)(≥23) 

Yes 9(9.4) 87((90.6) 5.6(2-15.4) 

* 

1.56(0.4-6.4) 

** No 7(1.8) 377(98.2) 

Central obesity 

 

Yes 6(12.8) 41(87.2) 6.2(2.1-17.9) 

* 

2.46(0.7-8.8) 

No 10(2.3) 423(97.7) 

Hypertension Yes 8(9.4) 77(90.6) 5.03(1.8-13.8) 

* 

2.46(0.7-8.8) 

** 
No 8(2) 387(98) 

 *Statistically significant in bivariate analysis ** statistically significant in multivariate  

logistic regression  
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Those with hypertension had high prevalence of diabetes mellitus (9.4%) as 

compared with people without hypertension (2%). The odds of developing diabetes 

mellitus among those with hypertension was 5.03 (95% CI: 1.8-13.8) as compared 

to people without hypertension and it was statistically significant (P value= 0.003). 

b) Multivariate logistic regression for diabetes mellitus: 

Age above 45 years, non-manual occupation, male sex, current tobacco use, current 

alcohol use, low physical activity, overweight, central obesity and hypertension 

were the risk factors considered for logistic regression model. 

In the multiple logistic regression model, overweight (AOR4.07, 95%CI: 1.4-11.8) 

and hypertension (AOR3.5, 95%CI: 1.2-9.98) were found to be significantly 

associated with diabetes mellitus after adjusting for age, sex, alcohol use, tobacco 

use, occupation, central obesity and low physical activity. Low physical activity 

(AOR1.56, 95%CI: 0.4-6.4) and central obesity (AOR2.46, 95%CI: 0.7-8.8) which 

showed significant association with diabetes mellitus in bivariate analysis, became 

insignificant after adjusting for other factors. 

5.4.2 Hypertension 

a) Bivariate analysis: 

Bivariate analysis for risk factors associated with hypertension is shown in Table 

5.12.  
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Age more than 45 years, occupation not involving manual work, low physical 

activity, overweight, central obesity and were significantly associated with 

development of hypertension. Other risk factors didn’t show any significant 

association with hypertension. 

Those with aged more than 45 years had high prevalence of hypertension (24.7%) 

as compared with people without hypertension (11%). The odds of developing 

hypertension among those with age more than 45 years was 2.7 (95% CI: 1.7-4.4) as 

compared to people with age less than 45 yearsand it was statistically significant (P 

value <0.001).People with occupations  involving non manual work had high 

prevalence of hypertension (30.8%) than those with occupations involving manual 

work(16.6%).And they had2.2 (95% CI: 1.1-4.6) times higher probability of 

developing hypertension as compared to people with occupation involving manual 

workand it was statistically significant (P value =0.03). 

Prevalence of hypertension among people with low physical activity was 35.7% as 

compared to 15.3% among those with normal physical activity. The odds of 

developing hypertension among those with low physical activity was 3.07(95% CI: 

1.7-5.6) as compared to people with normal physical activity and it was statistically 

significant (P value <0.001). 

People with overweight had high prevalence of hypertension (35.4%) as compared 

with people without overweight(13.3%)and they had 3.6(95% CI: 2.2 -6)times more 

odds of developing hypertension as compared to people without overweight and it 

was statistically significant (P value <0.001). 
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 Table 5.12 Association of various factors with hypertension 

Characteristics Categories Hypertension N (%) Unadjusted 

OR 

(95% CI) 

Adjusted OR 

(95% CI) 

 
Present 

(85) 

Absent  

(395) 

Age >45yrs 58(24.7) 177(75.3) 2.7(1.6-4.4) 

* 

2.61(1.6-4.4) 

** 
≤45 yrs 27(11) 218(89) 

Sex Male 44(19.6) 181(80.4) 1.3(0.8-2) 1.13(0.6-2.3) 

Female 41(16.1) 214(83.9) 

Socioeconomic 

score 

≥11 9(16.7) 45(83.3) 0.9(0.4-2) 0.86(0.4-2) 

<11 76(17.8) 350(82.2) 

Education Educated 12(21.1) 45(78.5) 1.3(0.7-2.5)  

No  73(17.3) 350(82.7) 

Occupation-non 

manual work  

Yes 12(30.8) 27(69.2) 2.2(1.1-4.6) 

* 

1.49(0.7-3.3) 

No 73(16.6) 368(83.4) 

Ever  tobacco use Yes 23(20.2) 91(79.8) 1.24(0.7-2.1)  

No 62(16.9) 304(83.1) 

Current tobacco 

use 

Yes 18(18.9) 77(81.1) 1.1(0.6-1) 0.87(0.4-1.9) 

No 67(17.5) 318(82.6) 

Ever alcohol use Yes 34(20.7) 130(79.3) 1.4(0.8-2.2)  

No 51(16.1) 265(83.9) 

Current alcohol use Yes 28(19.4) 116(80.6) 1.2(0.72-1.95) 1.27(0.8-2.2) 

No 57(17) 279(83) 

Low physical 

activity 

 

Yes 20(35.7) 36(64.3) 3.07(1.7-5.6) 

* 

1.23(0.5-2.9) 

No 65(15.3) 359(84.7) 

Overweight 

(BMI*Asia(>/23) 

Yes 34(35.4) 62(64.6) 3.6(2.2 -6) 

* 

3.53(2.1-5.96) 

** 
No 51(13.3) 333(86.7) 

Central obesity 

 

 

Yes 19(40.4) 28(59.6)   3.8(2-7.2) 

         * 

3.53(2.1-5.96) 

No 66(15.2) 367(84.8) 

*Statistically significant in bivariate analysis ** statistically significant in multivariate 

logistic regression  
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Prevalence of hypertension among people with central obesity was 40.4% as 

compared to 15.2% among those without central obesity. The odds of developing 

hypertension among those with central obesity was3.8 (95% CI:  2-7.2) as compared 

to people without central obesity and it was statistically significant (P value <0.001). 

b) Multivariate logistic regression for hypertension: 

Age above 45 years, non-manual occupation, male sex, current tobacco use, current 

alcohol use, low physical activity, overweight and central obesity were the risk 

factors considered for logistic regression model. 

In the multivariate analysis logistic regression model, overweight (AOR 3.53, 

95%CI: 2.1-5.96), and advancing age (AOR 2.6, 95%CI: 1.6-4.4)   were the risk 

factors that were significantly associated with hypertension, after adjusting for sex, 

alcohol use, tobacco use, occupation, central obesity and low physical activity. 

Low physical activity (AOR1.23, 95%CI: 0.5-2.9), central obesity (AOR1.62, 

95%CI: 0.8-3.5) and occupation (AOR1.47, 95%CI: 0.7-3.3), which showed 

significant association with hypertension in bivariate analysis, became insignificant 

after adjusting for other factors. 

5.4.3 Dyslipidaemia 

 Bivariate analysis for risk factors associated with dyslipaemia is shown in Table 

5.12. Low physical activity, overweight and central obesity were significantly 

associated with development of dyslipidaemia.  
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Table 5.13 Association of various factors with dyslipidaemia (N=138) 

Characteristics Categories Dyslipidaemia N(%) OR (95%CI) Adjusted OR 

(95% CI) Present 

(71) 

Absent 

(67) 

Sex Male 35(53) 31(47) 1.13(0.6-2.2) 1.5(0.6-3.6) 

Female 36(50) 36(50) 

Age >45yrs 43(54.4) 36(45.6) 1.3(0.7-2.6) 1.2(0.6-2.6) 

≤45 yrs 28(47.5) 31(52.5) 

Education Educated 20(60.6) 13(39.4) 1.6(0.74-3.6)  

No education 51(48.6) 54(51.4) 

Occupation-non 

manual work 

Yes 6(66.7) 3(33.3) 1.97(0.47-8.2) 

 

1.5(0.2-10.5) 

No 65(50.4) 64(49.6) 

Socioeconomic score ≥11 7(50) 7(50) 0.94(0.3-2.8) 0.6(0.18-2.1) 

<11 64(51.6) 60(48.4) 

Ever tobacco use Yes 16(47.1) 18(52.9) 0.8(0.4-1.7)  

No 55(52.9) 49(47.1) 

Current tobacco use Yes 12(42.9) 16(57.1) 0.65(0.3-1.5) 0.45(0.2-1.1) 

No 59(53.6) 51(46.4) 

Ever alcohol use Yes 25(53.2) 22(46.8) 1.1(0.55-2.3)  

No 46(50.5) 45(49.5) 

Current alcohol use Yes 20(48.8) 21(51.2) 0.86(0.4-1.8) 0.93(0.3-3.1) 

No 51(52.6) 46(47.4) 

Low physical activity 

 

Yes 18(78.3) 5(21.7) 4.2(1.5-12.1) 

* 

2.66(0.8-9) 

 
No 53(46.1) 62(53.9) 

Overweight 

(BMI*Asia)(≥23) 

Yes 25(75.8) 8(24.2) 4(1.7-9.7) 

* 

4.8(1.9-12.3) 

** 
No 46(43.8) 59(56.2) 

Central obesity 

 

Yes 13(81.2) 3(18.8) 4.8(1.3-17.6) 

* 

1.18(0.1-9.8)) 

No 58(47.5) 64(52.5) 

Hypertension Yes 18(66.7) 9(33.3) 2.2(0.9-5.3) 1.1(0.4-3.08) 

No 53(47.7) 58(52.3) 

*Statistically significant in bivariate analysis ** statistically significant in multivariate 

logistic regression  
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Prevalence of dyslipidaemia among people with low physical activity was 78.3% as 

compared to 46.1% among those with normal physical activity. The odds of 

developing dyslipidaemia among those with low physical activity was 4.2 (95% CI: 

1.5-12.1) as compared to people with normal physical activity and it was 

statistically significant (P value = 0.005). 

People with overweight had high prevalence of dyslipidaemia (75.8%) when 

compared with people without overweight (43.8%)and they had 4 (95% CI: 1.7-9.7) 

times higher probability of developing dyslipidaemia as compared to people without 

overweight and it was statistically significant (P value =0.001). 

Prevalence of dyslipidaemia among people with central obesity was 81.2% as 

compared to 47.5% among those without central obesity. The odds of developing 

dyslipidaemia among those with central obesity was 4.8 (95% CI: 1.3-17.6) as 

compared to people without central obesity and it was statistically significant (P value 

=0.01) 

Low physical activity (AOR2.66, 95%CI: 0.8-9) and central obesity (AOR1.18, 

95%CI: 0.4-3.08) which showed significant association with dyslipidaemia in 

bivariate analysis, became insignificant after adjusting for other factors. 
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5.4.4 Metabolic Syndrome 

a) Bivariate analysis: 

Presence of metabolic syndrome was assessed among a sub group of 138 people, 

selected from the original study population. Bivariate analysis for risk factors 

associated with metabolic syndrome is shown in Table 5.13. . Low physical activity 

and overweight were significantly associated with development of metabolic 

syndrome.  

Prevalence of metabolic syndrome among people with low physical activity was 

52.2% as compared to 4.3% among those with normal physical activity. The odds of 

developing metabolic syndrome among those with low physical activity was 

24(95% CI: 7.1-80.8) as compared to people with normal physical activity and it 

was statistically significant (P value< 0.001). 

People with overweight had high prevalence of metabolic syndrome (39.4%) as 

compared to people without overweight (3.8%)and they had 16.4 (95% CI:  4.9-55.5) 

times more odds of developing metabolic syndrome as compared to people without 

overweight and it was statistically significant (P value< 0.001). 

b) Multivariate analysis logistic regression for metabolic syndrome 

                 In the multivariate analysis logistic regression, both overweight 

(AOR6.9, 95%CI: 1.7-28.8) and low physical activity (AOR14.87, 95%CI: 3.4-

65.6) were significantly associated with metabolic syndrome after adjusting for age, 

sex, alcohol use, tobacco use and occupation. 
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Table 5.14 Association of various factors with metabolic syndrome (N=138) 

Characteristics Categories Metabolic syndrome 

 N (%) 

OR 

(95%CI) 

Adjusted OR 

(95% CI) 

Present(9) Absent(8)  

Sex Male 9(13.6) 57(86.4) 1.26(0.5-3.5) 0.65(0.1-4.4) 

Female 8(11.1) 64(88.9) 

Age >45yrs 13(16.5) 66(83.5) 2.7 (0.8-8.8) 2.08(0.5-8.8) 

≤45yrs 4(6.8) 55(93.2) 

Education Educated 6(18.2) 27(81.8) 1.9(0.6-5.6)  

No 

education 

11(10.5) 94(89.5) 

Occupation-non  

manual work 

Yes 2(22.2) 7(77.8) 2.17(0.4-11.4) 0.36(0.03-3.9) 

No 15(11.6) 114(88.4) 

Socioeconomic 

score 

≥11 2(14.3) 12(85.7) 1.2(0.3-5.9) 0.76(0.05-12.8) 

<11 15(12.1) 109(87.9) 

Current tobacco 

use 

Yes 6(21.4) 22(78.6) 2.4(0.8-7.4) 3.5(0.5-23.6) 

No 11(10) 99(90) 

Current alcohol 

use 

Yes 5(12.4) 36(87.8) 0.98(0.3-3) 0.2(0.02-1.1) 

No 12(12.4) 85(87.6) 

Low physical 

activity 

Yes 12(52.2) 11(47.8) 24(7.1-80.8) 

* 

14.87(3.4-65.6) 

** 
No 5(4.3) 110(95.7) 

Overweight 

(BMI*Asia)(≥23) 

Yes 13(39.4) 20(60.6) 16.4(4.9-5.5) 

* 

14.87(3.4-65.6) 

** 
No 4(3.8) 101(96.2) 

*Statistically significant in bivariate analysis ** statistically significant in multivariate 

logistic regression  
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6. DISCUSSION 

This study was done among the Jawadhu hills population aged 30 to 60 years to 

estimate the prevalence of cardio vascular risk factors like diabetes mellitus, 

hypertension, dyslipidaemia and metabolic syndrome and factors associated with 

them. 

6.1 Socio demographic risk factors: 

A total of 480 people aged between 30 to 60 years were included in this study. 

Among the study population, 46.9% were males and 53.1 % were female 

participants. According to Census 2011 data,50.9% of the study population are 

males and 49.1% of the population are females(210). Majority of the people were 

farmers (63.1%) and 28.8% of the people were manual labourers. About 5.8% of the 

people were engaged in occupations that doesn’t involve much physical activity. 

These findings are similar to the findings from Census 2011(210). Majority of the 

people were working as seasonal manual labourers in neighbouring states like 

Kerala, Karnataka and Andhra Pradesh at least for few months in a year. Reason for 

participation of more females in this study might be explained by work related 

migration of males.  

Among the study population 76% had no formal education and only 11.8% has 

education beyond primary level which is very low when compared to Census 2011 

data(literacy rate  for Jawadhu hills block is around 45%)(210).Majority of the 

people were belonged to upper lower socio economic status according to Modified 
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Kuppusamy scale as most of the people were engaged in agriculture related works 

which is comparable with census 2011 data(210). 

6.2 Prevalence of cardiovascular disease risk factors: 

This study showed high prevalence of cardio vascular risk factors like hypertension, 

dyslipidaemia and behavior risk factors like tobacco and alcohol use, unhealthy diet 

habits among the study population which is similar to other studies among tribal 

population(22,146,174). The results are compared with the recent cross sectional 

study done by Oommen et al in the nearby geographical area(rural Vellore, Tamil 

Nadu) (64) and this is illustrated in table 6.1. 

Table 6.1 Comparison of prevalence of cardio vascular risk factors among the 

tribal population with general population  

SN Characteristics Prevalence % 

 (95% CI) 

( Jawadhu hills) 

Prevalence 

%(95% CI) 

(Vellore)(64) 

1 Diabetes mellitus 3.3 (1.7- 5) 9.3 

2 Pre diabetes 7.6 (4.9 -9.7) ---- 

3 Hypertension 17.7(14.2-21.2) 14.6 

4 Hypercholesterolemia (≥200 mg/dl) 16.7 (10.3-23) 24.8 

5 Hyper triglyceridemia * (cutoffs different) 24.6 (17.3-32) 14.4 

6 Low HDL *(cutoffs different) 26.8 ( 19.3-34.3) 59.3 

7 High LDL   (≥130 mg/dl) 18.1 (11.6-24.7) ----- 

8 Lifetime abstainers of alcohol(males) 27.1(21.2-33) 37.9 

9 Current smokers (males) 41.8(37.3-46.3) 23.4 

10 Insufficient physical activity 11.7(8.7-14.6) 43 

11 Overweight & obese (≥25 kg/m2) 11(8.1-13.9) 31 

12 Central obesity  9.8(7.1-12.5) ----- 
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6.2.1 Diabetes mellitus: 

Prevalence of diabetes mellitus among the study population was 3.3% and 

prevalence of pre diabetes was 7.6%. This study showed low prevalence of diabetes 

mellitus among the tribal population as compared to that of general population. This 

may be due to less prevalence of insufficient physical activity reported among this 

population. In 2010, Oommen et al reported that prevalence of diabetes mellitus in 

rural Vellore was 9.2 %(64). This is illustrated in table.6.1 

Generally prevalence of diabetes and pre diabetes among tribal population were less 

as compared to general population in India(2). Recently an increasing trend of 

diabetes mellitus is reported among the tribal population of India but regional and 

ethnic variations exist. High prevalence of diabetes & pre diabetes were reported in 

north east India by Singh et al (8.3% & 21.8%)and by Zaman et al(19.8% & 12%) 

respectively(66,67). Kandpal et al reported (6.9%) moderate prevalence based on 

fasting blood sugar alone. Low prevalence of diabetes was reported by Agrawal et 

al (4.6%) (65). Similar results have been reported by Radhakrishnan et al in Tamil 

Nadu (5% had diabetes and 7.5% had pre diabetes)(68).Upadhyay RP et al 

estimated  the pooled prevalence of diabetes in tribal India as 5.9 %(69).Prevalence 

of diabetes is almost equal among two sexes which is comparable to the study done 

by kandpal et al(211).In this study overweight (≥23 kg/m
2
) and hypertension were 

found to be significantly associated with diabetes mellitus after adjusting for other 

factors which is similar to other studies(67,69). 
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6.2.2 Hypertension: 

Prevalence of hypertension among the study population was 17.7%. And 19.6% of 

the males and 16.1% of the females had hypertension. 49.9% of the population had 

pre hypertension which was equally distributed among both sexes.  

Prevalence of hypertension observed in this study is low when compared to that of 

India. According to a systemic review by Anjala et al, estimated prevalence for 

hypertension in rural India was 27.6%. and  21.1% for  south India(145).According 

to NCD country profile by WHO 23% of Indians are having raised blood pressure 

and males(23.4%) are affected more when compared to females(22.6%) (2). 

Prevalence of hypertension observed in this study is high when compared to that of 

rural Tamil Nadu as reported by NFHS IV Tamil Nadu (12.5%)(212) and Oommen 

et al(14.6%)(64). 

 Prevalence of hypertension observed in this study is low when compared to other 

studies done among tribal population. Majority of tribal studies have reported high 

prevalence(152). Recent study conducted among Rang Bhotia tribes of Uttarakhand 

showed high prevalence 43.4 %(211).A recent unpublished NCD risk factor survey 

among Kani tribal people of Kerala done by Priyanka et al showed high prevalence 

of hypertension(48.3%)(35). Radhakrishnan et al documented that 31% of the tribal 

population of Yercaud hills in Tamil Nadu had hypertension and 36% had pre 

hypertension(68). A study done among Toto and Bhutia tribal population in West 

Bengal showed that 30 -50% of people had hypertension(36). 
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Moderate prevalence of 17.7% reported in this study is comparable to some studies. 

Kumar et al among a tribal population in Madhya Pradesh reported that 22%of the 

people had hypertension and 32.7 % had pre hypertension(151). Misra et al reported 

that 26 per cent of tribal people of the state of Assam had hypertension(22). Rizwan 

et al analysed the pooled prevalence of hypertension among tribal population from 

1981 to 2011,and concluded that estimated  prevalence of hypertension among 

tribal population was 16.1% with wide range of 7%-65%((38). 

Advancing age and overweight were significantly associated with hypertension in 

this study after adjusting for other factors which is similar to other studies. Recent 

study conducted among Rang Bhotia tribes of Uttarakhand showed that males, age 

more than 35 years, low physical activity were the factors (three times 

more odds) associated with hypertension(211).Although Rizwan et al reported  

advancing age as the only factor consistently associated with hypertension(38). 

6.2.3 Dyslipidaemia 

 High prevalence of dyslipidaemia was reported in this study.  Prevalence of any 

form of dyslipidaemia was 51.5% and almost equal number of males and females 

(53% and 50% respectively). Prevalence of various lipid abnormalities in this study 

are as follows; hypercholesterolemia (16.7%), hypertriglyceridemia (24.6%), high 

levels of LDL(18.1%), low levels of HDL(26.8% ), high total cholesterol /HDL 

ratio(10.8%). 
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As compared to study done by Oommen et al in rural Vellore, all the lipid 

abnormalities were low except high prevalence of hypertriglyceridemia (64). 

Comparing with India heart watch study, except for LDL cholesterol, all the lipid 

abnormalities were low(174).Moderate prevalence of high LDL and 

hypercholesterolemia in ICMR –INDIA B study are comparable to our study 

whereas prevalence of any form of dyslipidaemia, hypertriglyceridemia and low 

levels of HDL were high(167). 

Ramalingam et al reported similar prevalence of lipid abnormalities among tribal 

Tamil Nadu though the study had very small sample size(213). According to a study 

done by Sarkar et al among two tribal populations of Toto and Bhutia in east India 

showed high triglycerides among males (27-64.7%) than females(23.4-36.6%) and  

high prevalence of low HDL among females(66-100%) than males(33-82%)(36). 

In our study, overweight was significantly associated with dyslipidaemia after 

adjusting for other factors. According to India heart watch study, high body mass 

index and high waist circumference were the factors showed significant association 

which is comparable to our study(174). According to ICMR –INDIAB study, 

sedentary lifestyle, advancing age, abdominal obesity and  high BMI levels showed 

association with all the lipid abnormalities(167). 

6.2.4 Metabolic syndrome 

Prevalence of metabolic syndrome in this study population is 12.3% which is well 

below the prevalence reported by other studies. Wide variations in prevalence of 

metabolic syndrome exist as different definitions were used by various studies. 
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Deepa et al reported moderate prevalence of 25.8% in Chennai using International 

diabetic federation criteria. Advancing age was the only factor found associated 

with metabolic syndrome(178).Prasad et al reported a prevalence of 33.5% among 

urban Orissa (179).CURES study  done in urban south India reported a prevalence 

of 23.2% (16). 

Sarkar et al compared the prevalence of metabolic syndrome between two tribal 

populations of Toto and Bhutia in east India. Toto population had low 

prevalence(6%) and Bhutia population had 42% prevalence(males- 52.17% & 

females 27.6%)(36).Kandpal et al reported high prevalence of (39.2%) among the 

tribal population of Uttarakand(180). 

6.2.5 Behavioral risk factors 

In this study, alcohol and tobacco use were not reported among females and high 

prevalence of ever (34.2%) and current alcohol use (30%) was observed. And very 

high prevalence of ever (72.9%) and current alcohol use (64%) among males was 

observed. 

NCD risk factor surveillance by ICMR (current alcohol use among men-40%) 

reports lower prevalence(192).NFHS IV reported moderate prevalence (46%  men 

and 0.5% women)in Tamil Nadu (212).Oommen et al, reported similar results in 

rural Vellore(64).More prevalence of behavioural risk factors was noted among 

tribal populations. Prevalence in this study is comparable with Misra et al (64% 

alcohol users)(22) and Priyanka et al (36.2% current alcohol users and 66% among 

men)(35). 
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Prevalence of ever tobacco users in this study was 23.8% and prevalence of current 

tobacco users was 19.8%. Among the males 50.7% were ever users and 42.2% of 

the males were current tobacco users. High prevalence was observed among the 

study population as compared with national figures.  

IDSP NCD risk factor survey reported low prevalence(27 percent smokers)(150). 

According to National family health survey IV (2015-2016) Tamil Nadu state 

report, 32 % men and 1.5 % women are using some form of tobacco(149). Current 

smokers among rural men were 26.7% according to NCD risk factor surveillance by 

ICMR (192).According to Oommen et al in rural Vellore there were no female 

smokers and25.9% among males were current smokers(64).Prevalence in this study 

is low as compared to94% tobacco use reported among males by Misra et al in 

Assam(22). Priyanka et al also reported high prevalence ( 81.5 %) of current users 

of any form of tobacco(35) 

  Prevalence of low physical activity reported in this study (11.7%) was low when 

compared with national and state figures.21% of the people reported vigorous 

physical activity. 31.1% of the males and 12.9% of the females were engaged in 

vigorous physical activity. 

According to IDSP NCD risk factor survey, 66% of the people in Tamil Nadu had 

low physical activity25.4% of rural people were doing vigorous physical activity 

(150) and 35% of rural people had a sedentary lifestyle according to NCD risk 

factor surveillance by ICMR (192). Similar prevalence (9.7% ) was reported by 

Priyanka et al in Kerala among Kani tribes (35) 
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.Misra et al reported that none of the participants had low physical activity in their 

study and 86% them reported vigorous physical activity(22). 

6.2.6 Metabolic risk factors: 

Low prevalence of overweight and obesity was reported in this study population 

when compared with national and state figures. According to international cut off 

for BMI, 11% of population was overweight and 2% were obese. Prevalence of 

overweight (≥23 kg/m
2
) among this population was 20 % and obesity was 4.8%. 

Overweight was more prevalent among males. Prevalence of central obesity was 

9.8% and more females had central obesity. 

NCD risk factor surveillance by ICMR reported  that 11.8% of the people  were 

obese (more females) and prevalence of central obesity was 20.9% in 

India(192).According to  IDSP NCD risk factor survey (Phase I) report, in Tamil 

Nadu 23% of the people were overweight and 25%of the people had central obesity 

(150). Oommen et al reported 31% of overweight (more among females) in rural 

Vellore(64) .Generally low prevalence of overweight and obesity was reported 

among tribal population than the general population. Misra et al reported similar 

findings( 11% -abdominal obesity, 16% - overweight)(22). More prevalence of 

central obesity (22.1%) and similar prevalence of overweight (10.8%)and obesity 

(0.7 %)was  reported by Priyanka et al in Kerala among Kani tribes(35). 
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6.2.7 Diet: 

a) Mean energy intake: 

The mean energy intake was 1684.6 + 180.8 and 1467.4 + 152.1 calories/day in the 

male and female population respectively. Considering their physical activity, energy 

intake is well below the dietary recommendations by ICMR(207).This is reflected 

in high prevalence (29.4%)  of under nutrition(BMI <18.5kg/m
2
) among the study 

population. 

b) Cereals 

Majority of the people hailed from the poorer strata of the society according to 

modified Kuppusamy scale and this is reflected in their food intake. Polished rice is 

the staple food and constitutes the major portion of their three meals. The high fiber 

millets like ragi are less frequently consumed (less than thrice a week). These 

coarse cereals which constituted the major diet of earlier generations have been 

replaced by subsidized refined rice which is readily available in the Public 

Distribution System.  

c) Fruits & Vegetables 

According to the Indian Council of Medical Research 2010, a moderately active 

adult man should consume 400 gm of fruits and vegetables per day(207).WHO 

recommends that an individual should consume five servings of fruits and 

vegetables per day (1fresh serving = 80gm)(2,24,214).There was a gross deficit 

in the intake of minerals like Calcium and Iron. 
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 Intake of vitamins like thiamine, riboflavin, niacin, folic acid, carotene and 

Vitamin C did not meet the daily requirements in this population. 

The intake of fruits and vegetables was very poor. It was consumed on a weekly 

basis. This is because it was an expensive commodity and not locally grown. Our 

data indicates that none of the participants had five servings of fruits and vegetables 

per day which is comparable with other studies. 

According to IDSP NCD risk factor survey report, in Tamil Nadu 99%had less than 

5 servings of vegetables and fruits(150). National non-communicable diseases 

(NCD) risk factor surveillance by ICMR reported  that 41% of people never 

consumed fruits (in the last week) in rural area(192).Priyanka at al also reported 

similar findings among Kani tribes of Kerala(35). Misra et al reported lesser 

prevalence in Assam (60% of the people  reported to consume unhealthy diet)(22). 

The poor purchasing power of the families were the major impediment to 

including these micronutrients foods to the diet. Encouraging kitchen gardens 

with cultivation of geographically appropriate vegetables will ensure adequate 

supply of these foods in the family meal. 

d) Protein foods 

 The intake of proteins was below the recommended allowances for Indians (males: 

40.6 + 4.5gm/day; females: 36.3 + 4.4 gm/day)(207).The more expensive proteins 

sources like poultry, flesh foods, fish, milk and milk products were consumed 

less frequently. Horse gram was the popular pulse which was cooked into a thin 

gruel and consumed on a daily basis in 95% of the population.  
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. 

7. Conclusions 

1. Prevalence of diabetes mellitus and pre diabetes were 3.3% and 7.6% 

respectively. Overweight and hypertension were found to be significantly associated 

with diabetes mellitus. 

2. Prevalence of hypertension was 17.7%. Age above 45 years and overweight were 

significantly associated with hypertension. 

3. High prevalence of lipid abnormalities was observed among the study population. 

Prevalence of any form of dyslipidaemia was 51.5%. Overweight was significantly 

associated with dyslipidaemia. 

4. Prevalence of hypercholesterolemia and high levels of LDL were16.7% and 

18.1% respectively. Prevalence of low levels of HDL and high triglyceride were 

26.8% and 24.6% respectively. Prevalence of high total cholesterol /HDL ratio was 

10.8%. 

5. Prevalence of metabolic syndrome was 12.3%. Both overweight and low physical 

activities were significantly associated with metabolic syndrome. 

6. High prevalence of behavioural risk factors was observed. Alcohol and tobacco 

use were not reported among females. 64%of the males were current alcohol users. 

Prevalence of current tobacco use among males was 42.2%. Majority of the 

population were physically active and the prevalence of low physical activity was 

11.7%. 
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7. Prevalence of central obesity was 9.8% and prevalence of overweight and obesity 

were 20% and 4.8% respectively (WHO Asia cut off). According to international 

cut off of BMI, 11% of people were overweight and 2% were obese.  

8. Dietary assessment of the population revealed gross deficit in the intake of 

energy, protein, vitamins and minerals. The mean energy intake was 1684.6 + 

180.8 and 1467.4 + 152.1 calories/day in the male and female population 

respectively. The intake of proteins was below the recommended allowances for 

Indians (males: 40.6 + 4.5gm/day; females: 36.3 + 4.4 gm/day).All of the people 

were consuming less than 5 servings of fruits and vegetables. 

 

 

 

 

 

 

 

 

 



99 
 

 

8. Limitations 

 

1. As there was no household details were available, random sampling of the 

household was not possible. 

2. This study was done within limited geographical area and the diet and physical 

activity may be different from other tribal areas in the country. Physical activity and 

dietary assessment were self-reported and hence there may be reporting error.  
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9. Implications and recommendations: 

 Non communicable diseases risk factor surveys are limited among tribal population 

in India. This study was aimed to estimate the cardio vascular risk profile of the 

Jawadhu hills tribal population of Tamil Nadu. 

High prevalence of hypertension, dyslipidaemia and behavioral and metabolic risk 

factors like tobacco use, alcohol use and overweight among the Jawadhu hills tribal 

population warrants urgent attention. Interventions to reduce the alcohol and 

tobacco use, early detection and treatment of hypertension and dyslipidaemia, 

health promotive activities to reduce overweight can reduce the overall cardio 

vascular risk of the population in the future. This study can be used as baseline and 

future studies can be planned to assess the effectiveness of interventions. 
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2.  Organisation mondiale de la santé. Global status report on noncommunicable 

diseases 2014: attaining the nine global noncommunicable diseases targets; a shared 

responsibility. Geneva: World Health Organization; 2014.  

3.  World Health Organization. Global health risks: mortality and burden of disease 

attributable to selected major risks. [Internet]. Geneva, Switzerland: World Health 

Organization; 2009 [cited 2016 Oct 3]. Available from: 

http://site.ebrary.com/id/10363978 

4.  Organization WH, others. Global action plan for the prevention and control of 

noncommunicable diseases 2013-2020. 2013 [cited 2016 Oct 3]; Available from: 

http://apps.who.int/iris/handle/10665/94384 

5.  WHO | India: country profiles [Internet]. WHO. [cited 2016 Jun 14]. Available 

from: http://www.who.int/gho/countries/ind/country_profiles/en/ 

6.  Report on casuses of death in India,2001 to 2003,Registrar general  of 

india,Goverenment of India,2010 [Internet]. [cited 2016 Oct 7]. Available from: 

http://www.cghr.org/wordpress/wp-content/uploads/Causes_of_death_2001-03.pdf 

7.  Roglic G, World Health Organization. Global report on diabetes. 2016.  

8.  International Diabetes Federation. IDF Diabetes Atlas, 7th edn. Brussels, Belgium: 

International Diabetes Federation, 2015.  

9.  Global brief on hypertension,World health organization,Geneva,2013 [Internet]. 

[cited 2016 Oct 6]. Available from: http://ish-

world.com/downloads/pdf/global_brief_hypertension.pdf 

10.  Joshi SR, Anjana RM, Deepa M, Pradeepa R, Bhansali A, Dhandania VK, et al. 

Prevalence of Dyslipidemia in Urban and Rural India: The ICMR–INDIAB Study. 

PLoS ONE [Internet]. 2014 May 9 [cited 2016 Jun 29];9(5). Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4016101/ 

11.  Enas E, Dharmarajan T. The Lipid Association of India Expert Consensus Statement 

2016: A sea change for management of dyslipidemia in Indians. J Clin Prev Cardiol. 

2016;5(2):62.  

12.  Global status report on non communicable diseases -2014,World health organization 

,Geneva ,2014 .pdf.  



102 
 

13.  Huang PL. A comprehensive definition for metabolic syndrome. Dis Model Mech. 

2009;2(5-6):231–7.  

14.  Kaur J. A Comprehensive Review on Metabolic Syndrome. Cardiol Res Pract. 2014 

Mar 11;2014:e943162.  

15.  Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. 

Harmonizing the metabolic syndrome: a joint interim statement of the International 

Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, 

Lung, and Blood Institute; American Heart Association; World Heart Federation; 

International Atherosclerosis Society; and International Association for the Study of 

Obesity. Circulation. 2009 Oct 20;120(16):1640–5.  

16.  Deepa M, Farooq S, Datta M, Deepa R, Mohan V. Prevalence of metabolic 

syndrome using WHO, ATPIII and IDF definitions in Asian Indians: the Chennai 

Urban Rural Epidemiology Study (CURES-34). Diabetes Metab Res Rev. 2007 

Feb;23(2):127–34.  

17.  Gupta R. Regional variations in cardiovascular risk factors in India: India heart 

watch. World J Cardiol. 2012;4(4):112.  

18.  Zargar AH, Khan AK, Masoodi SR, Laway BA, Wani AI, Bashir MI, et al. 

Prevalence of type 2 diabetes mellitus and impaired glucose tolerance in the 

Kashmir Valley of the Indian subcontinent. Diabetes Res Clin Pract. 2000 

Feb;47(2):135–46.  

19.  Rizwan SA, Kumar R, Singh AK, Kusuma YS, Yadav K, Pandav CS. Prevalence of 

Hypertension in Indian Tribes: A Systematic Review and Meta-Analysis of 

Observational Studies. PLoS ONE [Internet]. 2014 May 5 [cited 2016 Sep 25];9(5). 

Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4010404/ 

20.  Kapoor D, Bhardwaj AK, Kumar D, Raina SK, Kapoor D, Bhardwaj AK, et al. 

Prevalence of Diabetes Mellitus and Its Risk Factors among Permanently Settled 

Tribal Individuals in Tribal and Urban Areas in Northern State of Sub-Himalayan 

Region of India, Prevalence of Diabetes Mellitus and Its Risk Factors among 

Permanently Settled Tribal Individuals in Tribal and Urban Areas in Northern State 

of Sub-Himalayan Region of India. Int J Chronic Dis Int J Chronic Dis. 2014 May 

6;2014, 2014:e380597.  

21.  Upadhyay RP, Misra P, Chellaiyan VG, Das TK, Adhikary M, Chinnakali P, et al. 

Burden of diabetes mellitus and prediabetes in tribal population of India: a 

systematic review. Diabetes Res Clin Pract. 2013 Oct;102(1):1–7.  

22.  Misra PJ, Mini GK, Thankappan KR. Risk factor profile for non-communicable 

diseases among Mishing tribes in Assam, India: results from a WHO STEPs survey. 

Indian J Med Res. 2014 Sep;140(3):370–8.  

23.  National programe for prevention and control of Diabetes,Cardiovascular diseases 

and Stroke ,Manual for medical officers,GOI,2008 [Internet]. [cited 2016 Oct 8]. 

Available from: 

http://www.searo.who.int/india/topics/cardiovascular_diseases/NCD_Resources_CO

MBINED_MANUAL_for_medical_officer.pdf 



103 
 

24.  World Health Organization. Global recommendations on physical activity for health. 

Geneva: World Health Organization; 2010.  

25.  WHO | Cardiovascular diseases (CVDs) [Internet]. WHO. [cited 2016 Oct 6]. 

Available from: http://www.who.int/mediacentre/factsheets/fs317/en/ 

26.  Cardiovascular disease risk factors | World Heart Federation [Internet]. [cited 2016 

Oct 6]. Available from: http://www.world-heart-federation.org/cardiovascular-

health/cardiovascular-disease-risk-factors/ 

27.  Omran AR. The Epidemiologic Transition: A Theory of the Epidemiology of 

Population Change. Milbank Q. 2005 Dec;83(4):731–57.  

28.  Global health risks-mortality burden of diseases attributable to selected major 

risks,World health organization,2009.pdf.  

29.  Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of cardiovascular diseases: 

part I: general considerations, the epidemiologic transition, risk factors, and impact 

of urbanization. Circulation. 2001 Nov 27;104(22):2746–53.  

30.  World Health Statistics 2016 Monitoring Health for the Sustainable Development 

Goals Sdgs. World Health Organization; 2016.  

31.  Mathers C, Fat DM, Boerma JT, World Health Organization. The global burden of 

disease: 2004 update. [Internet]. Geneva, Switzerland: World Health Organization; 

2008 [cited 2016 Oct 3]. Available from: http://site.ebrary.com/id/10266345 

32.  International Monetary Fund. Too slow for too long. 2016.  

33.  Balarajan Y, Selvaraj S, Subramanian SV. Health care and equity in India. Lancet. 

2011 Feb 5;377(9764):505–15.  

34.  Stastistical profile of scheduled tribes of India,Ministry of tribal affairs,Government 

of India,2013 [Internet]. [cited 2016 Oct 6]. Available from: 

http://tribal.nic.in/WriteReadData/userfiles/file/Statistics/StatisticalProfileofSTs2013

.pdf 

35.  Priyanka S. Prevalence of non communicable disease risk factors among Kani tribe 

in Thiruvananthapuram district, Kerala [Internet]. SCTIMST; 2014 [cited 2016 Oct 

5]. Available from: http://dspace.sctimst.ac.in/xmlui/handle/123456789/2475 

36.  Sarkar S, Das M, Mukhopadhyay B, Sekhar Chakraborty C, Majumder PP. 

Prevalence of metabolic syndrome in two tribal populations of the sub-Himalayan 

region of India: ethnic and rural-urban differences. Am J Hum Biol Off J Hum Biol 

Counc. 2005 Dec;17(6):814–7.  

37.  Gupta R, Deedwania PC, Gupta A, Rastogi S, Panwar RB, Kothari K. Prevalence of 

metabolic syndrome in an Indian urban population. Int J Cardiol. 2004 

Nov;97(2):257–61.  



104 
 

38.  Rizwan SA, Kumar R, Singh AK, Kusuma YS, Yadav K, Pandav CS. Prevalence of 

Hypertension in Indian Tribes: A Systematic Review and Meta-Analysis of 

Observational Studies. PLOS ONE. 2014 May 5;9(5):e95896.  

39.  Sarkar S, Das M, Mukhopadhyay B, Sekhar Chakraborty C, Majumder PP. 

Prevalence of metabolic syndrome in two tribal populations of the sub-Himalayan 

region of India: Ethnic and rural–urban differences. Am J Hum Biol. 2005 Nov 

1;17(6):814–7.  

44.  From Burden to Best Buys ,reducing the economic impact of non communicable 

diseases in low and middle income countries ,World health organization and world 

economic forum,2011. 

41.  Engelgau MM, Karan A, Mahal A. The Economic impact of Non-communicable 

Diseases on households in India. Glob Health. 2012;8:9.  

42.  Mahal A, Karan A, Engelgau M. The economic implications of non-communicable 

disease for India. Wash World Bank [Internet]. 2010 [cited 2016 Oct 3]; Available 

from: 

http://siteresources.worldbank.org/HEALTHNUTRITIONANDPOPULATION/Res

ources/281627-1095698140167/EconomicImplicationsofNCDforIndia.pdf 

43.  National programe for prevention and control of Diabetes,Cardiovascular diseases 

and Stroke ,Manual for medical officers,GOI,2008 .pdf.  

44.  Global action plan for prevention and control of non communicable dieseases, world 

health organization ,Geneva 2013.pdf.  

45.  Report of working group on disease burden for 12 th five yearplan,Planning 

commision,GOI,2011 [Internet]. [cited 2016 Oct 8]. Available from: 

http://planningcommission.nic.in/aboutus/committee/wrkgrp12/health/WG_3_2non_

communicable.pdf 

46.  Htet AS. The prevalence of selected risk factor for non-communicable diseases 

among 25-74 year old urban citizens of Yangon Region, Myanmar [Internet]. 

University of Oslo, Norway; 2014 [cited 2016 Oct 6]. Available from: 

https://www.duo.uio.no/handle/10852/44123 

47.  WHO-STEPS INSTRUMENT VERSION 3.1, World health  organization,2012 

[Internet]. [cited 2016 Oct 6]. Available from: 

http://www.who.int/chp/steps/instrument/STEPS_Instrument_V3.1.pdf 

48.  Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: 

estimates for the year 2000 and projections for 2030. Diabetes Care. 2004 

May;27(5):1047–53.  

49.  Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: 

estimates for the year 2000 and projections for 2030. Diabetes Care. 2004 

May;27(5):1047–53.  

50.  Mohan V, Sandeep S, Deepa R, Shah B, Varghese C. Epidemiology of type 2 

diabetes: Indian scenario. Indian J Med Res. 2007 Mar;125(3):217–30.  



105 
 

51.  Ramachandran A, Snehalatha C, Kapur A, Vijay V, Mohan V, Das AK, et al. High 

prevalence of diabetes and impaired glucose tolerance in India: National Urban 

Diabetes Survey. Diabetologia. 2001 Sep;44(9):1094–101.  

52.  Anjana RM, Pradeepa R, Deepa M, Datta M, Sudha V, Unnikrishnan R, et al. 

Prevalence of diabetes and prediabetes (impaired fasting glucose and/or impaired 

glucose tolerance) in urban and rural India: phase I results of the Indian Council of 

Medical Research-INdia DIABetes (ICMR-INDIAB) study. Diabetologia. 2011 

Dec;54(12):3022–7.  

53.  Mohan V, Mathur P, Deepa R, Deepa M, Shukla DK, Menon GR, et al. Urban rural 

differences in prevalence of self-reported diabetes in India--the WHO-ICMR Indian 

NCD risk factor surveillance. Diabetes Res Clin Pract. 2008 Apr;80(1):159–68.  

54.  Rao PV, Ushabala P, Seshiah V, Ahuja MM, Mather HM. The Eluru survey: 

prevalence of known diabetes in a rural Indian population. Diabetes Res Clin Pract. 

1989 Jun 20;7(1):29–31.  

55.  Raman Kutty V, Joseph A, Soman CR. High prevalence of type 2 diabetes in an 

urban settlement in Kerala, India. Ethn Health. 1999 Nov;4(4):231–9.  

56.  Menon VU, Kumar KV, Gilchrist A, Sugathan TN, Sundaram KR, Nair V, et al. 

Prevalence of known and undetected diabetes and associated risk factors in central 

Kerala--ADEPS. Diabetes Res Clin Pract. 2006 Dec;74(3):289–94.  

57.  Thankappan KR, Shah B, Mathur P, Sarma PS, Srinivas G, Mini GK, et al. Risk 

factor profile for chronic non-communicable diseases: results of a community-based 

study in Kerala, India. Indian J Med Res. 2010 Jan;131:53–63.  

58.  Ramachandran A, Snehalatha C, Shetty AS, Nanditha A. Trends in prevalence of 

diabetes in Asian countries. World J Diabetes. 2012 Jun 15;3(6):110–7.  

59.  Jayawardena R, Ranasinghe P, Byrne NM, Soares MJ, Katulanda P, Hills AP. 

Prevalence and trends of the diabetes epidemic in South Asia: a systematic review 

and meta-analysis. BMC Public Health. 2012 May 25;12(1):380.  

60.  Ramachandran A, Snehalatha C, Dharmaraj D, Viswanathan M. Prevalence of 

glucose intolerance in Asian Indians. Urban-rural difference and significance of 

upper body adiposity. Diabetes Care. 1992 Oct;15(10):1348–55.  

61.  Ramachandran A, Snehalatha C, Latha E, Vijay V, Viswanathan M. Rising 

prevalence of NIDDM in an urban population in India. Diabetologia. 1997 

Feb;40(2):232–7.  

62.  Mohan V, Deepa M, Anjana RM, Lanthorn H, Deepa R. Incidence of diabetes and 

pre-diabetes in a selected urban south Indian population (CUPS-19). J Assoc 

Physicians India. 2008 Mar;56:152–7.  

63.  Ramachandran A, Mary S, Yamuna A, Murugesan N, Snehalatha C. High 

prevalence of diabetes and cardiovascular risk factors associated with urbanization 

in India. Diabetes Care. 2008 May;31(5):893–8.  



106 
 

64.  Oommen AM, Abraham VJ, George K, Jose VJ. Rising trend of cardiovascular risk 

factors between 1991–1994 and 2010–2012: A repeat cross sectional survey in 

urban and rural Vellore. Indian Heart J. 2016 May;68(3):263–9.  

65.  Agrawal RP, Budania S, Sharma P, Gupta R, Kochar DK, Panwar RB, et al. Zero 

prevalence of diabetes in camel milk consuming Raica community of north-west 

Rajasthan, India. Diabetes Res Clin Pract. 2007 May;76(2):290–6.  

66.  Singh A, Milton PE, Nanaiah A, Samuel P, Thomas N. Awareness and attitude 

toward diabetes in the rural population of Arunachal Pradesh, Northeast India. 

Indian J Endocrinol Metab. 2012 Mar;16(Suppl1):S83–S86.  

67.  Zaman FA, Borang A. Prevalence of diabetes mellitus amongst rural hilly 

population of North Eastern India and its relationship with associated risk factors 

and related co-morbidities. J Nat Sci Biol Med. 2014 Jul;5(2):383–8.  

68.  Radhakrishnan S, Ekambaram M. Prevalence of diabetes and hypertension among a 

tribal population in Tamil Nadu. Arch Med Health Sci. 2015;3(1):66.  

69.  Upadhyay RP, Misra P, Chellaiyan VG, Das TK, Adhikary M, Chinnakali P, et al. 

Burden of diabetes mellitus and prediabetes in tribal population of India: a 

systematic review. Diabetes Res Clin Pract. 2013 Oct;102(1):1–7.  

70.  Definition ,diagnosis and classification of diabetes mellitus and its complications -

Report of A  WHO consultation ,World health organization ,Geneva,1999.  

71.  Weyer C, Bogardus C, Mott DM, Pratley RE. The natural history of insulin 

secretory dysfunction and insulin resistance in the pathogenesis of type 2 diabetes 

mellitus. J Clin Invest. 1999 Sep;104(6):787–94.  

72.  Association AD. Prevention or Delay of Type 2 Diabetes. Diabetes Care. 2004 Jan 

1;27(suppl 1):s47–s47.  

73.  Meigs JB, Muller DC, Nathan DM, Blake DR, Andres R. The Natural History of 

Progression From Normal Glucose Tolerance to Type 2 Diabetes in the Baltimore 

Longitudinal Study of Aging. Diabetes. 2003 Jun 1;52(6):1475–84.  

74.  Shai I, Jiang R, Manson JE, Stampfer MJ, Willett WC, Colditz GA, et al. Ethnicity, 

obesity, and risk of type 2 diabetes in women: a 20-year follow-up study. Diabetes 

Care. 2006 Jul;29(7):1585–90.  

75.  Fujimoto WY. Overview of non-insulin-dependent diabetes mellitus (NIDDM) in 

different population groups. Diabet Med J Br Diabet Assoc. 1996 Sep;13(9 Suppl 

6):S7–10.  

76.  Ramachandran A. Genetic epidemiology of NIDDM among Asian Indians. Ann 

Med. 1992 Dec;24(6):499–503.  

77.  Mohan V. Why are Indians more prone to diabetes? J Assoc Physicians India. 2004 

Jun;52:468–74.  



107 
 

78.  Phillips DI, Barker DJ, Hales CN, Hirst S, Osmond C. Thinness at birth and insulin 

resistance in adult life. Diabetologia. 1994 Feb;37(2):150–4.  

79.  Harder T, Rodekamp E, Schellong K, Dudenhausen JW, Plagemann A. Birth weight 

and subsequent risk of type 2 diabetes: a meta-analysis. Am J Epidemiol. 2007 Apr 

15;165(8):849–57.  

80.  Hansen L. Candidate genes and late-onset type 2 diabetes mellitus. Susceptibility 

genes or common polymorphisms? Dan Med Bull. 2003 Nov;50(4):320–46.  

81.  Gloyn AL. The search for type 2 diabetes genes. Ageing Res Rev. 2003 

Apr;2(2):111–27.  

82.  Florez JC, Hirschhorn J, Altshuler D. The inherited basis of diabetes mellitus: 

implications for the genetic analysis of complex traits. Annu Rev Genomics Hum 

Genet. 2003;4:257–91.  

83.  Groop L, Forsblom C, Lehtovirta M, Tuomi T, Karanko S, Nissén M, et al. 

Metabolic consequences of a family history of NIDDM (the Botnia study): evidence 

for sex-specific parental effects. Diabetes. 1996 Nov;45(11):1585–93.  

84.  InterAct Consortium, Scott RA, Langenberg C, Sharp SJ, Franks PW, Rolandsson 

O, et al. The link between family history and risk of type 2 diabetes is not explained 

by anthropometric, lifestyle or genetic risk factors: the EPIC-InterAct study. 

Diabetologia. 2013 Jan;56(1):60–9.  

85.  Manson JE, Stampfer MJ, Colditz GA, Willett WC, Rosner B, Hennekens CH, et al. 

Physical activity and incidence of non-insulin-dependent diabetes mellitus in 

women. The Lancet. 1991 Sep 28;338(8770):774–8.  

86.  Grøntved A, Hu FB. Television viewing and risk of type 2 diabetes, cardiovascular 

disease, and all-cause mortality: a meta-analysis. JAMA. 2011 Jun 

15;305(23):2448–55.  

87.  Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other 

sedentary behaviors in relation to risk of obesity and type 2 diabetes mellitus in 

women. JAMA. 2003 Apr 9;289(14):1785–91.  

88.  Pan X-R, Li G-W, Hu Y-H, Wang J-X, Yang W-Y, An Z-X, et al. Effects of Diet 

and Exercise in Preventing NIDDM in People With Impaired Glucose Tolerance: 

The Da Qing IGT and Diabetes Study. Diabetes Care. 1997 Apr 1;20(4):537–44.  

89.  Group TDPP (DPP) R. The Diabetes Prevention Program (DPP). Diabetes Care. 

2002 Dec 1;25(12):2165–71.  

90.  Lindström J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, et al. 

The Finnish Diabetes Prevention Study (DPS). Diabetes Care. 2003 Dec 

1;26(12):3230–6.  

91.  Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C, White RD. Physical 

Activity/Exercise and Type 2 Diabetes. Diabetes Care. 2006 Jun 1;29(6):1433–8.  



108 
 

92.  Lynch J, Helmrich SP, Lakka TA, Kaplan GA, Cohen RD, Salonen R, et al. 

Moderately intense physical activities and high levels of cardiorespiratory fitness 

reduce the risk of non-insulin-dependent diabetes mellitus in middle-aged men. Arch 

Intern Med. 1996 Jun 24;156(12):1307–14.  

93.  Warburton DER. Health benefits of physical activity: the evidence. Can Med Assoc 

J. 2006 Mar 14;174(6):801–9.  

94.  Hall JE, Guyton AC. Guyton and Hall Textbook of Medical Physiology. Elsevier 

Health Sciences; 2015. 1171 p.  

95.  Definition and diagnosis of diabetes and intermediate hyperglycaemia /Report of 

WHO/International diabetic federation consultation/World health organization, 

geneva /2006.  

96.  Milman S, Crandall JP. Mechanisms of vascular complications in prediabetes. Med 

Clin North Am. 2011 Mar;95(2):309–325, vii.  

97.  Edelstein SL, Knowler WC, Bain RP, Andres R, Barrett-Connor EL, Dowse GK, et 

al. Predictors of progression from impaired glucose tolerance to NIDDM: an 

analysis of six prospective studies. Diabetes. 1997 Apr;46(4):701–10.  

98.  Hong J-L, McNeill AM, He J, Chen Y, Brodovicz KG. Identification of impaired 

fasting glucose, healthcare utilization and progression to diabetes in the UK using 

the Clinical Practice Research Datalink (CPRD). Pharmacoepidemiol Drug Saf. 

2016 May 19;  

99.  Tabák AG, Herder C, Rathmann W, Brunner EJ, Kivimäki M. Prediabetes: A high-

risk state for developing diabetes. Lancet. 2012 Jun 16;379(9833):2279–90.  

100.  Nichols GA, Hillier TA, Brown JB. Progression from newly acquired impaired 

fasting glusose to type 2 diabetes. Diabetes Care. 2007 Feb;30(2):228–33.  

101.  Menke A, Rust KF, Fradkin J, Cheng YJ, Cowie CC. Associations between trends in 

race/ethnicity, aging, and body mass index with diabetes prevalence in the United 

States: a series of cross-sectional studies. Ann Intern Med. 2014 Sep 2;161(5):328–

35.  

102.  Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a risk factor for 

clinical diabetes mellitus in women. Ann Intern Med. 1995 Apr 1;122(7):481–6.  

103.  Siren R, Eriksson JG, Vanhanen H. Waist circumference a good indicator of future 

risk for type 2 diabetes and cardiovascular disease. BMC Public Health. 

2012;12:631.  

104.  Freemantle N, Holmes J, Hockey A, Kumar S. How strong is the association 

between abdominal obesity and the incidence of type 2 diabetes? Int J Clin Pract. 

2008 Sep;62(9):1391–6.  

105.  Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active smoking and the risk 

of type 2 diabetes: a systematic review and meta-analysis. JAMA. 2007 Dec 

12;298(22):2654–64.  



109 
 

106.  Janzon L, Berntorp K, Hanson M, Lindell SE, Trell E. Glucose tolerance and 

smoking: a population study of oral and intravenous glucose tolerance tests in 

middle-aged men. Diabetologia. 1983 Aug;25(2):86–8.  

107.  Chiolero A, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for body 

weight, body fat distribution, and insulin resistance. Am J Clin Nutr. 2008 

Apr;87(4):801–9.  

108.  Pan A, Sun Q, Bernstein AM, Manson JE, Willett WC, Hu FB. Changes in red meat 

consumption and subsequent risk of type 2 diabetes mellitus: three cohorts of US 

men and women. JAMA Intern Med. 2013 Jul 22;173(14):1328–35.  

109.  Steyn NP, Mann J, Bennett PH, Temple N, Zimmet P, Tuomilehto J, et al. Diet, 

nutrition and the prevention of type 2 diabetes. Public Health Nutr. 2004 

Feb;7(1A):147–65.  

110.  Van Dam RM, Rimm EB, Willett WC, Stampfer MJ, Hu FB. Dietary patterns and 

risk for type 2 diabetes mellitus in U.S. men. Ann Intern Med. 2002 Feb 

5;136(3):201–9.  

111.  Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and management of type 2 

diabetes: dietary components and nutritional strategies. Lancet Lond Engl. 2014 Jun 

7;383(9933):1999–2007.  

112.  Martínez-González MA, de la Fuente-Arrillaga C, Nunez-Cordoba JM, Basterra-

Gortari FJ, Beunza JJ, Vazquez Z, et al. Adherence to Mediterranean diet and risk of 

developing diabetes: prospective cohort study. BMJ. 2008 Jun 14;336(7657):1348–

51.  

113.  Damm P, Kühl C, Bertelsen A, Mølsted-Pedersen L. Predictive factors for the 

development of diabetes in women with previous gestational diabetes mellitus. Am J 

Obstet Gynecol. 1992 Sep;167(3):607–16.  

114.  Feig DS, Zinman B, Wang X, Hux MD JE. Risk of development of diabetes mellitus 

after diagnosis of gestational diabetes. CMAJ Can Med Assoc J. 2008 Jul 

29;179(3):229–34.  

115.  Bellamy L, Casas J-P, Hingorani AD, Williams D. Type 2 diabetes mellitus after 

gestational diabetes: a systematic review and meta-analysis. The Lancet. 2009 May 

29;373(9677):1773–9.  

116.  Association AD, others. Diagnosis and classification of diabetes mellitus. Diabetes 

Care. 2006;29(1):S43.  

117.  Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 

and its complications. Part 1: diagnosis and classification of diabetes mellitus 

provisional report of a WHO consultation. Diabet Med J Br Diabet Assoc. 1998 

Jul;15(7):539–53.  

118.  World Health Organization, International Diabetes Federation. Definition and 

diagnosis of diabetes mellitus and intermediate hyperglycaemia: report of a 



110 
 

WHO/IDF consultation [Internet]. 2006 [cited 2016 Oct 3]. Available from: 

http://www.who.int/diabetes/publications/diagnosis%5Fdiabetes2006/en/ 

119.  Organization WH, others. Use of glycated haemoglobin (HbA1c) in diagnosis of 

diabetes mellitus: abbreviated report of a WHO consultation. 2011 [cited 2016 Oct 

3]; Available from: http://apps.who.int/iris/handle/10665/70523 

120.  Use of glycated haemoglobin in the diagnosis of diabetes mellitus ,Report of a WHO 

consultation ,World health organization ,Geneva ,2011.pdf.  

121.  Standards of Medical Care in Diabetes-2016: Summary of Revisions. Diabetes Care. 

2016 Jan;39 Suppl 1:S4–5.  

122.  Assal JP, Groop L. Definition, diagnosis and classification of diabetes mellitus and 

its complications. World Health Organ. 1999;1–65.  

123.  Organization WH, others. Screening for type 2 diabetes: report of a World Health 

Organization and International Diabetes Federation meeting. 2003 [cited 2016 Oct 

3]; Available from: http://apps.who.int/iris/handle/10665/68614 

124.  Fowler MJ. Microvascular and Macrovascular Complications of Diabetes. Clin 

Diabetes. 2008 Apr 1;26(2):77–82.  

125.  Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, et al. Primary 

Prevention of Cardiovascular Diseases in People With Diabetes Mellitus. Diabetes 

Care. 2007 Jan 1;30(1):162–72.  

126.  Laing SP, Swerdlow AJ, Slater SD, Burden AC, Morris A, Waugh NR, et al. 

Mortality from heart disease in a cohort of 23,000 patients with insulin-treated 

diabetes. Diabetologia. 2003 Jun;46(6):760–5.  

127.  Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis: epidemiology, 

pathophysiology, and management. JAMA. 2002 May 15;287(19):2570–81.  

128.  Tuomilehto J, Rastenytė D, Jousilahti P, Sarti C, Vartiainen E. Diabetes Mellitus as 

a Risk Factor for Death From Stroke Prospective Study of the Middle-aged Finnish 

Population. Stroke. 1996 Feb 1;27(2):210–5.  

129.  Fong DS, Aiello LP, Ferris FL, Klein R. Diabetic Retinopathy. Diabetes Care. 2004 

Oct 1;27(10):2540–53.  

130.  Gross JL, Azevedo MJ de, Silveiro SP, Canani LH, Caramori ML, Zelmanovitz T. 

Diabetic Nephropathy: Diagnosis, Prevention, and Treatment. Diabetes Care. 2005 

Jan 1;28(1):164–76.  

131.  Association AD. Standards of Medical Care in Diabetes—2007. Diabetes Care. 

2007 Jan 1;30(suppl 1):S4–S41.  

132.  Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of Diabetes and 

Diabetes-Related Complications. Phys Ther. 2008 Nov;88(11):1254–64.  



111 
 

133.  Organization WH, others. Screening for type 2 diabetes: report of a World Health 

Organization and International Diabetes Federation meeting. 2003 [cited 2016 Oct 

3]; Available from: http://apps.who.int/iris/handle/10665/68614 

134.  Are you at risk of diabetes? Diabetes risk test,American diabetes assocaition 

[Internet]. [cited 2016 Oct 6]. Available from: 

http://main.diabetes.org/dorg/PDFs/risk-test-paper-version.pdf 

135.  Code NDC. Diabetes in North Dakota. [cited 2016 Oct 6]; Available from: 

http://www.ndhealth.gov/nutrphyact/publications/2016_Diabetes_Burden_Report.pd

f 

136.  Siri SRA. Difference in FINDRISC score for predicting type 2 diabetes mellitus 

among Sami and non-Sami, the SAMINOR 1 Study. 2014 [cited 2016 Oct 6]; 

Available from: http://munin.uit.no/handle/10037/6982 

137.  Adhikari P, Pathak R, Kotian S. Validation of the MDRF-Indian Diabetes Risk 

Score (IDRS) in another south Indian population through the Boloor Diabetes Study 

(BDS). J Assoc Physicians India. 2010 Jul;58:434–6.  

138.  Waugh N, Scotland G, McNamee P, Gillett M, Brennan A, Goyder E, et al. 

Screening for type 2 diabetes: literature review and economic modelling. Health 

Technol Assess Winch Engl. 2007 May;11(17):iii–iv, ix–xi, 1–125.  

139.  Sathish T, Kannan S, Sarma PS, Thankappan KR. Achutha Menon Centre Diabetes 

Risk Score: A Type 2 Diabetes Screening Tool for Primary Health Care Providers in 

Rural India. Asia-Pac J Public Health Asia-Pac Acad Consort Public Health. 2015 

Mar;27(2):147–54.  

140.  Lindström J, Tuomilehto J. The Diabetes Risk Score A practical tool to predict type 

2 diabetes risk. Diabetes Care. 2003 Mar 1;26(3):725–31.  

141.  Mohan V, Deepa R, Deepa M, Somannavar S, Datta M. A simplified Indian 

Diabetes Risk Score for screening for undiagnosed diabetic subjects. J Assoc 

Physicians India. 2005 Sep;53:759–63.  

142.  Mohan V, Sandeep S, Deepa M, Gokulakrishnan K, Datta M, Deepa R. A diabetes 

risk score helps identify metabolic syndrome and cardiovascular risk in Indians - the 

Chennai Urban Rural Epidemiology Study (CURES-38). Diabetes Obes Metab. 

2007 May;9(3):337–43.  

143.  Global brief of hypertension,World health organization,2013.pdf.  

144.  Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global 

burden of hypertension: analysis of worldwide data. Lancet Lond Engl. 2005 Jan 

15;365(9455):217–23.  

145.  Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di Angelantonio E, et al. 

Hypertension in India: a systematic review and meta-analysis of prevalence, 

awareness, and control of hypertension. J Hypertens. 2014 Jun;32(6):1170–7.  



112 
 

146.  Gupta R. Regional variations in cardiovascular risk factors in India: India heart 

watch. World J Cardiol. 2012;4(4):112.  

147.  Report of working group on disease burden for 12 th five yearplan,Planning 

commision,GOI,2011.pdf.  

148.  Mohan V, Mathur P, Deepa R, Deepa M, Shukla DK, Menon GR, et al. Urban rural 

differences in prevalence of self-reported diabetes in India--the WHO-ICMR Indian 

NCD risk factor surveillance. Diabetes Res Clin Pract. 2008 Apr;80(1):159–68.  

149.  National family health survey-IV,Tamilnadu factsheet,Government of India,2015-16 

[Internet]. [cited 2016 Oct 8]. Available from: 

http://rchiips.org/nfhs/pdf/NFHS4/TN_FactSheet.pdf 

150.  Integrated disesae surveillance project-Non communicable disease risk factors  

survey,2007 & 08 Phase-1 , Government of India. [Internet]. [cited 2016 Oct 7]. 

Available from: http://www.icmr.nic.in/final/IDSP-NCD%20Reports/Phase-

1%20States%20of%20India.pdf 

151.  Kumar R, Tyagi A, Tiwari R, Rai N. A study of hypertension among tribal adults in 

a block of Mandla district, Madhya Pradesh, India. Int J Community Med Public 

Health. 2016;1033–7.  

152.  Sarkar S, Das M, Mukhopadhyay B, Chakrabarti CS, Majumder PP. High 

prevalence of metabolic syndrome and its correlates in two tribal populations of 

India and the impact of urbanization. Indian J Med Res. 2006 May;123(5):679–86.  

153.  Prevalence of noncommunicable diseases risk factors among kani tribe in 

thiruvananthapuram district,kerala by Priyanka,.pdf.  

154.  Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, et al. The 

Seventh Report of the Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA. 2003 

May 21;289(19):2560–72.  

155.  Vasan RS, Beiser A, Seshadri S, Larson MG, Kannel WB, D’Agostino RB, et al. 

Residual lifetime risk for developing hypertension in middle-aged women and men: 

The Framingham Heart Study. JAMA. 2002 Feb 27;287(8):1003–10.  

156.  Wang N-Y, Young JH, Meoni LA, Ford DE, Erlinger TP, Klag MJ. Blood pressure 

change and risk of hypertension associated with parental hypertension: the Johns 

Hopkins Precursors Study. Arch Intern Med. 2008 Mar 24;168(6):643–8.  

157.  He FJ, MacGregor GA. Effect of longer-term modest salt reduction on blood 

pressure. Cochrane Database Syst Rev. 2004;(3):CD004937.  

158.  Klatsky AL, Friedman GD, Siegelaub AB, Gérard MJ. Alcohol consumption and 

blood pressure Kaiser-Permanente Multiphasic Health Examination data. N Engl J 

Med. 1977 May 26;296(21):1194–200.  

159.  Carnethon MR, Evans NS, Church TS, Lewis CE, Schreiner PJ, Jacobs DR, et al. 

Joint associations of physical activity and aerobic fitness on the development of 



113 
 

incident hypertension: coronary artery risk development in young adults. Hypertens 

Dallas Tex 1979. 2010 Jul;56(1):49–55.  

160.  Huai P, Xun H, Reilly KH, Wang Y, Ma W, Xi B. Physical Activity and Risk of 

HypertensionNovelty and Significance. Hypertension. 2013 Dec 1;62(6):1021–6.  

161.  Forman JP, Stampfer MJ, Curhan GC. Diet and lifestyle risk factors associated with 

incident hypertension in women. JAMA. 2009 Jul 22;302(4):401–11.  

162.  Wilson PWF, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and 

obesity as determinants of cardiovascular risk: the Framingham experience. Arch 

Intern Med. 2002 Sep 9;162(16):1867–72.  

163.  Halperin RO, Sesso HD, Ma J, Buring JE, Stampfer MJ, Gaziano JM. Dyslipidemia 

and the Risk of Incident Hypertension in Men. Hypertension. 2006 Jan 1;47(1):45–

50.  

164.  Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, Lloyd-Jones D, et al. Obesity-

Related Hypertension: Pathogenesis, Cardiovascular Risk, and Treatment. J Clin 

Hypertens. 2013 Jan 1;15(1):14–33.  

165.  Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective Studies 

Collaboration. Age-specific relevance of usual blood pressure to vascular mortality: 

a meta-analysis of individual data for one million adults in 61 prospective studies. 

Lancet Lond Engl. 2002 Dec 14;360(9349):1903–13.  

166.  Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, Lloyd-Jones D, et al. Obesity-

Related Hypertension: Pathogenesis, Cardiovascular Risk, and Treatment. J Clin 

Hypertens. 2013 Jan 1;15(1):14–33.  

167.  Joshi SR, Anjana RM, Deepa M, Pradeepa R, Bhansali A, Dhandania VK, et al. 

Prevalence of dyslipidemia in urban and rural India: the ICMR-INDIAB study. PloS 

One. 2014;9(5):e96808.  

168.  Gupta R, Guptha S, Agrawal A, Kaul V, Gaur K, Gupta VP. Secular trends in 

cholesterol lipoproteins and triglycerides and prevalence of dyslipidemias in an 

urban Indian population. Lipids Health Dis. 2008;7:40.  

169.  Ramalingam et al, Cardio vascular disease risk factors in a  tribal population of 

nilgiris [Internet]. [cited 2016 Oct 8]. Available from: 

http://commedjournal.in/pdf/vol1iss2/Individual%20full%20articles/8.Original%20

Dr.Sudha%20Ramalingam.pdf 

170.  Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of 

potentially modifiable risk factors associated with myocardial infarction in 52 

countries (the INTERHEART study): case-control study. Lancet Lond Engl. 2004 

Sep 11;364(9438):937–52.  

171.  Mooradian AD. Dyslipidemia in type 2 diabetes mellitus. Nat Rev Endocrinol. 2009 

Mar;5(3):150–9.  



114 
 

172.  Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, Neaton JD. 

RElationship of baseline serum cholesterol levels in 3 large cohorts of younger men 

to long-term coronary, cardiovascular, and all-cause mortality and to longevity. 

JAMA. 2000 Jul 19;284(3):311–8.  

173.  Jellinger PS, Smith DA, Mehta AE, Ganda O, Handelsman Y, Rodbard HW, et al. 

American Association of Clinical Endocrinologists’ Guidelines for Management of 

Dyslipidemia and Prevention of Atherosclerosis. Endocr Pract Off J Am Coll 

Endocrinol Am Assoc Clin Endocrinol. 2012 Apr;18 Suppl 1:1–78.  

174.  Guptha S, Gupta R, Deedwania P, Bhansali A, Maheshwari A, Gupta A, et al. 

Cholesterol lipoproteins and prevalence of dyslipidemias in urban Asian Indians: A 

cross sectional study. Indian Heart J. 2014 May;66(3):280–8.  

175.  Tan XJ, Jiao GP, Ren YJ, Gao XR, Ding Y, Wang XR, et al. Relationship between 

smoking and dyslipidemia in western Chinese elderly males. J Clin Lab Anal. 

2008;22(3):159–63.  

176.  Shen Z, Munker S, Wang C, Xu L, Ye H, Chen H, et al. Association between 

alcohol intake, overweight, and serum lipid levels and the risk analysis associated 

with the development of dyslipidemia. J Clin Lipidol. 2014 Jun;8(3):273–8.  

177.  Association AD. Management of Dyslipidemia in Adults With Diabetes. Diabetes 

Care. 2003 Jan 1;26(suppl 1):s83–s86.  

178.  Prasad DS, Kabir Z, Dash AK, Das BC. Prevalence and risk factors for metabolic 

syndrome in Asian Indians: A community study from urban Eastern India. J 

Cardiovasc Dis Res. 2012;3(3):204–11.  

179.  Prasad DS, Kabir Z, Dash AK, Das BC. Prevalence and risk factors for metabolic 

syndrome in Asian Indians: A community study from urban Eastern India. J 

Cardiovasc Dis Res. 2012;3(3):204–11.  

180.  Kandpal V, Sachdeva MP, Saraswathy KN. An assessment study of CVD related 

risk factors in a tribal population of India. BMC Public Health. 2016;16:434.  

181.  Kaur J. A Comprehensive Review on Metabolic Syndrome. Cardiol Res Pract. 2014 

Mar 11;2014:e943162.  

182.  Huang PL. A comprehensive definition for metabolic syndrome. Dis Model Mech. 

2009;2(5-6):231–7.  

183.  O’Neill S, O’Driscoll L. Metabolic syndrome: a closer look at the growing epidemic 

and its associated pathologies. Obes Rev. 2015 Jan 1;16(1):1–12.  

184.  Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. 

Diagnosis and Management of the Metabolic Syndrome. Circulation. 2005 Oct 

25;112(17):2735–52.  

185.  National Cholesterol Education Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment 

Panel III). Third Report of the National Cholesterol Education Program (NCEP) 



115 
 

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in 

Adults (Adult Treatment Panel III) final report. Circulation. 2002 Dec 

17;106(25):3143–421.  

186.  Alberti KGMM, Zimmet P, Shaw J, IDF Epidemiology Task Force Consensus 

Group. The metabolic syndrome--a new worldwide definition. Lancet Lond Engl. 

2005 Sep 24;366(9491):1059–62.  

187.  Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. 

Diagnosis and Management of the Metabolic Syndrome. Circulation. 2005 Oct 

25;112(17):2735–52.  

188.  Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome-a new world-wide 

definition. A Consensus Statement from the International Diabetes Federation. 

Diabet Med. 2006 May;23(5):469–80.  

189.  Global health risks-mortality burden of diseases attributable to selected major 

risks,World health organization,2009.pdf.  

190.  World Health Organization,Unhealthy diets and physical inactivity factsheet,World 

health organization,Geneva,2014.  

191.  Unhealthy diets and physical inactivity factsheet,World health 

organization,Geneva,2014 [Internet]. [cited 2016 Oct 8]. Available from: 

http://www.who.int/nmh/publications/fact_sheet_diet_en.pdf 

192.  Deepa M, Pradeepa R, Anjana R, Mohan V. Noncommunicable Diseases Risk 

Factor Surveillance: Experience and Challenge from India. Indian J Community 

Med Off Publ Indian Assoc Prev Soc Med. 2011 Dec;36(Suppl1):S50–S56.  

193.  Global  Adult Tobacco  Survey -India 2009-2010,country profile,World health 

organization ,Geneva [Internet]. [cited 2016 Oct 8]. Available from: 

http://www.who.int/tobacco/surveillance/en_tfi_india_gats_fact_sheet.pdf 

194.  WHO Expert Consultation. Appropriate body-mass index for Asian populations and 

its implications for policy and intervention strategies. Lancet Lond Engl. 2004 Jan 

10;363(9403):157–63.  

195.  Waist circumference and waist hip ratio,Report of WHOexpert consultation 

group,World health organization ,Geneva,2008.pdf.  

196.  Global physical activity questinnarie -analysis guide 2.0 ,surveillance and 

population basedprevention,  prevention of non communicable diseases,wolrd health 

organization,Geneva  .pdf.  

197.  Global recommendations on physical activity on health,WHO,geneva, 2010.pdf.  

198.  Armstrong T, Bull F. Development of the world health organization global physical 

activity questionnaire (GPAQ). J Public Health. 2006;14(2):66–70.  



116 
 

199.  Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global 

physical activity levels: surveillance progress, pitfalls, and prospects. The Lancet. 

2012 Jul;380(9838):247–57.  

200.  Census of India 2011,District census hand book, Tamilnadu [Internet]. [cited 2016 

Oct 6]. Available from: 

http://www.censusindia.gov.in/2011census/dchb/3305_PART_B_DCHB_TIRUVA

NNAMALAI.pdf 

201.  Zargar AH, Khan AK, Masoodi SR, Laway BA, Wani AI, Bashir MI, et al. 

Prevalence of type 2 diabetes mellitus and impaired glucose tolerance in the 

Kashmir Valley of the Indian subcontinent. Diabetes Res Clin Pract. 2000 

Feb;47(2):135–46.  

202.  Anjana RM, Pradeepa R, Deepa M, Datta M, Sudha V, Unnikrishnan R, et al. 

Prevalence of diabetes and prediabetes (impaired fasting glucose and/or impaired 

glucose tolerance) in urban and rural India: Phase I results of the Indian Council of 

Medical Research–INdia DIABetes (ICMR–INDIAB) study. Diabetologia. 2011 

Sep 30;54(12):3022–7.  

203.  Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. The Lancet. 2005 

Apr 22;365(9468):1415–28.  

204.  Sarkar S, Das M, Mukhopadhyay B, Sekhar Chakraborty C, Majumder PP. 

Prevalence of metabolic syndrome in two tribal populations of the sub-Himalayan 

region of India: ethnic and rural-urban differences. Am J Hum Biol Off J Hum Biol 

Counc. 2005 Dec;17(6):814–7.  

205.  Mithal A, Majhi D, Shunmugavelu M, Talwarkar PG, Vasnawala H, Raza AS. 

Prevalence of dyslipidemia in adult Indian diabetic patients: A cross sectional study 

(SOLID). Indian J Endocrinol Metab. 2014 Sep;18(5):642–7.  

206.  STEPS_Instrument_V3.1 ,WHO Step wise approach forNCD risk factor 

surviellance,world health organizaton,geneva,pdf.  

207.  Manual A. DIETARY GUIDELINES FOR INDIANS. [cited 2016 Oct 3]; Available 

from: http://ninindia.org/dietaryguidelinesforninwebsite.pdf 

208.  World Health Organization. WHO STEPS surveillance manual: The WHO 

STEPwise approach to chronic disease risk factor surveillance. Geneva: World 

Health Organization; 2005.  

209.  James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the 

management of high blood pressure in adults: Report from the panel members 

appointed to the eighth joint national committee (jnc 8). JAMA. 2014 Feb 

5;311(5):507–20.  

210.  District census handbook,Tiruvannamalai,Tamilnadu,Census of India 2011.pdf.  

211.  Kandpal V, Sachdeva MP, Saraswathy KN. An assessment study of CVD related 

risk factors in a tribal population of India. BMC Public Health. 2016;16:434.  



117 
 

212.  National family health survey-IV,Tamilnadu factsheet,Government of India,2015-

16.pdf.  

213.  Cardio vascular disease risk factors in a  tribal population of nilgiris by sudha 

ramalingam.pdf.  

214.  Choices NHS. 5 A DAY portion sizes - Live Well - NHS Choices [Internet]. 2016 

[cited 2016 Oct 6]. Available from: 

http://www.nhs.uk/Livewell/5ADAY/Pages/Portionsizes.aspx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



118 
 

 
ANNUEXURE 1:  Questionnaire 

Prevalence of non communicable diseases and their risk factors in tribal south India – A 

community based cross sectional study 

 

1 Serial Number  : 2 Date : 

3 Name: 4 Age: 

5 Sex :               Male /Female 6 Occupation : 

7 Religion :  Christian/Hindu/Muslim/others 8 Door no: 

9 Street Name: 10 Village Name: 

11 Phone: 

 

12. Family details (Socio Economic Status –Modified Kuppusamy Scale) 

SN Name Age Sex Relationship Education Occu

pation 

Income (Rs ) 

1        

2        

3        

4        

 Monthly family income  

13 SES 

Score  

14. Class: upper/upper middle /lower middle 

/upper lower/lower 

 

15 Ever diagnosed of hypertension:  

YES/NO 

16 If yes, On regular treatment  : YES 

/NO 

17 Family History of Diabetes:  YES /NO 18 IF YES ,Father /Mother  /both/Sibling 

19 History of diabetes: YES /NO 

PERSONAL HABITS: 

20 a)Have you ever used alcohol?: YES /NO   If yes, 

b)Are you drinking alcohol regularly? YES /NO 

21 Any tobacco user: YES /NO 22 Ever Smoker (at least 100 ) : YES /NO 

If Yes  to Q21 ,Answer  to Q22-25 

23 Currently smoking: YES /NO 24 Years of usage :     <5/6-10/11-20/>20 

25 Type of Tobacco product: Smokeless Tobacco /Beedi /Cigarette/Others –Specify 

 

26 

27 

Level of Physical Activity: ( at home /work ) 

Do you exercise regularly   ? YES /NO 

Does your work involve physically demanding activities? 

 Regular  Exercise and 

Strenuous physical  

activity (manual ) 

Regular Exercise   or Strenuous 

physical  activity (manual ) 

No Exercise & 

Sedentary activities 
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    Indian diabetic risk score; 

 

Sn Parameter Criteria Score 

1 Age(years) <35 0 

35-49 20 

≥50 30 

2. Waist circumference (cm) <80  (Female) 

<90 (Male) 

0 

≥80-89 (Female) 

≥90-99( Male) 

10 

≥90 (Female) 

≥100( Male) 

20 

3. Physical activity: 

( at home /work ) 

 

Exercise [regular] + strenuous work 

[reference] 

0 

Exercise [regular] or strenuous work 20 

No exercise and sedentary work 30 

4. Family history of diabetes No diabetes in  parents 0 

One parent  is diabetic 10 

Both  parents  are diabetic 20 

28 Total score  

29 Risk Category 

<30  -No risk  ,30-60  medium risk ,≥ 60 high risk 

 

Physical activity 

SN Question Response 

Work 

30 Does your work involve vigorous-intensity activity like carrying or 

lifting heavy loads, digging or construction work for at least 10 

minutes continuously    ? 

YES /NO 

31 In a typical week, on how many days do you do vigorous-intensity 

activities as part of your work? 

Number of days    

/Wk 

 

32 How much time do you spend doing vigorous-intensity activities at 

work on a typical day? 

Hrs ……….minutes 

…… 

33 Does your work involve moderate-intensity activity, such as brisk 

walking, carrying light loads for at least 10 minutes continuously? 

YES /NO 

 

34 In a typical week, on how many days do you do moderate intensity 

activities as part of your work? 

Number of days    

/Wk 

 

35 How much time do you spend doing moderate -intensity activities at 

work on a typical day? 

Hrs ……….minutes 

… 

Travel : 

36 Do you walk or use a bicycle (pedal cycle) for at least 10 minutes 

continuously to get to and from places? 

YES /NO 

 

37 In a typical week, on how many days do you walk or bicycle for at 

least 10 minutes continuously to get to and from places? 

Number of days    

/Wk 
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38 How much time do you spend walking or bicycling for travel on a 

typical day? 

Hrs ……….minutes 

 

Recreational activities : 

39 Do you do any vigorous-intensity sports, fitness or recreational 

(leisure) activities like running or football for at least 10 minutes 

continuously? 

YES /NO 

 

40 In a typical week, on how many days do you do vigorous-intensity 

sports, fitness or recreational (leisure) activities? 

Number of days    

/Wk 

 

41 How much time do you spend doing vigorous-intensity sports, 

fitness or recreational activities on a typical day? 

Hrs ……….minutes 

… 

 

42 Do you do any moderate-intensity sports, fitness or recreational 

(leisure) activities such as brisk walking, [cycling, swimming, 

volleyball] for at least 10 minutes continuously? 

YES /NO 

 

43 In a typical week, on how many days do you do moderate-intensity 

sports, fitness or recreational (leisure) activities? 

Number of days    

/Wk 

 

44 How much time do you spend doing moderate-intensity sports, 

fitness or recreational (leisure) activities on a typical day? 

Hrs ……….minutes 

… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MEASUREMENTS: 

45.H

t 

(Cm) 

46.Wt 

(Kg) 

47. 

BM

I 

48.Waist 

Circumfer

ence 

(Cm) 

49.Blood 

Pressure 

1(MmHg) 

50.Blood 

Pressure(2) 

(MmHg) 

 

51. 

Fasting 

Blood 

glucose 

(Mg/dl) 

52.PPB

S 

(Mg/dl) 

53. 

Date 

of 

colle

ction 

       

 

 

  



121 
 

Part -2:   DIET PATTERN:  Diet frequency 

                                                                                                    SL: 

Sn Food Item Times 

/Day 

Dail

y 

Weekly 

(Once/Twice/Spec

ify) 

Monthly 

(Once/Twice/Specify) 

Never 

54 Cereals –Rice      

55 Cereals –Wheat      

56 Cereals –,Ragi      

57 Green Leafy 

Vegetables 

     

58 Roots &Tubers      

59 Other vegetables      

60 Fruits      

61 Fast 

Foods/processed 

foods (biscuits, 

cakes, bakery 

snacks) 

     

62 Egg      

63 Fish     

64 Chicken     

65 Beef/Goat     

66 Sugars /Jaggery     

67 Milk and Milk 

products 

    

68 Legumes     

69 Oils /Fats      

 

        24 HOUR RECALL: 

 Food Items Quantity Calories Total Calories 

Breakfast     8 

Am 

    

Snacks        11 

Am 

    

Lunch           1 

Pm 

    

Snacks          4 

Pm 

    

Dinner          8 

Pm 

    

Snacks /Others    

70.Total Calories /Day  

 

 

 

 

 

 

 

 

 

71. Total cholesterol   …… 72. HDL…… 73. TGL….. 74. LDL…… 75. Date of 

collection ……… 
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கேள்வித் தாள் 

ததன்னிந்தியமலைவாழ்மக்ேளின்  மத்தியில் சர்க்ேலை க ாய் மற்றும் அதற்ோன 

ோைணங்ேள் இருப்பலத அறிதல் ததாடர்பானஆய்வு 

1 வரிசை  எண் 2 தேேி: 
3 பெயர் : 4 வயது :                                

5 ொலினம்:   ஆண் / பெண் 6 போழில் :                                                                       

7 மேம்: கிறிஸ்ேவம்/ முஸ்லிம்/ இந்து/ ெிற 8 கேவு எண்:  

9 பேரு :                                 10 ஊர்: 

11 போசல தெைி 
12. குடும்ப விபைங்ேள்  

வ
எ 

பெயர் வயது ொலி
னம் 

உறவு
முசற 

கல்விநி
சல 

போ
ழில் 

வரு
மா
னம் 

(ரூ
ொய்) 

1        

2        

3        

4        

5        

6        

 குடும்ெ மாே வருமானம்:  

13 SES Score : 14. Class: upper/upper middle /lower middle/upper lower/lower  

 

15 உங்களுக்கு இரத்ே அழுத்ேம் உள்ளோ:  ஆம் 

/இல்சல 

16 ஆம் எனில், ைிகிச்சை  

எடுக்கிறரீ்களா?:ஆம் /இல்சல 

17 குடும்ெத்ேில் யாருக்காவது ைர்க்கசர தநாய் 

உள்ளோ : ஆம் /இல்சல 

18 ஆம் எனில், அப்ொ/ அம்மா 

/இரண்டு தெரும் 

19 உங்களுக்கு ைர்க்கசர தநாய் உள்ளோ: ஆம் /இல்சல 

தனிப்பட்ட பழக்ே வழக்ேங்ேள்: 

20 a)உங்களுக்கு குடிப்ெழக்கம்  எப்தொோவது இருந்ேிருக்கிறோ? ஆம் /இல்சல 

b)ேற்தொது குடிப்ெழக்கம் உண்டா? ஆம் /இல்சல 

21 எப்பொழுோவது புசகயிசல ெயன்ெடுத்ேி 
இருக்கிறரீ்களா  : ஆம் /இல்சல 

22 எப்பொழுோவது   புசக ெிடித்து 

உள்ளரீ்களா (குசறந்ேது 100 ): 

ஆம் /இல்சல 

தகள்வி 22க்கான ெேில் ஆம் எனில்தகள்வி  23-25க்கான ெேில் அளிக்கவும் 

23 ேற்பொழுது புசகெிடிப்ெது உண்டா: ஆம் 

/இல்சல 

24 ெயன்ெடுத்தும் காலம்:     <5/6-

10/11-20/>20    வருடங்கள்  

25 புசகயிசலயின்  வசக: புசகயில்லாே புசகயிசல / ெடீி/ ைிகபரட்/ ெிற  

 உடல் உசழப்ெின் அளவு: ( at home /work ) 

26 நீங்கள் ேினமும் உடற்ெயிற்ைி பைய்வரீ்களா? ஆம் /இல்சல 

27 உங்கள் தவசலயானது  அேிகமான உடல் உசழப்செ ேரக் கூடியோக உள்ளோ? ஆம் 

/இல்சல 

உடற்ெயிற்ைியும் கடினமான தவசலயும் / உடற்ெயிற்ைி  அல்லது கடினமான தவசல / 

உடற்ெயிற்ைி இல்சல  மற்றும் உடல் உசழப்பு இல்லாே  தவசல 
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INDIAN DIABETIC RISK SCORE; 

S

N 

PARAMETER CRITERIA  SCORE 

1 AGE(YEARS) 

வயது 

<35 0 

35-49 20 

≥50 30 

2. WAIST CIRCUMFERENCE (Cm) 

இடுப்புஅளவு 

<80  (Female) 

<90 (Male) 

0 

≥80-89 (Female) 

≥90-99( Male) 

10 

≥90 (Female) 

≥100( Male) 

20 

3. PHYSICAL ACTIVITY: 

( at home /work ) 

உடல்உசழப்ெின்அளவு: 

 

Exercise [regular] + strenuous work 

[reference]  

0 

Exercise [regular] or strenuous work 20 

No exercise and sedentary work  30 

4. FAMILY HISTORY OF 

DIABETEகுடும்ெத்ேில்யாருக்காவதுைர்
க்கசரதநாய் 

No diabetes in  parents  0 

One parent  is diabetic  10 

Both  parents  are diabetic 20 

28 Total score   

29 Risk Category  

<30  -Low  riskகுசறவான  ,30-60  medium riskமிேமான ,>60 high risk மிகஅேிகமான 

உடல் உலழப்பு   

வ 

எ 

கேள்வி 
 

பதில் 

கவலைததாடர்பாே 

30 உங்கள் தவசலயானது அேிகமான உடல் உசழப்பு தேசவப் ெடக் 

கூடியோ?(போடர்ந்து 10 நிமிடங்களுக்கு )(கடினமான  ெளுசவத் 

தூக்குேல் ,ெள்ளம் தோண்டுேல் ,கட்டிட தவசலகள் )   

ஆம் 

/இல்சல 

 GO TO Q 33  

31 வாரத்ேில் எத்ேசன நாட்கள்   அேிகமான உடல்   உசழப்பு தேசவப் 

ெடக் கூடிய  தவசலகளில் ஈடுெடுவரீ்கள்? 

.........நாட்க
ள் / வாரம்  

32 ஒரு நாளில் குசறந்ேது எவ்வளவு    தநரம் அேிகமான உடல்   உசழப்பு 

தேசவப் ெடக் கூடிய  தவசலகளில் ஈடுெடுவரீ்கள்? 

மணி 
......நிமிடங்
கள்...... 

33 உங்கள் தவசலயானது மிேமான  உடல் உசழப்பு தேசவப் ெடக் 

கூடியோ?(போடர்ந்து 10 நிமிடங்களுக்கு ), துணிகசளத் துசவப்ெது 

,ேசரசயத் துசடப்ெது ,தோட்ட தவசல ,மாவு அசரத்ேல் 

ஆம் 

/இல்சல  

GO TO Q 36 

34 வாரத்ேில் எத்ேசன நாட்கள்   மிேமான உடல்   உசழப்பு தேசவப் ெடக் 

கூடிய  தவசலகளில் ஈடுெடுவரீ்கள்? 

.........நாட்க
ள் / வாரம்  

35 ஒரு நாளில் குசறந்ேது எவ்வளவு     தநரம் மிேமான உடல்   உசழப்பு 

தேசவப் ெடக் கூடிய  தவசலகளில் ஈடுெடுவரீ்கள்? 

மணி ......   
நிமிடங்கள்
...... 

ெயணதநரங்கள்: 

36   பொதுவாக ஒரு இடத்ேிற்கு தொகும் தொது நடந்து பைல்வரீ்களா / மிேி 
வண்டியில்  பைல்வரீ்களா ?(போடர்ந்து 10 நிமிடங்களுக்கு ) 

ஆம் 

/இல்சல  

GO TO Q 39 

37 வாரத்ேில் எத்ேசன நாட்கள் பவளியில் பைல்லும் தொது நடந்து 

/மிேிவண்டியில் பைல்வரீ்கள்?(போடர்ந்து 10 நிமிடங்களுக்கு )  

.........நாட்க
ள் / வாரம்  
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38 பவளியில் பைல்லும் தொது ஒரு நாளில் குசறந்ேது எவ்வளவு    தநரம் 

நடந்து /மிேிவண்டியில் பைல்வரீ்கள்? 

மணி ......   
நிமிடங்கள்
...... 

ஓய்வு க ை கேளிக்லேேள்  /விலளயாட்டுக்ேள் 

39 நீங்கள்அேிகமான  உடல் உசழப்பு தேசவப் ெடக் கூடிய  பையல்கள் / 

விசளயாட்டுக்களில் ெங்கு பெறுவது உண்டா(போடர்ந்து 10 

நிமிடங்களுக்கு ) ஓடுேல் /கால்ெந்து 

ஆம் 

/இல்சல  

GO TO Q 42 

40 வாரத்ேில் எத்ேசன நாட்கள் நீங்கள்அேிகமான  உடல் உசழப்பு 

தேசவப் ெடக் கூடிய பையல்கள் /  விசளயாட்டுக்களில் 

ெங்பகடுக்கிறரீ்கள்? 

.........நாட்க
ள் / வாரம்  

41 ஒரு நாளில் குசறந்ேது எவ்வளவு     தநரம் நீங்கள்அேிகமான  உடல் 

உசழப்பு தேசவப் ெடக் கூடிய  விசளயாட்டுக்களில் 

ெங்பகடுக்கிறரீ்கள் 

மணி ......   
நிமிடங்கள்
...... 

42 நீங்கள்மிேமான  உடல் உசழப்பு தேசவப் ெடக் கூடிய  பையல்கள் / 

விசளயாட்டுக்களில் ெங்கு பெறுவது உண்டா(போடர்ந்து 10 

நிமிடங்களுக்கு )தவகமான நசடப் ெயிற்ைி , மிேி வண்டியில் பைல்ேல் 

,நீச்ைல் ெயிற்ைி,சகப் ெந்து 

ஆம் 

/இல்சல  

GO TO Q 45 

43 வாரத்ேில் எத்ேசன நாட்கள்    நீங்கள்மிேமான  உடல் உசழப்பு 

தேசவப் ெடக் கூடிய  விசளயாட்டுக்களில் ெங்பகடுக்கிறரீ்கள் 

.........நாட்க
ள் / வாரம்  

44 ஒரு நாளில் குசறந்ேது எவ்வளவு   தநரம் நீங்கள்மிேமான  உடல் 

உசழப்பு தேசவப் ெடக் கூடிய  விசளயாட்டுக்களில் 

ெங்பகடுக்கிறரீ்கள் 

மணி ......   
நிமிடங்கள்
...... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MEASUREMENTS: 

45. 

உயரம் 

(Cm) 

46.  

எ
சட 

(Kg) 

47 

BMI 
48இ
டுப்பு 

அள
வு 

(Cm) 

49இரத்
ே 

அழுத்ே
ம் 

1(MMHG

) 

50.இரத்ே 

அழுத்ேம் 

(2) (MMHG) 

(If Elevated) 

51 

இரத்ேத்ேில் 

ைர்க்கசர 

அளவு 

(Mg/dl)ைாப்ெி
டும் முன்பு 

52 

இரத்ேத்ேில் 

ைர்க்கசர 

அளவு 

(Mg/dl)ைாப்ெி
ட்ட ெின்பு 

53 

இரத்
ேம் 

எடுத்
ே 

நாள்   
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ெகுேி -2 :    உணவு முலறேள்: Diet frequency   SN ------ 

வ 

எ 

உணவின் வசக முசற
கள் 

/நாள் * 

ேின
மும் 

வாரத்ேி
ல் 

(ஒன்று 

/இரண்டு 

/குறிப்ெி
டுக) 

மாேத்ேில் (ஒன்று 

/இரண்டு/

/குறிப்ெிடுக ) 

ஒரு 

தொதும் 

இல்சல 

54 ோனியங்கள் –

அரிைி 
     

55 தகாதுசம      

56 தகழ்வரகு /ெிற         

57 காய்கறிகள்    /  

58 கிழங்குகள்      

59 காய்கறிகள்- ெிற      

60 ெழங்கள்      

61 துரிே உணவுகள் 

(biscuits, cakes, 

bakerysnacks) 

     

62 முட்சட      

63 மீன்     

64 ைிக்கன்     

65 மாட்டுஇசறச்ைி 
/ஆட்டு இசறச்ைி 

    

66 ைர்க்கசர / 

பவல்லம் 

    

67 ொல் /ொல் 

பொருட்கள் 

    

68 ெயிறு வசககள்       

69 எண்பணய்/ 

பகாழுப்பு 

     

24 HOUR RECALL: 

 உணவு வசக உணவு அளவு கதலாரி  பமாத்ே 

கதலாரி
கள் 

காசல8 Am   

 

   

Snacks    11 Am      

மேியம்   1 Pm      

Snacks     4 Pm      

இரவு     8 Pm      

Snacks /Others    

70 பமாத்ே கதலாரிகள்/ நாள்  

 

 

 

 

71. Total cholesterol   …… 72. HDL…… 73. TGL….. 74. LDL…… 75. 

DOC2……… 
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ANNEXURE: 2  

INFORMATION SHEET 

 

1. Study Information 

 

Protocol Title: 

Prevalence of non communicable diseases and their risk factors in tribal south India - a 

community based cross sectional study 

Principal Investigator & Contact Details: 

********* 

PG Registrar, 

Community health department ,Christian Medical College ,Vellore -2 

 

2. Purpose of the Research Study 

 

You are invited to participate in a research study.  It is important to us that you first take time 

to read through and understand the information provided in this sheet.  Nevertheless, before 

you take part in this research study, the study will be explained to you and you will be given 

the chance to ask questions. After you are properly satisfied that you understand this study, and 

that you wish to take part in the study, you must sign this informed consent form. You will be 

given a copy of this information sheet to take home with you. 

You are invited because this study is being carried out among those aged between 30- 60 years 

of Jawadhu hills block. 

This study is carried out to find out whether you are having risk factors of heart diseases like 

diabetes and blood pressure. 

This study will recruit 480 people from Jawadhu hills over a period of 1 year. 

3. What procedures will be followed in this study  

If you take part in this study, you will be asked to give   information about yourself and your 

family’s   education, income, food habits and we will measure your height, weight, and we will 
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take 5 ml of blood from you. 

If you agree to take part in this study, the following will happen to you: 

Visit 1  - Visit by doctor –interview  

Visit 2 -  Sample collection  

You will be informed of the results. 

When your participation in the study ends, you will no longer have access to this study unless 

special additional arrangements are made by the Principal Investigator. 

Any blood or tissue specimens obtained during the course of this study will be stored and 

analyzed only for the purposes of this study for a period not exceeding 1 year and will be 

destroyed after completion of the study.  

4. Your responsibilities in this study 

If you agree to participate in this study, you should follow the advice given to you by the study 

team.  You should be prepared to answer all questions and undergo the blood test. 

5. What is not standard care or is experimental in this study 

Although this blood test   may not be part of standard medical care, in this study these 

procedures are only being performed for the purposes of the research, and are not part of your 

routine care. 

6. Possible risks and side effects 

Obtaining blood can cause pain, bleeding, bruising, or swelling at the site of the needle stick. 

Fainting occurs sometimes and infection rarely occurs. If you experience any new symptoms, 

you should contact your doctor or the Principal Investigator as soon as possible. 

7. Possible benefits from participating in the study 

There is no known benefit from participation in this study. However, your participation in this 

study may add to the medical knowledge about the use of this disease in your area. 

8. Important information for women subjects 

     Not applicable  

9. Alternatives to participation 

If you choose not to take part in this study, there won’t be any loss for you. 

10. Costs and payments if participating in the study 

If you take part in this study, neither you will be paid or charged of anything. 
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11. Voluntary Participation 

Your participation in this study is voluntary. You may stop participating in this study at any 

time. Your decision not to take part in this study or to stop your participation will not affect 

your medical care or any benefits to which you are entitled. If you decide to stop taking part in 

this study, you should tell the Principal Investigator.  

However, the data that have been collected until the time of your withdrawal will be kept and 

analyzed. The reason is to enable a complete and comprehensive evaluation of the study. 

The biological samples collected for the study will be deemed to be gifted to Christian Medical 

College, Vellore and will not be returned to you. However, you retain your right to ask the 

Principal Investigator to discard or destroy any remaining samples. 

Your doctor, the Investigator and/or the Sponsor of this study may stop your participation in 

the study at any time if they decide that it is in your best interests. They may also do this if you 

do not follow instructions required to complete the study adequately. If you have other medical 

problems or side effects, the doctor and/or nurse will decide if you may continue in the 

research study.  

In the event of any new information becoming available that may be relevant to your 

willingness to continue in this study, you (or your legally acceptable representative, if relevant) 

will be informed in a timely manner by the Principal Investigator or his/her representative. 

12. Compensation for Injury 

If you follow the directions of the doctors in charge of this study and you are physically 

injured due to the procedure given under the plan for this study, the Christian Medical College 

will pay the medical expenses for the treatment of that injury. 

Payment for management of the normally expected consequences of your treatment will not be 

provided by the Christian Medical College, Vellore. 

Christian Medical College without legal commitment will compensate you for the injuries 

arising from your participation in the study without you having to prove Christian Medical 

College is at fault. There is however conditions and limitations to the extent of compensation 

provided. You may wish to discuss this with your Principal investigator. 

By signing this consent form, you will not waive any of your legal rights or release the parties 

involved in this study from liability for negligence. 
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13. Confidentiality of study and medical records 

Information collected for this study will be kept confidential. Your records, to the extent of the 

applicable laws and regulations, will not be made publicly available.  

However, the Christian Medical College, Vellore and Ministry of Health, government of India 

will be granted direct access to your original medical records to check study procedures and 

data, without making any of your information public. By signing the Informed Consent Form 

attached, you (or your legally acceptable representative, if relevant) are authorizing (i) 

collection, access to, use and storage of your “Personal Data, and (ii) disclosure to authorized 

service providers and relevant third parties.  

“Personal Data” means data about you which makes you identifiable (i) from such data or (ii) 

from that data and other information which an organization has or likely to have access.  This 

includes medical conditions, medications, investigations and treatment history.  

Research arising in the future, based on this personal data, will be subject to review by the 

relevant institutional review board. Data collected and entered into the Case Report Forms are 

the property of Christian Medical College, Vellore. In the event of any publication regarding 

this study, your identity will remain confidential. 

14. Who to contact if you have questions 

If you have questions about this research study, you may contact the Principal Investigator,  

In case of any injuries during the course of this study, you may contact the Principal 

Investigator,  

********** 

PG Registrar, Community health department ,Christian  medical college ,Vellore -2 
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ஆய்வுக்ோன தேவல்அறிக்லே 

1. ஆய்வின்தலைப்பு: 

பேன்னிந்ேியமசலவாழ்மக்களின்  மத்ேியில் போற்றா தநாய்கள் மற்றும் அேற்கான காரணங்கள்  

இருப்ெசே அறிேல் போடர்ொனஆய்வு 

 

ஆய்வாளரின்தபயர்&ததாடர்பு விபைங்ேள் 

********************** 

MD இரண்டாம் ஆண்டு 

ைமூக மற்றும் சுகாோர வளர்ச்ைிதுசற, கிறிஸ்துவ மருத்துவக்கல்லூரி, தவலூர்  - 2 

முகவரி: 

 

ஆய்வுக்ோன  ிதிஉதவி 

கிறிஸ்துவ மருத்துவக் கல்லூரி, தவலூர்  - 2 

 

நீங்கள்இந்ேஆய்வில்ெங்தகற்கஅசழக்கப்ெடுகிறரீ்கள். இந்ேஆய்வுஎேற்காகநடத்ேப்ெடுகிறது,  

எப்ெடிநடத்ேப்ெடும்தொன்றேகவல்கள்உங்களுக்குவிளக்கப்ெடும்.இந்ேஆய்விசனக்குறித்ே 

முழுசமயானேகவல்கள்இந்ேேகவல்அறிக்சகயில்உள்ளது.இந்ேேகவல்அறிக்சகயின்நகல்உங்களுக்கு 

பகாடுக்கப்ெடும்.இந்ேஆய்விசனக்குறித்ேஏதேனும்ைந்தேகம்இருந்ோல்ஆய்வாளரிடம் 

தகற்ெேற்கு உங்களுக்குமுழுஉரிசமஉண்டு. 

ஆைாய்ச்சியின் க ாக்ேம் 

உலக அளவில் இந்ேிய  நாடு போற்றா தநாய்கள் குறிப்ொக,ைர்க்கசர தநாய் மற்றும் இரத்ேஅழுத்ேம்  

அேிகம் உள்ள நாடுகளில்  ஒன்று .ைர்க்கசர தநாயானது மற்றும் இரத்ேஅழுத்ேம் ஆகியசவ 

இந்ேியர்களின் மத்ேியில்ேற்பொழுது  மிகவும் ெரவலாக காணப்ெடுகிறது.குடும்ெத்ேில் யாருக்காவது 

 (ெரம்ெசரயாக) ைர்க்கசர தநாய் இருத்ேல், உடல் எசட அேிகம் இருத்ேல், உடல் உசழப்பு அேிகமின்சம,  

மாறிவரும் உணவுப் ெழக்கவழக்கங்கள் தொன்ற காரணங்கள் ைர்க்கசர தநாய்அேிகமாக வருவேற்குக் 

 காரணங்களாகும். உடல் எசடசயக் குசறத்ேல், தகாதுசம, ராகி  ) தகழ்வரகு  ( , ைாசம, குேிசரவால்  

தொன்ற ோனியங்கசள உணவில் அேிகமாக தைர்த்ேல், உடல் உசழப்செ அேிகப் ெடுத்துேல் தொன்ற  

பையல்கள் ைர்க்கசர தநாய் வருவசேத் ேடுக்கும்  . ைர்க்கசர தநாசய விசரவில்  கண்டறிந்து ேகுந்ே  

ைிகிச்சை அளித்ோல்  ைர்க்கசர தநாயின் ொேிப்புகளிலிருந்து  காத்துக்பகாள்ளலாம்  . ஜவ்வாது மசலப் 

 ெகுேிகளில் போற்றா தநாய்கள் குறிப்ொக,ைர்க்கசர தநாய் மற்றும் இரத்ேஅழுத்ேம் எவ்வளவு   தெசர 

ொேித்துள்ளது என்ெசேக் கண்டறிவதே  இந்ே ஆய்வின் தநாக்கமாகும். . 

இந்தஆய்வினால்என்னபயன்? 

இந்ேஆய்வின்முடிவுகள்இந்ேப் ெகுேியில் போற்றா தநாய்கள் ொேிப்பு எவ்வாறு உள்ளது என்ெசேத் 

பேரிந்துபகாள்ளஉேவும்.இந்ேதநாசயத்ேடுப்ெேில்அரைின்ேிட்டங்கள்  / முயற்ைிகளின்ெலசனத் 
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பேரிந்துபகாள்ளஉேவும்.இன்னும்புேியமுயற்ைிகசள  / ேிட்டங்கசளச்பையல்ெடுத்ேஉேவும்  .  

யார்பங்கேற்ேைாம்? 

இந்ேஆய்வானதுஜவ்வாதுமசலயில்உள்ள 30  வயது முேல் 60 வயது வசரயிலான,  

பேரிந்துபகாள்ளப்ெட்ட சுமார்  480  நெர்களிடம்நடத்ேப்ெடும்  .  

ஆய்வுஎப்படி டத்தப்படும்? 

ஆய்விற்குபேரிந்துபகாள்ளப்ெட்டநெர்களிடம்அவர்கள் குடும்ெத்ேில்உள்தளார்விெரங்கள்,  

உணவுமுசறகள், ைர்க்கசரதநாய்போடர்ொனைிலதகள்விகள்தகட்கப்ெடும்   . தமலும்எசட,  

உயரம், ரத்ே அழுத்ேம் தொன்ற விெரங்களும் தைகரிக்கப் ெடும். இரத்ேத்ேில்   ைர்க்கசர  அளவு   

(காசல _பவறும் வயிற்றில் ) ரத்ேமாேிரியும்எடுக்கப்ெடும். 

ஆய்வில்பங்கேற்பதினால்பாதிப்புேள்எதுவும்ஏற்படுமா? 

 வலி, இரத்ேப்தொக்கு, ைிராய்ப்பு புண், அல்லது ஊைி குத்ேின  இடத்ேில் வகீ்கம் ஏற்ெடலாம்.  

ைில தநரங்களில் மயக்கம் ஏற்ெடலாம்.ஆய்வில்ெங்தகற்ெேினால்தவறுஎந்ேவிேமானெக்க 
விசளவுகளும்ஏற்ெடாது. 

இழப்பீடு 

இந்ேஆய்வுபோடர்ொகஏதேனும்ெக்கவிசளவுகள்ஏற்ெட்டால்முேல்உேவி/ைிகிச்சை 
இலவைமாகவழங்கப்ெடும். தவறுஎந்ேஇழப்ெடீும்வழங்கப்ெடமாட்டாது  . 

ஆய்வில்பங்கேற்பதினால்என்னபயன்ேிலடக்கும்? 

ேங்களுக்குைர்க்கசரதநாய்உள்ளோஎன்ெசேஅறியலாம். ைர்க்கசரதநாய் வராமல் எப்ெடி 
ேடுப்ெதுஎனஅறியலாம். இந்ேஆய்வில்ெங்தகற்கஎந்ேவிேமானபவகுமேிகதளா  / ெணதமா 
உங்களுக்குவழங்கப்ெடாது  .  

ஆய்வில்பங்கேற்ேவில்லைஎன்றால்என்ன டக்கும்? 

இந்ேஆய்வில்ெங்தகற்காமல்தொனால்எந்ேஇழப்பும்உங்களுக்குஏற்ெடாது.  

ைாட்   / கிறிஸ்துவமருத்துவக்கல்லூரிமருத்துவமசனயில்உங்களுக்குவழங்கப்ெடும் 
ைிகிச்சையில்எந்ேகுசறவும்ஏற்ெடாது  .  

ஆய்விைிருந்துஇலடயில்விைேிக்தோள்ளஇயலுமா? 

இந்ேஆய்வில்இருந்துவிலகவிரும்ெினால்ஆய்வாளரிடம்பேரிவித்துவிட்டுஎப்தொது 
தவண்டுமானாலும்நீங்கள்விலகிக்பகாள்ளலாம்  .  

ைேசியக்ோப்பு 

இந்ேஆய்விற்காகதைகரிக்கப்ெடும்ரத்ேமாேிரிமற்றும்ேகவல்கள்எல்லாம்ொதுகாப்ொகசவக்கப்ெடும்  .  

ரத்ேமாேிரியானது 1 வருடம்மட்டும்ொதுகாப்ொகசவக்கப்ெடும். அேன்ெின்னர்அழிக்கப்ெடும். 

இந்ேஆய்வின்முடிவுகள்கிறிஸ்துவமருத்துவக்கல்லூரிமற்றும்இந்ேியஅரதைாடு 
மட்டும்ெகிர்ந்துபகாள்ளப்ெடும். 

 

கேள்விேள் இருந்தால் 

இந்ே ஆய்வு ெற்றி தவறுஏதேனும் தகள்விகள் இருந்ோல், நீங்கள் ெிரோன 

ஆய்வாளசரத்போடர்புபகாள்ளலாம். 

 

 

 

 



132 
 

ANNEXURE -3 

INFORMED CONSENT DOCUMENT 

Date____ /___ /2016 

Protocol Title: 

Prevalence of non communicable diseases and their risk factors in tribal south India - a community 

based cross sectional study  

Principal Investigator & Contact Details: 

  ************ 

PG Registrar, Community health department, Christian Medical College, Vellore -2 

Name of the study participant :__________________ 

Husband’s name                       _______________________ 

Age________ Village/town_________________________________ 

I have been informed by the investigator that this study is being carried out to learn about the level 

of Diabetes mellitus in Jawadhu hills. I have understood that the result of this study will help in 

planning activities to control Diabetes mellitus. 

I am also informed that if I agree, the investigator will ask me some questions this will be 

completed on the same day. I understand that some of the questions may be uncomfortable for me 

to answer and may cause me emotional stress.There is no risk to me/ my family apart from this. 

I understand that all information given by me will be kept confidential and be used for the purpose 

of the study only. However, the results from the study may be shared with Government officials. 

I understand that my participation in this study is purely voluntary. My unwillingness toparticipate 

or decision to withdraw will not affect my current or future care with any of the program run by the 

investigator’s institution (Christian Medical College, Vellore & CHAD hospital). 

I have been informed that if I suffer from any medical or psychological problem at the time of 

study and if I am willing; the investigator will arrange for subsidized medical care(depends on 

socioeconomic status) in the CHAD hospital. 

Please initial the box: 

(i) I confirm that I have read and understood the information sheet for the above study and had the 

opportunity to ask questions (  ). 
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(ii) I understand that my participation in the study is voluntary and that I am free to withdraw at 

any time, without giving any reason without my medical care and legal rights being affected (  ). 

(iii) I understand that the Sponsor of the clinical trial, others working on the Sponsor’s behalf, the 

Ethics Committee and the regulatory authorities will not need my permission to look at my health 

records both in respect of the current study and I agree to allow the study team to store my 

biological samples and data for any future research. However, I understand that my identity will 

not be revealed in any information released to third parties or published (  ). 

(iv)I agree not to restrict the use of any data or results that arise from this study provided such a use 

is only for scientific purpose(s) (  ). 

(v)I agree to participate in the above study (   ). 

 _________________________   _______________________________   __________________  

Name of Participant Signature Date 

Translator Information 

The study has been explained to the participant / legally acceptable representative in 

 ______________by_____________ 

Impartial Witness Statement 

I, the undersigned, certify to the best of my knowledge that the participant signing this informed 

consent form had the study fully explained in a language understood by him / her and clearly 

understands the nature, risks and benefits of his / her participation in the study. 

 

 _________________________   _______________________________   __________________  

 

Name of Impartial Witness Signature Date 

Investigator Statement 

I, the undersigned, certify that I explained the study to the participant and to the best of my 

knowledge the participant signing this informed consent form clearly understands the nature, risks 

and benefits of his / her participation in the study. 

 

 _________________________   _______________________________   __________________  

Name of Investigator /  Signature Date 

Person administering consent 
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ஒப்புதல் படிவம் 

 

 
 

1. ஆய்வின்தலைப்பு: 

பேன்னிந்ேியமசலவாழ்மக்களின்  மத்ேியில் போற்றா தநாய்கள் மற்றும் அேற்கான காரணங்கள் 

அறிேல் போடர்ொனஆய்வு 

 

2. ஆய்வாளரின்தபயர்&ததாடர்பு விபைங்ேள் 

XXXXXXXXXXXX 

MD இரண்டாம் ஆண்டு, 

ைமூக மற்றும் சுகாோர வளர்ச்ைிதுசற, கிறிஸ்துவ மருத்துவக்கல்லூரி, தவலூர்  - 2 

முகவரி: 

 

 

ஒப்புதல்படிவம் 

பெயர்:  ___________________________________வயது: _____________________ 

கணவர் / ேந்சே பெயர்  :   _________________________ஊர்: _______________________ 

இந்ேஆய்வானது ஜவ்வாது மசலப் ெகுேிகளில் ைர்க்கசர தநாய் எவ்வளவு   தெசர ொேித்து  

உள்ளது என்ெசேக் கண்டறியநடத்ேப்ெடுகிறதுஎன்ெசேஅறிந்துபகாண்தடன்  .  

இந்ேஆய்வில்ெங்தகற்ெேினால்ைிலதகள்விகளுக்குநான்ெேிலளிக்கதவண்டிஇருக்கும்மற்றும் 

எனதுரத்ேமாேிரி எடுக்கப்  ெடும் எனவும்பேரிந்துபகாண்தடன். 

இந்ேஆய்வில்ெங்தகற்காமல்தொனால்எந்ேஇழப்பும்எனக்குஏற்ெடாது .ைாட்மருத்துவமசன 

/கிறிஸ்துவமருத்துவக்கல்லூரி மருத்துவமசனயில்எங்களுக்குவழங்கப்ெடும்ைிகிச்சையில் 

எந்ேகுசறவும்ஏற்ெடாது. 

இேனால்எந்ேவிேமானெக்கவிசளவுகளும்ஏற்ெடாது.இந்ேஆய்வில்ெங்தகற்கஎந்ேவிேமான 

பவகுமேிகதளா  / ெணதமாஎனக்குவழங்கப்ெடாது. இந்ேஆய்விற்காகதைகரிக்கப்ெடும்ரத்ேமாேிரி 

மற்றும்ேகவல்கள்எல்லாம்ொதுகாப்ொகசவக்கப்ெடும். 

 முன்னோகேகவல்பேரிவித்துவிட்டுஎப்தொதுதவண்டுமானாலும்நான்விலகிக்பகாள்ளலாம். 

.இந்ேஆய்வின்முடிவுகள்கிறிஸ்துவமருத்துவக்கல்லூரிமற்றும்இந்ேியஅரதைாடுமட்டும் 

ெகிர்ந்துபகாள்ளப்ெடும்தொன்றேகவல்கசளத்பேரிந்துபகாண்தடன்  .  

1. ேகவல்அறிக்சகயில்பகாடுக்கப்ெட்டவிவரங்கசளஎனதுபைாந்ேபமாழியில்வாைித்து 

/தகட்டுத்பேரிந்து/புரிந்துபகாண்தடன் .தகள்விகள்தகட்கவும்எனக்குவாய்ப்புகள் 
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பகாடுக்கப்ெட்டன  .  

 

2. இந்ேஆய்வில்தைரும்என்னுசடயமுடிவுேன்னிச்சையானது  . எந்ேவற்புறுத்ேலும்இல்சல. 

முன்னோகேகவல்பேரிவித்துவிட்டு, எப்தொதுதவண்டுமானாலும், எந்ேகாரணமும்பேரிவிக்காமல் 

நான்விலகிக்பகாள்ளலாம்என்ெசேயும்அறிந்துபகாண்தடன்  .  

3.இந்ேஆய்விற்காகதைகரிக்கப்ெடும்ரத்ேமாேிரிமற்றும்ேகவல்கசளஆய்வாளர், 

கிறிஸ்துவமருத்துவக்கல்லூரிமற்றும்ஆய்வுக்குழுஎனதுைம்மேம்இல்லாமதலெிற  

ஆய்வுகளுக்கும் ெயன்ெடுத்ேிக்பகாள்ளமுடியும்எனஅறிந்ேிருக்கிதறன்    . இந்ேேகவல்கசள 

மற்றும் ரத்ேமாேிரிசயஎேிர்காலஆய்வுகளுக்குப்ெயன்ெடுத்ேிக்பகாள்ளைம்மேிக்கிதறன் 

4.இந்ேஆய்வில்ெங்தகற்கமுழுமனதுடன்ைம்மேிக்கிதறன். 

 

 

___________________________ ________________________________ ________________ 

ெங்தகற்ொளர் பெயர் ெங்தகற்ொளர் சகபயழுத்து தேேி 

 

 

 

 

 

___________________________ 

 

 

 

 

 

__________________________________ 

 

 

 

 

 

_________________ 

ைாட்ைி பெயர் ைாட்ைி சகபயழுத்து தேேி 

 

 

 

 

___________________________ 

 

 

 

__________________________________ 

 

 

 

_________________ 

ஆய்வாளர் பெயர் ஆய்வாளர் சகபயழுத்து தேேி 
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